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ABSTRACT

Bilingual environments provide a commonplace example of increased complexity and uncertainty. Learning multiple languages
entails mastery of a larger and more variable range of sounds, words, syntactic structures, pragmatic conventions, and more
complex mapping of linguistic information to objects in the world. Recent research suggests that bilingual learners demonstrate
fundamental variation in how they explore and learn from their environment, which may derive from this increased complexity. In
particular, the increased complexity and variability of bilingual environments may broaden the focus of learners’ attention, laying a
different attentional foundation for learning. In this review, we introduce a novel framework, with accompanying empirical
evidence, for understanding how early learners may adapt to a more complex environment, drawing on bilingualism as an example.
Three adaptations, each relevant to the demands of abstracting structure from a complex environment, are introduced. Each
adaptation is discussed in the context of empirical evidence attesting to shifts in basic psychological processes in bilingual learners.
This evidence converges on the notion that bilingual learners may explore their environment more broadly. Downstream
consequences of broader sampling for perception and learning are discussed. Finally, recommendations for future research to

expand the scientific narrative on the impact of diverse environments on learning are provided.

Public Significance Statement
This article focuses on how bilingual experience, as a source of environmental diversity, determines how learners attend to their
environment. The premise of the article is that more diverse environments are more complex and may instill different modes of

learning and attention, fostering greater attention to novelty.
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In order to navigate and successfully learn from the environment, infants and children must allocate their attention selectively to the
vast array of stimuli present in their surroundings. In multiple domains, studies have demonstrated that early in life, naive learners
do not attend equally to all sources of information but come to prefer familiar information based on prior experience. For example,
infants begin to visually prefer faces of the gender corresponding to their primary caregiver (Quinn et al., 2002 ) and faces from
their own race (Kelly et al., 2005). They also express early auditory preferences for their own language (Bosch &
Sebastian-Gallés, 1997 ; Moon et al., 1993) and for musical styles that are common within their environment (Soley & Hannon,
2010).

The notion that infants initially orient toward familiar information within their environment is aligned with and often explained by
prevailing models of infant attention (e.g., Hunter & Ames, 1988). These models are predicated on the assumption that upon first
encounter with a stimulus, the infant seeks to match the stimulus with an existing memory representation (Sokolov, 1963 ). Only
when the stimulus reaches some threshold of similarity with a stored representation is attention then deployed elsewhere (Roder et
al., 2000). This account of early attention posits that infants prioritize recurring information in their environment. In laboratory
studies, this is expressed as a familiarity preference. An early familiarity preference has been argued to allow infants to extract
relevant and significant information from their environment (Houston-Price & Nakai, 2004 ; Hunter & Ames, 1988 ).l[AQ4]

As infants acquire greater experience, they then begin to explore novel (nonrecurring) information to a greater extent (Hunter et al.,
1983). This is consistent with the notion that a novelty preference follows from an initial orientation toward familiarity (Roder et
al., 2000; S. A. Rose et al., 1982). The issue of when early learners orient toward familiarity or novelty remains a matter of
ongoing scientific interest with different underlying theoretical accounts. For example, following Bowlby (1988), infant looking
has been thought to reflect the operation of complementary systems for attachment security (familiarity orientation) and
exploration-based mastery of the environment (novelty orientation) (Quinn et al., 2013 ; see also Bischof, 1975).
RelatedlyAdtermativety, familiarity versus novelty orientations may be early precursors of tendencies toward exploitation and
exploration of information (Gopnik, 2020).

In interrogating the determinants of infant attention, researchers rely heavily on looking-time differences between contrasting
stimuli to make inferences about what infants know, perceive, and learn (Csibra et al., 2016). These inferences are often based on
variation in the magnitude of looking time across different stimuli. Using looking time differences, infant attention has been used to
query many dimensions of early perception and learning in different domains. Implicit in the use of infant attention to reveal latent
developmental processes is the notion that infants direct their attention in a manner that optimizes learning (C. Kidd et al., 2012).
However, the interpretation of looking time is complex: As noted above, infants can express preferences for familiar or novel
stimuli. As suchaHowever; there remains considerable uncertainty around the conditions under which infants demonstrate either
type of preference (Kosie et al., 2023).

In theoretical accounts of infant attention, researchers have advocated for a relationship between prior exposure, developmental
stage, and task difficulty as codeterminants of infant attention. A predominant model of infant attention—the Hunter and Ames
model—posits that these factors work in concert to produce familiarity versus novelty preferences (Hunter & Ames, 1988 ). Thus
far, this model has been used to explain and predict findings in many areas of infant processing, such as speech segmentation,
object memory, face recognition, musical perception, and memory for numbers amongst other areas (see Kosie et al., 2023).
However, a major limitation is that this debate has centered heavily around endogenous determinants of attention (Hunter et al.,
1983 ; Kosie et al., 2023). There has been little focus on how infants’ natural environments—and the diversity therein—might
modulate infants’ attentional preferences. Given the centrality of looking time measures in infant attention, it is critical to
understand how early preferences are modulated by environmental factors. The dearth of work on exogenous determinants of
infant attention may reflect an interpretation that the experimental tasks that are commonly used (e.g., visual habituation; visual
preference) are stable across individuals and in equal measure, to a tendency to underreport experiential factors in infant research
(Singh, Cristia, et al., 2023 ). These factors make it challenging to determine how attentional measures may vary based on
environmental experience. Greater reporting of experiential factors and expansion of the repertoire of tasks commonly used to
measure infant attentional processes would elucidate the links between experience and exploration; motivatingreportingand

The question of whether environmental diversity influences the allocation of infants’ attention relates to empirical studies
demonstrating that diversifying exogenous experiences may modify infants’ attentional biases. In particular, greater diversity may
lead to a greater orientation toward broad exploration and novelty within the environment, modifying the direction of infants’
attentional preferences. This, in turn, appears to be associated with greater flexibility and plasticity in attention. For example, infants
with early biracial exposure—at an individual level—do not show an own-race preference at 3 months of age (Bar-Haim et al.,
2006 ), unlike those with primarily monoracial exposure (Kelly et al., 2005, 2007; Liu et al., 2015 ; also see Gaither et al., 2012,

for face processing differences between monoracial- and biracial-exposed infants). In addition, infants with multiracial exposure at



a societal level also do not demonstrate an own-race preference, but instead express an other-race preference, a pattern which is
even more pronounced for those with individual contact with other races (Singh, Phneah, et al., 2022 ; Singh, Rajendra, &
Mazuka, 2022 ). Analogous effects of environmental diversity are observed in the domains of language and music, where diverse
environments are associated with reduced familiarity preferences. For example, bilingually exposed infants respond preferentially
to foreign languages over their own languages (Bosch & Sebastian-Gallés, 1997 ), express a reduced native language preference
(Byers-Heinlein et al., 2010), and show prolonged sensitivity to nonnative sounds (Singh & Tan, 2021). In the music domain,
early exposure to the music of other cultures reorients infants toward novel musical patterns originating outside of their culture
(Hannon & Trehub, 2005 ). The preference for novel stimuli associated with environmental diversity even extends to languages
and racial groups that infants have reportedly never encountered (Singh, 2018 ; Singh, Phneah, et al., 2022 ; Singh, Rajendra, &
Mazuka, 2022).

These studies converge on the notion that very basic exploratory behaviors that drive adaptation and learning may vary due to
environmental diversity. Such effects may not be apparent in the literature due to a focus on relatively homogenous samples that
may overrepresent sameness of experience. Biases favoring monoexperiential samples may have driven a particular narrative
around early exploration that does not generalize to more diverse environments. For example, studies demonstrating own-race
preferences early in life have mainly drawn from monoracial environments (e.g., Kelly et al., 2005, 2007; Liu et al., 2015).
Similarly, studies demonstrating early own-language preferences have typically drawn from monolingual environments (e.g.,
Moon et al., 1993). In general, sampling practices in infant research have overrepresented infants from limited environments and
have centered on traditionally monolingual regions of North America and Western Europe (Singh, Cristia, et al., 2023). It is
possible that more flexible pathways to learning and exploration emerge within more diverse environments. Expanding the study of
the range of experiences available to infants can inform our understanding of the flexibility of the human psychological repertoire
and its adaptation to the vast range of experiences and environments within which infants are raised.

A commonplace example of environmental diversity is the bilingual experience. Although underrepresented in psychological
research (E. Kidd & Garcia, 2022 ), most children worldwide are raised with more than one native language (Ansaldo et al., 2008 ;
Ellajosyula et al., 2020 ; Giovannoli et al., 2020 ; Grosjean, 2010, 2013). Bilingual experience is, therefore, a very relevant form
of diversity for most individuals and understanding the psychological impact of such experience on development is central to a
more representative science of early human development. In several respects, bilingualism provides unique insights into the effects
of environmental diversity on psychological processing. First, children raised with more than one language early in their lives are
immersed in the language(s) spoken in their environment. Notably, early bilingualism reflects a form of diversification that is not
selected by the individual, but which selects the individual via parents, general societal norms, government policy, or some
combination of factors. Unlike other forms of diversity which may be the product of individual selection, where it is difficult to
tease apart the effects of prior motivation on behavior, early bilingualism is often unique in that it happens to a learner.

Second, bilingualism is unique in its complexity of diversity. Although bilingualism commonly refers to dual language use,
bilingual experiences are nested within a range of other diversifying experiences, such as biculturalism and bidialectalism, as
language use is necessarily grounded in a social context. Therefore, bilingualism provides an opportunity to examine a relatively
rich source of diversity expressed across different facets of human experience. Effects of bilingual experience are also
multidimensional in nature. Specifically, although bilingual exposure typically involves linguistic experience with two languages,
there are both proximate and distal effects on psychological development. Proximate effects relate to the effects of bilingual
experience on language processing (for a review, see Sebastian-Gallés & Santolin, 2020 ). However, there are more distal effects
on basic developmental processes that may, in turn, influence higher-order forms of learning. The notion that language use and
exposure can influence central cognitive processes has captured the attention of psychologists as it provides a unique example of
cross-domain transfer of language experience to basic cognition (Bialystok, 2015).

In this review, we introduce a new framework for organizing our knowledge of early bilingual psychological development that is
driven by recent evidence, drawing from both behavioral and neural models of adaptation to experience. Our framework is
consistent with broader theories emphasizing the role of experience in cognitive development, inclusive of selectionism
(Changeux, 1985; Edelman, 1987), interactive specialization (Johnson, 2011 ), and developmental niche construction (Flynn et
al., 2013), although such theories have tended to envision monolithic environments for an individual’s development. We structure
our framework in terms of the necessary adaptations that bilingual learners must make to learn two linguistic systems, drawing on
evidence from different laboratories, bilingual populations, and methodologies. In each of these areas of adaptation, we present
empirical evidence illustrating how bilingual attention may attune to and align with the specific demands of increased
environmental diversity, resulting in greater flexibility and plasticity. Finally, we chart a roadmap for future directions in empirical

research.



Adaptations to Bilingual Experience

We discuss three adaptations to bilingual experience that may facilitate the uptake of multiple languages. At the outset, we note our
focus on the early and simultaneous acquisition of two languages rather than on the sequential acquisition of two languages. This
focus reflects the language learning environment in which most infants around the world are immersed (Grosjean, 2010).
Furthermore, we frame these adaptations as forms of attunement to bilingual experience with the explicit qualification that these
adaptations may reflect generalized effects of environmental complexity or diversity rather than unique effects of bilingualism.
Lastly, we do not claim that bilingual environments are unique or special: To our knowledge, there is no evidence that the
developing brain defaults to monolingualism (and given the global prevalence of bilingual speakers, one could argue that the term
“adaptation” applies instead to monolingual environments).

A summary of our framework is shown in Figure 1. It illustrates the environmental challenge posed by learning two languages, the
adaptations to that challenge, and their behavioral derivatives. The adaptations and behavioral derivatives will be described in the
following sections of the article, with Figure 1 serving as an organizing structure. In this article, we will draw on empirical
evidence and connect three adaptations (and their behavioral derivatives)conmectthe-behavioratderivativesof threeadaptations to
processing two language streams: (a) increased information processing efficiency, (b) broad attention focus, and (c) openness to
perceptual difference. We qualify this framework by stating that further research is needed to confirm causal pathways between
nodes of the framework.

Adaptation I: Increased Information Processing Efficiency—Doing More With Less

Bilingually exposed infants receive less input in each language than monolingually exposed infants in one language (e.g.,
Garcia-Sierra et al., 2016). At the same time, bilingual learners are faced with expectations of native language proficiency in each
language. This observation raises the question of how early bilingual learners navigate reduced, but more complex and variable,
input to learn two languages to native proficiency levels.

Empirical studies demonstrate links between quantitative variation in bilingual environments and uptake of each language. In
particular, the amount of single-language exposure in bilingual learners predicts the amount of single-language uptake (Hoff, 2018 ;
Unsworth, 2016 ), mimicking dose—response relations in monolingual learners (Hurtado et al., 2008 ). In monolingual learners,
reduced input presents developmental risk (Weisleder & Fernald, 2013 ). Simply hearing less of each language might, therefore, be
expected to introduce risk to language learning in bilingual learners. However, this is not the case. Although bilingual children do
progress through single-language milestones at a slower rate than their monolingual peers in the early stages of language
development (Hoff & Core, 2013), they often do acquire two languages to native levels without significant modifications to the
timeline of acquisition of words, phrases, and sentences. A reduced ratio of the quantum of input to the quantum of uptake in

bilingual learners Based-on-a

ts may indicate
increased information processing efficiency in bilingual learners.

Measurement of information processing efficiency in infancy has embraced a very basic encoding model, visual habituation, which
reflects the process by which infants encode and adapt to novel information. Visual habituation is commonly expressed by a
progressive reduction in visual attention to a stimulus upon repeated presentation (Colombo, 1993 ). Measurement of processing
efficiency using visual habituation has had a longstanding presence in infant research (see Sokolov, 1963) and still serves as the
primary mechanism by which infant learning is assessed in laboratory settings (Oakes, 2010; Sirois & Mareschal, 2002).

