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Abstract

Learning always happens from input that contains multiple structures and multiple sources of
variability. Though infants possess learning mechanisms to locate structure in the world, lab-based
experiments have rarely probed how infants contend with input that contains many different
structures and cues. Two experiments explored infants’ use of two naturally occurring sources of
variability — different sounds and different people — to detect regularities in language. Monolingual
infants (9-10 months) heard a male and female talker produce two different speech streams, one of
which followed a deterministic pattern (e.g., AAB, /e-/e-dl) and one of which did not. For half of
the infants, each speaker produced only one of the streams; for the other half of infants, each
speaker produced 50% of each stream. In Experiment 1, each stream consisted of distinct sounds,
and infants successfully demonstrated learning regardless of the correspondence between speaker
and stream. In Experiment 2, each stream consisted of the same sounds, and infants failed to show
learning, even when speakers provided a perfect cue for separating each stream. Thus,
monolingual infants can learn in the presence of multiple speech streams, but these experiments
suggest that infants may rely more on sound-based rather than speaker-based distinctions when
breaking into the structure of incoming information. This selective use of some cues over others
highlights infants’ ability to adaptively focus on distinctions that are most likely to be useful as
they sort through their inherently multidimensional surroundings.
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To make sense of complex perceptual environments, infants must prioritize the cues that
allow them to efficiently extract relevant information. It has been widely shown that infants
are endowed with powerful learning abilities and are highly sensitive to structure in their
environment. Infants detect regularities across a variety of domains, modalities, and types of
statistical relations (e.g., Fiser & Aslin, 2002; Gomez, 2002; Marcus, Vijayan, Rao, &
Vishton, 1999; Saffran, Aslin, & Newport, 1996; see Saffran & Kirkham, 2018 for recent
review). However, the vast majority of studies exploring infants’ statistical learning have
used deterministic input from a single source, which is unlikely to reflect the true challenge
of learning important structures such as those found in language, as natural language
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environments contain myriad structures and cues that vary in their relevance. In two
experiments, we tested infants’ ability to use different cues to discover regularities in input
that contained multiple, distinct patterns.

Researchers have begun to test infants’ learning from input that may better reflect infants’
real experience. For example, Pelucchi, Hay, and Saffran (2009) found that infants could
segment words from a corpus of real Italian speech, showing the ability to find regularities in
natural input. Graf Estes and Lew-Williams (2015) introduced a different form of noise, the
presence of multiple talkers, and found that infants could demonstrate learning of an
artificial language produced by many different speakers. Still, even these studies contained
only one set of learnable regularities, and the only cues to structure came from statistical co-
occurrences between syllables, which does not capture the multidimensionality of infants’
experience. Similarly, studies that have included more complex statistical relations (e.g.,
Gerken & Knight, 2015; Gémez, 2002; Gomez & Lakusta, 2004; Gomez & Maye, 2005)
have not typically included other forms of noise, such as speaker-based indexical
differences. In the present research, we focused on three separate sources of variability:
different statistical regularities, different speakers, and different sets of speech sounds. We
introduced these cues simultaneously to probe infants’ ability to contend with some of the
challenges found in real language environments, such as the need to track different aspects
of linguistic structure, or even different languages. Infants heard two speakers (one female,
one male) produce two different streams of speech: a Target stream with recurring
repetition-based patterns (e.g., AAB, as in previous research by Marcus et al., 1999) and a
Non-Target stream with no overt repetition. Hereafter, we use the term “stream” to refer to a
sequence of items constructed according to these constraints. These streams consisted of
either non-overlapping (Experiment 1) or fully overlapping sounds (Experiment 2) in order
to test infants’ use of sounds and speakers to discover reliable structure in variable input.

