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Summary

When it comes to studying bilingualism and language acquisition in kids and infants,
minimal pair-word learning is of particular importance due to this process being at play within a
language and between languages. Having to discriminate between similar-sounding words within
a language (i.e., dye & bye) and across languages (i.e., elephant & éléphant) is a complex task.
The assumption that researchers have had since the early 1980s is that bilinguals may be better at
certain aspects of word learning due to having to manage two languages concurrently. Previous
studies have found mixed results regarding minimal pair word learning for both monolingual and
bilingual groups depending on the ages. Discriminating between similar-sounding words is
typically challenging before the age of 17 to 20 months regardless of the number of languages a
child is learning. To investigate this question, we tested 19 participants between the ages of 14
and 18 months of age (14 monolingual and 5 bilingual). The level of attrition during the
habituation trial or testing phase of the experiment made the data collection particularly difficult.
Infants were recruited online from the Ottawa-Gatineau region and in Canada and the United
States via a website for parents wishing to participate in various studies. During test trials, we
recorded the looking time to the correctly and incorrectly labeled objects. Participants'
performances were analyzed considering their language background, age, and socioeconomic
status. Participants in the study were not able to discriminate between the two similar-sounding
words regardless of their demographics. In conclusion, even while having access to visual cues
from the speaker, monolingual and bilingual infants were not able to successfully learn similar-
sounding words. Future studies should use a similar task using a live speaker via Zoom as

opposed to a pre-recorded video to investigate whether the results would be different.
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Introduction

The objective of this thesis was to examine the role of relevant visual input in minimal
pair-word learning in monolingual and bilingual children. Visual input in the current study refers
to access to the speaker’s face, with the associated rich information of mouth movements
associated with particular language sounds and the engaging nature of the human face. Visual
input is an integral component of speech perception and might especially play an important role
when attempting to learn two similar-sounding words (e.g., boat & goat), especially when the
auditory distinction is associated with different mouth movements (e.g., lip movement for “b”
but not “g”). The literature on early word learning reveals that similar-sounding words have been
particularly challenging for infants around the ages of 12 to 15 months and remain challenging
up to 20 months. However, nearly all these studies have used recorded audio tracks with no
visual input from the speaker. Furthermore, a subset of these studies investigated whether there
are differences between monolingual and bilingual infants around these ages and, specifically,
whether the latter group may be worse at learning these types of words due to their variable
learning environment. In this document, I will first present a brief history of studies conducted
with infants on word learning and speech perception, followed by studies on bilingualism and
speech perception. The experiment design and methodology will then be discussed followed by
the objectives and contribution of the thesis, and the hypotheses. Finally, results will be provided
with the discussion and conclusion of the study.
History of the Motor Theory of Speech Perception

Researching speech perception — the process by which we hear, understand, and process
sounds of languages — with high-precision technology is recent, questions regarding its process,

however, are not. In 1969, the publication entitled Perception of Speech Code authored by
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Liberman and colleagues is still one of the most cited publications in the field several decades
later (Fowler et al., 2016). The rationale of the paper was to design a machine that would read
out loud, which would allow individuals who are blind to be read to via technology. Still in its
infancy at the time, popular theories suggested that replacing speech sounds with a system of
discrete and unique signals (speech signals) would solve the problem researchers were facing
(Fowler & al., 2016). The authors challenged this view which went against previous findings that
speech signals are continuous and not discrete (Fowler al., 2016).

According to Liberman’s theory, speech perception is made possible by speech signals
(gestures of the mouth) that are produced by the speaker but also covertly by the listener which
eases the listening process. Simply put, an individual can understand and integrate perceptual
information conveyed via mental representations of the other person’s corresponding articulatory
movements. Speech perception, according to this theory, is mirroring the production of language.
This mirroring or anticipation of sound signals is believed to be a result of the brain’s ability to
represent these articulatory gestures with a unique phonetic pattern for each word. This process
is supported to some degree by studies showing motor activation during listening tasks (Binder et
al., 2004; Callan et al., 2004; Londei et al., 2010), and facilitated by mirror neurons (Kohler et
al., 2002). These mirror neurons are activated during specific actions as well as throughout the
observation of those same actions from another individual or species. Ferrari and colleagues
(2003) found, for example, that while engaging in and observing mouth gestures, macaques had
activated mirror neurons. Mirror neurons are also believed to activate the auditory system which
then sets off the motor system, allowing for a representation of speech that operates
automatically, meaning that an individual is not aware of this process while engaging in a

conversation. Through pre-established patterns, humans are thought to be better able to engage in
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this integration of speech, rapidly piecing bits of information together to provide context and
meaning.