In typical infant visual habituation paradigms, infants are repeatedly presented with a single stimulus, and fixation time
progressively decreases to a low asymptote (R. F. Thompson & Spencer, 1966 ). Following habituation, infants demonstrate a
preference for a change in stimulus, referred to as a novelty preference. A novelty preference indicates that infants recognize the
novel stimulus as distinct from the habituation stimulus (Colombo et al., 2010 ). Habituation behaviors in infancy have long-term
predictive validity, relating to vocabulary size in toddlers (Colombo et al., 2010, verbal components of intelligence quotients

(D. H. Rose etal., 1986), and full-scale intelligence quotients (McCall & Carriger, 1993; L. A. Thompson et al., 1991).

In a study on the effects of bilingualism on information processing, Singh et al. (2015) tested 6-month-old Singaporean infants
exposed to either one or two languages on a visual habituation task. Infants were from heterogenous bilingual and monolingual
backgrounds and were matched on socioeconomic factors (parental education and income). First, infants were exposed to an image
of a wolf or a bear. The same image was presented repeatedly, and fixation to the image was logged. The infants were then
presented with the visual image that they had just seen, but it was paired with a novel image. The images (the wolf and the bear)
were relatively similar, requiring infants to be sensitive to color and subtle featural information to differentiate them. The authors
reported that monolingual and bilingual infants demonstrated similar levels of total fixation to the habituation stimulus. However,
the groups differed in how much their attention declined over the habituation session and the slope of their habituation function

(fixation to the familiarization image plotted by trial). Bilingually exposed infants showed both a larger decrement in attention over



the habituation phase and a steeper gradient of the habituation function. In addition, only bilingually exposed infants demonstrated
preferential fixation to the novel stimulus during the comparison phase. These outcomes indicate that the greater rate of information
processing did not compromise information encoding but was associated with stronger recognition memory for the target stimulus.
Singh et al. (2015) provided evidence that information may be processed more efficiently in infants exposed to multiple languages,
providing one mechanism by which bilingual learners may compensate for reduced single-language information to attain native
proficiency in two languages. However, in addition to faster encoding, the study revealed increased orientation toward novel
information during the paired-comparison (test) phase. This finding raises the question of whether bilingual infants distribute
attention more broadly, scanning both familiar and novel information within their environment. Broad informational sampling may
be an adaptation to a complex environment by allowing learners to more effectively abstract underlying structure. In the next
section, we discuss this specific adaptation in relation to empirical evidence pointing to broad informational sampling in bilingual

learners.
Adaptation II: Broad Distribution of Attention Across Familiar and Novel Stimuli in the Service

of Learning

In addition to receiving less single-language input, bilingual infants receive more variable input. At each tier of the language code
(phonology, semantics, syntax, pragmatics), bilingual input contains different regularities and rules (Byers-Heinlein & Fennell,
2014). In addition, bilingual environments also contain language mixing and switching (Genesee & Nicoladis, 2007). The impact
of this complexity and variability is that learners must negotiate language input that is less predictable and contains greater
uncertainty. In the face of heightened uncertainty, it may benefit learners to attend more broadly to variable sources of information
within their environments in order to identify relevant (or diagnostic) cues (see Figure 1).

This suggestion aligns with theoretical accounts of domain-general organizational principles that allow naive learners to distill input
to identify relevant cues in relation to variability in the input (Bhatt & Quinn, 2011[AQ5]). The presence of increased variability in
the environment introduces indeterminacy and uncertainty and could make the initial phases of learning more challenging (Raviv et
al., 2022). However, attending to and harnessing available sources of variability may facilitate organization of input into
meaningful categories (e.g., ®Quinn, 1987). A possible analog from the domain of vision is the finding that infants presented
with two different visual classes more readily formed category representations than infants presented with just one visual class
(Quinn, 1987). This result provided empirical evidence that experience with multiple classes allowed infants to extract not only
what was common within each class, but also what was distinctive about each class.

Beneficial effects of variability on learning have been attested in multiple domains including formation of intermodal mappings
(Vukatana et al., 2015), linguistic categorization (Singh, 2008 ), and face processing (Balas & Saville, 2015). Across a range of
domains, tasks, and populations, these findings converge on the suggestion that while greater variability may increase the
complexity of the input, it may also facilitate the abstraction of invariant (diagnostic) cues. In this way, increased variability may
both promote extraction of relevant information (which may stand out as invariant against the higher variability, Gibson, 1979) and
the generalization of acquired information to novel contexts. Bilingual environments—in representing greater variability—may
facilitate learning of invariant cues and subsequent generalization.

An attentional focus on recurrent information in a variable environment may not allow for variability to be harnessed in the service
of learning. In other words, in order to benefit from environmental variability, learners must attend broadly within their
environment. Recent studies have examined whether bilingualism is associated with more variable patterns of attentional allocation.
These studies suggest that bilingual exposure is associated with an increased tendency to (a) disengage from recurring information
to engage with novel information, (b) attend more broadly to information within the environment, and (c) generalize learned
information to novel contexts, defined as transferring learned information to previously unencountered stimuli. We address each
area of research in turn.

The Impact of Variability on the Distribution of Attention

The distribution of attention within bilingual and monolingually exposed infants was recently investigated by D’Souza et al.
(2020). The authors tested bilingual and monolingually exposed infants between 7 and 9 months originating from varied language
backgrounds in the United Kingdom. Monolingual and bilingually exposed infants were matched on a composite measure of
socioeconomic status (SES; parental education, occupation, income, place of residence). The authors tested infants on a range of
tasks, two of which were designed to investigate allocation of attention and detection of change. In the allocation of attention tasks,
the authors presented infants with a central stimulus and a peripheral stimulus. In some trials, the two stimuli overlapped in time,
and in some, they were presented asynchronously. The authors measured the latency between the presentation of a peripheral
stimulus and the amount of time infants took to shift their gaze to the peripheral stimulus. Using a subset of infants who provided

the best quality data (i.e., a higher number of valid trials), the authors found that the bilingually exposed infants were faster to



disengage and shift attention from the central stimulus to the peripheral stimulus than the infants growing up exposed to one
language. Moreover, the speed of disengagement was greater for infants who had greater second-language exposure. That is,
bilingual infants were quicker to disengage from familiar information to engage with novel information (see Figure 1).

In addition to disengagement, D’Souza et al. (2020) investigated the rate at which 7- toand 9-month-old infants switched attention
between two stimuli presented simultaneously. Infants viewed two stimuli (e.g., two male heads), one of which gradually morphed
into a novel stimulus, and the authors measured infants’ switches between them. Compared with monolingually exposed infants,
bilingually exposed infants switched attention more between the two stimuli. In addition, when comparing switching behavior in
the current experiment with the speed of disengagement in the initial experiment of D’Souza et al. (2020) (i.e., the same infants
were tested in both tasks), the authors reported a negative correlation for bilingually exposed infants (e.g., those who were faster to
disengage showed greater switching), but no association for the infants growing up exposed to one language.

A second set of studies points to a greater novelty orientation in bilingual infants. In a recent investigation, Singh, Kalashnikova,
and Quinn (2023) examined infants’ preferences for familiar versus novel information. Testing 5- to 9-month-old monolingually
and bilingually exposed infants from Spain and Singapore matched on SES, infants’ preferences for novelty were assessed using a
visual preference paradigm. Using an adaptation of a paradigm developed by Fantz (1964), infants were presented with two
stimuli side-by-side over a series of trials. In each trial, one stimulus remained constant (familiar stimulus), and the other stimulus
changed (novel stimulus). Over the succession of trials, bilingually exposed infants showed a persistent preference for the changing
stimulus. In contrast, monolingually exposed infants demonstrated an initial null preference, followed by a novelty preference as
the experiment progressed. The latter resembles Fantz’s original data, providing additional evidence that bilingual infants initially
have a broader attentional focus. In addition, the extent of infants’ initial novelty preferences was positively correlated with the
extent of second-language exposure (see Rocha-Hidalgo et al., in prep for similar findings in 18-month-olds from the United
States).

A related study providing further evidence supporting the idea that bilingually exposed infants demonstrate an increased orientation
to novelty comes from Kalashnikova et al. (2021). In a replication attempt of Kovacs and Mehler (2009), a study where
7-month-old bilingually exposed infants were reported to have attentional control advantages, Kalashnikova et al. (2021) did not
replicate the attentional control advantages observed by Kovacs and Mehler (2009) in a sample of 7-month-old infants. In the
paradigm used by both sets of investigators, the demonstration of attentional control rested on infants’ ability to correctly anticipate
the location of a visual reward following an auditory or visual cue, which appeared on one side of the screen for the first half of the
trials and on the opposite side of the screen for the last half of the trials. Using this paradigm, Kalashnikova et al. (2021) reported
that even in cases when bilingually exposed infants were less likely to anticipate the location of the reward correctly compared to
monolinguals, once the visual reward appeared on the correct side, they fixated it as fast as monolinguals. This result suggests an
increased preference for the novel visual reward relative to monolingual infants.

Overall, bilingual infants show increased novelty orientation and faster encoding (Figure 1). In combination, the evidence
converges on the suggestion that bilingually exposed infants demonstrate fundamentally distinct patterns of attentional allocation
compared with monolingually exposed infants, disengaging more readily from familiar stimuli and orienting preferentially to novel
stimuli. An even more recent investigation suggests that bilingually exposed infants may engage more rapidly specifically to
socially relevant stimuli (Mousley et al., 2023 ). The study also demonstrated increased attentional switching between paired
stimuli.

Increased Variability and Higher-Order Generalization

As noted, an increased orientation toward variability in the environment—expressed as an attenuated preference for recurring
information and enhanced preference for novel information—may facilitate categorization of information and promote
generalization of existing knowledge to novel settings. Several studies have demonstrated that bilingually exposed infants exhibit
greater generalization in how they categorize visual targets (e.g., Brito & Barr, 2012). These studies were conducted using a
deferred imitation paradigm. The paradigm presents infants with an experimenter performing a target action on a puppet, namely
removing a mitten. After a delay, infants’ memories for the target action are measured. In general, infants are not able to retrieve the
target action when the features of the object change (e.g., when the puppet changes from a gray mouse to a pink rabbit), suggesting
that their memory of the action sequences is initially bound to the specific features of the object. Brito and Barr (2012) tested
18-month-old monolingual and bilingual infants in the United States originating from varying language backgrounds on this task.
Language groups were matched on parental education and a composite index of SES. The authors found that after a 30-min delay,
only bilingually exposed infants could generalize learned actions to novel exemplars (e.g., from a yellow duck to a black-and-white
COW).

Brito and Barr (2014) extended this work to 6-month-old monolingual and bilingual infants in the United States originating from

mixed language backgrounds. Groups were matched on socioeconomic factors. Researchers manipulated the number of visual



features changed between the initial presentation of an action sequence and the deferred imitation prompt. The authors reported that
both groups of infants were able to generalize to a single-feature change (e.g., a change in only the color of the puppet), but only
bilingually exposed infants were able to generalize across two features (e.g., a change in both the color and shape of the puppet).
That is, bilingually exposed infants could apply the same target actions to perceptually different agents.

In subsequent replications of this effect, the authors found that increased memory flexibility was present no matter whether
bilingually exposed infants learned two distinct versus two similar languages (Brito et al., 2015) nor was there a greater advantage
for those learning three (vs. two) languages (Brito et al., 2015 ; see also Brito et al., 2014). Moreover, increased memory flexibility
in bilingually exposed infants was not influenced by the presence of a label to describe the action, suggesting that the underlying
basis of the effect is generalization over task-irrelevant visual perceptual features (Barr et al., 2020).

In combination, the studies of Brito, Barr, and colleagues suggest that bilingually exposed infants generalize across visual targets
more readily. Early in infancy, bilingually exposed infants may be better able to integrate multiple perceptual cues and to abstract
key functional features from varied input. We note that visual generalization in bilingual learners is likely not the product of
reduced sensitivity to visual difference. Prior studies have demonstrated increased sensitivity to visual difference in bilingual infants
(D’Souzaetal., 2021 ; Singh et al., 2015). Instead, these findings may reflect increased recognition that variations in visual
features were nondiagnostic and task irrelevant. Although the studies reported do not establish causal pathways between the
constructs measured, it is possible that greater flexibility in memory processing arises from a more variable environment that
promotes broader exploration and facilitates abstraction of relevant cues (Hayne & Barr, 2022 ). That is, bilinguals may exhibit
greater memory generalization (see Figure 1).

In addition to generalization across visual targets, there is empirical evidence that bilingually exposed infants may generalize across
social agents more readily. For example, Singh, Tan, et al. (2020) demonstrated that in a language comprehension task, bilingual
learners generalized across speakers’ race, responding similarly to agents who were the same or a different race relative to the
participant. In contrast, monolingual infants’ responses to social agents depended on their race. It is possible that bilingual learners,
on account of encountering increased variability, maintain looser associations between social agents and expected behaviors,
resulting in more flexible and less constrained expectations of social agents. In further studies, researchers have investigated
whether bilingual learners attach less valence to social agents by investigating racial bias in bilingual and monolingual learners.
Two studies have demonstrated that bilingual infants (Singh et al., 2019 and preschool children (Singh, Quinn, et al., 2020)
exhibited reduced other-race bias compared with monolingual peers. In these studies, bilingual children were less likely to interpret
race information as positive or negative either in terms of their own liking (Singh, Quinn, et al., 2020) or in terms of viewing
others as reliable informants (Singh et al., 2019). That is, bilinguals exhibit reduced social bias (see Figure 1).

Collectively, the studies reviewed in this section suggest that bilingual experience may lay a different attentional foundation for
early learners. In particular, the increased complexity and variability of bilingual environments may stimulate attentional systems to
survey a greater diversity of information within the environment. This may be reflected in an increased tendency to disengage from
information as it becomes familiar (i.e., reduced familiarity preference) and to attend to information that is novel (i.e., increased
novelty preference). Broader sampling of the environment may facilitate the uptake and abstraction of relevant cues as has been
demonstrated in infants, children, and adults confronted with increased variability across a range of tasks and domains (Raviv et
al., 2022). This in turn may result in robust categorization of information based on relevant cues that disregards nondiagnostic
variation. The existence of robust categories could then promote generalization across different contexts.

As noted by theoretical accounts of beneficial effects of increased variability (e.g., Raviv et al., 2022), there may be tradeoffs to
broad sampling. In particular, broad sampling may come at the cost, even if temporary, to specialization. Bilingual learners, like
monolingual learners, must specialize in native linguistic systems. It is possible that bilingual learners, on account of distributed
attention and learning and less focused attention, show a reduced native language specialization. In the next section, we discuss a
final adaptation to bilingual environments, greater flexibility in perceptual processes, providing empirical evidence of potential
tradeoffs of broad sampling.