Statistics available to young learners are rarely deterministic, and inconsistency shapes
infants’ learning strategies (e.g., Tummeltshammer & Kirkham, 2013). Even adults struggle
to demonstrate learning when there are multiple sets of regularities within the same
materials (e.g., Bulgarelli & Weiss, 2016; Gebhart, Aslin, & Newport, 2009; Karuza et al.,
2016; Pacton & Perruchet, 2008; Weiss, Gerfen, & Mitchel, 2009). The few studies that have
tested infants’ learning from multiple streams of information have highlighted the challenge
presented by less consistent input. Both Antovich and Graf Estes (2017) and Bulgarelli and
colleagues (2017) reported that monolingual infants were unable to demonstrate learning of
two different artificial languages, presented either sequentially or interleaved. However,
monolingual infants learn more effectively when competing speech streams are separated in
time (Gonzales, Gerken, & Gomez, 2015) and when regularities are highlighted by
additional cues, such as prosody (e.g., Chun & Jiang, 1998; Gervain & Werker, 2013;
Richardson & Kirkham, 2004). Therefore, infants may benefit from a range of cues that help
them separate concurrently presented streams of information.

In auditory environments in particular, many cues can facilitate learning, and infants use
experience to focus on acoustic cues that are most likely to support learning (e.g., Lew-
Williams & Saffran, 2012; May & Werker, 2014; Nazzi, Jusczyk, & Johnson, 2000; Nazzi,
Mersad, Sundara, lakovia, & Polka, 2014; Thiessen & Saffran, 2007; Werker & Tees, 1984).
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For example, different sequences of sounds and different speakers are ubiquitous in infants’
environments, and their use of both phonological and indexical cues is tuned through
experience (e.g., Best, Gooding, Tyler, Orlando, & Quann, 2009; Houston & Jusczyk, 2000;
Werker & Tees, 1984).

Infants’ ability to differentiate different types of speech sounds has been convincingly
demonstrated (e.g., Eimas, Siqueland, Jusczyk, & Vigorito, 1971; Kuhl, 1983; Werker &
Lalonde, 1988). Young infants perceive contrasts that older listeners do not (e.g., Mazuka,
Hawega, & Tsuji, 2014; Werker & Tees, 1984), suggesting that early in development, infants
may be particularly focused on fine phonological details. Moreover, infants are acutely
sensitive to the distribution of sounds in their input (e.g., Maye, Werker, & Gerken, 2002;
Maye, Weiss, & Aslin, 2008) and track the frequency of different sound combinations in
their language (e.g., Friederici & Wessels, 1993; Graf Estes, Edwards, & Saffran, 2011,
Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, 1993; Mattys, Jusczyk, Luce, &
Morgan, 1999). They can also discriminate between two languages on the basis of sound
properties (e.g., Bosch & Sebastian-Gallés, 2001) and can make category generalizations on
the basis of phonetic information (e.g., Gémez & Lakusta, 2004). However, though past
studies demonstrate that infants can separate different sets of sounds, it is not yet known if
infants use this dimension to facilitate learning through multiple streams.

Similarly, infants are attuned to the presence of different speakers from an early age and
readily distinguish male and female speakers (e.g., Floccia, Nazzi, & Bertoncini, 2000;
Jusczyk, Pisoni, & Mullennix, 1992). They often attend to indexical properties of speakers’
voices even when they are not task-relevant (e.g., Graf Estes & Lew-Williams, 2015;
Houston & Juscyzk, 2000; Singh, Morgan, & White, 2004). Given that adults better detect
multiple speech streams that are separated by speaker (Mitchel & Weiss, 2010; Weiss et al.,
2009), we expected that having two streams produced by speakers of different genders might
offer a powerful cue for infants.

The current studies were designed to test how infants might exploit the combination of
sounds and speakers in order to locate structure in complex input — specifically, input
containing multiple streams of information. We defined structure using two patterns that
have previously been tested in isolation. Infants heard three-syllable sequences that followed
either an AAB pattern (e.g., /e-/e-di) or an ABA pattern (e.g., /e-di-le) and were
subsequently tested on their learning of that pattern. These kinds of regularities have been
readily learned by infants across many studies (e.g., Gerken, 2006; Marcus et al., 1999; see
Rabagliati, Ferguson, & Lew-Williams, in press, for meta-analyses). Furthermore, infants
are more likely to discover patterns in stimuli that are connected to their real-life experiences
(Ferguson & Lew-Williams, 2016; Rabagliati et al., in press; Saffran, Pollak, Seibel, &
Shkolnik, 2007), suggesting that realistic sources of variability may in fact help infants
identify patterns.

