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Recent research has demonstrated that individual differences in infant attention to faces and voices of women
speaking predict language outcomes in childhood. These findings have been generated using two new audio-
visual attention assessments appropriate for infants and young children, the Multisensory Attention
Assessment Protocol (MAAP) and the Intersensory Processing Efficiency Protocol (IPEP). The MAAP
and IPEP assess three basic attention skills (sustaining attention, shifting/disengaging, intersensory match-
ing), as well as distractibility, deployed in the context of naturalistic audiovisual social (women speaking
English) and nonsocial events (objects impacting a surface). Might children with differential exposure to
Spanish versus English show different patterns of attention to social events on these protocols as a function
of language familiarity? We addressed this question in several ways using children (n= 81 dual-language
learners; n= 23 monolingual-language learners) from South Florida, tested longitudinally across 3–36
months. Surprisingly, results indicated no significant English language advantage on any attention measure
for children from monolingual English versus dual English–Spanish language environments. Second, for
dual-language learners, exposure to English changed across age, decreasing slightly from 3–12 months
and then increasing considerably by 36 months. Furthermore, for dual-language learners, structural equation
modeling analyses revealed no English language advantage on theMAAP or IPEP as a function of degree of
English language exposure. The few relations found were in the direction of greater performance for children
with greater Spanish exposure. Together, findings indicate no English language advantage for basic multi-
sensory attention skills assessed by the MAAP or IPEP between the ages of 3 to 36 months.

Public Significance Statement
We examined the potential impact of home language exposure on basic attention skills when infants
exposed to one language (English) or more than one language (both English and Spanish) are presented
with faces and voices of women speaking English. We found that basic multisensory attention skills
including sustaining attention, shifting and disengaging attention, and intersensory matching of the
sights and sounds of women speaking in English are relatively unaffected by the specific language envi-
ronment (English vs. Spanish) of children across 3–36 months of age.
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Selective attention provides the input for all that we perceive,
learn, and remember, and is the foundation for the development of
complex skills such as language, cognitive, and social functioning

(Bahrick et al., 2020; Bahrick & Lickliter, 2014; Fisher, 2019). In
a multisensory environment characterized by constantly changing,
overlapping stimulation to all the senses, infants face a significant
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challenge in learning to attend to meaningful stimulation from uni-
tary audiovisual events, such as the faces and voices of people speak-
ing, while ignoring competing, irrelevant stimulation, such as a
television playing in the background. Selective attention to faces
and voices and audiovisual speech is critical for fostering the typical
development of basic attention skills and, in turn, the more complex
skills such as language that rely on this foundation (e.g., Bahrick,
Todd, et al., 2018; Edgar et al., 2022, 2023; Pons et al., 2019; for
reviews, see Bahrick et al., 2020; Soto-Faraco et al., 2012).
The development of basic attention skills in the context of audio-

visual events (referred to as “multisensory attention skills”; Bahrick,
et al., 2020) including efficiently sustaining attention, avoiding dis-
tracting stimuli, quickly disengaging from one event and shifting to
another, and successfully matching faces and voices of people
speaking, requires exposure to a wide array of multisensory stimula-
tion. For example, multisensory stimulation, such as audiovisual
speech, provides a rich source of intersensory redundancy (the syn-
chronous co-occurrence of stimulation across two or more senses),
properties that are highly salient to young infants, including audio-
visual synchrony, common tempo, rhythm, and intensity changes
common across faces and voices (for reviews, see Bahrick et al.,
2020; Bahrick & Lickliter, 2012). Furthermore, the development
of basic attention skills is also scaffolded by face-to-face interaction
with caregivers (see Gogate et al., 2001). During face-to-face com-
munication, caregivers typically guide attention by providing inter-
sensory redundancy using temporally coordinated face, voice, and
gesture when speaking to infants (e.g., Gogate et al., 2000; Gogate
et al., 2015), as well as infant-directed speech (e.g., slow tempo,
much repetition, and exaggerated prosody and affect; Fernald,
1989).
The development of basic attention skills (including shifting and

sustaining attention, and matching sights and sounds of events) is
promoted by early experiences with objects, people, and face-to-face
communication. For example, research has found that deeper pro-
cessing of dynamic faces and voices occurs when infants show
greater sustained attention to faces and voices, and when audiovisual
speech is synchronous (and provides intersensory redundancy)
rather than asynchronous, according to the measure of heart rate
and event-related potentials (e.g., Courage et al., 2006; Curtindale
et al., 2019; Reynolds et al., 2013; Shaddy & Colombo, 2004).
Also, infant attention to audiovisual events develops alongside well-
established improvements in attention to silent visual events (Amso
& Johnson, 2008; Atkinson et al., 1992; Butcher et al., 2000;
Colombo et al., 2001; Richards, 1985). However, the development
of basic attention skills, although promoted by language exposure
(e.g., language input provided by caregivers), may not depend on
exposure to a specific language (e.g., English, Spanish). First,
these basic attention skills emerge early in infancy, require no lan-
guage skills, and are evident for social and nonsocial events alike.
Second, parent-infant communication shares many features across
a range of language contexts. This includes the use of infant-directed
speech and intersensory redundancy evident in synchronized move-
ments of the face, gesture, and voice during speech (see Fernald
et al., 1989; Gogate et al., 2015). Intersensory redundancy provided
by audiovisual speech is highly salient to young infants. It provides
amodal properties such as face–voice synchrony, rhythm, tempo,
duration, and intensity changes common across movements of the
face and sounds of the voice (Bahrick et al., 2002; Bahrick &
Lickliter, 2004; Lewkowicz, 2000, 2003). Furthermore, affect,

prosody, gender, and age of speakers are detected by young infants
and specified by a range of amodal properties common across lan-
guage environments (Bahrick et al., 1998, 2019; Bahrick &
Lickliter, 2012; Flom&Bahrick, 2007). Thus, at least in early devel-
opment, it is likely that attention to audiovisual speech is guided by
factors that are not language specific, including the detection of
redundant amodal properties such as face–voice synchrony, prosody,
and affect, common to faces and voices during speech. In sum,
although exposure to language is critical for the development of typ-
ical attention skills, the relative amount of exposure to a given lan-
guage (e.g., English vs. Spanish) may have little impact on the
development of basic attention skills.

Alternatively, attention skills deployed in the context of audiovi-
sual speech may be influenced by language context. Infant attention
to faces and voices may be enhanced by the salience of a familiar
language, or in contrast, by the novelty of an unfamiliar language.
For example, infants show evidence of differential attention patterns
to faces across development as a function of whether the language is
familiar versus novel in eye-tracking paradigms. They looked more
to the mouth than the eyes later in development when the language
was unfamiliar, but showed the opposite pattern (enhanced attention
to the eyes than mouth) when the language was familiar (Ayneto &
Sebastian-Galles, 2017; Lewkowicz & Hansen-Tift, 2012; Pons
et al., 2015). At present, however, it is unknown the extent to
which infant attention to audiovisual speech differs as a function
of familiarity with the language spoken, particularly in early devel-
opment, or to what extent attention-language relations change across
early childhood. Infants may show (a) no preference or effect of lan-
guage familiarity, (b) a novelty or familiarity preference at all ages,
or (c) a novelty or familiarity preference at some ages (e.g., older
ages once language exposure has increased) but not at other ages.

For decades, indices of attention have been used as probes to
assess infant and child perception and discrimination of audiovisual
events, including differentiating native (familiar) from nonnative
(unfamiliar) speech. Visual recovery to a novel event in the habitu-
ation paradigm has demonstrated discrimination of native from non-
native speech sounds. For example, young infants show evidence of
discriminating between English and Spanish audiovisual speech on
the basis of amodal properties such as rhythm and prosody by 5
months of age (Bahrick & Pickens, 1988). Research has also focused
on the role of language background (bilingual, monolingual) on
higher-order skills such as attentional control and executive func-
tions in older children. For example, some studies have found evi-
dence for a “bilingual advantage” for these skills (Bialystok, 1999;
Carlson &Meltzoff, 2008; Morales et al., 2013) and others have not.

Even though basic attention patterns are routinely used as indices
of perception and cognition, and as a primary means of assessing
discrimination and perception of language as a function of language
background, we have little systematic data about the development of
multisensory attention skills themselves, how they are affected by
language familiarity, or how these change across age. This is, in
part, because there have been no fine-grained individual difference
tests appropriate for assessing attention to audiovisual events in
infants and young children. Given the importance of early attention
skills as both an index of perception and as a foundation for later lan-
guage outcomes, and the growing number of infants who are raised
in bilingual language environments, understanding the role of early
language exposure in the development of basic attention skills is
both timely and important.
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The present study explores the role of language familiarity on
basic attention skills using two new individual difference measures
of basic attention skills developed in our lab, the Multisensory
Attention Assessment Protocol (MAAP; Bahrick, Todd, et al.,
2018) and the Intersensory Processing Efficiency Protocol (IPEP;
Bahrick, Soska, et al., 2018). Both assess attention to audiovisual
speech (women telling stories in English) as well as to nonsocial
events (objects striking a surface). The MAAP assesses fine-grained
individual differences in three foundational “multisensory attention
skills” (maintaining attention to audiovisual events, shifting/disen-
gaging attention, and intersensory matching of synchronous sights
and sounds). These skills are assessed in both the presence and
absence of visual distractors. Distractor looking also provides an
overall index of distractibility. The IPEP focuses specifically on
intersensory processing by assessing the speed and accuracy of
matching sights and sounds from a single event, including the
sound-synchronous face and voice of a woman speaking (target
event) amidst five sound-asynchronous faces of women speaking
(distractor events), and the sound-synchronous sights and sounds
of an object impacting a surface amidst five sound-asynchronous
objects moving. Infant attention to the face–voice events on both
of these protocols is the primary focus of the present paper given
that attention to the faces and voices on both protocols has recently
been found to predict later language outcomes in children (Edgar
et al., 2022, 2003).
Here, we assess the extent to which basic multisensory attention

skills assessed by the MAAP and IPEP (e.g., sustained attention in
the presence of distractors, shifting/disengaging from distractors to
look at faces, or matching faces and voices on the basis of temporal
synchrony) are affected by language familiarity at different ages. We
addressed these questions by assessing multisensory attention skills
in a longitudinal sample of young children raised in South Florida,
where English and Spanish are common household languages and
children receive varying degrees of exposure to English and
Spanish. It is unclear whether children who are exposed to a greater
amount of English will have an advantage in attending to the events,
given that both the MAAP and IPEP portray women speaking
English. Findings would also reveal the extent to which the
MAAPand IPEP could bemeaningfully used with children from dif-
ferent language backgrounds at different ages.