Adaptation III: Openness to Perceptual Difference

To effectively learn two languages, learners must attend to more forms of linguistic variation compared with those learning one
language. Moreover, specific types of variation often differ across languages. Distinguishing and independently mastering two
languages requires infants to negotiate areas of convergence (where languages agree) and areas of conflict (where languages have
opposing rules). For example, the specific sounds used in each language may have different levels of functional relevance across
languages. Languages like English distinguish sounds based on consonants and vowels. However, a large body of languages, such
as Mandarin Chinese, distinguish languages based on consonants, vowels, and tones. The presence of tones in a language means
that the same syllabic sequence, produced at different tones (corresponding to vocal pitch), can have a different meaning. To

complicate matters, pitch shifts associated with lexical tones overlap with intonational categories in nontone languages. For



example, Mandarin has a rising tone and a level tone. This tone contrast is present in English and corresponds to the pitch contrast
between questions and statements. In Mandarin, pitch serves both intonational and lexical contrasts, and in this way, there is both
convergence and conflict.

Bilingually exposed infants must accrue sufficient exposure to each language in their environment to resolve these conflicts (Bosch
& Sebastian-Gallés, 2003 ; Garcia-Sierra et al., 2016) and successfully negotiate the relationship between the two languages,
which is critical to becoming bilingually proficient. Empirical studies have investigated sensitivity to contrast in bilingual infants in
the visual and linguistic domain, producing varying results. The notion that bilingually exposed infants may be more sensitive to
visual contrast is consistent with a recent investigation with bilingual adults by D’Souza et al. (2021). The authors reported effects
of the age at which participants received bilingual exposure: those who were exposed to their first and second language
simultaneously or in short succession were better at detecting subtle visual changes compared with those who learned their first and
second languages further apart. That is, early bilinguals showed heightened change detection ability (see Figure 1). While this
study investigated sensitivity to static images, recent research has demonstrated heightened sensitivity to subtle perceptual contrast
in the visual domain in bilingual infants when viewing dynamic events (Singh, Goksun et al., 2023[AQ6]). In combination, these
findings imply that the effects of linguistic diversity transfer across domains from language to vision.

Studies investigating sensitivity to perceptual contrast at the nexus of visual and language processing have revealed increased visual
sensitivity to nonnative linguistic information in bilingual infants. For example, Sebastian-Gallés et al. (2012) reported that
Spanish—Catalan bilingually exposed infants were able to distinguish when silent faces switched from speaking in French to
English at a level comparable to French—English bilingually exposed infants, even though the visual cues that distinguish French
and English differ from those that distinguish Spanish and Catalan. Thus, exposure to two native languages was associated with
changes in the attentional system that extended beyond the specifics of the input languages (Sebastian-Gallés et al., 2012).
Described by Sebastian-Gallés as heightened perceptual attentiveness, this process captures how sensitivity to contrast is
strengthened in bilingually exposed infants without direct exposure to those distinctions. Changes in perceptual attentiveness offer a
potential explanation for differences between monolinguals and bilinguals that requires additional empirical attention. Overall, this
finding points to increased flexibility and plasticity in bilingual learners compared with monolingual learners.

Studies in infant speech perception support furtherconfirn accounts of increased bilingual flexibility, providing further evidence of
attentiveness beyond the input. In speech perception, all infants are born with a high degree of plasticity, irrespective of language
background. This plasticity enables infants to adapt to whatever environment—including language environment—they find
themselves in. For example, infants are born with the capacity to discriminate many of the phonetic distinctions used across the
natural languages of the world (Singh, Rajendra, & Mazuka, 2022 ; Werker & Tees, 1984). As the infant brain specializes to its
given language environment between 6 and 12 months of age, it becomes better at discriminating the phonetic contrasts in its own
(native) language—but at the cost of discriminating nonnative contrasts (Kuhl et al., 2006 ). Perceptual narrowing reflects an
experience-dependent process of functional specialization (Johnson, 2000 ; Pascalis et al., 2014 ). This refers to the notion that
early in development, a particular cortical region may respond to a wide variety of stimuli (e.g., environmental sounds), but adapt
over development by responding more selectively to a subset of the stimuli (e.g., the speech sounds to which it is regularly
exposed). In other words, the infant brain is initially highly plastic in order to later respond to variation in experience (in this case,
speech input). Its plasticity subsequently declines as neural circuitry specializes to process the most relevant environmental stimuli
(Oakes, 2017).

If an infant is exposed to two or more languages, however, then their neural plasticity might decline at a slower rate than if it were
exposed to just one language, which has been borne out by empirical studies. For instance, Mercure et al. (2020) used functional
near-infrared spectroscopy (fNIRS) to record brain activity in response to native and nonnative speech stimuli in monolingual
infants and two groups of bilingual infants, unimodal (infants exposed to two spoken languages) and bimodal (infants exposed to
one spoken and one sign language) bilinguals between 4 and 8 months of age. While monolinguals showed the expected
left-localized responses to native speech, bilingual infants’ brain responses were more widely distributed across the left and right
hemispheres.

Petitto et al. (2012) also used fNIRS to investigate the neural correlates of perceptual narrowing to native phonetic contrasts in 4-
to 6-month-old and 10- to 12-month-old monolinguals and bilinguals. The infants were presented with native language sounds,
nonnative language sounds, and nonlinguistic tones. No statistically significant difference in neural activation between native and
nonnative language conditions was detected in the younger group (4—6 months), neither in the monolinguals nor bilinguals.
However, the 10-12-month-old bilingually exposed infants had more similar activity levels for the native and nonnative phonetic
contrasts than the monolingual infants, who showed greater neural activation (in the left inferior frontal cortex [[FC]) to their native
language.

The neuroimaging findings align with behavioral data and suggest that the capacity to discriminate phonetic contrasts remains



flexible in the bilingual infant brain at a time when the monolingual infant brain narrows (or specializes) to its native language
phonetic contrasts (e.g., Kuhl et al., 2008 ). For example, behavioral studies have revealed that bilingual infants continue to
discriminate nonnative contrasts when monolingual learners’ abilities have already attenuated (Petitto et al., 2012 ; Singh et al.,
2017). Moreover, the extended period of plasticity lasts well into toddlerhood for some sounds (Burnham et al., 2018 ; Estes &
Hay, 2015; Singh & Tan, 2021). It also extends to very distal linguistic stimuli that do not correspond to learners’ native language
inventories. For example, English monolingual 18- to 20-month-olds were not sensitive to Ndebele click contrasts that they had
never encountered, but English-Mandarin bilingual 18- to 20-month-olds were sensitive to the same contrasts, also entirely
unfamiliar to them (Singh, 2018). That is, bilingual infants show a longer duration to native specialization than monolinguals (see
Figure 1).

To summarize, these studies point to increased sensitivity to perceptual contrast in the visual domain, suggesting heightened
attention to subtle differences across stimuli (see Table 1 for a summary of studies). This may arise from the more distributed
patterns of attention reported in the previous section. As noted above, the increased environmental variability and complexity of
bilingual input may lead learners to attend to a broader range of stimuli. This trtarm could foster greater memory generalizability.
However, one consequence of broad sampling may be increased flexibility and reduced specialization in native language learning
in the early phases of linguistic uptake. This in turn may modify the timeline of linguistic specialization, keeping bilingual infants in
a holding pattern for a longer period of time before they specialize to their native language(s). Studies that have examined bilingual
infants’ linguistic sensitivities at multiple time points have revealed that this gap is temporary and closes by 2 years of age (Singh &

Tan, 2021). In the following, we turn to a discussion of neuroscientific evidence for the behavioral processes described above.

The Neuroscience of Bilingual Attention

If infants adapt to more complex language environments by processing information faster, engaging in broader exploration, and
maintaining sensitivity to perceptual contrast, then we would expect to observe relevant experience-dependent changes to the
neurocircuitry that enables these cognitive processes and behaviors. Specifically, we should find experience-dependent adjustments
to myelination, neural reorganization, neural oscillatory activity, and neural plasticity. While we discuss neural correlates of specific
adaptations in previous sections, here we discuss the neural basis of more fundamental variation in infant attention.

Myelination

Information processing depends not only on interactions between the infant and their environment, but also on interactions between
different neural populations in the infant brain. These different brain regions communicate via the long-range axons of neurons. To
increase transmission speed from one neural population to another, the long-range axons can be wrapped in a lipid-rich substance
called myelin (Waxman, 1980 ). Neuroimaging studies have found that the thickening of myelin (myelination) correlates with
learning, and cellular studies have found that myelination is modulated by neural activity, and thus by infant-environment
interactions (Almeida & Lyons, 2017 ; Fields, 2015; McKenzie et al., 2014 ; Mount & Monje, 2017 ). Myelination therefore plays
an important role in processing complex stimuli. Although no neuroimaging studies have compared the process of myelination in
bilingual infants with monolingual infants, neuroimaging studies have found greater myelination in bilingual adults than in
monolingual adults, especially in frontal areas (Olsen et al., 2015 ; Pliatsikas et al., 2015) as well as in the long-range tracts that
connect distal brain regions within and between hemispheres (Della Rosa et al., 2013 ; Luk et al., 2011).

Neural Reorganization

Information processing depends not only on transmission speeds between neural populations, but also on how neurons are
connected—both within and between regions. In the adult literature, whenever participants select an action based on uncertain
sensory evidence and reward expectation, the caudate nucleus is engaged (Doi et al., 2020 ); whenever participants reorient their
attention to a novel stimulus, the inferior parietal lobe (IPL) is engaged (Kiehl et al., 2005 ; Numssen et al., 2021 ; Shomstein,
2012); and whenever participants suppress potentially interfering information as they explore novel stimuli, parts of the prefrontal
cortex (e.g., dorsolateral prefrontal cortex [DLPFC]) are engaged (Collette et al., 2005 ; Ridderinkhof et al., 2004 ). These three
regions (caudate nucleus, IPL, DLPFC) form the core of what is known as the frontoparietal control network (Dosenbach et al.,
2008 ; Hon et al., 2006) and are the structures most associated with early bilingual experience (excluding structures within the
language network). Specifically, functional neuroimaging studies have found greater activation of the frontoparietal control
network in early-exposed bilinguals (e.g., Dash et al., 2022 ; Kovelman et al., 2008 ). Structural neuroimaging studies have found
increased grey matter density in areas within the network (e.g., Della Rosa et al., 2013; Liet al., 2014 ; Mechelli et al., 2004 ; Zou
etal., 2012). Diffusion tensor imaging (DTI) studies have found greater structural connectivity (white matter) between the core
regions of the network (e.g., Grady et al., 2015).

Although there has been some debate over whether the frontoparietal control network has yet to emerge by early infancy, recent

functional Magnetic Resonance Imaging (fMRI) studies suggest that the control network (as well as the dorsal attention network) is



functional, with a broadly adultlike structure, from as early as 3 months of age (e.g., Ellis et al., 2021). The function of the control
network is to direct information flow in the brain, and enable flexible, goal-directed cognition, working memory, inhibition, and
task switching (Uddin et al., 2019). It does this partly by evaluating sensory input and acting through its preferential connections
with the dorsal attention network, which in turn focuses and sustains visuospatial attention while suppressing distracting
information.

A core part of the control network (the IPL) is also involved in the salience network. The salience network comprises the anterior
IPL, right temporoparietal junction (a multimodal area at the edge of the IPL), and lateral prefrontal cortex. It constantly monitors
the external world, and if an unexpected and potentially important stimulus is detected, acts as a circuit breaker—essentially
deactivating the dorsal attention network as neural activation spreads across the salience network. The control network therefore
supports broad exploration by integrating and coordinating the activity of other networks, and it develops differently as a function
of early language experience.

Neural Oscillatory Activity

Neurocircuitry may also adapt to bilingual experience (and enable infants to rapidly shift attention and process information more
efficiently) by increasing the brain’s general state of “readiness.” Brain readiness can be measured in different ways. One way is to
measure alpha frequency band (~8-12 Hz) power. Oscillatory activity typically reflects the synchronization of large ensembles of
firing neurons (Buzsaki, 2006), but event-related oscillatory activity in the alpha frequency band can be either synchronized or
desynchronized (Pfurtscheller & Lopes da Silva, 1999). The latter typically occurs during the preparation and execution of a
movement. A recent study of undergraduates in Canada found more desynchronized alpha activity in bilinguals than monolinguals
(Calvo et al., 2023). Although this study would need to be replicated in either bilingually exposed infants or bilingual adults who
were exposed to their second language from an early age, the finding suggests that the bilingual brain may be more “ready” for
action, an observation that would align with our hypothesis that bilingually exposed infants are more likely to rapidly disengage
from familiar stimuli in order to shift attention toward novel stimuli (D’Souza & D’Souza, 2021 ; Singh, 2021).

Neural Plasticity

Neurocircuitry may also adapt to early bilingual experience by maintaining sensitivity to perceptual contrast. This would be
achieved by retaining neural plasticity for a longer period. The timing and duration of early windows of plasticity involve
interactions between basic biological processes (e.g., molecular pathways that modulate excitatory—inhibitory balance in neural
circuits that utilize gamma-aminobutyric acid) and environmental input (see Hensch, 2004 ). As neural circuits self-organize
(specialize) in response to specific input (e.g., a specific language), they stabilize via a complex cascade of interactions that include
basic molecular and cellular structures, such as perineuronal nets that prevent synaptic pruning and outgrowth (Carulli et al., 2010
Miyata et al., 2012 ) and epigenetic modifications that downregulate genetic activity involved in synaptic rewiring (e.g., Maya
Vetencourt et al., 2011 ; Putignano et al., 2007 ). However, if the neural circuitry is still actively self-organizing in response to more
complex environmental stimuli (such as bilingual input), then the mechanisms that “close” (consolidate) circuitry will not be
activated, and plasticity will be prolonged. We therefore predict more plasticity markers (e.g., protein synthesis) and fewer
molecular and cellular structures that close plasticity (e.g., perineuronal nets) in infants exposed to greater environmental (language)
complexity.