In two experiments, we asked how the co-occurrence of ecologically valid cues would
support infants’ learning of regularities embedded in input containing two streams of speech,
produced by two different speakers. In prior studies, monolingual infants have been unable
to contend with multiple streams of information (e.g., Antovich & Graf Estes, 2017;
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Bulgarelli et al., 2017; Kovacs & Mehler, 2009). But given that monolingual infants
constantly encounter multiple sources of information, they must be able to overcome this
complexity.

We tested the hypothesis that co-occurring cues in the speech signal can support infants’
ability to locate regularities in the input. We presented infants with interleaved Target and
Non-Target speech streams. Half of infants heard each stream produced by a separate
speaker (Consistent Speaker condition), and half of infants heard 50% of each stream
produced by each speaker (Variable Speaker condition). Because prior studies suggest that
infants struggle to learn two structured streams, we chose regularities for the Target stream
that have previously been shown to be robustly learnable (i.e., AAB or ABA patterns). The
Non-Target stream contained no repetitions (i.e., CDE), so the structure of the two streams
did not conflict. In Experiment 1, the Target and Non-Target streams involved unique sets of
sounds, meaning that phonological cues, which can be used to signal to the presence of
different structures, were available in addition to speaker cues to help infants segregate the
two streams. In Experiment 2, we eliminated the phonological distinction and tested whether
or not speaker cues alone would support infants’ learning.

Experiment 1

Method

In Experiment 1, infants were provided with multiple cues to the presence of different
structures. We predicted that the combination of sound- and speaker-based cues would help
infants segregate the Target from the Non-Target stream. We also predicted infants would
demonstrate better learning when regularities in the Target stream co-occurred with
consistent speaker information.

Participants.

Experiment 1 included 40 full-term monolingual English-learning infants (17 female),
ranging in age from 9.3 to 11.0 months (M= 10.1). A power analysis (Faul, Erdfelder, Lang,
& Buchner, 2007) indicated that a sample size of 7=20 per condition will have .83 power to
detect a medium effect for the interaction between condition and test item (f=.25, based on
comparable studies, e.g., Lew-Williams & Saffran, 2012) with two groups of participants.
All infants were reported to have normal hearing and were exposed to English at least 85%
of the time. Half of the infants were assigned to the Consistent Speaker condition; the other
half were assigned to the Variable Speaker condition. Four additional infants were tested but
excluded due to fussiness (/7=3) or performance that was more than 2.5 standard deviations
from the mean (n7=1). The parents of all infants provided informed consent, and all
participants received a small gift in exchange for their participation. All experimental
protocols, including procedures for obtaining informed consent, were approved by the
Princeton University IRB (Approval number: 0000007117A021, Language Learning:
Sounds, Words, and Grammar).
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Stimuli.

Procedure.

All stimuli consisted of trisyllabic strings, produced in infant-directed speech. Two native
English speakers, one male and one female, recorded the stimuli. Each syllable was recorded
in isolation, and all syllables were normed to match in intensity and duration (625ms).
Sequences were created by combining syllables with 250ms of silence between syllables,
and there was 1s of silence between 3-syllable items.

Familiarization.—During Familiarization, infants listened to two separate streams of
speech. The Target stream was closely modeled on materials previously demonstrated to be
learnable by infants of this age (Marcus et al., 1999) and consisted of a series of strings that
followed either an AAB (e.g., /e-le-dli) or ABA pattern (e.g., /e-di-/é). There were 16 unique
items in the Target stream (see Table 1), and infants heard each item twice. The Target
stream was randomized and divided into four 8-item blocks of approximately 30s, which
were intermixed with a second, Non-Target stream. Half of infants were randomly assigned
to hear the AAB Target materials; the other half heard the ABA Target materials.

The Non-Target stream was also comprised of 16 different trisyllabic sequences (each
repeated twice), but unlike the Target stream, each syllable within a string was unique
(CDE), so there were no repetitions within strings (e.g., foi-nae-vuh, see Table 1). In
addition, none of the phonemes used in the Target stream appeared in the Non-Target stream.
Like the Target stream, the Non-Target stream was divided into four blocks of eight items.