Multisensory Attention Skills: Background

The term “multisensory attention skills,” recently introduced by
Bahrick and colleagues, describes three basic attention skills (inter-
sensory processing, attention maintenance, and attention shifting/
disengaging) that provide essential building blocks for later develop-
mental outcomes (e.g., language; Bahrick et al., 2020; Bahrick,
Todd, et al., 2018; Edgar et al., 2022, 2023). In the past, these skills
have typically been studied separately in different paradigms, limit-
ing our ability to assess interrelations among them and our under-
standing of how they lead to important developmental outcomes.
Intersensory processing (matching sights and sounds based on
audiovisual synchrony) requires attentional control and selectivity
in that the perceiver must filter out irrelevant asynchronous stimula-
tion and select the visual source of a sound. Similar to studies with
adults (Alsius et al., 2005; Alsius & Soto-Faraco, 2011; for a review,
see Soto-Faraco et al., 2019), intersensory processing in infancy is
defined as selectively attending to audiovisual events (e.g.,

audiovisual speech) by detecting temporal synchrony across visual
and auditory stimulation while ignoring irrelevant sights and sounds
provided by competing events. Attention shifting and/or disengag-
ing involve responding to an audiovisual event by disengaging
from the immediate focus of attention at the onset of its sound
and/or shifting to attend to the face or object within view.
Attention maintenance (i.e., sustained attention) requires focusing
on an event while ignoring concurrent distracting events.

Bahrick and colleagues recently developed the first two individual
difference protocols for assessing fine-grained differences in these
attention skills, opening the door to assessing developmental change
and predicting outcomes based on infant attention skills deployed in a
multisensory environment. The MAAP (Bahrick, Todd, et al., 2018)
and the IPEP (Bahrick, Soska, et al., 2018) both assess attention skills
in the context of dynamic, audiovisual social (speech), and nonsocial
(object) events, making them relevant to natural learning contexts of
infants and children where people and objects move and can be both
seen and heard. They have now been successfully used for predicting
language outcomes (Bahrick, Todd, et al., 2018; Edgar et al., 2022,
2003), have been adapted for virtual platforms (Eschman et al.,
2022), and are becoming increasingly used by researchers in develop-
mental science (e.g., Bruce et al., 2022).

The MAAP assesses individual differences in the three basic mul-
tisensory attention skills (intersensory processing, attention mainte-
nance, and shifting/disengaging) in the context of audiovisual social
(English audiovisual speech) and nonsocial (objects striking a surface)
events. It assesses all three multisensory attention skills during condi-
tions of high and low competing stimulation (presence or absence of a
visual distractor event), as well as distractibility as a function of the
visual distractor event. The IPEP focuses on just intersensory process-
ing and provides ameasure of both speed and accuracy. It requires par-
ticipants to find a sound-synchronous target event amidst five similar
distractor events, and thus provides a more fine-grained measure of
intersensory processing. Like the MAAP, the IPEP assesses inter-
sensory processing in the context of social (English audiovisual
speech) and nonsocial (objects impacting a surface) events.

Home Language Exposure and Basic Attention Skills

Nationally, 22% of U.S. children (U.S. Census Bureau, 2020)
come from homes in which Spanish or another language is spoken
part of the time. In predominately Hispanic areas such as Miami,
Florida (and the surrounding area), this figure is significantly higher
(75%). It is currently not known whether and to what extent the
multisensory attention skills measured in the MAAP and IPEP
are affected by language environment (degree of English and/or
Spanish language exposure). Given that both protocols assess
basic attention skills that emerge early in infancy, one might expect
little influence of language background on attention to the events,
especially for nonsocial events which provide no language content.
However, for social events depicting women speaking English, chil-
dren with greater exposure to English (i.e., more familiar language)
may have an advantage (greater attention maintenance, faster
shifting/disengaging attention, and better intersensory matching
of synchronous faces and voices; reduced distractibility) in
attending to social events that are presented in their primary lan-
guage. Alternatively, infants and children raised in primarily
English-speaking homes may have no advantage, or they may
have an increasing advantage across age (as they learn more
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language) in attending to the social events depicting English audio-
visual speech relative to infants and children raised in homes where
Spanish is spoken most or part of the time. Given the increasing use
of the MAAP and IPEP, and the large percentage of children who
hear a second language, it is important to address this issue.

Language Exposure and Basic Attention Skills in Infants

A few studies have assessed the extent to which home language
exposure affects basic attention skills in infants. Studies assessing
attention to audiovisual speech events have shown mixed findings.
For example, one study found that home exposure to two languages
had no influence on looking behavior (i.e., dwell times, saccades) to
audiovisual speech events across 3–15 months of age (Schonberg
et al., 2014). In contrast, it has been found that selective attention
to particular regions of the face (e.g., greater looking to the mouth
over the eyes, or vice versa) differs as a function of whether infants
are more or less familiar with the language of the speech events
across 4–12 months of age (Ayneto & Sebastian-Galles, 2017;
Pons et al., 2015, 2019). Studies assessing attention to audiovisual
nonsocial events have also shown mixed findings. Again, home
exposure to two languages had no influence on looking behavior
(i.e., dwell times, saccades) to object events across 3–15 months
of age (Schonberg et al., 2014). Furthermore, studies comparing
infants exposed to a monolingual versus a dual-language home envi-
ronment using the anticipatory looking paradigm have typically
found no group differences in attentional control (i.e., anticipatory
looking) to nonsocial stimuli (i.e., geometric shapes, stars with
smiles) for infants across the first year of life (D’Souza et al.,
2020; Kalashnikova et al., 2021; but see Arredondo et al., 2022;
Comishen et al., 2019). However, one of these studies also examined
basic attention skills in conjunction with anticipatory looking and
found that dual-language learners showed faster disengagement
and shifting of attention than infants exposed to a monolingual
home environment (D’Souza et al., 2020). Thus, research assessing
infant attention skills as a function of home language exposure
(monolingual vs. dual-language environments) provides differing
evidence about whether and at what age basic attention skills are
impacted for both social and nonsocial audiovisual events. Despite
mixed findings with respect to whether infants show greater visual
attention to social and/or nonsocial events in a more or less familiar
language, visual attention is often used to, index discrimination of
familiar/native versus unfamiliar/nonnative speech sounds across
the first year (Bosch & Sebastián-Gallés, 1997; Dehaene-Lambertz
& Houston, 1998; Kinzler et al., 2007; Shaw et al., 2015). In the pre-
sent study, we examine the potential impact of home language expo-
sure on basic multisensory attention skills when infants exposed to
one language (English) or more than one language (both English
and Spanish) are presented with faces and voices of women speaking
English.

Language Exposure and Cognitive Skills in Bilingual
Children

Some studies have also found a bilingual advantage in older chil-
dren (e.g., 4–10 years) who are exposed to two languages, particu-
larly for more complex cognitive skills (e.g., executive functions;
working memory). Bilingual preschool and school-aged children
have been found to perform better than monolingual children on

tasks involving inhibitory control (Bialystok, 1999; Bialystok &
Martin, 2004; Carlson & Meltzoff, 2008) and working memory
(Morales et al., 2013). In contrast, some studies have found no
advantage for bilingual over monolingual school-aged children on
a series of tasks assessing executive functions (Dick et al., 2019;
Paap & Greenberg, 2013). Thus, research provides conflicting evi-
dence regarding the bilingual advantage for tasks assessing cogni-
tive and executive functions.

However, it is not clear whether in early development, more basic
skills such as multisensory attention skills would be affected by lan-
guage background. Given themixed findings in the current literature,
it is important to determine the extent towhich language background
biases basic attention skills assessed by these protocols for children
who have differential exposure to English.

The Present Study

The goal of the present study is to explore if (and when) the
degree of exposure to English versus Spanish language in the
home impact tests of multisensory attention skills as assessed by
the MAAP and IPEP across 3–36 months of age. First, we assessed
group differences in multisensory attention skills assessed by the
MAAP and IPEP between monolingual English learners and dual-
language learners as a function of the home language environment
at each age (3, 6, 12, 18, 24, and 36 months). Second, we focused
specifically on dual-language learners and asked whether and how
the amount of exposure to English versus Spanish language chil-
dren receive changes across age between 3 and 36 months.
Finally, using the degree of language exposure at each age for dual-
language learners, we conducted structural equation modeling
(SEM) analyses to ask if there was a relation between language
exposure (English vs. Spanish) and multisensory attention skills
for the social events (English audiovisual speech) at each age (3,
6, 12, 18, 24, and 36 months). If attention skills assessed by the
MAAP and IPEP are affected by language exposure at any age,
then we expected greater exposure to English to predict better
MAAP and IPEP performance on audiovisual speech events at
that age. In contrast, for nonsocial events (analyses presented in
the online supplemental materials), we had no such predictions
given they presented no language content.