This modification to the timeline of specialization raises the question of whether bilingual flexibility trades off against the
acquisition of native language knowledge. While behavioral studies suggest that bilingual and monolingual infants are similarly
sensitive to native language contrasts (Mattock et al., 2010; Singh et al., 2017, neural evidence points to more subtle variation in
the timing of native language specialization. In particular, bilingual infants have been shown to transition more gradually from
processing speech at an acoustic level to processing speech at a linguistic level (see Ferjan Ramirez et al., 2017). This trend has
been evidenced in two different types of neural analysis. The study by Petitto et al. (2012), described above, used fNIRS and
reported that monolingual infants demonstrated increased involvement of the left IFC, a region that is involved in the detection of
linguistic patterning, for native sounds relative to nonnative sounds. Bilingual infants demonstrated a more language-general
response, reflected by similar activation levels in the IFC for native and nonnative sounds. Ferjan Ramirez et al. (2017) also
reported a more gradual entry into native language sensitivity in bilingual infants using magnetoencephalography (MEG). This
study additionally revealed that bilingual neural responses to speech contrasts extended to areas of the prefrontal and orbitofrontal
cortex, areas not activated in monolingual infants. These areas are associated with language switching and language selection,
suggesting that neurodevelopmental pathways to linguistic specialization may differ on account of early language experience. It
remains an open question as to whether this early variation in native language specialization contributes to a slower rate of

single-language uptake in bilingual learners (Hoff & Core, 2013).

Limitations



Neuroscientific evidence thus far suggests that bilingual experience leads to the reorganization of neural structures and processes.
However, evidence of reorganization is not evidence of different cognitive abilities and direct evidence from early learners is
needed to inform developmental theories. Performance may still be comparable across learners with different language
backgrounds or it could-be vary in a task-dependent manner. It is therefore imperative for studies to link neural, cognitive, and
behavioral data to better understand and explain infant adaptations to more complex environments. Failing to integrate data across
methodologies will make it harder to interpret empirical findings within any single methodology (for more in depth discussion, see
Karmiloff-Smith, 20107).

Summary

In sum, faster information processing-informatiotr, broader exploration, and prolonged sensitivity to perceptual contrasts may be
enabled via experience-dependent adjustments to myelination, neural reorganization, neural oscillatory activity, and neural
plasticity. Although more infant studies are required to test this hypothesis, the current evidence from adults suggests that bilingual
experience is associated with greater myelination (processing speed), a strengthened frontoparietal control network, increased
“readiness,” and more neural plasticity. Developmental theories that posit changes in myelination in response to bilingual

experience require direct investigation at different stages of development.

Directions for Future Research

The evidence reviewed indicates that early bilingual experience has an early and profound impact on how infants explore and
encode novel information in their environment. These cognitive adaptations in information gathering may lead to increased
flexibility in visual perception, attentional orienting, language and social perception, and memory generalization and flexibility,
which could be beneficial for bilingual learners. Specifically, they may assist bilingually exposed infants in negotiating reduced
language input, greater variability, and increased sources of contrast. However, existing research leaves several questions
unanswered which are critical to further our understanding of the impact that early exposure to high diversity in the environment
has on infants’ cognitive development. We discuss future directions in terms of methodological design, the nature of effects of
bilingual experience on early attention and learning, and ancillary processes that may be influenced by bilingualism and
environmental diversity more broadly. We address each issue in turn.

Methodological Approach

In various ways, broadening the range of methodological approaches used to examine effects of bilingualism on attention and
learning would enrich the current narrative. It is noteworthy that previous studies have used cross-sectional designs within
particular populations and have also largely focused on behavioral methods. As a result, the developmental trajectory of the neural
and behavioral adaptations remains largely unknown and our knowledge of the relationship between behavioral change and neural
development remains underdeveloped.

Longitudinal studies would inform us about the longer term consequences of an increased novelty orientation observed in bilingual
infants. For example, prior studies have associated novelty preferences with increased curiosity and discovery-oriented exploration
(Alberti & Witryol, 1994 ; Wentworth & Witryol, 2003 ). It remains to be seen whether an early novelty orientation diversifies
exploratory behaviors later in development and whether individual variation in the tasks described above have long-term predictive
validity.

Longitudinal studies would also inform us about how bilingual variation in attention links to other areas of reported bilingual
variation. For example, attentional processing differences between monolinguals and bilinguals identified here may indeed turn out
to be precursors to later differences in cognitive flexibility and switching that have long been reported between monolinguals and
bilinguals. Cognitive flexibility is defined as the ability to adjust to changes in task demands and to switch between different rules
and goals (Mahy & Munakata, 2015). Switching requires the ability to selectively attend, integrate, and adapt to multiple cues in
the environment (Dedk & Wiseheart, 2015 ). Bilingual language acquisition is associated with variation in cognitive flexibility and
switching in infancy (Kovacs & Mehler, 2009 ) and childhood (Adi-Japha et al., 2010 ; Bialystok & Martin, 2004 ; Bialystok &
Senman, 2004 ; Carlson & Meltzoff, 2008 ), which continues throughout the lifespan (Bialystok et al., 2006 ; Costa et al., 2008 ). It
is possible that perceptual and attentional processing differences may be key candidate precursors to emerging differences in
cognitive flexibility via intermediate processes, such as memory flexibility. It is also possible that variation in early attentional
patterns links to learning styles and the emergence of novelty-related behaviors, such as curiosity and creativity. This in turn may
be linked to personality and social factors (for a discussion, see Ivancovsky et al., 2023). Lastly, longitudinal studies would be
instrumental in determining causal pathways between bilingual exposure, behavioral derivatives, and neural adaptations.
Alternatively, there has been intense scrutiny of the robustness of differences in cognitive flexibility and switching between
monolingual and bilingual learners (e.g., D’Souza et al., 2020 ; Kalashnikova et al., 2021 ; Paap et al., 2015 ) and whether factors

associated with bilingual experience were adequately controlled for in past studies (van den Noort et al., 2019). Studies that have



failed to find effects of bilingualism on cognitive flexibility have instead discovered evidence of novelty preferences, which are
conflated with cognitive flexibility in paradigms where the reward for correct responding is presentation of a novel visual stimulus
(Kalashnikova et al., 2021). Examining the role of attention in relation to cognitive flexibility would help to adjudicate on
prevailing models of bilingual attention and cognition. In particular, longitudinal studies examining the trajectory of attentional
processing, memory flexibility, and cognitive flexibility would help to trace developmental pathways and points of intersection.
One approach to this issue would be to use multilab designs that directly compare bilingual performance across communities on the
same construct (e.g., ManyBabies, n.d.; OSF ManyNumbers, n.d.; Q-BEx, n.d.). For instance, Dal Ben et al.” (2022) reanalysis
of three open data sets investigating cognitive flexibility in infants revealed greater attentiveness to novel referents in bilingually
exposed infants compared to monolinguals in three different linguistic communities.

Although multilab designs are often large and more diverse, their promise for understanding diversity resides in the extent to which
these designs incorporate information about participant diversity. To date, there has not been a standard protocol for reporting
participant diversity in developmental research, which may contribute to significant underreporting of participant demographic data
(Singh, Cristia, et al., 2023). As a result of this underreporting, sample diversity—even across multilab studies—is often not well
defined. One step in this direction is a recent ManyBabies initiative, ManyBabies Demographics, which provides developmental
researchers with a standardized framework to capture participant demographic characteristics as a measure of different facets of
sample diversity, including language experience (Singh, Barokova, et al., 2023 ). Greater recording of demographic information
would allow for analysis of how infants” experiences influence the allocation of attention. In this vein, a recent large multilab study,
ManyBabies 5, will examine both exogenous and endogenous modulators of infant attention in a large and diverse sample (Kosie
etal., 2023).

In addition to longitudinal designs, diversifying the range of methodological tools would help to advance our understanding of
underlying mechanisms that may drive variation in the processes described here. For example, the use of neuroimaging methods in
addition to behavioral paradigms can elucidate the between-domain transfer of effects of bilingualism and the reach of
environmental diversity. In recent years, advancements in neuroimaging have enabled researchers to investigate the neural
foundations of cognition at increasingly younger ages. In particular, MEG and fNIRS can be safely used with young infants and
allow for better localization of neural responses. Although there is neural evidence of attentional variation (i.e., language-related
differences in how attention is allocated to visual stimuli) in children in relation to language experience (Barac et al., 2016;
Chung-Fat-Yim et al., 2020 ; Mondt et al., 2009 ), young adults (Calvo & Bialystok, 2021 ; Calvo et al., 2023 ; Grundy et al.,
2017; Pereira Soares et al., 2022), older adults (Dash et al., 2020, and even clinical populations (Baralt & Mahoney, 2020 ; Dash
etal., 2021; Voits et al; 2020 for a review), research on infants is scarce (Arredondo et al., 202247 AQ7]). Studies using these
methods indicate that bilingual infants may show reduced early native-language specialization in cortical regions responsible for
language processing compared to their monolingual peers (e.g., Mercure et al., 2020 ; Petitto et al., 2012). Additionally, they may
engage regions associated with dual language switching and language selection during speech processing tasks (Ferjan Ramirez et
al., 2017). Further studies should examine the neural basis of attention in infants during their first few years of life and its
connection to language selection, use, and processing.

The Nature of Effects of Bilingual Experience on Early Attention and Learning

It remains undetermined how much and what forms of environmental diversity are sufficient to reorient preferences to novelty.
Whether novelty preferences emerge with threshold effects from a criterial amount of diversity remains an unexamined question,
although prior studies have found links between the amount of bilingual experience and a novelty orientation (D’Souza et al.,
2020; Singh, Kalashnikova, & Quinn, 2023). It is also not clear what degree of novelty infants prefer in more diverse
environments. For example, Kinney and Kagan (1976) suggested that infants attend preferentially to stimuli that are “optimally
discrepant” from their internalized representations. Empirical studies demonstrate that indeed infants prefer intermediate stimuli that
lie between entirely predictable and highly surprising (C. Kidd et al., 2012, 2014 ). Whether this intermediate point—for the same
set of stimuli—differs for monolingual and bilingually exposed infants on account of having internalized different sources of
information is an important empirical question.

Future research should also strive to identify the precise aspects of early bilingual experience that lead to individual differences
across linguistic and cognitive domains. While infants growing up in different bilingual families and communities may face the
same challenge of acquiring two linguistic systems, their experiences with linguistic conflict, variability in the input, and diversity
in the environment differ widely among individuals. The experience of an infant acquiring a minority heritage language from their
caregivers at home and a majority language in a primarily monolingual community is unlikely to be comparable to the experience
of an infant growing up in a bilingual community and hearing two languages used interchangeably. In this vein, we note the need
to expand the investigative focus to less widely studied populations. Rocha-Hidalgo and Barr (2022) reported that the majority of
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Canada, and Spain. There was little to no representation from nations in South America, Africa, and Asia (all continents densely
populated with multilingual communities), and a third of the studies failed to report their sample’s geographic information.

Other factors that may determine variability in an infant’s environment include the acoustic and linguistic distance between the
languages, the language exposure strategy chosen by the caregivers, the degree to which the languages occur separately in the
community, the child’s relative exposure to each language, and caregivers’ proficiency in the languages, among others.
Researchers have widely debated how to assess early bilingual exposure during infancy and early childhood (Rocha-Hidalgo &
Barr, 2022). Over time, more systematic and comprehensive approaches to measuring language exposure in the home have been
developed, beginning with research by Sebastidn-Gallés and colleagues (Bosch & Sebastidn-Gallés, 2001 ), who developed the
most widely used language exposure questionnaire (Rocha-Hidalgo & Barr, 2022 ). Recent technological and computational
advances that allow for analyses of day-long recordings of infants’ natural language environments can quantify many of these
factors (Garcia-Sierra et al., 2016; Orena et al., 2019) and systematically assess how each source of variability relates to infants’
behavior across development.

While bilingualism provides one example of how a learner’s environment can become more diverse, there are myriad ways in
which children’s environments can become more complex. For example, at a physical level, the setup of one’s home can introduce
variation in sensory input with greater clutter increasing demands on sensory processing (Andeweg et al., 2021). At an individual
and/or social level, racial or gender diversity can introduce a broader range of social categories in a learner’s environment. In a
recent example, the COVID[A Q8] pandemic may have increased complexity of the social visual environment by introducing a
wider variety of ways in which speech is presented given variable use of face coverings (Bayet, 2022 ; DeBolt & Oakes, 2023
[AQ9]; Singh & Quinn, 2023 ; Singh et al., 2021b). In this way, it is not clear to what extent effects of linguistic complexity are
unique in their impact on behavior. It is possible that increased complexity, broadly construed, modulates exploratory behaviors
introducing greater plasticity and additionally, that different forms of environmental complexity converge (or trade off) against each
other to produce variation in exploration. Further research is essential to understanding interdependencies between different sources
of environmental diversity.

Ancillary Developmental Processes Impacted by Bilingual Experience

Future research will benefit from targeting a wider range of cognitive domains to assess whether domain-general attentional
mechanisms support domain-specific processing. For instance, because of increased uncertainty in bilingual environments, the use
of visual information to learn new words differs in bilingual learners from monolingual learners (Barr et al., 2020 ; Kalashnikova et
al., 2018 ; Rocha-Hidalgo et al., 2021 ; Singh et al., 2023). When learning new words, bilingual learners more readily generalize
across variable cues (e.g., talkers; exemplars) compared with monolingual learners (Crespo et al., 2023 ) suggesting that pathways
to word learning may differ in bilingual populations on account of variation in generalization.

There may also be broader memory systems that are impacted by greater distribution of attention. For example, older bilingual
adults have been found to have better episodic memory than older monolingual adults (Schroeder & Marian, 2012). Episodic
memory typically declines during the aging process. However, it is not clear how linguistic input interacts with the development of
these systems during childhood. Early in development, memory processing becomes increasingly specific as young children
accumulate enough repeated exposures to build a semantic knowledge base. By middle childhood, children’s semantic knowledge
base continues to grow and children become more precise and specific in their episodic memory processing perhaps due to
increased pattern separation and completion (Ngo et al., 2019[AQ10]; Rollins & Cloude, 2018). It is possible that monolingual
and bilingually exposed infants vary in the trajectory of the semantic memory knowledge base based on the trajectory of episodic
memory development. A precise articulation of constructs and pathways linking bilingual experience and developmental processes
relies on expanding the base of constructs tested and methods used based on hypothesized mechanisms.