All infants heard identical linguistic materials, with alternating 30s blocks (8 strings) of the
Target and Non-Target streams. In the Consistent Speaker condition, the Target stream was
produced entirely by the female speaker, while the male speaker produced the full Non-
Target stream. In the Variable Speaker condition, each speaker produced half of each stream.
The speaker change always occurred midway through an 8-item block in the Variable
Speaker condition, such that infants listened to 30s blocks of a single speaker, and 30s
blocks of a single stream, as in the Consistent speaker condition (see Figure 1).

Test.—In the Test phase, infants listened to single items that followed either an AAB (ko-
ko-ba, po-po-ga) or ABA (ba-ko-ba, ga-po-ga) pattern. Items that maintained the regularity
from the Target stream were considered Familiar (e.g., AAB test items following exposure to
an AAB regularity) while items that violated the Target regularity were considered
Unfamiliar (e.g., ABA items following exposure to an AAB regularity). None of the
phonemes used in the Test items appeared in either Familiarization stream. All Test items
were produced by the female speaker.

Infants were tested using the Headturn Preference Procedure. Participants sat on their
parents’ lap in a darkened room with monitors on three sides. Parents listened to music
through headphones to prevent them from interfering with children’s behavior. During
Familiarization, infants listened to the intermixed Target and Non-Target streams for nearly
four minutes while visual stimuli appeared on the monitors, contingent with the infants’
looking behavior.
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Infants were then tested for learning of the Target pattern. On each test trial, the infant’s
attention was drawn to the center monitor with an interesting visual stimulus (i.e., a
pinwheel). The same stimulus then appeared on one of the two side monitors, and when the
infant looked to that side, a test item (either Familiar or Unfamiliar) played from a
loudspeaker until the infant looked away for 1s or a maximum of 20s had elapsed. A trained
experimenter, who wore noise-canceling headphones in order to be unaware of what the
infant was hearing, controlled the stimuli using custom software. Each test item was
repeated three times, for a total of 12 test trials.

Results & Discussion

Our main analysis in Experiment 1 tested infants’ ability to discriminate Familiar vs.
Unfamiliar test items after hearing the patterns produced by a single speaker vs. multiple
speakers. For each participant, we calculated mean looking times for Familiar and
Unfamiliar trials. Looking times were analyzed using a 2x2 mixed ANOVA, with Test Type
(Familiar vs. Unfamiliar) as a within-subjects factor and Condition (Consistent vs. Variable
Speaker) as a between-subjects factor. The ANOVA revealed a main effect of Test Type
[A1,38)=13.05, p=.0009, an:.OOS], demonstrating that infants differentiated between
Familiar and Unfamiliar items. However, there was no interaction [A1,38)=.02, o=.88],
suggesting that learning was similar under both Consistent and Variable Speaker conditions.
Planned comparisons using two-tailed paired samples £tests confirmed that infants
displayed similar performance across conditions. In both conditions, infants listened
significantly longer to Familiar items [Consistent Speaker: 5.2s vs. 4.3s, {19)=2.19, p=.04,
Cohen’s @=.49; Variable Speaker: 5.6s vs. 4.6s, {19)=3.08, p=.006, Cohen’s ¢=.69, see
Figure 2]. Fourteen of 20 infants in the Consistent Speaker condition, and 15 infants in the
Variable Speaker condition demonstrated this preference. These results suggest that infants
discovered patterns presented in noisy input, and there was no advantage for hearing each
pattern produced deterministically by a unique speaker.

Infants’ successful learning, independent of the correspondence between speaker and
information stream, reveals that monolingual infants can discover structure in noisy,
multidimensional input, unlike previous studies (e.g., Antovich & Graf Estes, 2017,
Bulgarelli et al., 2017). Without relying on indexical cues, infants could segregate different
sources of information and discovered regularities that required them to generalize across
different voices. Reduplication has been suggested to be easy for infants to learn (e.g., Ota &
Skarabela, 2016), and it may be that these particular regularities were highly salient, such
that even when only 50% of the input conformed to a particular pattern, infants could learn.
Alternatively, it could be that the phonological distinction between the two streams
facilitated infants’ ability to find the target regularity. Sound differences help infants separate
two natural languages (e.g., Bosch & Sebastian-Gallés, 2001; Molnar, Gervain, & Carreiras,
2014), and adults struggle to learn two artificial languages with overlapping phonology
(Perruchet, Poulin-Charronnat, Tillmann, & Peereman, 2014), suggesting that salient
phonological cues may be helpful in dividing different streams of information. Furthermore,
phonological cues can boost adults’ learning of regularities that are otherwise challenging
(e.g., Onnis, Monaghan, Richmond, & Chater, 2005; Van den Bos, Christiansen, & Misyak,
2012), and concurrent statistical and phonological regularities can support infants’ learning
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of artificial language materials (Sahni, Seidenberg, & Saffran, 2010). Indeed, infants did not
need speaker cues to separate the Target and Non-Target streams when there was a
phonological distinction between the two streams. In our second study, we examined
whether or not infants were able to display learning when presented with two streams that
were not phonologically marked.