Method

Participants

Children (N= 104) participating in an ongoing longitudinal study
were assessed at 3, 6, 12, 18, 24, and 36 months. The longitudinal
study, entitled “Development of Intermodal Perception of Social
and Nonsocial Events,” received IRB approval from the Social
and Behavioral Review Board of Florida International University
(IRB-13-0448-CR06). Participants were recruited from local birth
records and enrolled in the study at 3 months of age. All participants
were born within 14 days of their due date (M=−3.28 days, SD=
6.64), weighed more than 5 pounds at birth, and had APGAR scores
of 9 or greater. Demographic information for the sample, reflecting
the natural demographics of Miami, FL, can be found in Table 1.
Eighty-one children were classified as dual English–Spanish lan-
guage learners, and 23 were categorized as monolingual English
learners.
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The Multisensory Attention Assessment Protocol

Apparatus and Equipment

A 46-in. widescreen monitor (NEC Multisync PV61) was used to
present the MAAP. Children were seated approximately 40 in. from
the widescreen display. At younger ages (e.g., 3, 6, 12, 18 months),
children sat on their caregiver’s lap, but at older ages (e.g., 24, 36
months) some sat independently with their caregiver next to them.
Caregivers wore black-out glasses, so they were unaware of the

side of the screen that depicted the sound-synchronous event. An
experimenter was seated behind the child and presented the stimuli
to the widescreen monitor from a second computer (Mac Pro
Computer with 16 GB of RAM, a 3.33-GHz processor, and a
400-MHz graphics card) using a custom MatLab-based program.

Stimulus Events

The MAAP (Bahrick, Todd, et al., 2018) assesses multisensory
attention skills to audiovisual social and nonsocial events via a
3-screen procedure. Social events portray women telling stories
using child-directed speech, and nonsocial events portray small
wooden objects being dropped into a container in an erratic temporal
pattern (see Figure 1). The MAAP has 12 social and 12 nonsocial
trials, arranged into four blocks of six trials each (social, nonsocial,
social, nonsocial, or vice versa, counterbalanced across partici-
pants). The MAAP was designed with separate blocks so that the
social and nonsocial trial blocks could be analyzed separately. For
the present study, we focused on social trials, and nonsocial trials
were used as a comparison (presented in the online supplemental
materials). Each trial begins with a 3-s silent visual event of moving
geometric shapes presented in the center of the screen (central stim-
ulus), followed by the onset of the two 12-s lateral events. The lateral
events (right and left sides of the three-screen display) depict either
two social or two nonsocial events (e.g., two different women each
telling a different story, or two different object sets being dropped
into a container). The sounds and movements of one of the lateral
events are synchronous, while the movements of the other lateral
event are asynchronous with the soundtrack. For half of the trials
the central distractor event (i.e., the morphing geometric shapes) is
presented for the duration of the 12-s trial, providing an additional
source of competing stimulation (high-competition trials). For the
other half of the trials, the central distractor event disappears at the
onset of the lateral events (low-competition trials). For an example
video, visit: https://nyu.databrary.org/volume/326.

Procedure

The experimenter viewed the child through a hidden front
facing camera (SONY FDR-AX33) directly above the widescreen
monitor. Hidden with a black curtain behind the widescreen
monitor, observers viewed the child through the front facing camera.
They coded infant fixations to the left, center, and right sides of the

Table 1
Demographic Information for the Sample (N= 104) of Dual
English–Spanish Language Learners (n= 81) and Monolingual
English Language Learners (n= 23)

Measure

Dual language Monolingual

n % n %

Gender
Male 42 51.9 11 47.8
Female 39 48.1 12 52.2

Ethnicity
Hispanic 60 74.1 3 13.0
Non-Hispanic 19 23.5 19 82.6
Did not disclose 2 2.4 1 4.4

Race
White/European-American 60 74.1 10 43.5
Black/African-American 8 9.9 8 34.8
Asian/Pacific Islander 3 3.7 — —

More than one race 3 3.7 5 21.7
Other 1 1.2 — —

Did not disclose 6 7.4 — —

Maternal education
High school or equivalent 11 13.5 2 8.7
Some college 15 18.5 1 4.4
Associate’s degree 11 13.6 4 17.4
Bachelor’s degree 18 22.2 8 34.8
Master’s degree or higher 20 24.7 8 34.8
Did not disclose 6 7.4 — —

Age (N= 104) M SD

3-month visit 3.03 0.18
6-month visit 5.97 0.20
12-month visit 12.05 0.25
18-month visit 18.05 0.42
24-month visit 24.19 0.37
36-month visit 36.13 0.64

Figure 1
Static Images of the Dynamic Audiovisual Social and Nonsocial Events from the Multisensory Attention Assessment Protocol (MAAP)

Note. Images of faces published with permission.
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screen on a game pad in real time. For additional details regarding
the MAAP, see Bahrick, Todd, et al. (2018, pp. 2216–2217).

MAAP Measures

The MAAP provides measures of three multisensory attention
skills: intersensory matching, sustained attention and speed of shift-
ing/disengaging, as well as an index of distractibility. Intersensory
matching is the proportion of total looking time to the sound-
synchronous event (PTLT). PTLT was calculated for each trial by
dividing the looking to the audiovisual synchronous event by the
total looking time to both lateral events (the synchronous and asyn-
chronous events) and reflects matching based on synchrony detection.
PTLTs greater than 0.50 reflect a preference for the sound-
synchronous display. Sustained attention is the proportion of available
looking time spent fixating the two lateral events (PALT). PALT was
calculated for each trial by dividing the total looking time to both lat-
eral events (the synchronous and asynchronous events) by the length
of the trial and reflects overall interest in the faces and voices. Speed of
shifting/disengaging is the child’s reaction time (RT) to look to a lat-
eral event and was calculated for each trial as the latency to shift atten-
tion (in seconds) from the central stimulus to either of the two lateral
events. It reflects the speed of disengaging from the central distractor
event, and on trials where the distractor is turned off as the lateral
events begin, it reflects the speed of shifting attention. The three mul-
tisensory attention indices provide conceptually distinct indices of
attention. Distractibility is the looking time to the central distractor
event divided by the total looking time to all three events, the dis-
tractor, the synchronous and the asynchronous lateral events (PTLT
distractor). This measure reflects the child’s overall level of distracti-
bility resulting from the silent central visual event, while viewing
the lateral audiovisual events, and can only be calculated on the high-
competition trials where the distractor is present. Pearson correlations
for the primary and secondary observer were as follows: 0.92 for inter-
sensory matching, 0.94 for sustained attention, 0.91 for RT, and 0.92
for distractibility.

The Intersensory Processing Efficiency Protocol

Apparatus and Equipment

The IPEP (Bahrick, Soska, et al., 2018) apparatus and equipment
were identical to that of the MAAP, except a Tobii X120 eye-tracker

was used for gaze recording. The Tobii eye-tracker was located
directly under the widescreen monitor and tilted upward (20°)
toward the child’s eyes. An experimenter was seated behind the
child and presented the stimuli to the widescreen monitor from a sec-
ond computer (Mac Pro Computer with 16 GB of RAM, a 3.33-GHz
processor, and a 400-MHz graphics card) using Tobii Studio
(Version 3).

Stimulus Events

The IPEP assesses intersensory processing skills for audiovisual
social and nonsocial events. Social events depict women telling sto-
ries in a child-directed manner, and nonsocial events depict small
wooden objects or clusters of objects being dropped onto a surface
in an erratic temporal pattern (see Figure 2). The IPEP has 24 social
and 24 nonsocial trials, arranged into blocks of 12 each (social, non-
social, social, nonsocial, or vice versa, counterbalanced across par-
ticipants). Similar to the MAAP, separate blocks of social and
nonsocial trials were presented and are designed to be used sepa-
rately if needed. Each trial begins with a smiley face (one of six,
each a different primary color and presented in pseudorandom
order across trials) zooming in out for 2 s to attract the child’s atten-
tion to the center of the screen. The 8-s trials depict six concurrent
visual events (arranged in two rows of three; six different women
telling a different story or six different objects being dropped onto
a surface), accompanied by a single soundtrack. The movements
of one event are synchronized with the soundtrack, while the move-
ments of the other five events are asynchronous with the soundtrack.
The infant’s task on each trial was to visually fixate the sound-
synchronous speaker/object (target event) amidst the five asynchro-
nous distractors. For an example video, see https://nyu.databrary.org/
volume/336.

Procedure

Unlike the MAAP, the IPEP used eye-tracking to assess infant
gaze. The experimenter viewed the child through a front facing cam-
era (SONY FDR-AX33) hidden directly above the widescreen mon-
itor. The experimenter made sure the infant was seated in an optimal
position for eye-tracking calibration and viewing the stimuli. Tobii
Studio’s “Infant” 5-point calibration procedure was used to calibrate
the infrared corneal reflection-to-pupil tracking system for each
infant. The experimenter calibrated the infant’s eye gaze to five

Figure 2
Static Images of the Dynamic Audiovisual Social and Nonsocial Events From the Intersensory Processing Efficiency Protocol (IPEP)

Note. Images of faces published with permission.
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points on the widescreen monitor for accurate calculation of infant
visual fixations during the procedure. For additional details regard-
ing the IPEP, see Bahrick, Soska, et al. (2018; p. 2230).

Eye-Tracking and Data Processing

The Tobii X120 system was used to sample infant eye gaze
at 120 Hz. Trials were considered unusable when infants were
inattentive (spent less than 250 ms looking to the screen during
a trial) or when data were missing. The number of usable trials
ranged from 2 to 48, with an average of 38.66 (SD= 10.63).
Fixations were derived from the raw gaze data with a Velocity-
Threshold Identification (I-VT) filter (for details, see Olsen,
2012). Six areas of interest (AOIs) were created from the 2× 3
grid demarcating each of the six concurrent events for each
social and nonsocial trial. For additional details regarding eye-
tracking and data processing, see Bahrick, Soska, et al. (2018,
p. 2231).