Of the range of future directions suggested here, we suggest three primary areas of focus. First, convergence across tasks,
measures, and methods to delineate underlying constructs more clearly is a key priority. Currently, different laboratories employ
their own tasks and methods with little emphasis on multimethod approaches. Sharing of materials, code, and data and
cross-laboratory replication initiatives would bring us closer to understanding the conditions under which bilingualism exerts effects
on cognition. Second, as mentioned at the outset, bilingualism is one source of environmental diversity, often nested within other
sources of diversity. Understanding how bilingualism, as a source of diversity, interacts with or trades off against other sources of
diversity (e.g., interracial contact, culturally diversifying experiences) is a key priority in identifying whether bilingualism is unique
in its developmental effects. Finally, a key question to emerge from recent research is the significance and impact of a novelty
orientation. The broader consequences of bilingualism for aspects of later learning, such as the development of curiosity that may
rely on a novelty orientation (C. Kidd & Hayden, 2015), remain interesting questions for further research. To this end,
intersectional approaches that incorporate research from cognate fields (e.g., education, sociology, anthropology) may broaden the

narrative around bilingual cognition.



Constraints on Generality: Effects of Selective Sampling, Methodological Choices,

and Publication Bias

Research on bilingual cognition has been the subject of intense controversy (e.g., see Paap et al., 2015). Central to this controversy
are sampling biases, methodological choices, and publication bias. In addition, there have been several instances of contradictory
results in empirical findings which require careful attention to address. Examples include conflicting evidence for inhibitory control
advantages in infancy (see Kovics & Mehler, 2009 vs. D’Souza et al., 2020 ; Kalashnikova et al., 2021), in childhood, and
adulthood (see Morton & Harper, 2007 ). We treat each factor in turn.

First, regarding sampling, bilingualism research has tended to collapse across diverse samples to theorize broadly about bilinguals
as a group. Bilingualism arises from a diversity of circumstances, which is reflected in the vast diversity of bilingual experiences.
More careful reporting of the samples used in relation to the underlying population to which findings are generalized would lend
greater precision to the study of bilingual cognition. Studies that more carefully match bilingual and monolingual learners along
relevant variables (e.g., SES, vocabulary size, IQ, gender) are preferable to those that limit sample description to language
experience and presume homogeneity across samples along other relevant dimensions (for a positive example, see Czapka et al.,
2020[AQ11]). A clearer understanding of mediators, moderators, and careful invocation of causality would also improve the
metascientific practices in bilingualism research (see Festman et al., 2021 [AQ12]). This goal would also be assisted by a move
toward open data, including demographic data, in a manner that allows for reuse and reanalysis. This is essential to addressing core
issues of replicability and reproducibility in bilingualism research.

Second, methodologically, studies focused on bilingual cognition have opted for particular methods deemed to be suited to target
constructs being queried. Little is known, however, about the suitability of these methods for diverse populations. Indeed, the
uncritical transfer of methods from one setting to another presents a threat to multiple sources of validity. In future research, clear
estimates of method variance (or invariance) (e.g., scalar, fractal, configural) of target measures are critical to evaluating how well
suited these measures are to different bilingual populations. In general, these estimates are lacking in the field of bilingual cognition,
making it complex to arrive at an integrative framework that generalizes across tasks and populations.

Finally, as with many areas of psychological research, publication opportunities favor studies that yield positive results.
Bilingualism is no exception to this (see de Bruin et al., 2015). It is therefore possible that effects of bilingualism on varying
domains of cognition exceed true effects due to the relative invisibility of null findings in the literature. Important disciplinary shifts,

such as registered reports, will hopefully mitigate against some of this empirical bias.

Conclusion

This article has centered on the experience of bilinguals encountering multiple language streams as an example of how
environmental diversity may affect the emergence of basic and overlapping cognitive processes such as attention, encoding, and
generalization. Basic variation in these psychological processes may be responsive to increased environmental diversity and
complexity, resulting in greater flexibility in attention, learning, and perception. The evidence suggests that relative to
monolinguals, bilinguals may show different attentional tendencies inclusive of more rapid disengagement from familiar stimuli and
engagement with novel stimuli. The more rapid disengagement from familiar stimuli may reflect more rapid encoding (i.e., initial
learning of information) of such stimuli. Bilingual learners’ abilities to readily move from familiar to novel stimuli may in turn
facilitate broader sampling (exploration) of the environment and in turn may drive generalization across variation in input (i.e.,
extraction of invariance in the face of change). Of particular interest is that diversified language experience may drive similar
changes in the visual and social domain as demonstrated, for example, by bilingually exposed infants showing greater memory
generalization and less social bias. We note that further research is needed to confirm the existence of causal pathways between
these processes. These findings suggest that diversity in environmental experience elicits changes in basic processes that are both

domain specific and domain general, allowing for more adaptive responding to novel input encountered throughout the lifespan.

FOOTNOTES

TWe do not suggest that all stimuli are initially neutral and recognize that some stimuli may be encountered in utero (e.g.,
Byers-Heinlein et al., 2010) or may elicit biologically driven preferences early in life (e.g., Morton & Johnson, 199 1PNFietd
etals1984). %

References

Adi-Japha, E., Berberich-Artzi, J., & Libnawi, A. (2010). Cognitive flexibility in drawings of bilingual children. Child
Development, 81(5), 1356-1366. 10.1111/j.1467-8624.2010.01477 x



Alberti, E. T., & Witryol, S. L. (1994). The relationship between curiosity and cognitive ability in third- and fifth-grade
children. The Journal of Genetic Psychology, 155(2), 129-145. 10.1080/00221325.1994.9914767

Almeida, R. G., & Lyons, D. A. (2017). On myelinated axon plasticity and neuronal circuit formation and function. Journal
of Neuroscience, 37(42), 10023-10034. 10.1523/INEUROSCI.3185-16.2017

Andeweg, S. M., Bodrij, F. F., Prevoo, M. J. L., Rippe, R. C. A., & Alink, L. R. A. (2021). Does
sensory-processing sensitivity moderate the effect of household chaos on caregiver sensitivity? An experimental design. Journal of
Family Psychology, 35(3), 356-365. 10.1037/fam0000766

Ansaldo, A. L., Marcotte, K., Scherer, L., & Raboyeau, G. (2008). Language therapy and bilingual aphasia: Clinical
implications of psycholinguistic and neuroimaging research. Journal of Neurolinguistics, 21(6), 539-557.
10.1016/j.jneuroling.2008.02.001

Balas, B., & Saville, A. (2015). N170 face specificity and face memory depend on hometown size. Neuropsychologia, 69,
211-217. 10.1016/j.neuropsychologia.2015.02.005[AQ15]

Bar-Haim, Y., Ziv, T., Lamy, D., & Hodes, R. M. (2006). Nature and nurture in own-race face processing. Psychological
Science, 17(2), 159-163. 10.1111/j.1467-9280.2006.01679.x

Barac, R., Moreno, S., & Bialystok, E. (2016). Behavioral and electrophysiological differences in executive control between
monolingual and bilingual children. Child Development, 87(4), 1277-1290. 10.1111/cdev.12538

Baralt, M., & Mahoney, A. D. (2020). Bilingualism and the executive function advantage in preterm-born children. Cognitive
Development, 55, Article 100931. 10.1016/j.cogdev.2020.100931[AQ16]

Barr, R., Rusnak, S., Brito, N., & Nugent, C. (2020). Actions speak louder than words: Differences in memory flexibility
between monolingual and bilingual 18-month-olds. Developmental Science, 23 (2), Article e12881. 10.1111/desc.12881

Bayet, L. (2022). How infants learn from a world of faces: Implications for racial biases and mask-wearing. Policy Insights from
the Behavioral and Brain Sciences, 9(1), 65-72. 10.1177/23727322211068007

Bialystok, E. (2015). Bilingualism and the development of executive function: The role of attention. Child Development
Perspectives, 9(2), 117-121. 10.1111/cdep.12116

Bialystok, E., Craik, F. 1., & Ryan, J. (2006). Executive control in a modified antisaccade task: Effects of aging and
bilingualism. Journal of Experimental Psychology: Learning, Memory, and Cognition, 32(6), 1341-1354. 10.1037/0278-
7393.32.6.1341

Bialystok, E., & Martin, M. M. (2004). Attention and inhibition in bilingual children: Evidence from the dimensional change
card sort task. Developmental Science, 7(3), 325-339. 10.1111/j.1467-7687.2004.00351.x

Bialystok, E., & Senman, L. (2004). Executive processes in appearance—reality tasks: The role of inhibition of attention and
symbolic representation. Child Development, 75(2), 562-579. 10.1111/j.1467-8624.2004.00693.x

Bischof, N. (1975). A systems approach toward the functional connections of attachment and fear. Child Development, 46(4),
801-817. 10.2307/1128384

Bosch, L., & Sebastidn-Gallés, N. (1997). Native-language recognition abilities in 4-month-old infants from monolingual and
bilingual environments. Cognition, 65(1), 33—69. 10.1016/S0010-0277(97)00040-1

Bosch, L., & Sebastidn-Gallés, N. (2001). Evidence of early language discrimination abilities in infants from bilingual
environments. Infancy, 2(1), 29-49. 10.1207/S15327078IN0201_3

Bosch, L., & Sebastidn-Gallés, N. (2003). Simultaneous bilingualism and the perception of a language-specific vowel
contrast in the first year of life. Language and Speech, 46(2-3), 217-243. 10.1177/00238309030460020801

Bowlby, J. (1988). A secure base: Parent-child attachment and healthy human development. Basic Books.

Brito, N. H., & Barr, R. (2012). Influence of bilingualism on memory generalization during infancy. Developmental Science,
15(6), 812-816. 10.1111/.1467-7687.2012.1184.x

Brito, N. H., & Barr, R. (2014). Flexible memory retrieval in bilingual 6-month-old infants. Developmental Psychobiology,
56(5), 1156-1163. 10.1002/dev.21188

Brito, N. H., Grenell, A., & Barr, R. (2014). Specificity of the bilingual advantage for memory: Examining cued recall,



generalization, and working memory in monolingual, bilingual, and trilingual toddlers. Frontiers in Psychology, 5, Article 1369.
10.3389/fpsyg.2014.01369[AQ17]

Brito, N. H., Sebastian-Gallés, N., & Barr, R. (2015). Differences in language exposure and its effects on memory

flexibility in monolingual, bilingual, and trilingual infants. Bilingualism: Language and Cognition, 18(4), 670-682.
10.1017/S1366728914000789

Burnham, D., Singh, L., Mattock, K., Woo, P. J., & Kalashnikova, M. (2018). Constraints on tone sensitivity in novel

word learning by monolingual and bilingual infants: Tone properties are more influential than tone familiarity. Frontiers in
Psychology, 8, Article 2190. 10.3389/fpsyg.2017.02190[AQ 18]

Buzsaki, G. (2006). Rhythms of the brain. Oxford University Press. 10.1093/acprof:0s0/9780195301069.001.0001

Byers-Heinlein, K., Burns, T. C., & Werker, J. F. (2010). The roots of bilingualism in newborns. Psychological Science,
21(3), 343-348. 10.1177/0956797609360758

Byers-Heinlein, K., & Fennell, C. T. (2014). Perceptual narrowing in the context of increased variation: Insights from
bilingual infants. Developmental Psychobiology, 56(2), 274-291. 10.1002/dev.21167

Calvo, N., & Bialystok, E. (2021). Electrophysiological signatures of attentional control in bilingual processing: Evidence
from proactive interference. Brain and Language, 222, Article 105027. 10.1016/j.bandl.2021.105027[AQ19]

Calvo, N., Grundy, J. G., & Bialystok, E. (2023). Bilingualism modulates neural efficiency at rest through alpha reactivity.
Neuropsychologia, 180, Article 108486. 10.1016/j.neuropsychologia.2023.108486[AQ20]

Carlson, S. M., & Meltzoff, A. N. (2008). Bilingual experience and executive functioning in young children. Developmental
Science, 11(2), 282-298. 10.1111/j.1467-7687.2008.00675.x

Carulli, D., Pizzorusso, T., Kwok, J. C. F., Putignano, E., Poli, A., Forostyak, S., Andrews, M. R., Deepa, S. S.,
Glant, T. T., & Fawcett, J. W. (2010). Animals lacking link protein have attenuated perineuronal nets and persistent plasticity.
Brain, 133(8), 2331-2347. 10.1093/brain/awq145

Changeux, J.-P. (1985). Neuronal man: The biology of mind. Pantheon Books.

Chung-Fat-Yim, A., Sorge, G. B., & Bialystok, E. (2020). Continuous effects of bilingualism and attention on Flanker
task performance. Bilingualism: Language and Cognition, 23(5), 1106-1111. 10.1017/S1366728920000036

Clerkin, E. M., Hart, E., Rehg, J. M., Yu, C., & Smith, L. B. (2017). Real-world visual statistics and infants’
first-learned object names. Philosophical Transactions of the Royal Society B: Biological Sciences, 372(1711), Article 20160055.
10.1098/rstb.2016.0055[AQ21]

Collette, F., Olivier, L., Van der Linden, M., Laureys, S., Delfiore, G., Luxen, A., & Salmon, E. (2005).
Involvement of both prefrontal and inferior parietal cortex in dual-task performance. Cognitive Brain Research, 24(2), 237-251.
10.1016/j.cogbrainres.2005.01.023

Colombo, J. (1993). Infant cognition: Predicting later intellectual functioning. Sage.