Experiment 2

Method

In Experiment 2, we tested whether infants could discover regularities when faced with two
speech streams consisting of the same sounds. As in Experiment 1, infants were assigned to
the Consistent Speaker or Variable Speaker condition and presented with interleaved Target
and Non-Target streams, but in Experiment 2, the two streams involved the same syllable
inventory, so infants could no longer use phonological cues to separate the two streams. We
then asked if the addition of correlated speaker information would play a more substantial
role in dictating infants’ ability to discover patterns from these less distinct linguistic
streams. We predicted that infants would need this additional cue, and only infants in the
Consistent Speaker condition, where structured information was paired with speaker, would
discover regularities. An alternative possibility was that infants were relying on the
phonological cues and would be unable segregate the two streams without that demarcation.

Participants.

Stimuili.

Procedure.

Experiment 2 included 40 additional monolingual infants (9 females, mean age: 10.2
months, range: 9.1-11.0). Half of the infants were assigned to the Consistent Speaker
condition; half were assigned to the Variable Speaker condition. Three additional infants
were tested, but excluded for fussiness.

Familiarization materials again consisted of a Target and Non-Target stream. Infants heard
one of the same two Target streams (AAB or ABA) as in Experiment 1. The Non-Target
stream still consisted of trisyllabic sequences made up of three unique items, but in
Experiment 2, the phonemes used in the Non-Target stream were the same as those in the
Target stream (see Table 2).

The design of the Consistent and Variable Speaker conditions was identical to Experiment 1.
Infants in the Consistent Speaker condition heard the Target stream produced by the female
speaker and the Non-Target stream produced by the male speaker. In the Variable Speaker
condition, infants heard each speaker produce half of each Familiarization stream.

Test materials were identical to Experiment 1, with all test items involving phonemes not
found in the Familiarization phase, produced by the female speaker.

The procedure for Experiment 2 was identical to Experiment 1.
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Results & Discussion

In Experiment 2, we performed parallel analyses to those of Experiment 1. Our main (Test
Type by Condition) ANOVA revealed that unlike in Experiment 1, there was no main effect
of Test Type [H1,38)=.68, p=.42]. The interaction between Test Type and Condition also
was not significant [ A1,38)=.32, p=.58], and infants did not look significantly longer at
Familiar vs. Unfamiliar items in either condition (Consistent Speaker: 6.1s vs. 5.5s,
%19)=1.09, p=.29; Variable Speaker: 6.7s vs. 6.6s, {19)=.17, p=.87, see Figure 3). Only 12
infants in the Consistent Speaker condition and 11 infants in the Variable speaker condition
displayed a familiarity preference. When the Target and Non-Target stream included the
same sounds, infants did not demonstrate learning of the Target regularities. Even when
speaker information was perfectly correlated with structure in the Consistent Speaker
condition, infants failed to exploit this association. Thus, indexical cues alone were not
sufficient in highlighting the underlying structure found in the two speech streams.

General Discussion

In two studies, we presented monolingual infants with multi-dimensional input and assessed
how they used different acoustic cues to uncover regularities. Infants encountered two
streams of speech, comprised of two sets of sounds, produced by two different speakers. In
Experiment 1, when each speech stream consisted of unique sounds, infants detected
underlying patterns regardless of whether the patterns were produced by a single speaker or
multiple speakers. However, in Experiment 2, when there was no phonological distinction
between streams, infants failed to demonstrate learning, even when speakers offered a
reliable cue. Thus, sound-based differences appeared to be particularly useful in helping
infants to segregate different channels of information, suggesting that infants may prioritize
some cues over others in complex environments.