IPEP Measures

The IPEP provides three fine-grained measures of intersensory
processing skills: accuracy and speed of intersensory matching,
and frequency of target selection. Speed of matching is how quickly
children locate the sound-synchronous event (RT). RT was calcu-
lated as the latency from trial onset to produce a fixation (of at
least 50 ms) to the sound-synchronous event. Latency on each trial
was then averaged across all trials within each condition (social,
nonsocial). Accuracy of intersensory matching is the proportion of
total looking time to the sound-synchronous event (PTLT). PTLT
was calculated for each trial by dividing the looking time to the
sound-synchronous target event AOI by the total looking time
to all of the AOIs and has a chance value of 0.167. Frequency of
target selection is the proportion of trials on which the sound-
synchronous target event was fixated (PTTF). PTTF was calculated
by dividing the number of trials on which the sound-synchronous
target event was fixated (for at least 50 ms) by the total number of
trials.

Degree of English Language Exposure

At each age, parents reported how much English and Spanish
were “spoken to your child at home?” on a scale from 0% to
100%. We defined our measure of English language exposure as
the mean percentage exposure to English relative to Spanish at
each age. Mean exposure to English relative to Spanish ranged
from 45% to 60% across age and can be found in Table 2.1

Parent report estimates of the exposure to one language relative
to another have been used in previous research (Hoff et al.,
2018; Patterson, 2002; Ribot et al., 2018) and have been found
to be reliable and strongly related to measures of the relative
amount of language exposure obtained from diaries (rs= .64 and
.71, respectively, ps, .001; Hoff et al., 2012; Lauro et al.,
2020) and day-long recordings (r= .76, p, .001; Orena et al.,
2020). Furthermore, parent report estimates of exposure to one
language relative to another predict receptive and expressive
vocabulary in both monolingual and bilingual samples (DeAnda
et al., 2016; Hoff et al., 2012; Lauro et al., 2020; Place & Hoff,
2011).

Results

Overview

Descriptive statistics for each social MAAP variable (intersensory
matching, sustained attention, speed of shifting, distractibility), and
social IPEP variable (accuracy and speed of intersensory matching
and frequency of target selection) at each age (3, 6, 12, 18, 24,
and 36 months) are displayed in Table 3. Given that our research
questions involved characterizing relations between home language
exposure and multisensory attention skills, our primary analyses
focus on multisensory attention skills to social events (i.e., those
that provide language). In addition, we briefly summarize overall
findings from nonsocial events and provide descriptive statistics
and analyses for nonsocial events in the supplement pp. 2–5 and
Tables S5–S10 in the online supplemental materials. For high-
and low-competition MAAP measures, we collapsed across high-
and low-competition conditions, given a lack of significant differ-
ences in effects on other variables (see Tables S2–S4 in the online
supplemental materials).

To address our main research questions, three types of analyses
were conducted for social events to assess effects of language famil-
iarity on multisensory attention skills. First, to assess whether there
were group differences in multisensory attention skills between
monolingual and dual-language learners, we conducted t tests
between children exposed to monolingual English environments
(n= 23) and children exposed to dual English–Spanish environ-
ments (n= 81) on each MAAP and IPEP measure at each age (3,
6, 12, 18, 24, and 36 months).2 Second, for dual-language learners,
to assess whether the amount of exposure to English versus Spanish
was constant across age or changed across 3 and 36 months, we con-
ducted growth curve analyses on the percentage exposure to English
(as a continuous variable) versus Spanish. Given that the degree of
English language exposure changed across age, we used separate
estimates of language exposure at each age in our subsequent anal-
yses of dual-language learners assessing whether language

Table 2
Means and Standard Deviations for Percentage Exposure to English
Language (Relative to Spanish Language) at Each Age (3, 6, 12, 18,
24, and 36 Months)

English language exposure

Age M SD

3 months 52.23 25.73
6 months 49.64 24.81
12 months 45.47 29.34
18 months 50.17 26.57
24 months 53.87 26.19
36 months 60.21 27.15

Note. At each age, parents reported how much English and Spanish were
“spoken to your child at home?” on a scale from 0% to 100%.

1 In analyses where only dual-language learners were used (growth curve
and structural equation modeling), we categorized children on the basis of the
average exposure to English and Spanish across age.

2 Omnibus ANOVAs were not possible due to missing data in the sample,
and because they were not appropriate for our research question involving the
specific ages at which effects of language familiarity are evident.
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familiarity had a significant effect on MAAP and IPEP performance
at any age. Third, using SEM, we tested path models assessing the
extent to which the degree of English language exposure predicted
multisensory attention skills tested by the MAAP and IPEP. We
approached this question by using a variety of strategies to probe
whether the null hypothesis, that the degree of English language
exposure has no effect on multisensory attention skills, was a better
fit with the data than the alternative hypothesis, that English lan-
guage exposure does affect performance on tests of multisensory
attention skills assessed by the MAAP and IPEP. We describe the
logic for these models on pp. 23–26.

Multisensory Attention Skills for Social Events in
Children From Monolingual English Versus Dual
English–Spanish Language Environments: Group-Level
Analyses

We first asked whether there were group differences in multisen-
sory attention skills as a function of language background (monolin-
gual English vs. dual English–Spanish language environments) at
each age (3, 6, 12, 18, 24, and 36 months). To answer this question,
we conducted independent sample t tests between children exposed
to monolingual English environments (n= 23) and children exposed
to dual English–Spanish language environments (n= 81) for each
MAAP variable (accuracy of intersensory matching, duration of sus-
tained attention, speed of shifting/disengaging, distractibility) and
each IPEP variable (accuracy and speed of intersensory matching
and frequency of target selection) at each age. Given that multiple
t tests were conducted (one for each of seven variables at six different
ages), we used a familywise significance value of p, .008 (.05
divided by 6; two-tailed) to evaluate results (see Table 4).
Results indicated no significant group differences in performance

between children exposed to monolingual English environments
and children exposed to dual English–Spanish language environments
on the three IPEP variables (accuracy and speed of intersensory
matching and frequency of target selection) at any of the six ages
(after correcting for familywise error rate; ps. .008). Furthermore,
there were no significant group differences in performance on three

of theMAAP variables (duration of sustained attention, speed of shift-
ing/disengaging, and distractibility) and for the fourth variable (inter-
sensory matching of faces and voices) there was only one significant
difference at one of the six ages (18 months). Children exposed to
monolingual English language environments showed significantly
lower accuracy than children exposed to dual English–Spanish
language environments, t(61)=−2.89, p= .005 (a finding in the
opposite direction predicted if language familiarity facilitated perfor-
mance). No significant group differences were evident at any of the
other five ages (3, 6, 12, 24, and 36 months; ps. .008) for this var-
iable.3 Strikingly, out of 42 comparisons (seven variables at six
ages each), there was no evidence for an advantage for monolingual
English language learners on the MAAP or IPEP for the social events
depicting women speaking English at any age tested.

Change in English Exposure Across 3–36 Months for
Dual-Language Learners: Growth Curve Analyses

Prior to assessing relations between the degree of English lan-
guage exposure and multisensory attention skills, we asked whether
the amount of exposure to English relative to Spanish is constant
across age or if it changes across age for dual-language learners in
South Florida. To address this question, we conducted a series of
growth curve analyses. Some children did not participate in all visits
and thus, missing data ranged from 6.2% (English language expo-
sure at 3 months and sustained attention at 3 months) to 49.4%
(speed of shifting/disengaging at 24 months; see Table S1 in the
online supplemental materials). To assess whether data were missing
in a systematic way, we tested for mechanisms of missingness.

Table 3
Descriptive Statistics for Performance on Social Trials for Each MAAP Measure (Sustained Attention, Intersensory Matching, Shifting/
Disengaging, Distractibility) and Each IPEP Measure (Accuracy and Speed of Intersensory Matching and Frequency of Target Selection)
at Each Age (3, 6, 12, 18, 24, and 36 Months)

Measure

3 months 6 months 12 months 18 months 24 months 36 months

M SD M SD M SD M SD M SD M SD

MAAP
Sustained attention (PALT) 0.58 0.12 0.63 0.14 0.59 0.14 0.59 0.14 0.64 0.13 0.66 0.12
Intersensory matching (PTLT) 0.50 0.12 0.50 0.08 0.51 0.08 0.51 0.07 0.52 0.05 0.55 0.08
Speed of shifting/disengaging (RT) 2.13 0.85 1.16 0.30 1.10 0.26 1.17 0.38 1.13 0.28 1.21 0.29
Distractibility (PTLT distractor) 0.64 0.18 0.47 0.23 0.46 0.20 0.44 0.21 0.42 0.17 0.36 0.18

IPEP
Speed of intersensory matching (RT) 2.71 1.06 2.59 0.69 2.57 0.79 2.65 0.95 2.87 0.56 3.01 0.69
Accuracy of intersensory matching (PTLT) 0.18 0.09 0.17 0.04 0.17 0.05 0.17 0.05 0.18 0.05 0.20 0.07
Frequency of target selection (PTTF) 0.41 0.13 0.45 0.11 0.49 0.13 0.52 0.17 0.56 0.14 0.58 0.15

Note. Variables for the MAAP include PALT (proportion of available looking time to lateral events), PTLT (proportion of total looking time to
sound-synchronous event), RT (reaction time to shift or disengage to lateral events), and PTLT distractor (proportion of total looking time to central
distractor). Variables for the IPEP include RT (reaction time to select the synchronous target), PTLT (proportion of looking time to synchronous target),
and PTTF (proportion of times the synchronous target was found).