Developmentally, children have the capacity to discriminate between sounds and
comprehend speech before reliably producing it. As such, it can be argued that production,
although closely linked to speech perception, is not necessary to learn language. Because the
motor theory of speech perception requires production for the mental representation of micro
gestures, it raises immediate questions of validity and even plausibility. (Ohala, 1996; Polka &
Werker, 1994). Critics that discard the motor theory of speech perception often cite and use
Liberman and Mattingly’s essay which contained claims and observations that held several
inexact assumptions (1985). First, they claimed that speech processing is special, an argument
later challenged due to its “ambiguous” meaning, and its many possible interpretations
(Galantucci et al., 2006). Secondly, Liberman and Mattingly held that articulatory gestures
accounted for most of speech perception; thus, minimizing the role of auditory processes and
visual input, and by the same token failing to recognize the role and limits of the motor theory of
speech perception. Moreover, the original theory relied solely upon association for word
learning, an assumption unfounded or not exact as pre-existing cognitive structures make
language learning possible (i.e., the brain has the innate structure that allows for language to
emerge) (Galantucci et al., 2006). These limitations were not recognized partly due to
psychology’s current state at the time which was predominantly still behaviourist and the yet-to-
come Cognitive Revolution that would modify theories in psycholinguistics (Miller, 2003).
Indeed, language learning was perceived as an endeavour learned through experience and

association alone. With the invention of computers and with it a change in understanding that the
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brain is working in terms of complex wirings and structures, psychology’s understanding of
language shifted.

The complexity of language is still in a puzzling state even after decades of research.
Contrary to critics and in response to Liberman and Mattingly’s work, Moulin-Frier and Arbib
(2013) argued that the Motor Theory of Speech Perception is, instead, integrated into more
complex cognitive structures. Its objective, then, is not to justify speech perception in its entirety,
but to offer a partial explanation of its process (Moulin-Frier & Arbib, 2013). Therefore, the role
of the motor system can be viewed as one that facilitates the perception of speech. In noisy
environments, for example, it is easier to understand a person facing us since articulatory
gestures via visual input are not deformed by the presence of auditory noise. Such instances also
stress the importance of a speaker and listener’s articulatory gestures that allow the brain to
better process speech and highlight the importance of visual support in the matter, a process
important for this current study.

Speech Perception: the role of visual gestures for word learning

Despite the acknowledgment that visual input plays a role in speech perception, the
extent of their implications remains uncertain (Woodhouse et al., 2009). Previous research in
word learning, for example, has found reliable evidence that visual support alone provided
enough information for children to acquire new words. Indeed, Havy and Zesiger (2017)
assigned two conditions to children aged 30 months in which they had to learn distinct novel
words: “byp”, “var”, “rik”, “fal”, “fyf”, “gel”, “mum?”, and “tit”. In the audio condition, children
were presented with the words without any visual input from a speaker, relying solely on
auditory processes. Children were unsurprisingly able to learn novel words with audition alone.

In the second condition, however, children had no access to audio and relied simply on a woman
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speaker producing the words with no sound. Infants aged 30 months old were able to learn these
words, demonstrating that auditory speech is not the only process through which children learn
new words. Fenson and colleagues (1994) and Ganger and Brent (2004) found that babies rely
more on auditory input to acquire words in the first few years of life and then later incorporate
and give more attention to visual cues, particularly mouth gestures. This demonstrates the
importance of visual cues in later years of life, especially in the context of word learning.
Furthermore, research with babies and children has yielded evidence that children attend more to
presented words when they are already able to produce these words (Yeung et al., 2013;
Altvater-Mackensen & Grossmann, 2015; Guellai et al., 2016). These findings reinforce the idea
that speech perception is related, at least to a certain degree, to motor production by others and
by the infant. By the same token, it points to the multimodal essence of speech integration. That
is, in the same way, children can learn new words without speech, they can perceive speech with
more than just visual cues or auditory sounds.

While the research mentioned points to the importance of visual input for word learning
in general, this process is likely to be even more crucial for children when learning minimal pair
words. Similar-sounding words or minimal pairs are words that differ solely by one phoneme. A
phoneme is a unit of sound that allows us to discriminate one word from another and permit the
acquisition of new words. Their differentiation implies that they convey different meanings. The
words “pie” and “lie”, for example, are minimal pairs. In addition, they are also visually distinct,
as they are presented differently in mouth shapes when spoken. The former starts with pursed
lips and the latter with open lips and tongue protrusion. At a young age, minimal pairs are
particularly challenging for infants, particularly when attempting to learn two of them at once.

Werker and colleagues (2002), for instance, found that 14- month-olds confused and auditorily
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presented similar-sounding words with no visual access to the speaker. By 20 months, on the
other hand, participants in that study were able to learn two minimal pair words that were
associated with two different objects in the habituation phase. In addition, they found that 17-
month-olds also showed some ability to distinguish between similar-sounding words (some
participants succeeded in the task). This is consistent with the finding that as they age, children
rely more on visual speech to learn words (Havy & Zeisger, 2017).

This line of research questions in psycholinguistics stems from earlier work from Werker
and colleagues (1998) who devised the Switch task procedure to investigate if infants were able
to incorporate sound detail (i.e., close phonemes) into newly learned words. They assigned
nonsense words — words not part of the vocabulary but have similar phonetic structures to native-
language words — to different objects, and then, during the test trial, they violated the ascribed
label to the objects to record babies’ looking time to the object purposely mislabeled (Werker et
al., 2002). Please see a description of the procedure below.