First and foremost, these results highlight infants’ robust ability to detect structure.
Monolingual 10-month-olds displayed learning of a target speech signal surrounded by
inconsistent information. In complex input, learners must discover which regularities to
track (e.g., Gerken & Knight, 2015; Mintz, 2002), and even adults rely on concurrent cues,
such as sounds or speakers, to track multiple streams of information (e.g., Bulgarelli &
Weiss, 2016; Conway & Christiansen, 2006; Gebhart et al., 2009; Karuza et al., 2016; Weiss
etal., 2009). In Experiment 1, the phonological division between streams appeared to
support infants’ discovery of repetition-based regularities in the Target stream. Two potential
explanations could account for this successful learning. First, the presence of two different
sets of sounds may have helped infants separate the streams. Research on infant bilingualism
supports this explanation, as sound-based differences may signal the presence of different
languages, structures, or information (e.g., Bosch & Sebastian-Gallés, 2001). Moreover,
even infants in single-language environments are exposed to separable speech streams, such
as speech directed to the infant versus overheard between adults. This division is marked
acoustically (e.g., Fernald & Simon, 1984; Newport, Gleitman, & Gleitman, 1977; Piazza,
lordan, & Lew-Williams, 2017), and infant-directed speech both captures infants’ interest
and enhances learning, suggesting that acoustic differences between streams may highlight
the most relevant information (e.g., Cooper & Aslin, 1990; Weisleder & Fernald, 2013).
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Another (not mutually exclusive) possibility is that the unique sounds in the Non-Target
stream increased the overall variability in the input, and surrounding variability can draw
infants’ attention to consistent structure (e.g., Gomez, 2002; Tosano & McMurray, 2010). In
either case, infants’ successful learning illustrates their keen sensitivity to patterns in their
input and suggests that sound-related cues — a pervasive feature of their natural environments
— may support learning.

However, not all cues were equally useful in highlighting relevant structure. Contrary to our
predictions, dividing information streams by speaker did not facilitate infants’ learning in
either experiment. Though indexical information may initially be salient for infants (e.g.,
Jusczyk et al., 1992; Singh et al., 2004; Quam, Knight, & Gerken, 2017), 10-month-old
infants can generalize across speakers, suggesting that they learn that differences between
speakers are not always meaningful (Houston & Jusczyk, 2000). Indeed, when listening to
unfamiliar speech, infants are less sensitive to individual voices, presumably because
differences between languages are more salient than differences between speakers (e.g.,
Johnson, Westrek, Nazzi, & Cutler, 2011; Nazzi et al., 2000). In Experiment 2, infants failed
to exploit the usefulness of speakers to help them differentiate the two streams, even when
there were no other acoustic distinctions between the streams. Given that listeners use
experience to adjust their use of particular dimensions in speech (e.g., Idemaru & Holt,
2011; Potter & Saffran, 2015; 2017; Rost & McMurray, 2009), infants in our experiments
may have down-weighted the potential value of speakers. Infants do not track all cues
equally (e.g., Johnson & Tyler, 2010) and they rely on their everyday experience with
language to shape their learning strategies (Thiessen & Saffran, 2007). While speakers may
be critical socially, they are unlikely to be a reliable cue to important linguistic variation in
natural environments, and learners overlook correlated cues that do not typically co-occur
with language regularities, such as changes in background color (e.g., Mitchel & Weiss,
2010). On the other hand, sounds can be used to support infants’ differentiation of languages
(e.g., Bosch & Sebastian-Gallés, 2001; Nazzi et al., 2000), potentially making them a better
candidate cue to segregate different information streams. Thus, by 10 months, infants may
have discovered it is not advantageous to segregate their learning by speaker, but that
different sounds can mark relevant and valuable structural differences.