3Without correcting for familywise error, there were four cases in which
there was a significant group difference between children exposed to mono-
lingual English environments and children exposed to dual English–Spanish
language environments: intersensory matching of faces and voices on the
MAAP at 6 and 18 months, speed of shifting/disengaging on the MAAP at
12 months, and frequency of target selection on the IPEP at 12 months.
All significant differences were in the opposite direction predicted if language
familiarity facilitated performance (see Table 4).
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Table 4
t-Tests BetweenMonolingual English and Dual English–Spanish Language Learners for Performance
on Social Trials for Each MAAP Measure (Sustained Attention, Intersensory Matching, Shifting/
Disengaging, Distractibility) and Each IPEP Measure (Accuracy and Speed of Intersensory
Matching and Frequency of Target Selection) at Each Age (3, 6, 12, 18, 24 and 36 Months)

Measure

Monolingual Dual language

M SD n M SD n t test

MAAP
PALT
3 months 0.61 0.10 31 0.58 0.13 53 0.93
6 months 0.62 0.12 27 0.62 0.15 51 0.29
12 months 0.56 0.17 24 0.59 0.14 39 −0.81
18 months 0.60 0.13 23 0.60 0.12 40 0.13
24 months 0.62 0.17 17 0.63 0.12 34 −0.11
36 months 0.65 0.13 17 0.67 0.13 43 −0.57

PTLT
3 months 0.48 0.13 26 0.50 0.13 43 −0.72
6 months 0.53 0.11 27 0.49 0.07 51 2.0*a

12 months 0.51 0.08 23 0.51 0.08 39 −0.31
18 months 0.47 0.09 23 0.52 0.05 40 −2.89**
24 months 0.53 0.06 17 0.52 0.05 34 0.84
36 months 0.55 0.07 17 0.56 0.08 43 −0.40

RT
3 months 1.96 0.65 31 2.07 0.81 50 −0.64
6 months 1.28 0.32 27 1.16 0.35 51 1.38
12 months 1.27 0.45 24 1.07 0.21 39 2.47*a

18 months 1.17 0.39 23 1.18 0.41 40 −0.12
24 months 1.22 0.51 16 1.16 0.31 34 0.56
36 months 1.10 0.14 16 1.24 0.30 43 −1.74

PTLT distractor
3 months 0.61 0.19 31 0.66 0.17 51 −1.21
6 months 0.49 0.25 27 0.48 0.23 51 0.19
12 months 0.48 0.20 24 0.44 0.18 39 0.90
18 months 0.49 0.20 22 0.44 0.20 40 0.89
24 months 0.40 0.21 17 0.43 0.15 33 −0.51
36 months 0.40 0.20 19 0.36 0.17 45 0.76

IPEP
RT
3 months 2.62 1.07 27 2.84 1.02 53 −0.89
6 months 2.62 0.98 23 2.57 0.67 50 0.25
12 months 2.68 0.88 25 2.47 0.72 37 1.001
18 months 2.46 1.03 18 2.68 0.92 41 −0.83
24 months 2.92 0.58 22 2.94 0.10 33 −0.09
36 months 2.83 0.61 20 3.02 0.71 43 −1.02

PTLT
3 months 0.17 0.06 27 0.17 0.07 53 0.23
6 months 0.17 0.04 23 0.16 0.05 50 0.43
12 months 0.16 0.05 25 0.17 0.04 37 −0.24
18 months 0.18 0.05 18 0.18 0.05 41 0.06
24 months 0.20 0.06 22 0.18 0.05 33 1.05
36 months 0.17 0.05 20 0.20 0.07 43 −1.41

PTTF
3 months 0.40 0.11 27 0.41 0.13 53 −0.22
6 months 0.43 0.13 23 0.45 0.11 50 −0.73
12 months 0.42 0.11 25 0.49 0.13 37 −2.26*a

18 months 0.50 0.18 19 0.53 0.15 41 −0.54
24 months 0.50 0.17 23 0.56 0.15 33 −1.43
36 months 0.51 0.15 20 0.57 0.15 44 −1.50

Note. Variables for the MAAP include PALT (proportion of available looking time to lateral events), PTLT
(proportion of total looking time to sound-synchronous event), RT (reaction time to shift or disengage to lateral
events), and PTLT distractor (proportion of total looking time to central distractor). Variables for the IPEP
include RT (reaction time to select the synchronous target), PTLT (proportion of looking time to synchronous
target), and PTTF (proportion of times the synchronous target was found).
a Did not meet significance cutoff when controlling for familywise error (six families for six ages: p= .05/6= .008).
* p, .05. ** p, .01.
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Various techniques were used (e.g., correlations, logistic regres-
sions) for analyses, which supported the conclusion that data were
missing at random (MAR; Rubin, 1976). Therefore, we used full
information maximum likelihood (FIML) estimation for all growth
curve analyses (this section) and SEM analyses (subsequent
section).4

Growth curve analyses were conducted on the proportion of
English language exposure (relative to Spanish language exposure)
from 3 to 36 months and assessed whether a no-growth model or a,
linear, or quadratic growth model was a better fit with the data.
Model fit indices appear in Table 5, model comparisons are in
Table 6, and model parameters are in Table 7.5 Likelihood ratio
tests indicated that the quadratic growth model fit the data signifi-
cantly better than both the linear growth model, χ2(3)= 23.13,
p, .001, and the no-growth model, χ2(6)= 30.73, p, .001.
Model fit indices for the quadratic model indicate fair-to-good fit
for the model. The chi-square value was small and nonsignificant,
indicating low levels of misfit, χ2(13)= 16.62, p= .87. A variety
of other fit indices also indicated fair (comparative fit index [CFI])
or good (root mean square error approximation [RMSEA], standard-
ized root mean squared residual [SRMR]) fit.6 At 3 months (i.e., set
as the intercept), the mean percentage of English language exposure
relative to Spanish was 52.50, SE= 2.82. For each month from 3 to
12 months (i.e., the portion depicting the linear slope), English lan-
guage exposure decreased by 1.74%, SE= 0.64, p= .007. Each
month between 18 and 36 months (i.e., the portion depicting the
increasing slope), English language exposure increased by 0.23%,
SE= 0.06, p, .001 (see Figure 3).

For children from bilingual families in South Florida, it appears
that English language exposure changes across 3–36 months of
age. Exposure to English language decreases (very slightly) across
the first year, and then increases across the second and third years.
Given that English language exposure is not constant across the
ages employed in our main analyses, we use English language expo-
sure at each age (rather than a single estimate across age) in subse-
quent analyses.

Multisensory Attention Skills for Social Events and
Language Exposure in Dual-Language Learners:
Individual Difference Analyses

We asked if there was a relationship between the degree of
English language exposure and multisensory attention skills
assessed by the MAAP and IPEP for social events in the children
exposed to dual English–Spanish language environments. Would
children with greater exposure to English demonstrate a language
familiarity effect by showing enhanced attention skills to the
women speaking English in the MAAP and IPEP?We approached
this question using SEM analyses of two types: (a) analyses
assessing the fit of null models, indicating that there is no effect
of language familiarity on multisensory attention skills, and (b)
analyses assessing the fit of freely estimated models, indicating
there is a significant effect of language familiarity on multisen-
sory attention skills. To evaluate fit, we focused on the global fit
statistics of the two models. Global fit statistics indicated good
fit for all null and freely estimated models ( ps. .05). We used
a chi-square difference test to determine whether the null or freely
estimated model was a better fit to the data. We reasoned that if the
null model fit and the freely estimated model had equivalent fit
(i.e., no significant difference) then we could adopt the more par-
simonious model as our final model (West et al., 2012).7 Adopting
this model indicates a failure to reject the null hypothesis, sup-
porting the conclusion that there is no effect of English language
familiarity on performance of attention indices assessed by the
MAAP and IPEP. However, if the freely estimated model fit the

Table 6
Model Comparisons (Assessed by the Likelihood Ratio Test) Among
the No-Growth, Linear Growth, and Quadratic Growth Curve
Models Assessing Change in the Degree of English Language
Exposure Across Age (3, 6, 12, 18, 24, and 36 Months)

Likelihood ratio test χ2 difference df p

Linear growth and no-growth 7.60 3 .06
Quadratic growth and linear growth 23.13 3 ,.001
Quadratic growth and no-growth 30.73 6 ,.001

Table 5
Model Fit Indices for No-Growth, Linear Growth, and Quadratic
Growth Curve Models Assessing Change in the Degree of English
Language Exposure Across Age (3, 6, 12, 18, 24, and 36 Months)

Fit index No-growth Linear growth Quadratic growth

Chi-square 47.35 39.75 16.62
df 19 16 13
p .0003 .0008 .87
CFI — 0.16 0.87
TLI — 0.67 0.81

RMSEA [90% CI] 0.14 [0.09–0.18] 0.14 [0.08–0.19] 0.06 [0–0.13]
SRMR 0.10 0.06 0.04
AIC 3,372.93 3,371.33 3,354.21
BIC 3,392.18 3,397.81 3,387.90

Note. Fit indices include the comparative fit index (CFI), Tucker–Lewis
index (TLI), root mean square error approximation (RMSEA), standardized
root mean squared residual (SRMR), Akaike information criterion (AIC),
and Bayesian information criterion (BIC).

4 FIML maximizes statistical power by borrowing information from the
observed, available data (Enders, 2010). It has been shown to be appropriate
for missing data rates around 50% (see Enders, 2010; Graham & Schafer,
1999) and to produce unbiased parameter estimates for data that are MAR.

5 The no-growth model was used to calculate the comparative fit index
(CFI) and the Tucker–Lewis index (TLI) for both the linear and quadratic
models.

6 The CFI was 0.87, indicating that our hypothesized model reduces 87%
of the approximation error of the baselinemodel. The RMSEAwas 0.06, 90%
CI [0.00–0.13], indicating a 0.06 increase in standardized covariance residual
per degree of freedom due to approximation error (The lower value of the
confidence interval was ideally at the value of 0, and the interval contained
the value of 0.05, indicating good fit. Finally, the SRMR demonstrated that
the average residual correlation was 0.04, indicating good fit.