The Switch task is a test of infants’ associative word learning, defined as the mechanism
for linking a word to a referent. Researchers have asserted that perceptually-based associative
word learning is the primary mode in which infants build their vocabulary (Smith et al., 2003;
Sloutsky & Robinson, 2008), and others have argued that, in addition to the perceptual
information necessary for associative word learning, infants also leverage conceptual
information as they learn new words (i.e., their knowledge that words are shared communicative
symbols; Booth et al., 2005; Waxman & Gelman, 2009). Nevertheless, both parties acknowledge
and agree that associative word learning is an essential underlying mechanism in the process of
early word learning. The Switch task is the most practical procedure to investigate this

fundamental skill via this looking-based laboratory paradigm (Werker et al., 1998). In the
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standard version of the Switch task, infants are habituated to two word-object pairings (Object A
paired with Word A; Object B paired with Word B). For the procedure, both words and objects
are novel to the infant. Across multiple trials, the two-word-object pairings are presented until
infants’ attention declines to a pre-set criterion. After this habituation, infants experience two test
trials: a same trial involving one of the original word-object pairings (e.g., Object A - Word A)
and a switch trial that entails a mismatched word-object pairing (e.g., Object A - Word B). If
infants learned the original word-object pairings, they should detect the violation of the word-
referent link during the switch trial and look longer during the switch trial than during the same
trial. In another version of the task, both objects are presented simultaneously during testing
trials and infants hear one of the labels. The measure then becomes the amount of looking at the
object that matches the correct spoken label. In the current study, the latter version of the Switch
task has been adapted online.

Werker and colleagues (1998) found that children aged 14 months and up paid more
attention to the word that violated what they had previously learned, thereby showing the ability
to distinguish between two very dissimilar words like “lif” and “neem” whereas younger infants
could not. Subsequently, they utilized the same Switch task experiment to assess whether 14-
month-olds would be able to recognize a violation of previously learned nonsense minimal pairs.
Babies systematically failed to discriminate between the two similar-sounding words (“bin” &
“din”). In follow-up studies, Werker and colleagues (2002) found that 20-month-olds were able
to discriminate between minimal pairs, suggesting that minimal pairs are a particular category of
words difficult to learn before 20 months of age. It is worth pointing out that these studies used
objects as visual referents but no visual depiction of a speaker’s articulatory gestures, neither

onscreen nor live.
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Since then, several researchers have conducted experiments to determine why 14-month-
olds are unable to discriminate minimal pairs, and by the same token to explore “just what
factors contribute to success in this task” (Fais, et al., 2012, p12.; Werker & Fennell, 2008). First,
it is important to point out issues associated with the Switch task. Although widely used, the
procedure remains a measure of children’s looking time at an object. Interpretations and
conclusions, therefore, are indirect inferences because the learning is not explicitly stated by
participants nor can it be (Fais et al., 2012). As such, these interpretations and reporting of results
should be carefully assessed, especially when conducting research with bilingual children. The
strength of the Switch task, however, is that it echoes the day-to-day word learning for children.
At home, parents tend to point to various objects to the child and label them. A parent, for
instance, will show a phone to the child and say: “Look! The phone”, which echoes the
habituation phase of the Switch task.

Building on the procedure’s strength, Fais and colleagues (2012) incorporated a condition
with a videotaped experimenter that presented the label words and a live experimenter presenting
the spoken words, an aspect omitted by past researchers. They found that 14-month-olds failed to
discriminate between minimal pair words associated with novel objects in the videotaped
labeling condition. In the live experimenter condition, on the other hand, they found that children
who had more mutual gaze with the experimenter recorded more looking time to the object
during the switch trial. Findings that the presence of a live person is important for children to
learn words bear several implications for infants and language learning. First, it reflects the
significance of real-world context to acquire new words, specifically in the case of minimal pairs

that are difficult for young children to learn. Second, it calls attention to early exposure to
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technology and language learning for children; a growing area of research investigating the
advantages and disadvantages of technology for learning language.

Considering these findings, the key to learning minimal pairs may be the presence of
visual cues during the learning process. In other words, given the phonological challenge of
discriminating between similar-sounding words, the articulatory cues may facilitate learning two
similar-sounding words. Visual support may also be of utmost importance for bilingual children
who are acquiring two languages from birth or from an early age. When bilingual children are
presented with new words, there is an immediate additional challenge compared to monolinguals
where they must first hear and integrate the word, but they also must hypothesize and
differentiate which language the word belongs to. It leaves a multitude of avenues and
possibilities for each new word presented to them, and as such, each encounter with a new word
may require more than auditory information. First, to better understand the implications of the
research with bilingual infants, it is worthwhile to review the history and findings in this area.
History of research in bilingualism and speech perception