These studies included only monolingual infants, whose prior experience may have led them
to expect that all speakers use a single language. Bilingual infants, whose experience
includes regular exposure to multiple, independent structures, might not display similar
learning. Prior studies have suggested that bilingual infants may be better able to learn two
structures simultaneously (e.g., Antovich & Graf Estes, 2017; Kovacs & Mehler, 2009), and
bilingual infants may attend to distinctions that monolingual infants ignore, such as non-
native sound contrasts (e.g., Pettito et al., 2012; Sebastian-Gallés, Albaredo-Castellot,
Weikum, & Werker, 2012). In bilingual environments, reliable correlations exist between
speakers and languages; monolingual speakers use one language exclusively, and bilinguals
tend to preferentially use one language (Grosjean, 2001). Bilingual infants may be sensitive
to these relations, and in fact, it has often been explicitly recommended that parents employ
a “One Parent-One Language” strategy, where each parent speaks a separate language to the
child (e.g., Barron-Hauwaert, 2004; Ronjat, 1913). It could be that bilingual infants divide
their learning by speaker and might benefit from correlated speaker information to learn
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regularities. Specifically, one could predict that bilingual infants would show successful
learning in the Consistent Speaker condition of Experiment 2. Alternatively, it may be that
bilingual infants, like monolinguals, would ignore speaker cues, as all infants must learn to
generalize across speakers. Future studies will explore these questions and can provide
insight into how infants use experience to inform their use of different cues.

Infants” performance in these experiments demonstrates their ability to focus on the
distinctions that are most likely to be useful (e.g., Kuhl, Stevens, & Hayashi, 2006; Werker
& Tees, 1984). For monolingual infants, a lack of attention to individual speakers may
reflect an adaptive strategy. In complex auditory and social environments, infants encounter
many cues that vary substantially in their reliability, both in aggregate and in individual
contexts of processing. Infants’ ability segregate different speech streams, possibly by
recognizing phonological differences, suggests that infants detect and take advantage of
reliable cues, an ability that may also support their ability to distinguish one natural
language from another. Thus, these studies demonstrate that infants selectively exploit the
cues available in their input to find reliable structure in a noisy environment.
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Figure 1.
Blocking design for the Familiarization streams. Green indicates the Target stream; grey is

the Non-Target stream. X’s denote the female speaker, while spaces without X’s denote the
male. In the Consistent Speaker condition, there was perfect correspondence between
speaker and language (top row), while in the Variable Speaker condition, there was no
reliable correspondence between speaker and language (bottom row).
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Figure 2.
Mean looking times in Experiment 1, where the two familiarization streams consisted of

unique phonology. In the Consistent Speaker condition, each speaker produced a single
stream, while in the Variable Speaker condition, each speaker produced half of each stream.
Error bars represent standard errors of the mean.
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Figure 3.
Mean looking times in Experiment 2, where the two familiarization streams consisted of the

same syllables. Error bars represent standard errors of the mean.
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Table 1.

Familiarization stimuli for AAB condition in Experiment 1. Participants in the ABA condition heard the same
syllables, but arranged to form ABA patterns instead. Infants heard all 16 items in each stream presented
twice, in two different randomized orders and presented in blocks of 8.

Target Stream Non-Target Stream
le-le-we  le-le-je le-le-li de-de-li for-nae-va  ru-vae-ta  tae-fu-sa  fae-su-tor
wi-wi-je  wi-wi-di  de-de-je  le-le-di nu-tae-ror  tu-sor-rae  vor-nu-fa  ta-vu-nor
ji-ji-we  ji-ji-li ji-ji-di wi-wi-li sa-rae-vor  fa-tor-nae  sae-na-ru  nor-sa-vu
de-de-di  wi-wi-we ji-ji-je de-de-we  vae-ra-tu va-fae-su  ra-for-sae  na-ror-fu
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Stimuli used in the Non-target stream in Experiment 2. All items were presented twice, in a pseudo-
randomized order. As in Experiment 1, half of the infants heard these items intermixed with AAB Target
pattern; the other half heard them intermixed with an ABA pattern.

Non-Target Stream

le-we-ji
le-wi-je

li-de-wi

li-ji-de

we-li-ji de-je-wi
we-je-di  de-li-je
wi-le-de  di-ji-we

wi-di-le  di-we-li

je-wi-li
je-di-we
ji-de-le

ji-le-di

Dev Psychol. Author manuscript; available in PMC 2020 January 01.

Table 2.

Page 19



	Abstract
	Experiment 1
	Method
	Participants.
	Stimuli.
	Familiarization.
	Test.

	Procedure.

	Results & Discussion
	Experiment 2
	Method
	Participants.
	Stimuli.
	Procedure.

	Results & Discussion
	General Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