7 When two nested models exhibit equivalent fit, it is standard practice to
prefer the more parsimonious nested model that estimates fewer parameters
(West et al., 2012; in this case, the null model where pathways are constrained
to zero). Moreover, when using SEM to compare nested models, a less par-
simonious model that estimates more parameters will always fit the data at
least slightly better than a nested model that estimates fewer parameters.
Thus, when the chi-square difference between the fit of our two models is
non-significant, this indicates that freely estimating the pathways failed to sig-
nificantly improve model fit (i.e., equivalent model fit), and the null model
can be adopted.
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data significantly better than the null model, we accepted the
freely estimated model. We concluded that there is an effect of
English language familiarity on that specific MAAP and/or
IPEP variable at one (or more) of the six ages. This approach
was used for each of the seven MAAP and IPEP measures at
each of the six ages.
For both the null models and freely estimated models, we tested

seven SEMmodels (one for each of the seven variables assessed by
the MAAP and IPEP) characterizing paths between English
language exposure and multisensory attention skills for social
events at each age (a total of 42 contemporaneous pathways for
each model type). All models included (a) degree of English

language exposure and (b) a single multisensory attention skill
measure (e.g., duration of sustained attention) at each of the
six ages (3, 6, 12, 18, 24, and 36 months). Our focus was on
contemporaneous pathways from English language exposure at a
given age to attention skills at that same age (see Figure 4). For
example, for sustained attention, we estimated pathways from
English language exposure to sustained attention at each age
(e.g., 3-month English language exposure predicts 3-month sus-
tained attention, 6-month English language exposure predicts
6-month sustained attention, etc.; for an example, see Figure 4).
However, in each model there were 51 pathways tested in total
(six contemporaneous, 10 autoregressive, 20 prospective, and 15
cross-lagged pathways). In the freely estimated model, all 51 path-
ways were freely estimated. In the null models, the six contempo-
raneous pathways were fixed to 0 and the remaining 45 were freely
estimated.

For null models, we conducted an SEM panel model in which
pathways from degree of English language exposure to one of the
multisensory attention skills (e.g., sustained attention) at each of
the six ages were fixed so that the parameter estimate (and
variance) was zero (however, we let all other pathways be freely
estimated). If the null model and the freely estimated model for
sustained attention had equivalent model fit (i.e., a nonsignificant
chi-square difference test), we assumed the pathways from
English language exposure to sustained attention at each age
were not significantly greater than chance (i.e., not significantly
greater than zero). For freely estimated models, the SEM panel
models were identical to the null models, with the exception
that there were no constraints on the pathways from English expo-
sure to sustained attention at each of the six ages. If the freely
estimated model fit the data significantly better than the null
model (i.e., a significant chi-square difference test), we took
two additional steps to reveal the ages and directionality of
these effects. We examined the path coefficients from English
exposure to sustained attention to assess their significance (i.e.,

Table 7
Model Parameters for the No-Growth, Linear Growth, and Quadratic Growth Curve Models Assessing Change in the Degree of English
Language Exposure Across Age (3, 6, 12, 18, 24, and 36 Months)

Parameter

No-growth Linear growth Quadratic growth

β SE p β SE p β SE p

Estimates
Intercept 51.94 2.65 ,.001 50.49 2.78 ,.001 52.50 2.82 ,.001
Linear slope — — — 0.55 0.23 .02 −1.74 .64 .007
Quadratic slope — — — — — — 0.23 .06 ,.001
Variances

Intercept 529.17 89.44 ,.001 553.33 97.67 ,.001 600.29 104.27 ,.001
Linear slope — — — 0.60 0.59 .31 9.21 3.27 .005
Quadratic slope — — — — — — 0 0 0
3-month English exposure 100.29 26.01 ,.001 99.12 28.96 .001 50.63 29.54 .09
6-month English exposure 144.87 32.39 ,.001 130.75 30.75 ,.001 138.47 30.82 ,.001
12-month English exposure 328.90 65.98 ,.001 335.52 67.24 ,.001 317.19 64.10 ,.001
18-month English exposure 204.44 46.74 ,.001 207.58 47.19 ,.001 165.92 43.15 ,.001
24-month English exposure 207.54 48.24 ,.001 205.01 49.55 ,.001 160.90 45.96 ,.001
36-month English exposure 328.60 66.70 ,.001 233.66 64.43 ,.001 211.86 105.75 .05

Covariances
Intercept and linear slope — — — −4.66 5.63 .41 −26.65 16.63 .11
Intercept and quadratic slope — — — — — — 1.92 1.43 .18
Linear slope and quadratic slope — — — — — — −0.66 0.17 ,.001

Figure 3
Quadratic Growth in the Degree of English Language Exposure in
the Home Across Age (3, 6, 12, 18, 24, and 36 Months) With 95%
Confidence Intervals
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did English exposure predict sustained attention) at each age, and
evaluated the direction (positive, negative) of the significant path
coefficient (e.g., did English exposure predict greater or lower
sustained attention).
Global fit statistics appear in Table 8. Model comparisons

(chi-square difference tests) between the null and freely estimated
models for each variable from the MAAP and IPEP are depicted
in Table 9. Model parameters for the paths of interest (contempora-
neous paths: English language exposure predicting multisensory
attention skills) in the freely estimated models are depicted in
Table 10. (Also see Tables S11 and S12 in the online supplemental
materials for all model parameters.) We next present results for
MAAP and IPEP models in turn.8

MAAP: Null Versus Freely Estimated Models

The null models (i.e., that there is no relation between degree of
English language exposure and multisensory attention) showed
excellent fit for all four MAAP variables (accuracy of intersensory
matching, duration of sustained attention, speed of shifting/disen-
gaging, distractibility). For each of these variables, chi-square differ-
ence tests indicated that the null models exhibited fit equivalent with
that of the freely estimated models χ2s(6), 8.94, ps. .18 (see
Table 9). Therefore, we concluded the pathway between degree of
English language exposure and each MAAP and IPEP variable at
each age were not significantly greater than 0. Thus, English lan-
guage exposure does not appear to affect indices of multisensory
attentions skills to faces and voices on theMAAP at any age between
3 and 36 months.

IPEP: Null Versus Freely Estimated Models

The null model showed excellent fit for one IPEP variable (speed
of intersensory matching). For this variable, chi-square difference
tests indicated that the null model exhibited equivalent fit with that
of the freely estimated model, χ2(6), 5.46, p= .49 (see Table 9),
allowing us to assume that the pathways from English exposure to
speed of intersensory matching for faces and voices were not sig-
nificantly greater than 0 at any age (3, 6, 12, 18, 24, 36 months).
In contrast, the freely estimated models fit the data significantly
better than the null models for two of the IPEP variables: accuracy
of intersensory matching of faces and voices, χ2(6)= 13.65,
p= .03, and frequency of fixating the speaking face, χ2(6)=
12.87, p= .05 (frequency of target selection). Therefore, we
assessed the freely estimated path coefficients from English expo-
sure to accuracy of intersensory matching and frequency of target
selection (see Table 10). For both of these variables, English expo-
sure was only a significant predictor at one of the six ages tested
(3 months). English language exposure at 3 months of age pre-
dicted accuracy of intersensory matching of faces and voices at 3
months, b=−0.12, SE= 0 .04, p= .003, as well as frequency of
fixating the speaking face at 3 months, b=−0.21, SE= 0.06,
p= .001. A 10% increase in English language exposure is

Figure 4
Contemporaneous Paths of Interest for Structural Equation Models Depicting English Language Exposure Predicting Multisensory
Attention Skills as Assessed by the Multisensory Attention Assessment Protocol (MAAP) and the Intersensory Processing Efficiency
Protocol (IPEP)

Note. In order to estimate the unique relations between degree of English language exposure and multisensory attention skills, all autoregressive (e.g.,
3-month English language exposure to 6-month English language exposure; n= 10 pathways), prospective (e.g., 3-month English language exposure to
12-month English language exposure; n= 20 pathways), and cross-lagged pathways (e.g., 3-month English language exposure to 6-month sustained attention;
n= 15 pathways), were also included and freely estimated when testing each null and each freely estimated model. Also note that the contemporaneous path-
way should be interpreted holding constant effects at prior ages. For example, the contemporaneous pathway between 12-month sustained attention and
12-month English language exposure 6-month sustained attention and English exposure, as well as 3-month sustained attention and English exposure.

8 All SEM models were also conducted controlling for maternal education
level. All findings were similar in direction and magnitude to those from the
main SEM models. Furthermore, there were no significant differences in
maternal education between monolingual and dual-language learning partic-
ipants, t(95)=−0.33, p= .75.
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associated with a 1.20-unit decrease in accuracy of matching faces
and voices, and a 0.21-unit decrease in the frequency of fixating the
speaking face. These results are in the opposite direction expected
if English language exposure provided an advantage in intersen-
sory processing of English audiovisual speech. Thus, greater
English exposure at 3 months of age (but not at the other five
ages) impaired performance on two of the IPEP variables at 3
months of age: accuracy of intersensory matching and frequency
of target selection.

Multisensory Attention Skills for Nonsocial Events

Given that nonsocial events on the MAAP and IPEP present no
language content, there was no reason to expect to find a relation
between English language exposure and multisensory attention
skills for object events. Performance under this condition should
reflect general attention patterns rather than a language familiarity
or novelty effect. Thus, although attention patterns in the nonsocial
condition do not address the research questions of the present study,
we include analyses of data from this condition in the supplement for
purposes of comparison with social events (see supplement pp. 2–5,
Tables S5–S10 in the online supplemental materials). In general,
results for nonsocial events paralleled those of social events on the
MAAP and IPEP. Group-level analyses (t tests between monolingual
English and dual English–Spanish learners) indicated no significant
group differences for the three IPEP variables (accuracy, speed, and
frequency of intersensory matching) and for three of the four MAAP
variables (accuracy of intersensory matching, speed of shifting/dis-
engaging, and distractibility; see Table S6 in the online supplemen-
tal materials). For the fourth MAAP variable (sustained attention to
object movements and sounds), therewas only one significant differ-
ence at one of the six ages (3 months). Children exposed to mono-
lingual English language environments showed greater duration of
attention to object movements and sounds than dual English–
Spanish language learners, t(84)= 2.79, p= .007. No significant
group differences were evident at any of the other five ages (6, 12,
18, 24, and 36 months; ps. .008) for this variable. Thus, there
were no significant group differences for 41 of 42 comparisons
(seven variables at six ages each).