The first official “studies” reported on language development in bilingual children were
in the form of diaries. Parents or caregivers cataloged in detail which parent spoke what language
to the child and the words and sentences children were forming. Ronjat (1913), for instance, kept
records of his son learning French and German. Ronjat (1913) noted that his son did not appear
to confuse the two languages in his everyday life, probably due to one parent speaking only
French and the other only German. Similarly, Leopold (1970) documented in 1945, his daughter
Hildegard’s progress who was also learning English and German. Again, only one parent was
speaking either language. Unlike Ronjat, however, he found that Hildegard was mixing words

from both languages and had grammar sentencing inconsistencies. Researchers that followed
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were trying to answer a simple question stemming from these two diaries: is learning two
languages at the same time detrimental for a child? In other words, will it impair or delay a
child’s language development? Interestingly, Leopold’s claim of confusion is still transparent in
today’s discourse. As pointed out by Bialystok (2001), parents frequently ask her whether
teaching two languages to their children will “lead to either cognitive or linguistic confusion”,
which is an unfounded idea (Bialystok, 2001). It is not surprising that knowledge in this area is
unknown to the public given that Fennell and Lew-Williams (2017) reported that ninety percent
of the literature on childhood bilingualism has been published only in the last twenty years.
Bialystok (2001) further noted that this claim presupposes that language is “fragile” which is a
rather curious perspective as it assumes that each language is interacting with one another, a
question that is still debated among psycholinguists. Moreover, this assumption is present despite
research on bilingualism having demonstrated that bilingual children reach language milestones
in the same fashion that monolinguals do. (Fennell & Lew-Williams, 2017).

Hoff and Core (2015) help demystify common misconceptions for clinicians and parents
by offering empirical conclusions. The following conclusions are particularly relevant
considerations for this research: Dual language input does not confuse children; two languages
don't need to be kept separate by parents. One parent speaking only one language does not
provide better language learning than parents speaking both languages from time to time, when
applicable; learning two languages takes longer than learning one which is portrayed by a lower
rate for a single language development. It is not the case, however, when looking at the total
vocabulary of both languages; bilingual children may exhibit strengths that are different across
languages. Finally, the quantity and quality of language input help language development the

most.
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Researchers working with monolingual and bilingual infants have found that in the first
12 months of life, infants show sensitivity toward their native languages (Bahrick & Pickens,
1988; Dehaene-Lambertz & Houston, 1998; Mehler et al., 1988; Moon et al., 1993). Shortly after
birth, researchers have found that infants can perceive language differences based on prosody, or
rhythm (Mehler & Christophe, 1995; Mehler et al., 1998). For example, French only places
stress at the end of an entire phrase, whereas English is a stress-timed language that has a strong-
weak pattern where they often stress the first syllable of each word. Thus, newborns can
discriminate French from English because of their rhythmic differences. When languages are
from the same prosodic family, however, newborns are not able to reliably discriminate between
the two. An interesting development case is when infants are learning two prosodically similar
languages. Bosch and Sebastian-Gallés (2001) studied 4-month-old bilingual infants to
determine if slightly older infants could discriminate between Spanish and Catalan which have
similar prosody. In their study, researchers found that bilingual infants were able to show some
ability to discriminate between languages with similar rhythms by 4.5 months. Results therefore
suggest already after just a few months bilingual infants can already discriminate between native
languages with similar prosodies (Bosch & Sebastian-Gallés, 2001).

Other researchers investigating phonemes with infants have found that while infants
refine their discrimination of phonemes from a broad universal set to those in their native
language(s), this refinement typically develops initially with vowels and eventually applies to
consonants (Sundara et al., 2018). Bosch and Sebastian-Gallés (2003) wanted to explore this
phonological refinement in bilingual infants. In their studies, they first analyzed if 4- and 8-
month-old Spanish-Catalan bilingual and Catalan monolingual infants were able to perceive

vowel contrasts that exist in Catalan and not Spanish, specifically testing the contrast /e/ versus



MINIMAL PAIR WORD LEARNING AND BILINGUALISM 12

[el. In this first experiment, both 4-month-old Catalan monolinguals and Spanish-Catalan
bilingual participants succeeded in perceiving the difference regardless of their native language
(Bosch & Sebastian-Gallés, 2003). At 8 months of age, however, only monolingual Catalan
participants succeeded in discriminating the two sounds, leading researchers to posit that mere
language exposure does not dictate the ability of infants to discriminate close vowel contrasts. In
their last experiment, they found that after their first year of life (12 months), bilingual infants
were once again able to discriminate between the two sounds. This finding is particularly
important for our current research given that infants at this age can discriminate between sounds
that differ only by phoneme contrast (same letter sound). Although minimal pairs are not simple
phoneme contrasts, they also differ only by one phoneme (i.e., pie & bye).