Colombo, J., Shaddy, D. J., Anderson, C. J., Gibson, L. J., Blaga, O. M., & Kannass, K. N. (2010). What
habituates in infant visual habituation? A psychophysiological analysis. Infancy, 15(2), 107-124. 10.1111/j.1532-
7078.2009.00012.x

Costa, A., Hernandez, M., & Sebastidn-Gallés, N. (2008). Bilingualism aids conflict resolution: Evidence from the ANT
task. Cognition, 106(1), 59-86. 10.1016/j.cognition.2006.12.013

Crespo, K., Vlach, H., & Kaushanskaya, M. (2023). The effects of bilingualism on children’s cross-situational word
learning under different variability conditions. Journal of Experimental Child Psychology, 229, Article 105621.
10.1016/j.jecp.2022.105621[AQ22]

Csibra, G., Hernik, M., Mascaro, O., Tatone, D., & Lengyel, M. (2016). Statistical treatment of looking-time data.
Developmental Psychology, 52(4), 521-536. 10.1037/dev0000083

Czapka, S., Wotschack, C., Klassert, A., & Festman, J. (2020). A path to the bilingual advantage: Pairwise matching of
individuals. Bilingualism: Language and Cognition, 23(2), 344-354. 10.1017/S1366728919000166

Dal Ben, R., Killam, H., Pour Iliaei, S., & Byers-Heinlein, K. (2022). Bilingualism affects infant cognition: Insights



from new and open data. Open Mind, 6, 88—117. 10.1162/opmi_a_00057[AQ23]

Dash, T., Berroir, P., Ghazi-Saidi, L., Adrover-Roig, D., & Ansaldo, A. I. (2021). A new look at the question of the
bilingual advantage: Dual mechanisms of cognitive control. Linguistic Approaches to Bilingualism, 11(4), 520-550.
10.1075/1ab.18036.das

Dash, T., Joanette, Y., & Ansaldo, A. I. (2022). Exploring attention in the bilingualism continuum: A resting-state
functional connectivity study. Brain and Language, 224, Article 105048. 10.1016/j.bandl.2021.105048[AQ24]

Dash, T., Masson-Trottier, M., & Ansaldo, A. I. (2020). Efficiency of attentional processes in bilingual speakers with
aphasia. Aphasiology, 34(11), 1363-1387. 10.1080/02687038.2020.1719970

de Bruin, A., Treccani, B., & Della Sala, S. (2015). Cognitive advantage in bilingualism: An example of publication bias?
Psychological Science, 26(1), 99-107. 10.1177/0956797614557866

Deik, G. O., & Wiseheart, M. (2015). Cognitive flexibility in young children: General or task-specific capacity? Journal of
Experimental Child Psychology, 138, 31-53. 10.1016/j.jecp.2015.04.003[AQ25]

DeBolt, M. C., & Oakes, L. M. (2023). The impact of face masks on infants’ learning of faces: An eye tracking study.
Infancy, 28(1), 71-91. 10.1111/infa. 12516

Della Rosa, P. A., Videsott, G., Borsa, V. M., Canini, M., Weekes, B. S., Franceschini, R., & Abutalebi, J.
(2013). A neural interactive location for multilingual talent. Cortex, 49(2), 605-608. 10.1016/j.cortex.2012.12.001

Doi, T., Fan, Y., Gold, J. 1., & Ding, L. (2020). The caudate nucleus contributes causally to decisions that balance reward
and uncertain visual information. eLife, 9, Article €56694. 10.7554/eLife.56694[AQ26]

Dosenbach, N. U., Fair, D. A., Cohen, A. L., Schlaggar, B. L., & Petersen, S. E. (2008). A dual-networks
architecture of top-down control. Trends in Cognitive Sciences, 12(3), 99-105. 10.1016/j.tics.2008.01.001

D’Souza, D., Brady, D., Haensel, J. X., & D’Souza, H. (2020). Is mere exposure enough? The effects of bilingual
environments on infant cognitive development. Royal Society Open Science, 7(2), Article 180191. 10.1098/rs0s.180191

D’Souza, D., Brady, D., Haensel, J. X., & D’Souza, H. (2021). Early bilingual experience is associated with change
detection ability in adults. Scientitic Reports, 11(1), Article 2068. 10.1038/s41598-021-81545-5

D’Souza, D., & D’Souza, H. (2021). Bilingual adaptations in early development. Trends in Cognitive Sciences, 25(9),
727-729. 10.1016/j.tics.2021.06.002

Edelman, G. M. (1987). Neural Darwinism: The theory of neuronal group selection. Basic Books.

Elison, J. T., Paterson, S. J., Wolff, J. J., Reznick, J. S., Sasson, N. J., Gu, H., Botteron, K. N., Dager, S. R,
Estes, A. M., Evans, A. C., Gerig, G., Hazlett, H. C., Schultz, R. T., Styner, M., Zwaigenbaum, L., Piven, J., &
for the IBIS Network. (2013). White matter microstructure and atypical visual orienting in 7-month-olds at risk for autism.
American Journal of Psychiatry, 170(8), 899-908. 10.1176/appi.ajp.2012.12091150[AQ27]

Ellajosyula, R., Narayanan, J., & Patterson, K. (2020). Striking loss of second language in bilingual patients with semantic
dementia. Journal of Neurology, 267(2), 551-560. 10.1007/s00415-019-09616-2

Ellis, C. T., Skalaban, L. J., Yates, T. S., & Turk-Browne, N. B. (2021). Attention recruits frontal cortex in human
infants. Proceedings of the National Academy of Sciences, 118(12), Article €2021474118. 10.1073/pnas.2021474118

Estes, K. G., & Hay, J. F. (2015). Flexibility in bilingual infants” word learning. Child Development, 86(5), 1371-1385.
10.1111/cdev.12392

acrossthe perinatat perrod—bioRx1v-[ AQ28][AQ29]
Fantz, R. L. (1964). Visual experience in infants: Decreased attention to familiar patterns relative to novel ones. Science,
146(3644), 668—-670. 10.1126/science.146.3644.668

Ferjan Ramirez, N., Ramirez, R. R., Clarke, M., Taulu, S., & Kuhl, P. K. (2017). Speech discrimination in
11-month-old bilingual and monolingual infants: A magnetoencephalography study. Developmental Science, 20(1), Article



el12427.10.1111/desc.12427

Festman, J., Czapka, S., & Winsler, A. (2021). How many moderators does it take till we know... that too many bilingual
advantage effects have died? In K. Kersten & A. Winsler (Eds.), Understanding variability in second language acquisition,

bilingualism, and cognition: A multi-layered perspective (pp. Xxxx—yyy). Routledge.[AQ30]

Fields, R. D. (2015). A new mechanism of nervous system plasticity: Activity-dependent myelination. Nature Reviews
Neuroscience, 16(12), 756-767. 10.1038/nrn4023

Flynn, E. G., Laland, K. N., Kendal, R. L., & Kendal, J. R. (2013). Target article with commentaries: Developmental
niche construction. Developmental Science, 16(2), 296-313. 10.1111/desc.12030

Gaither, S. E., Pauker, K., & Johnson, S. P. (2012). Biracial and monoracial infant own-race face perception: An eye
tracking study. Developmental Science, 15(6), 775-782. 10.1111/j.1467-7687.2012.01170.x

Garcia-Sierra, A., Ramirez-Esparza, N., & Kuhl, P. K. (2016). Relationships between quantity of language input and
brain responses in bilingual and monolingual infants. International Journal of Psychophysiology, 110, 1-17.
10.1016/j.ijpsycho.2016.10.004[AQ31]

Genesee, F., & Nicoladis, E. (2006). Bilingual acquisition. In E. Hoff & M. Shatz (Eds.), Handbook of language
development (pp. 324-342). Blackwell.

Gibson, J. J. (1979). The ecological approach to visual perception. Houghton Mifflin.

Giovannoli, J., Martella, D., Federico, F., Pirchio, S., & Casagrande, M. (2020). The impact of bilingualism on
executive functions in children and adolescents: A systematic review based on the PRISMA method. Frontiers in Psychology, 11,
Article 2398. 10.3389/fpsyg.2020.574789[AQ32]

Gopnik, A. (2020). Childhood as a solution to explore—exploit tensions. Philosophical Transactions of the Royal Society B:
Biological Sciences, 375(1803), Article 20190502. 10.1098/rstb.2019.0502

Grady, C. L., Luk, G., Craik, F. I., & Bialystok, E. (2015). Brain network activity in monolingual and bilingual older
adults. Neuropsychologia, 66, 170-181. 10.1016/j.neuropsychologia.2014.10.042[AQ33]

Grosjean, F. (2010). Bilingual Harvard University Press.

Grosjean, F. (2013). Bilingualism: A short introduction. In F. Grosjean & P. Li (Eds.), The psycholinguistics of bilingualism
(pp- 5-25). Wiley-Blackwell.

Grundy, J. G., Anderson, J. A. E., & Bialystok, E. (2017). Neural correlates of cognitive processing in monolinguals and
bilinguals. Annals of the New York Academy of Sciences, 1396(1), 183-201. 10.1111/nyas.13333

Hannon, E. E., & Trehub, S. E. (2005). Tuning in to musical thythms: Infants learn more readily than adults. Proceedings of
the National Academy of Sciences, 102(35), 12639-12643. 10.1073/pnas.0504254102

Hayne, H., & Barr, R. (2022). Representational flexibility in infants, children, and adults. In M. Courage & N. Cowan
(Eds.), The development of memory in infancy and childhood (3rd ed., pp. 60—-86). Routledge Press.

Hensch, T. K. (2004). Critical period regulation. Annual Review of Neuroscience, 27(1), 549-579.
10.1146/annurev.neuro.27.070203.144327

Hoff, E. (2018). Bilingual development in children of immigrant families. Child Development Perspectives, 12(2), 80-86.
10.1111/cdep.12262

Hoff, E., & Core, C. (2013). Input and language development in bilingually developing children. Seminars in Speech and
Language, 34(4), 215-226. 10.1055/s-0033-1353448

Hon, N., Epstein, R. A., Owen, A. M., & Duncan, J. (2006). Frontoparietal activity with minimal decision and control.
Journal of Neuroscience, 26(38), 9805-9809. 10.1523/INEUROSCI.3165-06.2006

Houston-Price, C., & Nakai, S. (2004). Distinguishing novelty and familiarity effects in infant preference procedures. Infant
and Child Development, 13(4), 341-348. 10.1002/icd.364



Hunter, M. A., Ames, E. W., & Koopman, R. (1983). Effects of stimulus complexity and familiarization time on infant
preferences for novel and familiar stimuli. Developmental Psychology, 19(3), 338-352. 10.1037/0012-1649.19.3.338

Hunter, M. A., & Ames, E. W. (1988). A multifactor model of infant preferences for novel and familiar stimuli. Advances in
Infancy Research, 5, 69-95.[AQ35]

Hurtado, N., Marchman, V. A., & Fernald, A. (2008). Does input influence uptake? Links between maternal talk,
processing speed and vocabulary size in Spanish-learning children. Developmental Science, 11(6), F31-F39. 10.1111/.1467-
7687.2008.00768.x

Ivancovsky, T., Baror, S., & Bar, M. (2023). A shared novelty-seeking basis for creativity and curiosity. Behavioral and
Brain Sciences, 1-61. 10.1017/S0140525X23002807[AQ36]

Johnson, M. H. (2000). Functional brain development in infants: Elements of an interactive specialization framework. Child
Development, 71(1), 75-81. 10.1111/1467-8624.00120

Johnson, M. H. (2011). Interactive specialization: A domain-general framework for human functional brain development?
Developmental Cognitive Neuroscience, 1(1), 7-21. 10.1016/j.dcn.2010.07.003

Kalashnikova, M., Escudero, P., & Kidd, E. (2018). The development of fast-mapping and novel word retention strategies
in monolingual and bilingual infants. Developmental Science, 21(6), Article e12674. 10.1111/desc.12674

Kalashnikova, M., Pejovic, J., & Carreiras, M. (2021). The effects of bilingualism on attentional processes in the first year
of life. Developmental Science, 24(2), Article e13011. 10.1111/desc.13011

Karmiloff-Smith, A. (2010). Neuroimaging of the developing brain: Taking “developing” seriously. Human Brain Mapping,
31(6), 934-941. 10.1002/hbm.21074

Kelly, D. J., Quinn, P. C., Slater, A. M., Lee, K., Ge, L., & Pascalis, O. (2007). The other-race effect develops during
infancy: Evidence of perceptual narrowing. Psychological Science, 18(12), 1084-1089. 10.1111/j.1467-9280.2007.02029.x

Kelly, D. J., Quinn, P. C., Slater, A. M., Lee, K., Gibson, A., Smith, M., Ge, L., & Pascalis, O. (2005).

Three-month-olds, but not newborns, prefer own-race faces. Developmental Science, 8(6), F31-F36. 10.1111/j.1467-
7687.2005.0434a.x

Kidd, C., & Hayden, B. Y. (2015). The psychology and neuroscience of curiosity. Neuron, 88(3), 449-460.
10.1016/j.neuron.2015.09.010

Kidd, C., Piantadosi, S. T., & Aslin, R. N. (2012). The Goldilocks effect: Human infants allocate attention to visual
sequences that are neither too simple nor too complex. PLoS ONE, 7(5), Article €36399. 10.1371/journal.pone.0036399

Kidd, C., Piantadosi, S. T., & Aslin, R. N. (2014). The Goldilocks effect in infant auditory attention. Child Development,
85(5), 1795-1804. 10.1111/cdev.12263

Kidd, E., & Garcia, R. (2022). How diverse is child language acquisition research? First Language, 42(6), 703-735.
10.1177/01427237211066405

Kiehl, K. A., Stevens, M. C., Laurens, K. R., Pearlson, G., Calhoun, V. D., & Liddle, P. F. (2005). An adaptive
reflexive processing model of neurocognitive function: Supporting evidence from a large scale (7= 100) fMRI study of an auditory
oddball task. Neurolmage, 25(3), 899-915. 10.1016/j.neuroimage.2004.12.035

Kinney, D. K., & Kagan, J. (1976). Infant attention to auditory discrepancy. Child Development, 47(1), 155-164.
10.2307/1128294

Kosie, J. E., Zettersten, M., Abu-Zhaya, R., Amso, D., Babineau, M., Baumgartner, H. A., Bazhydai, M., Belia,
M., Benavides, S., Bergmann, C., Berteletti, I., Black, A. K., Borges, P., Borovsky, A., Byers-Heinlein, K.,
Cabrera, L., Calignano, G., Cao, A., Cox, C. M. M., ... Lew-Williams, C. (2023). Manybabies 5: A large-scale
investigation of the proposed shift from familiarity preference to novelty preference in infant looking time. PsyArXiv.
10.31234/osf.io/ck3vd

Kovécs, A. M., & Mehler, J. (2009). Cognitive gains in 7-month-old bilingual infants. Proceedings of the National Academy
of Sciences of the United States of America, 106(16), 6556—6560. 10.1073/pnas.0811323106