Table 8
Global Fit Statistics for the Freely Estimated and Null (Fixed) Models for Social Events for Each MAAP Measure (Sustained Attention,
Intersensory Matching, Shifting/Disengaging, Distractibility) and Each IPEP Measure (Accuracy and Speed of Intersensory Matching and
Frequency of Target Selection)

MAAP fit indices

Sustained attention Intersensory matching
Speed of shifting/

disengaging Distractibility

Free Fixed Free Fixed Free Fixed Free Fixed

Chi-square 19.28 22.84 17.36 26.57 14.88 23.46 23.24 28.97
df 15 21 15 21 15 21 15 21
p .2 .35 .30 .19 .46 .32 .08 .11
CFI 0.99 1 0.99 0.98 1 0.99 0.99 0.99
TLI 0.94 0.98 0.97 0.94 1 0.98 0.95 0.96

RMSEA [90% CI] 0.06 [0–0.13] 0.03 [0–0.10] 0.04 [0–0.12] 0.06 [0–0.12] 0.0 [0–0.10] 0.04 [0–0.11] 0.07 [0.00–0.13] 0.06 [0.00–0.11]
SRMR 0.04 0.05 0.05 0.06 0.04 0.06 0.03 0.03
AIC 6,239.15 6,230.71 5,834.12 5,831.33 3,712.37 3,708.96 −4,136.77 −4,139.64
BIC 6,418.21 6,395.92 6,013.71 5,996.55 3,891.95 3,874.18 −4,125.15 −4,125.15

IPEP fit indices

Speed of matching Accuracy of matching Frequency of selection

Free Fixed Free Fixed Free Fixed

Chi-square 28.78 34.24 14.48 28.13 16.94 29.81
df 15 21 14 21 15 21
p .02 .03 .49 .14 .32 .10
CFI 0.96 0.96 1 0.98 0.99 0.97
TLI 0.82 0.87 1.01 0.93 0.97 0.92

RMSEA [90% CI] 0.11 [0.04–0.17] 0.09 [0.02–0.14] 0 [0–0.10] 0.07 [0–0.12] 0.04 [0–0.12] 0.07 [0–0.13]
SRMR 0.05 0.06 0.04 0.11 0.04 0.11
AIC 4,225.18 4,218.64 5,582.45 5,584.10 6,208.83 6,209.70
BIC 4,404.76 4,383.85 5,762.04 5,749.32 6,388.41 6,374.91

Note. Fit indices include the comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error approximation (RMSEA), standardized root mean
squared residual (SRMR), Akaike information criterion (AIC), and Bayesian information criterion (BIC).

Table 9
Model Comparisons Between Freely Estimated Models and Null
Models (Fixing Paths From English Language Exposure to
Multisensory Attention Skills to 0) for Each Nonsocial Measure
From the MAAP (Sustained Attention, Intersensory Matching,
Shifting/Disengaging, Distractibility) and IPEP (Accuracy and
Speed of Intersensory Matching and Frequency of Target Selection)

Measure χ2 difference df p

MAAP
Sustained attention 3.56 6 .74
Intersensory matching 8.94 6 .18
Speed of shifting/disengaging 8.58 6 .20
Distractibility 5.74 6 .45

IPEP
Speed of intersensory matching 5.46 6 .49
Accuracy of intersensory matching 13.65 6 .03
Frequency of target selection 12.87 6 .05
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Results of SEM analyses were also similar to those of social
events. English language exposure was not related to any of the
four MAAP variables (accuracy of intersensory matching, duration
of sustained attention, and speed of shifting/disengaging to object
events, or distractibility) or to speed of intersensory matching for
objects and sounds on the IPEP (Tables S8 and S9 in the online sup-
plemental materials). Furthermore, similar to results of the social
models, the freely estimated models fit the data significantly better
than the null models for the same two IPEP variables (accuracy of
intersensory matching and frequency of target selection for objects
and sounds; ps= .02) at just one of the six ages (12 months) and pre-
dicted a decrease in performance ( ps= .001; see Tables S8 and S10
in the online supplemental materials). Overall, similar to findings of
the social events, basic attention skills assessed by the MAAP and
IPEP show no evidence of an advantage for either dual-language
learners or infants and young children with a greater degree of
English language exposure between 3 and 36 months of age.

Discussion

Recent research has shown that individual differences in what we
call “multisensory attention skills” assessed in infancy using the
MAAP and IPEP predict language outcomes in early childhood
(Bahrick, Todd, et al., 2018; Edgar et al., 2022, 2003). Although
the basic attention skills assessed by the MAAP (accuracy of inter-
sensory matching, duration of sustained attention, speed of shift-
ing/disengaging, distractibility) and IPEP (accuracy and speed of
intersensory matching and frequency of target selection) require no
language and can be assessed in infants as young as 3 months of
age, it is not known if language familiarity impacts basic attention
skills (i.e., if basic attention skills are enhanced in the context of
speech events depicting a more familiar language), and in turn influ-
ences performance on these protocols. Given that a large number of
children in the United States (22%) and an even greater number in

South Florida (75%) come from homes in which another language
(e.g., Spanish) is spoken, it is important to determine if familiarity
with English impacts performance on these tests of basic attention
skills. Might children with a high degree of exposure to English
show heightened performance on the MAAP and IPEP (e.g., longer
maintenance of attention, faster shifting/disengaging attention, better
intersensory matching, less distractibility) compared to children with
a higher degree of exposure to another language (e.g., Spanish)?

The present study examined whether individual differences in the
degree of exposure to English versus Spanish in the home would
influence children’s multisensory attention skills. We addressed
this question using a longitudinal sample of 104 children, 23 of
whom were from households in which only English was spoken
and 81 were from households in which English and Spanish were
spoken (dual-language learners). Several novel findings emerged.
We found: (a) no language familiarity effect—virtually no differ-
ence in multisensory attention skills to audiovisual speech events
between children exposed to monolingual English versus dual
English–Spanish language environments at any age, (b) similar pat-
terns of attention as a function of English language exposure for both
social (speech) and nonsocial (object) events, (c) that for dual-
language learners, the degree of English versus Spanish language
exposure in the home changes as a function of age, and (d) that
greater English exposure provides no advantage on measures of
basic multisensory attention skills for the audiovisual speech events
in the MAAP or IPEP. Findings are each elaborated below.

No Evidence of an Advantage in Basic Multisensory
Attention Skills for English Audiovisual Speech Events in
Children With Greater English Language Exposure

Our main research question focused on characterizing the nature
of the relation between the degree of English language exposure
and multisensory attention skills to audiovisual social events

Table 10
Model Parameters for the Contemporaneous Pathways in the Freely Estimated Models: English Language Exposure Predicting Multisensory
Attention Skills for Each Measure From the MAAP (Sustained Attention, Intersensory Matching, Shifting/Disengaging, Distractibility) and
IPEP (Accuracy and Speed of Intersensory Matching and Frequency of Target Selection)

Pathway

Intersensory matching Sustained attention
Speed of shifting/

disengaging Distractibility

β SE p β SE p β SE p β SE p

3 months MASk on 3 months English −0.05 0.06 .43 −0.02 0.05 .74 −0.01 0.004 .04 0.002 0.06 .97
6 months MASk on 6 months English 0.11 0.08 .16 0.13 0.13 .33 0.001 0.003 .65 0.11 0.19 .57
12 months MASk on 12 months English 0.04 0.06 .55 0.02 0.11 .88 0.001 0.002 .66 −0.17 0.15 .24
18 months MASk on 18 months English 0.03 0.07 .66 0.02 0.13 .85 −0.01 0.003 .13 −0.24 0.18 .18
24 months MASk on 24 months English −0.10 0.07 .13 0.16 0.17 .35 0.002 0.003 .51 −0.17 0.19 .36
36 months MASk on 36 months English −0.14 0.07 .04 −0.11 0.09 .23 0.002 0.002 .30 0.18 0.15 .26

Pathway

Speed of matching Accuracy of matching Frequency of selection

β SE p β SE p β SE p

3 months IP on 3 months English −0.06 0.13 .62 −0.12 0.04 .003 −0.21 0.06 .001
6 months IP on 6 months English 0.26 0.22 .24 0.04 0.04 .38 0.06 0.11 .61
12 months IP on 12 months English −0.20 0.19 .29 −0.02 0.03 .62 −0.11 0.09 .22
18 months IP on 18 months English −0.003 0.26 .99 −0.05 0.04 .20 −0.02 0.15 .87
24 months IP on 24 months English 0.43 0.27 .11 0.09 0.05 .10 −0.11 0.16 .50
36 months IP on 36 months English 0.17 0.23 .47 −0.04 0.06 .51 0.07 0.12 .58

Note. MASk = multisensory attention skills; IP = intersensory processing.
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(which portray women telling stories in English) assessed by the
MAAP and IPEP at 3, 6, 12, 18, 24, and 36 months of age. We
explored this question two ways: (a) assessing group differences
between children from monolingual English backgrounds versus
children from dual-language (English and Spanish) backgrounds,
and (b) assessing individual differences in dual-language learners
using SEM analyses.

Group Differences: Monolingual English Versus
Dual-Language Learners

Overall, there was no evidence of an English language advantage
for monolingual English language learners over dual English–
Spanish language learners on any measure of the MAAP or IPEP
at any of the ages assessed. Using a group-difference approach, we
compared performance of monolingual English versus dual
English–Spanish learners at each age (3, 6, 12, 18, 24, and 36
months) for each measure of the MAAP (accuracy of intersensory
matching, duration of sustained attention, speed of shifting/disen-
gaging, degree of distractibility) and IPEP (accuracy and speed of
intersensory matching and frequency of target selection), a total of
42 comparisons. Overall, across the 42 comparisons, results revealed
no evidence of an advantage in attending to English audiovisual
speech for children exposed to monolingual English language envi-
ronments over dual-language environments at any age, for any mea-
sure. To the contrary, only one group-difference was evident
(intersensory matching at 18 months) and it was in the opposite
direction expected if there were a language familiarity advantage.
Thus, surprisingly, English language learners showed no advantage
over dual-language learners in basic multisensory attention skills
assessed by the MAAP and IPEP. These findings are also consistent
with previous research demonstrating a lack of group differences in
attentional control between infants exposed to a monolingual versus
a dual-language home environment using the anticipatory looking
paradigm with nonsocial events (D’Souza et al., 2020;
Kalashnikova et al., 2021).