Building on their previous research’s findings that monolingual infants are not able to
learn the similar-sounding words /bih/ and /dih/ before 17 months, Fennell and colleagues (2007)
found that bilinguals were not able to successfully learn similar-sounding words until they
reached 20 months of age with a native contrast. Although there may be a myriad of
explanations, researchers have posited that bilinguals’ need to manage two languages and having
to distinguish between similar-sounding words which are difficult may lead to a delay in their
ability to display the same skills compared to monolinguals. In a more recent study, researchers
investigated whether bilingual Spanish-English-learning infants of 14 and 19 months can learn
two words using the same syllable but with varying pitch sounds — mimicking the lexical
differences seen in languages like Mandarin (Graf Estes & Hay, 2015). Using the syllables /ku/
(falling sound) and /ku/ (rising sound), bilingual participants were able to detect when the label
and the object pairing did not match, demonstrating that they have learned the words and are

capable of distinguishing between pitch contours. This is important given that our study will be
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investigating infants between the ages of 14 and 18 months who will have to learn similar-
sounding words. In a follow-up experiment with 22-month-old bilinguals, participants were no
longer able to learn pitch contour. The authors posited that as children become more experienced
with language, they have less flexibility when it comes to considering pitch contours as two
different labels (Graf Estes & Hay, 2015).

Pons and colleagues (2015) investigated the importance of visual cues for infants. They
found that monolingual infants pay more attention to the eyes when learning native and non-
native words (4 months old), look longer at the mouth at 8 months, and look longer at the mouth
at 12 months of age for nonnative words only. This demonstrates that by 12 months of age,
monolingual infants only paid attention to the mouth for sounds they were not familiar with.
Bilingual infants speaking Catalan and Spanish, at the age of 4 months paid attention to both the
eyes and the mouth. At 8 months, bilingual infants spend more time looking at the mouth, and by
12 months they pay even more attention to the mouth for native and nonnative words. This
suggests that visual cues play a significant role in bilingual infants learning and integrating new
words into their vocabulary. Due to bilingual infants always having access to more than one
language, they may have to spend more time using visual cues to distinguish which language is
being spoken to extrapolate meaning.

Hypothesis

Using the Switch task procedure, the purpose of this study was to investigate the role
visual access to speech plays in minimal pair word learning. In other words, does having visual
access to a speaker’s mouth gestures facilitate the learning of similar-sounding words? We
hypothesize that monolingual infants will be better able to perceive minimal pair changes due to

having to only deal with one language as opposed to two. It is possible, on the other hand, that
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bilingual infants may be better at perceiving these changes due to their overall attentional
advantage, stemming from having to constantly attend to phonological language differences.
Previous studies have shown that bilingual children spend more time looking at a speaker’s
mouth at the age of 8 months than monolinguals (Ayneto & Gallés, 2017). Meanwhile, however,
they also found that at the age of 12 months, bilinguals and monolinguals paid equal attention to
the mouth. Although this study will not look at where children are paying attention, we can
deduce that having visual access will give children a significant chance of potentially being able
to learn minimal pairs.

Methods
Participants

For the study, the final sample collected was comprised of 19 participants (10 males and
9 females) typically developing children aged between 14 and 18 months of age. Exclusion
criteria included children with developmental delays, including hearing and vision difficulties
due to task demands. Fourteen participants were monolingual and 5 were bilingual. To be
considered bilingual, participants recorded at least 20% exposure to a second language weekly.
After parents reported speaking more than one language at home (or at daycare), participants’
language exposure was assessed using an online adaptation of the Language Exposure
Questionnaire (Bosch & Sebastian-Gallés, 1997).

Research has shown that by the age of 15 months, monolingual children are capable of
learning words, with fidelity, in the laboratory (Fennell & Waxman, 2010; Byers-Heinlein et al.,
2013). By the age of 20 months, bilingual children can discriminate newly learned words that
differ by one phoneme (Fennell et al., 2007). Although monolingual and bilingual children can
learn words in their natural environment by the age of six months, it is not before 12 to 14

months that they can reliably do so in an experimental context (Bergelson & Swingley, 2012).



MINIMAL PAIR WORD LEARNING AND BILINGUALISM 15

Participants were recruited from the Ottawa-Gatineau region, and some were recruited via the

https://childrenhelpingscience.com website. Parents submitted a request to participate in the

study and were contacted to set up a time to participate. The location of families varied, with
most participants living in Canada and others living in the United States.

In this study, there was a significant level of participant exclusion (n = 64) due to failure
to complete the task. Infants who failed to complete the task either stopped paying attention,
became too bored, or were unable to tolerate the attention required to complete the task (roughly
10 minutes total for the habituation phase and testing trials).

Material

The stimulus words used in this study were the novel words “bos” and “gos”. The two

words were given a referent image that is also novel for infants, a green stapler (gos) and a blue

funnel (bos).

Apparatus

The habituation phase and testing phase were recorded using the platform Zoom to allow
researchers to code looking time post-testing. The looking time for the correct object during

testing trials was coded using the software ELAN (https://sites.bu.edu/elsa/elan-coding/).

Procedure

The data was collected by the primary researcher. Participants were all tested using the
online adaptation of the Switch task. Prior to the Zoom call, parents signed the consent form,
filled out the Language Exposure Questionnaire if applicable to their child, and filled out a
demographic questionnaire. Upon joining the Zoom, parents were welcomed, and the specifics of
the experiment were discussed with parents (i.e., it is preferable to have their child on their lap,

remove any distractions around their space, etc.). The researcher confirmed once again that


https://childrenhelpingscience.com/
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parents wished for the child to participate in the study. Each parent was explained that the
experiment could stop at any time should their child experience discomfort, boredom, or any
other negative emotions.