Kovelman, I., Baker, S. A., & Petitto, L. A. (2008). Age of first bilingual language exposure as a new window into



bilingual reading development. Bilingualism: Language and Cognition, 11(2), 203-223. 10.1017/S1366728908003386

Kuhl, P. K., Conboy, B. T., Coffey-Corina, S., Padden, D., Rivera-Gaxiola, M., & Nelson, T. (2008). Phonetic
learning as a pathway to language: New data and native language magnet theory expanded (NLM-e). Philosophical Transactions
of the Royal Society B: Biological Sciences, 363 (1493), 979-1000. 10.1098/rstb.2007.2154

Kuhl, P. K., Stevens, E., Hayashi, A., Deguchi, T., Kiritani, S., & Iverson, P. (2006). Infants show a facilitation
effect for native language phonetic perception between 6 and 12 months. Developmental Science, 9(2), 13-21. 10.1111/j.1467-
7687.2006.00468.x

Li, P., Legault, J., & Litcofsky, K. A. (2014). Neuroplasticity as a function of second language learning: Anatomical
changes in the human brain. Cortex, 58, 301-324. 10.1016/j.cortex.2014.05.001[AQ38]

Liu, S., Xiao, W. S., Xiao, N. G., Quinn, P. C., Zhang, Y., Chen, H., Ge, L., & Lee, K. (2015). Development of
visual preference for own- versus other-race faces in infancy. Developmental Psychology, 51(4), 500-511. 10.1037/a0038835

Luk, G., Bialystok, E., Craik, F. I., & Grady, C. L. (2011). Lifelong bilingualism maintains white matter integrity in older
adults. Journal of Neuroscience, 31(46), 16808-16813. 10.1523/INEUROSCI.4563-11.2011

Mahy, C. E. V., & Munakata, Y. (2015). Transitions in executive function: Insights from developmental parallels between
prospective memory and cognitive flexibility. Child Development Perspectives, 9(2), 128—132. 10.1111/cdep.12121

ManyBabies. (n.d.). Multi-lab replications of classic developmental psychology experiments. https://manybabies.github.io/
ManyNumbers. (n.d.). OSF. https://osf.io/e4xb7/

Mattock, K., Polka, L., Rvachew, S., & Krehm, M. (2010). The first steps in word learning are easier when the shoes fit:
Comparing monolingual and bilingual infants. Developmental Science, 13 (1), 229-243. 10.1111/j.1467-7687.2009.00891.x

Maya Vetencourt, J. F., Tiraboschi, E., Spolidoro, M., Castrén, E., & Maffei, L. (2011). Serotonin triggers a transient
epigenetic mechanism that reinstates adult visual cortex plasticity in rats. European Journal of Neuroscience, 33(1), 49-57.
10.1111/5.1460-9568.2010.07488.x

McCall, R. B., & Carriger, M. S. (1993). A meta-analysis of infant habituation and recognition memory performance as
predictors of later 1Q. Child Development, 64(1), 57-79. 10.2307/1131437

McKenzie, I. A., Ohayon, D., Li, H., Paes de Faria, J., Emery, B., Tohyama, K., & Richardson, W. D. (2014).
Motor skill learning requires active central myelination. Science, 346(6207), 318-322. 10.1126/science.1254960

Mechelli, A., Crinion, J. T., Noppeney, U., O’Doherty, J., Ashburner, J., Frackowiak, R. S., & Price, C. J.
(2004). Structural plasticity in the bilingual brain. Nature, 431(7010), Article 757. 10.1038/431757a

Mercure, E., Evans, S., Pirazzoli, L., Goldberg, L., Bowden-Howl, H., Coulson-Thaker, K., Beedie, 1.,
Lloyd-Fox, S., Johnson, M. H., & Macsweeney, M. (2020). Language experience impacts brain activation for spoken and
signed language in infancy: Insights from unimodal and bimodal bilinguals. Neurobiology of Language, 1(1), 9-32.
10.1162/nol_a_00001

Miyata, S., Komatsu, Y., Yoshimura, Y., Taya, C., & Kitagawa, H. (2012). Persistent cortical plasticity by upregulation
of chondroitin 6-sulfation. Nature Neuroscience, 15(3), 414-422. 10.1038/nn.3023

Mondt, K., Balériaux, D., Metens, T., Paquier, P., Van de Craen, P., Van den Noort, M., & Denolin, V. (2009).
An fMRI study of level of proficiency as a predictor of neurocognitive convergence for L1/L2 during a lexicosemantic task in a
paediatric population. Second Language Research, 25(1), 107-134. 10.1177/0267658308098998

Moon, C., Cooper, R. P., & Fifer, W. P. (1993). Two-day-olds prefer their native language. Infant Behavior and
Development, 16(4), 495-500. 10.1016/0163-6383(93)80007-U

Morton, J. B., & Harper, S. N. (2007). What did Simon say? Revisiting the bilingual advantage. Developmental Science,
10(6), 719-726. 10.1111/j.1467-7687.2007.00623.x

Mount, C. W., & Monje, M. (2017). Wrapped to adapt: Experience-dependent myelination. Neuron, 95(4), 743-756.
10.1016/j.neuron.2017.07.009


https://manybabies.github.io/
https://osf.io/e4xb7/

Mousley, V. L., MacSweeney, M., & Mercure, E. (2023). Bilingual toddlers show increased attention capture by static
faces compared to monolinguals. Bilingualism: Language and Cognition, 26(4), 835-844. 10.1017/S136672892200092X

Ngo, C. T., Lin, Y., Newcombe, N. S., & Olson, I. R. (2019). Building up and wearing down episodic memory:
Mnemonic discrimination and relational binding. Journal of Experimental Psychology: General, 148(9), 1463-1479.
10.1037/xge0000583

Numssen, O., Bzdok, D., & Hartwigsen, G. (2021). Functional specialization within the inferior parietal lobes across
cognitive domains. eLife, 10, Article ¢63591. 10.7554/eLife.63591[AQ39]

Oakes, L. M. (2010). Using habituation of looking time to assess mental processes in infancy. Journal of Cognition and
Development, 11(3), 255-268. 10.1080/15248371003699977

Oakes, L. M. (2017). Plasticity may change inputs as well as processes, structures, and responses. Cognitive Development, 42,
4-14.10.1016/j.cogdev.2017.02.012[AQ40]

Olsen, R. K., Pangelinan, M. M., Bogulski, C., Chakravarty, M. M., Luk, G., Grady, C. L., & Bialystok, E.
(2015). The effect of lifelong bilingualism on regional grey and white matter volume. Brain Research, 1612, 128-139.
10.1016/j.brainres.2015.02.034[AQ41]

Orena, A. J., Byers-Heinlein, K., & Polka, L. (2019). What do bilingual infants actually hear? Evaluating measures of
language input to bilingual-learning 10-month-olds. Developmental Science, 23(2), Article e12901. 10.1111/desc.12901

Paap, K. R., Johnson, H. A., & Sawi, O. (2015). Bilingual advantages in executive functioning either do not exist or are
restricted to very specific and undetermined circumstances. Cortex, 69, 265-278. 10.1016/j.cortex.2015.04.014[AQ42]

Pascalis, O., Loevenbruck, H., Quinn, P. C., Kandel, S., Tanaka, J. W., & Lee, K. (2014). On the links among face
processing, language processing, and narrowing during development. Child Development Perspectives, 8(2), 65-70.
10.1111/cdep.12064

Pereira Soares, S. M., Kupisch, T., & Rothman, J. (2022). Testing potential transfer effects in heritage and adult .2
bilinguals acquiring a mini grammar as an additional language: An ERP approach. Brain Sciences, 12(5), Article 669.
10.3390/brainscil 2050669

Petitto, L. A., Berens, M. S., Kovelman, 1., Dubins, M. H., Jasinska, K., & Shalinsky, M. (2012). The “Perceptual
Wedge Hypothesis™ as the basis for bilingual babies” phonetic processing advantage: New insights from fNIRS brain imaging.
Brain and Language, 121(2), 130-143. 10.1016/j.bandl.2011.05.003

Pfurtscheller, G., & Lopes da Silva, F. H. (1999). Event-related EEG/MEG synchronization and desynchronization: Basic
principles. Clinical Neurophysiology, 110(11), 1842-1857. 10.1016/S1388-2457(99)00141-8

Pliatsikas, C., Moschopoulou, E., & Saddy, J. D. (2015). The effects of bilingualism on the white matter structure of the
brain. Proceedings of the National Academy of Sciences, 112(5), 1334—1337. 10.1073/pnas.1414183112

Putignano, E., Lonetti, G., Cancedda, L., Ratto, G., Costa, M., Maffei, L., & Pizzorusso, T. (2007). Developmental
downregulation of histone posttranslational modifications regulates visual cortical plasticity. Neuron, 53(5), 747-759.
10.1016/j.neuron.2007.02.007

Q-BEx. (n.d.). The Project. https://www.q-bex.org/

Quinn, P. C. (1987). The categorical representation of visual pattern information by young infants. Cognition, 27(2), 145-179.
10.1016/0010-0277(87)90017-5

Quinn, P. C., Anzures, G., Lee, K., Pascalis, O., Slater, A., & Tanaka, J. W. (2013). On the developmental origins of
differential responding to social category information. In M. R. Banaji & S. A. Gelman (Eds.), Navigating the social world:
What infants, children, and other species can teach us (pp. 286-291). Oxford University Press.

Quinn, P. C., Yahr, J., Kuhn, A., Slater, A. M., & Pascalis, O. (2002). Representation of the gender of human faces by
infants: A preference for female. Perception, 31(9), 1109-1121. 10.1068/p3331

Raviv, L., Lupyan, G., & Green, S. C. (2022). How variability shapes learning and generalization. Trends in Cognitive


https://www.q-bex.org/

Sciences, 26(6), 462-483. 10.1016/j.tics.2022.03.007

ssTAQ46]

Ridderinkhof, K. R., Van Den Wildenberg, W. P., Segalowitz, S. J., & Carter, C. S. (2004). Neurocognitive
mechanisms of cognitive control: The role of prefrontal cortex in action selection, response inhibition, performance monitoring, and
reward-based learning. Brain and Cognition, 56(2), 129-140. 10.1016/j.bandc.2004.09.016

Rocha-Hidalgo, J., & Barr, R. (2022). Defining bilingualism in infancy and toddlerhood: A scoping review. International
Journal of Bilingualism, 27 (3), 253-274. 10.1177/13670069211069067

Rocha-Hidalgo, J., Feller, M., Blanchfield, O. A., Kucker, S. C., & Barr, R. (2021). Patterns of mutual exclusivity
and retention: A study of monolingual and bilingual 2-year-olds. Infancy, 26(6), 1011-1036. 10.1111/infa.12432

Rocha-Hidalgo, J., Freda, K., Telesz, C., & Barr, R. (in prep). Differences in monolinguals and bilinguals’ intra- and

cross-modal memory skills at 18 months.

Roder, B. J., Bushnell, E. W., & Sasseville, A. M. (2000). Infants’ preferences for familiarity and novelty during the
course of visual processing. Infancy, 1(4), 491-507. 10.1207/S15327078IN0104_9

Rollins, L., & Cloude, E. B. (2018). Development of mnemonic discrimination during childhood. Learning & Memory,
25(6), 294-297. 10.1101/lm.047142.117

Rose, D. H., Slater, A., & Perry, H. (1986). Prediction of childhood intelligence from habituation in early infancy.
Intelligence, 10(3), 251-263. 10.1016/0160-2896(86)90019-X

Rose, S. A., Gottfried, A. W., Melloy-Carminar, P., & Bridger, W. H. (1982). Familiarity and novelty preferences in
infant recognition memory: Implications for information processing. Developmental Psychology, 18(5), 704-713. 10.1037/0012-
1649.18.5.704

Schroeder, S. R., & Marian, V. (2012). A bilingual advantage for episodic memory in older adults. Journal of Cognitive
Psychology, 24(5), 591-601. 10.1080/20445911.2012.669367

Sebastian-Gallés, N., Albareda-Castellot, B., Weikum, W. M., & Werker, J. F. (2012). A bilingual advantage in visual
language discrimination in infancy. Psychological Science, 23(9), 994-999. 10.1177/0956797612436817

Sebastian-Gallés, N., & Santolin, C. (2020). Bilingual acquisition: The early steps. Annual Review of Developmental
Psychology, 2(1), 47-68. 10.1146/annurev-devpsych-013119-023724

Shomstein, S. (2012). Cognitive functions of the posterior parietal cortex: Top-down and bottom-up attentional control. Frontiers
in Integrative Neuroscience, 6, Article 38. 10.3389/tnint.2012.00038[AQ47]

Singh, L. (2008). Influences of high and low variability on infant word recognition. Cognition, 106(2), 833-870.
10.1016/j.cognition.2007.05.002

Singh, L. (2018). Bilingual infants demonstrate advantages in learning words in a third language. Child Development, 89(4),
e397-e413. 10.1111/cdev.12852

Singh, L. (2021). Evidence for an early novelty orientation in bilingual learners. Child Development Perspectives, 15(2),
110-116. 10.1111/cdep.12407

Singh, L., Barokova, M., Baumgartner, H. A., Lopera-Perez, D., Omane, P., Sheskin, M., Yuen, F. L., Wu, Y.,
Alcock, K. J., Altmann, E. C., Bazhydai, M., Carstenten, A., Chan, K. C. J., Chuan-Peng, H., Dal Ben, R.,
Franchin, L., Kosie, J. E., Lew-Williams, C., Okocha, A., ... Frank, M. C. (2023). A unified approach to demographic

data collection for research with young children across diverse cultures. Developmental Psychology.[A Q48]

Singh, L., Cristia, A., Karasik, L. B., Rajendra, S. J., & Oakes, L. M. (2023). Diversity and representation in infant
research: Barriers and bridges toward a globalized science of infant development. Infancy, 28(4), 708-737. 10.1111/infa.12545



Singh, L., Fu, C. S., Rahman, S. A., Hameed, W., Sanmugam, S., Agarwal, P., Binyan, J., Chong, Y. S.,
Meaney, M. J., & Rifkin-Graboi, A. (2015). Back to basics: A bilingual advantage in infant visual habituation. Child
Development, 86(1), 294-302. 10.1111/cdev.12271