Individual Differences: Dual-Language Learners

Overall, there was no evidence that dual English–Spanish lan-
guage learners showed an English language advantage for any of
the multisensory attention skills at any age. Using an individual dif-
ference approach, we focused specifically on dual-language learners
to assess the nature of the relation between the degree of English lan-
guage exposure and performance on each of the multisensory atten-
tion measures of the MAAP and IPEP at each age. Given that the
MAAP and IPEP assess basic attention skills that do not depend
on exposure to a specific language, we were unsure if we would
find a language familiarity effect—better performance for children
with greater English exposure. We explored the relation between
degree of English exposure in dual-language learners and multisen-
sory attention skills by assessing the fit and then comparing fit indi-
ces of two models, a null model (that there is no relationship) and a
freely estimated model (that there is a relationship). Models were
tested for each of the measures assessed by the MAAP (attention
maintenance, shifting/disengaging, intersensory matching, distracti-
bility) and the IPEP (accuracy and speed of intersensory matching
and frequency of target selection) at each of six ages (3, 6. 12, 18,
24, 36 months). Consistent with results of our group-level analyses,

individual difference analyses revealed that the null models and the
freely estimated models had equivalent fit for all of the MAAP mea-
sures and one of the IPEP measures (speed of intersensory match-
ing). Although, for two of the IPEP measures (accuracy of
intersensory matching and frequency of target selection) the freely
estimated models showed significantly better fit than the null mod-
els, results were in the opposite direction expected if therewere a lan-
guage familiarity effect. Lower levels of English exposure (greater
Spanish exposure) were associated with greater intersensory pro-
cessing (accuracy of intersensory matching, frequency of target
selection) of faces and voices at just one age (3 months). These find-
ings are consistent with previous research demonstrating that home
exposure to a second language did not influence looking behavior
(i.e., dwell times, saccades) to audiovisual speech across the first
year and a half (Schonberg et al., 2014).

Thus, surprisingly, across two analytic approaches, we found no
evidence of an English language advantage for any of the attention
skills assessed for audiovisual speech events by the MAAP or IPEP
at any age. Furthermore, the finding that the null models and the
freely estimated models had equivalent fit indicates support for the
null hypothesis, that there is no relationship between degree of
English language exposure and attention to English speech events
between the ages of 3 and 36 months.

No Evidence of an Advantage in Basic Multisensory
Attention Skills for Object Events for Dual English–
Spanish Language Learners or for Children With
Greater English Language Exposure

We did not expect to find a relation between English language
exposure and multisensory attention for nonsocial events on the
MAAP and IPEP given that they depict object movements and
impact sounds and no language content. Consistent with this expec-
tation, our supplemental analyses revealed virtually no difference in
multisensory attention skills as a function of language background,
paralleling results for social events. Group-level analyses found no
difference in multisensory attention skills between monolingual
English and dual English–Spanish language learners in the vast
majority of comparisons across seven measures at six ages each
(i.e., in 41 of 42 comparisons). Furthermore, for dual-language
learners, SEM analyses revealed no relation between degree of
English language exposure and performance on the MAAP and
IPEP for the majority of measures, paralleling results with social
events. The null models and the freely estimated models had equiv-
alent fit for all of the MAAP and IPEP measures except two. In the
two exceptions (similar to analyses for social events), greater
Spanish and lower English exposure was associated with better per-
formance. These findings are consistent with recent research demon-
strating that infants exposed to bilingual language environments
showed faster latency to shift attention to a target event than infants
exposed to monolingual-language environment when a visual cue
was presented on the opposite side of the screen from the target
(Arredondo et al., 2022). Thus, as expected, there was no evidence
of an advantage in multisensory attention skills for nonsocial events
for children with greater English language exposure on the MAAP
and IPEP. Furthermore, multisensory attention skills assessed by
theMAAP and IPEP to social (English audiovisual speech) and non-
social events (objects impacting a surface) show remarkably similar
pattens as a function of language background.

MULTISENSORY ATTENTION AND LANGUAGE EXPOSURE 1373

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.



The Nature of Change in Exposure to English Versus
Spanish Across 3–36 Months of Age

We also assessed whether degree of exposure to English versus
Spanish remains constant across age or whether it shows evidence
of developmental change. Findings demonstrated significant evi-
dence of U-shaped change across 3–36 months of age. English lan-
guage exposure decreased slightly across the first year, and then
increased across the second and third years. To the best of our knowl-
edge, although prior studies have reported the degree of English ver-
sus Spanish language exposure in children in dual-language
environments (e.g., Hoff et al., 2018), no studies have previously
assessed the nature of this change across age. Hoff et al. (2018) mod-
eled growth in both English and Spanish child expressive vocabulary
size across 30–60 months and found that the percentage of English
language exposure was related to English (but not Spanish) expres-
sive vocabulary size. Similar to the present study, Hoff et al. (2018)
used a separate measure of the percentage of English language expo-
sure at each age as a predictor of growth in child expressive vocab-
ulary size. These findings, together with findings from the present
study, provide evidence that English language exposure in dual
English–Spanish language learners is dynamic across age. Thus,
as in the present study, when possible, a separate estimate of
English/Spanish language exposure should be obtained for partici-
pants of each age in research assessing this variable.

Little Evidence for a Bilingual Advantage for
Multisensory Attention Skills

In some studies, prior research has indicated a bilingual advantage
for attentional control and executive function skills (Comishen et al.,
2019) whereas other studies have indicated no advantage (D’Souza
et al., 2020; Kalashnikova et al., 2021; Schonberg et al., 2014).
However, across two different types of analytic approaches (group
differences between monolingual English language learners and
dual English–Spanish learners and analyses of degree of English
language exposure for dual-language learners), we found very little
evidence of a bilingual advantage for multisensory attention skills to
audiovisual speech events and object events. Group-difference anal-
yses showed no advantage for English language learners over dual-
language learners in basic multisensory attention skills assessed by
the MAAP and IPEP. Furthermore, we found minimal evidence of a
Spanish language advantage in multisensory attention skills for
dual-language learners when using individual difference (SEM)
analyses. There was virtually no relationship between the degree
of English versus Spanish language exposure and attention to
English language speech events in the MAAP and IPEP between
the ages of 3 and 36 months. Together, these findings are most con-
sistent with prior studies indicating no bilingual attention advantage
for infants, indicating no differences in dwell time or saccades
(Schonberg et al., 2014) or anticipatory looking (D’Souza et al.,
2020; Kalashnikova et al., 2021). They are also consistent with pre-
vious research examining older children, indicating no bilingual
advantage in a series of tasks assessing executive functions in
school-aged children (Dick et al., 2019; Paap & Greenberg, 2013).
Thus, across both group-level and individual difference analyses,
the present study indicates virtually no evidence of a bilingual
advantage in basic attention skills assessed by the MAAP and
IPEP between 3 and 36 months of age.

Conclusions and Broader Implications

In sum, our findings revealed no evidence of an English language
advantage on tests of multisensory attention skills as assessed by the
MAAP and IPEP across 3–36 months of age in monolingual English
or dual English–Spanish language learners. Our data fit best with stat-
istical models supporting a null hypothesis, that there is no relation
between the degree of exposure to English and performance on
each multisensory attention skill at each age. These findings indicate
that basic multisensory attention skills, including sustaining attention,
shifting and disengaging attention, and intersensory matching of the
sights and sounds of speech or object events, as well as distractibility,
are relatively unaffected by the specific language environment
(English vs. Spanish) of children across 3–36 months of age.

Our findings also have a number of theoretical implications. First,
they are consistent with the proposal that attention to audiovisual
speech in early development is guided by detection of amodal prop-
erties (e.g., synchrony, rhythm, tempo, prosody, etc.) at the expense
of modality-specific or language-specific information, (e.g., familiar
words, syntax, etc.). This is also consistent with the body of research
supporting the Intersensory Redundancy Hypothesis (Bahrick &
Lickliter, 2000, 2012) as well as research demonstrating that percep-
tual development proceeds in order of increasing specificity, from
detection of global information to increasingly more specific infor-
mation (Bahrick, 1987, 2001; Gibson, 1969). Finally, these findings
indicate that multisensory attention skills are domain general skills
(similar patterns of findings for social and nonsocial events) and
their development is not reliant on a specific language environment.
Our findings also have practical implications. They support the con-
clusion that the MAAP and IPEP can be used effectively with chil-
dren from various English and Spanish language backgrounds across
the first 3 years of life.

Limitations and Future Directions

The are several limitations to the present study. First, our study
focused on infants and young children learning English or both
English and Spanish in South Florida. Although our findings indicate
that the basic attention skills assessed by the MAAP and IPEP are rel-
atively unaffected by the degree of English language exposure, it is not
known how these attention skills would be affected by language learn-
ing environments other than English or English–Spanish. Therefore, it
is critical for future research to test the generalizability of these findings
to infants learning languages other than Spanish. Second, the social
events of the MAAP and IPEP are currently only available depicting
women speaking English. However, in the absence of a Spanish ver-
sion of the MAAP or IPEP, we are unable to test language familiarity
effects in both directions. If attention skills are unaffected by language
familiarity, we would also expect no differences between language
groups (monolingual English, monolingual Spanish) on either the
English or Spanish versions of the MAAP and IPEP. Finally, our
study focused on infants and young children ages 3 through 36months.
It is not known if older children, as they become more skilled in lan-
guage, show differences in attention to the speech events depicted
by the MAAP and IPEP as a function of language familiarity.
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