The experiment had two phases that every participant engaged in, the habituation trial
and the testing phase.
Habituation phase

During the habituation phase, the words “bos” and “gos” were presented in discrete trials
by the speaker and each associated with a distinct object. The words were chosen for two
reasons: linguistically, they are both English and French-appropriate, and the words were used in
previous studies. Although the purpose of this study was not to compare with other studies,
gathering data using the same words could be used by later researchers. The word “bos” was
presented with a blue funnel, and “gos” was associated with a green stapler. On-screen, the
female speaker appeared on the right side of the screen and the objects were shown on the left
side. The speaker’s speech articulatory movements were always visible during the habituation
phase. Each word was presented 10 times per trial. The maximum amount of habituation or
learning trials participants could have was 24. During one learning or habituation trial, the word
being said by the female speaker is done repeatedly with different voice tones using infant-
directed speech (e.g., Bos, bos, bos, bos, bos). The purpose of the habituation trial was twofold:
to ensure that children can pay attention and learn the words they are presented with, and at the
same time to familiarize themselves with the upcoming testing phase. The habituation phase lasts
until the infant has reduced their looking to the screen by 50% (measured in blocks of 4 trials) or
when the infant reaches a maximum of 24 trials. Most participants completed the 24 trials, rather

than reaching the habituation criterion of reduced looking time. This is quite unusual in Switch
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task experiments. It is likely due to the task being compelling enough with a visual speaker that
they did not reduce their looking time by half.
Testing phase

During the testing phase, participants are shown the previously presented words “bos”
and “gos”. Unlike the habituation phase, the speaker was not present on the screen. Although
having a speaker during the testing phase could be investigated, we determined that it would
provide more visual complexity for children, leading them to look more to the person on the
screen than the objects. Bilingual and monolingual children saw both objects simultaneously on
the screen and heard either “bos” or “gos” in various sequences during 8 testing trials. Similar to
the habituation phase, participants heard the given word several times during one testing trial.
Using the ELAN coding software, looking time for the correct object was coded.

Results

Socioeconomic Status

Out of the 19 participants, the parents of three infants omitted the demographic
questionnaire. While the language status of the children is known based on intake data (whether
they are monolingual or bilingual), the economic status and highest diploma obtained by the
families were not known. The value attributed to each diploma was as follows: 1 = High School /
GED, 2 = College or Trade, 3 = Bachelor, 4 = Master, 5 = Medical degree, Jurisprudence degree
or Doctor of Dental Surgery, 6 = Doctorate. The average for both bilingual and monolingual
parents was a Master. As such, missing data were assigned a 4. There was no statistical

significance for education between participants.

Age
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The average age of participants was initially calculated with three missing ages (two for
monolingual participants and one for bilingual participants). The average age for monolingual
was 14.9 whereas the average age for bilingual participants was 15. The final age average age of
participants was 14.94. There was no statistical significance in age between groups or during
performance.

Language Background

The percentage of language exposure for participants was calculated based on
information provided by parents on the number of hours each parent or caregiver spent with the
participant and the languages they speak with them during those hours. The percentage was then
calculated based on the number of hours participants were awake and the percentage they heard
one language versus the other. The language exposure percentage varied for participants between
43% and 57% for most bilingual participants (n=3) and one participant had less exposure to her
second language 21% (lowest) and 77% (highest). It is worth noting that the latter had exposure
to a third language, however, her exposure to English was less than 5% and therefore the
calculations do not add up to 100%. There was no statistical significance of performance for the
group (see below).

Performance

An exploratory analysis to determine if there was a gender effect. We performed a mixed
analysis of variance (2x2 ANOVA) with 2 factors (test trial; correct vs incorrect) x (gender; male
vs female). The interaction between the test trials and gender was not significant, F(1,17) = .01,
p =.93. However, there was a between-subject main effect of gender F(1.17) = 5.03, p = .04.
Despite both genders failing to learn minimal pairs by showing no difference in reaction to

correct or incorrect stimuli, F(1.17), 1.43, p =.25, males were looking longer than females
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overall during the testing phase by 6.36 seconds to the correctly labeled object, but also by 6.78
seconds to the incorrectly labeled object.

We then analyzed the interaction, if any, between monolinguals and bilinguals and their
performance on the task. There was no interaction between correct versus incorrect across
groups, F (1.17), 1.43, p=.25 and no main effect of group, F(1.17), 1.31, p =.27, meaning that
both monolingual and bilingual participants were not reacting differently across test trials (see
Figure 1 for looking time performance). However, we acknowledge that this analysis is
problematic given the disparity between group sample sizes.