Singh, L., Goksun, T., Hirsh-Pasek, K., & Golinkoff, R. M. (2023). Sensitivity to visual cues within motion events in
monolingual and bilingual infants. Journal of Experimental Child Psychology, 227, Article 105582. 10.1016/j.jecp.2022.105582
[AQ49][AQ50]

Singh, L., Kalashnikova, M., & Quinn, P. C. (2023). Bilingual infants readily orient to novel visual stimuli. Journal of
Experimental Psychology: General, 152(11), 3218-3228. 10.1037/xge0001444

Singh, L., Loh, D., & Xiao, N. G. (2017). Bilingual infants demonstrate perceptual flexibility in phoneme discrimination but
perceptual constraint in face discrimination. Frontiers in Psychology, 8, Article 1563. 10.3389/fpsyg.2017.01563[AQ51]

Singh, L., Phneah, K. T., Wijayaratne, D. C., Lee, K., & Quinn, P. C. (2022). Effects of interracial experience on the
race preferences of infants. Journal of Experimental Child Psychology, 216, Article 105352. 10.1016/j.jecp.2021.105352[AQ52]

Singh, L., & Quinn, P. C. (2023). Effects of face masks on language comprehension in bilingual children. Infancy, 28(4),
738-753. 10.1111/infa.12543

Singh, L., Quinn, P. C., Qian, M., & Lee, K. (2020). Bilingualism is associated with less racial bias in preschool children.
Developmental Psychology, 56(5), 888-896. 10.1037/dev0000905

Singh, L., Quinn, P. C., Xiao, N. G., & Lee, K. (2019). Monolingual but not bilingual infants demonstrate racial bias in
social cue use. Developmental Science, 22(6), Article €12809. 10.1111/desc.12809

Singh, L., Rajendra, S. J., & Mazuka, R. (2022). Diversity and representation in studies of infant perceptual narrowing.
Child Development Perspectives, 16(4), 191-199. 10.1111/cdep.12468

Singh, L., Tan, A., & Quinn, P. C. (2021b). Infants recognize words spoken through opaque masks but not through clear
masks. Developmental Science, 24(6), Article e13117. 10.1111/desc.13117

Singh, L., & Tan, A. R. Y. (2021). Beyond perceptual narrowing: Monolingual and bilingual infants discriminate Hindi
contrasts when learning words in the second year of life. Developmental Psychology, 57(1), 19-32. 10.1037/dev0001137

Singh, L., Tan, A. R. Y., Lee, K., & Quinn, P. C. (2020). Sensitivity to race in language comprehension in monolingual
and bilingual infants. Journal of Experimental Child Psychology, 199, Article 104933. 10.1016/j.jecp.2020.104933[AQ53]

Sirois, S., & Mareschal, D. (2002). Models of habituation in infancy. Trends in Cognitive Sciences, 6(7), 293-298.
10.1016/S1364-6613(02)01926-5

Sokolov, E. N. (1963). Perception and the conditioned reflex. MacMillan.

Soley, G., & Hannon, E. E. (2010). Infants prefer the musical meter of their own culture: A cross-cultural comparison.
Developmental Psychology, 46(1), 286-292. 10.1037/a0017555

Thompson, L. A., Fagan, J. F., & Fulker, D. W. (1991). Longitudinal prediction of specific cognitive abilities from infant
novelty preference. Child Development, 62(3), 530-538. 10.2307/1131128

Thompson, R. F., & Spencer, W. A. (1966). Habituation: A model phenomenon for the study of neuronal substrates of
behavior. Psychological Review, 73(1), 16-43. 10.1037/h0022681

Uddin, L. Q., Yeo, B. T., & Spreng, R. N. (2019). Towards a universal taxonomy of macro-scale functional human brain
networks. Brain Topography, 32(6), 926-942. 10.1007/s10548-019-00744-6

Unsworth, S. (2016). Quantity and quality of language input in bilingual language development. In E. Nicoladis &
S. Montanari (Eds.), Bilingualism across the lifespan: Factors moderating language proficiency (pp. 103—121). American
Psychological Association. 10.1037/14939-007

van den Noort, M., Struys, E., Bosch, P., Jaswetz, L., Perriard, B., Yeo, S., Barisch, P., Vermeire, K., Lee,

S.-H., & Lim, S. (2019). Does the bilingual advantage in cognitive control exist and if so, what are its modulating factors? A



systematic review. Behavioral Sciences, 9(3), Article 27. 10.3390/bs9030027

Voits, T., Pliatsikas, C., Robson, H., & Rothman, J. (2020). Beyond Alzheimer’s disease: Can bilingualism be a more

generalized protective factor in neurodegeneration? Neuropsychologia, 147, Article 107593.
10.1016/j.neuropsychologia.2020.107593[AQS55]

Vukatana, E., Graham, S. A., Curtin, S., & Zepeda, M. S. (2015). One is not enough: Multiple exemplars facilitate
infants’ generalizations of novel properties. Infancy, 20(5), 548-575. 10.1111/infa. 12092

Waxman, S. G. (1980). Determinants of conduction velocity in myelinated nerve fibers. Muscle & Nerve, 3(2), 141-150.
10.1002/mus.880030207

Weisleder, A., & Fernald, A. (2013). Talking to children matters: Early language experience strengthens processing and
builds vocabulary. Psychological Science, 24(11), 2143-2152. 10.1177/0956797613488145

Wentworth, N., & Witryol, S. L. (2003). Curiosity, exploration, and novelty-seeking. In M. H. Bornstein, L. Davidson,
C. L. M. Keyes, & K. A. Moore (Eds.), Well-being: Positive development across the life course (pp. 281-294). Lawrence

Erlbaum Associates Publishers.

Werker, J. F., & Tees, R. C. (1984). Cross-language speech perception: Evidence for perceptual reorganization during the
first year of life. Infant Behavior and Development, 7(1), 49—-63. 10.1016/S0163-6383(84)80022-3

Zou, L., Abutalebi, J., Zinszer, B., Yan, X., Shu, H., Peng, D., & Ding, G. (2012). Second language experience
modulates functional brain network for the native language production in bimodal bilinguals. Neurolmage, 62(3), 1367-1375.
10.1016/j.neuroimage.2012.05.062

Table 1
Summary of Relevant Studies on Infant Bilingual Attention



Barr et al.
(2020)

Brito and Barr
(2012)

Brito and Barr
(20143[AQ57))

Deferred imitation
(demonstration with one of
two stimuli sets, with and
without labels; one familiar
stimuli set, and one set of
perceptually different stimuli
at test)

18 months

Deferred imitation (novel 18 months

stimuli at test)

Deferred imitation (novel
stimuli at test: either one or

6 months

two perceptual features
changed)

Monolingual: English; ~ Washington, = Bilingual infants
English—Spanish, District of succeeded in
English—Arabic, Columbia, generalizing at

English-French—Spanish, United test across
English-German, States perceptually
English-Korean— different stimuli,
Spanish, English— regardless of
Portuguese (some whether stimuli

monolingual participants were labeled,
had bilingual exposure, while

but to a lesser degree monolingual

than bilingual infants failed to
participants). Bilingual: do so.
English—Spanish;
English—Chinese,
English—Portuguese,
English-German,
English—Korean,
English—Polish, English—
French, English-Ga,
English—Arabic,
Spanish—English,
Chinese—English,
Portuguese—English,
German—English,
Korean—English,

Swedish—English

Monolingual: English, =~ Washington, Bilingual infants

Spanish, Portuguese District of outperformed
Bilingual: L1: English, Columbia, monolingual
Spanish, HebrewL2: United infants in
Spanish, Portuguese, States generalizing at
Hebrew, German, test. Percent
Cantonese exposure to L2
predicted
memory
generalization.
Monolingual: English Washington, Both
Bilingual: L1: English, Districtof  monolingual and
Spanish, Russian, Columbia, bilingual infants
German, Portuguese, United can generalize at
Greek, French, States test when one
ArabicL.2: English, perceptual
Spanish, Arabic, feature is

Hebrew, French, changed (color),

Mandarin, Hungarian but not across
two changed

features.



Deferred imitation (tested 24 months

with one set of familiar
stimuli and one set of
perceptually different
stimuli). Parent—child
interaction (joint picture-book
reading).“Spin the Pots”
working memory task.

Brito et al.
(2014)

“Hide the Pots” working
memory task.Deferred
imitation (novel stimuli used
at test)

Brito et al.
(2014)

18 months

Monolingual: English, Washington,  Only bilingual
English—Spanish, District of infants were
English—French, Columbia, able to
English-Thai (some United generalize at test
monolingual participants States across different
had bilingual exposure, perceptual
but to a lesser degree features. There
than bilingual were no
participants). Bilingual: differences
L1: English, Spanish, between
FrenchL2: Spanish, language groups
for other

English, German, Italian,
Hebrew, Chinese,
Portuguese Trilingual:
L1: English, Spanish,
Hebrew, Arabic, Farsi,
French, Portuguesel.2:
Spanish, German,
Portuguese, Turkish,
French, English,
GermanL.3: English,
Spanish, Hebrew, Farsi,
Danish, French

memory tasks.

Monolingual: Spanish, Barcelona, Only bilingual
Catalan, English Spain; infants
Bilingual: Spanish— Washington,  generalized at
Catalan, Spanish-English ~ District of  test. There were
Trilingual: L1: Columbia, no differences
Portuguese, Spanish, United between
States language groups

Hebrew, German,
English, French,
CatalanL.2: Lithuanian,
Arabic, Turkish,
German, Danish,
Portuguese, English,
Welsh, Spanish, French,
ItalianL.3: English,
Spanish, Serer, French,
Danish, Catalan

in the working
memory task.



Switch task: Infants first learn
to make anticipatory looks to
one side of a screen; they
must then, during postswitch
trials, inhibit their learned
response, and make
anticipatory looks to the other
side.Representation: Infants
learn to use fragmented cues
to make anticipatory looks;
they are then tested with
similar but more fragmented
cues.Gap overlap: Infants
must disengage their attention
from a central stimulus to shift
attention to a peripheral
stimulus. Visual memory:
Two detailed visual stimuli
are presented; the details of
one gradually changes from
trial to trial.

D’Souza et al.
(2020)

Gap overlap: Participants
must disengage their attention
from a central stimulus to shift

attention to a peripheral
stimulus. Visual memory:
Two detailed visual stimuli
are presented; the details of
one gradually changes from
trial to trial.

D’Souza et al.
(2021)

7-9 months

Adults (M
=24.20
years; SD
=6.18)

Both groups
could inhibit
their learned

Cambridge,
United
Kingdom;
London,
United
Kingdom

Monolingual: English
Bilingual/multilingual:
diverse range (specific

languages not reported) response and

redirect their
anticipatory
looks.Neither
group learned to
use the
fragmented
cues.Bilingual
infants
disengaged
attention faster
than
monolingual
infants.Bilingual
infants switched
attention
between visual
stimuli more
frequently than
monolingual
infants. A
relationship
between
disengaging
attention and
switching
attention was
observed in
bilingual infants,
but not in
monolingual
infants.

Early bilinguals
disengaged
attention faster
than late
bilinguals.Early
bilinguals did

Cambridge,
United
Kingdom

Monolingual: English
Bilingual/multilingual:
diverse range (specific
languages not reported)

not switch
attention more
frequently than
late bilinguals
(but early
bilinguals were
better at
detecting the
change than late
monolinguals,
and bilinguals
switched
attention more
frequently than
monolinguals).



Kalashnikova et Anticipatory looking 7 months Monolingual: Spanish, Basque Neither
al. (2021) paradigm (auditory and visual Basque Bilingual: Country, language group
stimuli conditions) Spanish—Basque Spain made successful
anticipatory
looks during
postswitch trials.
Kovécs and Anticipatory looking 7 months Not specified Not Bilingual
Mebhler (2009) paradigm (Experiment 2: specified infants’
different cue structure in pre perseveration
and postswitch. Auditory behavior during
cues used in Experiments 1 postswitch
and 2, visual cues used in phase decreased
Experiment 3) faster and made
more correct
anticipatory
looks.
Sebastian-Gallés ~ Visual habitation (habituated 8 months Monolingual: Spanish; Barcelona, Only bilingual
etal. (2012)

to silent video clip of speaker; Catalan Bilingual: Spain infants
different language used at Spanish—Catalan discriminated
test) between two
nonnative
languages as
well as their
bilingual peers
(who were
native to those
languages).
Singh et al. Visual habituation (single
(2015) image habituation and visual

paired comparison at test)

6 months Monolingual: English, Singapore  Bilingual infants

Mandarin, Malay, Tamil showed a

Bilingual: English—
Chinese, English—
Tamil/Hindi/Bengali,
English—-Malay

steeper
habituation
function and a
reliable novelty
preference at

test.
Singh, Goksun Intermodal preferential 14, 19, and

Monolingual: English
et al. (2023)

Singapore ~ Between 14 and
looking (familiarized to single 24 months Bilingual: English—

19 months,
image, paired comparison at Mandarin bilingual infants
test) showed
increased
sensitivity to
ground path
distinctions. At
24 months,
bilingual infants’
sensitivity
declined and
converged with
that of
monolingual
infants.



Singh, Preferential looking 5-6 months, ~ Monolingual: Spanish, Basque Bilingual infants
Kalashnikova et (familiarized to a single 8-9 months Basque, English, Country, showed stronger
al. (2023) image, paired with various Mandarin Bilingual: Spain, novelty
novel stimuli) Spanish—-Basque, Singapore preference and
Basque—Spanish, oriented to
English—Spanish, novelty earlier.
English—-Mandarin, Infants with
Mandarin—English, higher
English—Tamil second-language
exposure
showed stronger
novelty
preference in the
first block, and
decreased
preference in the
third block.

Singh et al. Habituation (phoneme 10— Monolingual: English Singapore Both language
(2017) discrimination -familiarized to  11.5 months Bilingual: English— groups
one syllable from native and Mandarin discriminated
nonnative language; race native stimuli,
discrimination—familiarized but not
to one own race face and nonnative faces.
other race face) Only bilingual
infants
discriminated
nonnative
phonemes.

[AQS58]Note. L1 =xxxx;L2=xxxx; L3 =xxxx.

Figure 1

A Summary of Bilingual Adaptations and Developmental Consequences
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