Although there was no effect of group, we conducted a posthoc analysis with
monolingual participants only due to the imbalance between the number of bilingual and
monolingual infants to investigate any possible difference in pattern. The results of the paired t-
test showed no difference between the amount of time monolingual infants looked to the correct
versus incorrect object, t(13) = .83, p = .42 (see Figure 1 for looking time performance).

Discussion

The objective of the thesis was to investigate whether monolingual and bilingual infants
between the ages of 14 and 18 months can discriminate between two similar-sounding words
when provided access to visual cues (a speaker’s facial expressions and mouth gestures).
Historically, researchers have found that before 20 months of age, infants cannot reliably learn
two new objects when they differ by one phoneme without additional learning support (Werker
& Fennell, 2002).

We hypothesized that monolinguals may be better at discriminating minimal pairs given
that they only have to manage one language. It was also possible, on the other hand, that

bilinguals would be better given that they may pay more attention to visual cues from the
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speaker’s mouth than their monolingual peers. Additionally, given that they hear two languages
in their day-to-day life, they may be better at perceptual discrimination. Results indicated that
neither monolingual nor bilingual infants were successfully able to discriminate between similar-
sounding words, a result consistent with previous findings that before 20 months. Infants have
difficulties learning minimal pairs, around 17 months they show some ability, and by 20 months
of age they can reliably learn minimal pairs (Werker et al., 2002). Results are concurrent with 18
out of the 19 participants’ age falling below 17 months. It is worth noting results should be
interpreted with caution due to the level of attrition during the habituation trial and testing phase
of the experiment, and the small sample size of bilingual participants. Recruiting bilingual
infants is typically a challenging task compared to monolinguals. In this study, it was even more
difficult due to the attrition and relatively small number of bilingual infants that we were able to
recruit, especially during the pandemic. With a larger sample, it is possible that bilingual infants
may perform differently as a group. It is also possible that infants slightly older may not perform
better unless the task, when using Zoom, is done with a live experimenter- that is providing
social contingency. Indeed, Fais and colleagues (2012) did find that infants failed in the
videotaped condition but were able to discriminate between minimal pairs as early as 14 months
of age when engaging in mutual gaze with the experimenter. It is worth noting that pre-recorded
stimuli are simpler to ensure that each participant receives the same habituation training and
testing trials. It is possible, however, that minimal pairs are too difficult to learn at this age unless
they are mitigated via social interaction.

Although there is a range in representation regarding the sociodemographic status (SES)
of families that participated in our study, the average family was of a higher economic status

(making over 100,000$ a year in the family unit) and of higher education with most parents
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having a bachelor’s degree, a master’s degree, or a Ph.D. Despite the lack of representation,
typically higher education and SES are linked to increased cognitive performance, specifically
when it comes to language and language exposure, and executive functions (Hackman & Farah,
2008). Given these research findings, infants who participated in the study had, if anything, a
family background, and economic situation that would have been favourable for them to succeed
in this task. Despite the possible advantages stemming from higher SES, our results showed no
differences in performance, with both monolingual and bilingual groups not detecting a switch in
labels.

Given that both groups are failing to discriminate minimal pairs, it can also be posited
that monolingual and bilingual infants are following a similar developmental trajectory when it
comes to this specific area of word learning. At this age, infants are in a developmental stage
where they are beginning to associate previously known and new words with objects at an
increasing rate (Werker, et al., 2002). When it comes to learning to associate similar-sounding
words to newly presented objects, however, the task remains too challenging for 14 to 16-month-
old infants. Although many explanations are possible, researchers have put forward that linking
words to objects is a difficult task in and of itself due to the computational demand it requires
(Stager & Werker 1997). Infants need to be able to attend and sustain attention to learn two new
words that differ by only one phoneme in a short period of time, and they need to associate their
meanings with the newly presented objects. During the test trials, infants must detect a disruption
in their learning (the label switch) which differs by a small phonetic detail, all the while having
to sustain attention throughout this process. Around the second year of life, typically infants’
vocabulary rapidly increases with words that may be similar in phonetic detail (i.e., bee & bye)

thus requiring this ability to integrate more words to navigate their environment and by extension
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increasing their vocabulary. By the time they reach 20 months of age typically known as
language spurt, infants may have reached a developmental stage where they have mastery over
contrasting phonetically similar words. Because there is increased vocabulary around the second
year of life, there is pressure for infants to have to develop this skill. This could also reinforce
one of the assumptions of the motor theory laid out by Liberman that speech perception is
mirroring the production of language. In other words, infants can produce more words due to
visual perception and vice-versa, making them better at discriminating between similar-sounding
words which is a task that eventually becomes effortless throughout childhood and in adulthood.

As the results showed, female participants looked less in terms of total time than their male
counterparts by 6.37 seconds for the correct object and 6.78 seconds for the incorrect object.
Although this can be interpreted in many ways, our hypothesis is that it is possible that females
process the stimuli to a greater degree during the habituation trial (learning phase) and therefore
are less interested in attending to the stimuli at test. This hypothesis is based on the enhanced
language development of females over males early in life. Researchers have found that from birth
to slightly over 24 months, girls are better at using communicative gestures, produce more
vocabulary and are slightly better at combining words (Eriksson et al., 2012).

It is worth noting that despite the Switch task being one of the most common methods to
assess novel word learning at these ages, we conducted our study in a novel manner due to
COVID-19 restrictions: an online version of the task. Using Zoom to determine if infants are
able to learn words is a methodology that, to my knowledge based on a literature review, has
rarely been used, and never for minimal pair learning. In 2014, Roseberry, Hirsh-Pasek and
Golinkoff investigated social contingency when it comes to word learning at 24 to 30 months of

age. In their study, infants were only able to learn dissimilar sounding novel verbs having
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socially contingent interactions (i.e., “Look at what | can do with this toy! I'm /meeping/ it!”) in a
live manner. Thus, again, it appears that social contingencies may be important to facilitate word
learning when using videotaped speakers. This is interesting because infants do not need such
social contingencies when presented with word-object pairings without humans on screen. There
is a vast literature, including nearly all the Switch task literature, wherein infants successfully
learn words via spatial-temporal contingencies. Essentially, most successful word learning
studies present an object (or action) on-screen contiguous with an audio presentation of the target
word. It would be interesting to investigate whether the presence of a human speaker on screen
drives a different set of word learning expectations, where simple spatial-temporal association is
no longer sufficient.

Throughout the time we tested participants, various patterns of attrition emerged due to
infants' inability to complete all testing trials, primarily becoming fussy (or crying) due to the
attentional demand of the task. Although attrition is common with infants using the Switch task,
the rates appeared to be different across time and were much higher than in past studies. For
instance, early in the pandemic, participants’ attrition was similar to other Switch studies with
infants (50-60% attrition rate) while in the later stages of the pandemic and after restrictions
were lifted, attrition spiked between 80-90% even though no changes in methodology occurred.
It is possible that early during the pandemic, participants were used to staying in-door and
attending to the same activity for longer periods of time whereas later in the pandemic infants
were now used to changing activities and environment (going to another room) more often.

It is also noteworthy that having access to a recorded speaker appears may have
prevented infants from habituating. The speaker may have been so interesting to the infants that

they maintained attention throughout the learning phase and did not habituate. This lengthened
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the habituation phase and would cause problems for the infants in terms of their overall ability to
stay engaged during the latter parts of the experiment (i.e., the test phase). On the rare occasions
that participants habituated, they did so due to not being able to engage with the task anymore
and failing to complete the experiment. These participants had to be removed due to insufficient
looking time to either object (no longer paying attention). Future studies should investigate
attrition in the context of word learning using an online version of the Switch task.
Conclusion

Our study aimed to investigate whether monolingual and bilingual infants can learn
minimal pairs having access to visual cues, specifically a speaker’s facial expression and mouth
gestures. The Switch task was used in an online format via Zoom, a new way of investigating
word learning that departs from traditional laboratory testing. Contrary to our hypotheses, both
monolingual and bilingual infants failed to learn minimal pairs even when provided visual cues.
Results reaffirm previous findings that before at least 17 months of age, infants are not able to
distinguish similar-sounding words simultaneously. Once again, these results are asking an
important question: why is learning minimal pairs so challenging for infants and what is the

mechanism that allows them to succeed shortly thereafter?
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Figure 1.

Total Looking Time to the Correct and Incorrect Object per Group. Error bars reflect the

standard error of the mean.
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Appendix A: Consent Forms

Université d'Ottawa | University of Ottawa

e
Q Ecole de psychologie | School of Psychology
136 Jean-Jacques Lussier, Vanier 3002, Ottawa, ON KIN 6N5
u Ottawa B 613-562-5801 &= 613-562-5147

Consent Form: Language Development Lab
Monolingual and Bilingual Infants' Attention to and Use of Visual Cues in Word Learning

Principal Investigator: Dr. Christopher Fennell, University of Ottawa, Faculty of Social Sciences,
School of Psychology, (613) 562-5800 Ext. 4445, fennell@uottawa.ca.

Purpose: We are interested in understanding the development of monolingual and bilingual
infants’ attention to and use of visual cues from talkers’ mouths to learn similar-sounding words.

Study Procedure: The experiment will take place in the comfort of your home using your
computer. We request that the experiment take place in a quiet room with minimal distraction. It
is a maximum of nine minutes long and set-up for the experiment will take approximately two
minutes. Your infant will either be seated on your (the parent’s) lap or in a highchair in front of
the computer screen, your choice. Your infant will see a woman sitting at a table looking straight
ahead and saying one nonsense word. While repeating the word several times, the woman will
present an object to be associated with the word. Then, she will say a new, but similar-sounding,
word while a new object is presented. Depending on what experimental condition your baby is
in, the woman’s mouth will either be shown or blocked from view. If the mouth is shown, the
audio may be turned off to see if babies can learn words from visual cues alone. These trials will
repeat until your baby becomes bored, which is a sign of learning. We will then show both
objects on the screen and your baby will hear one of the two object labels. Looking at the
labelled object is our measure of learning.

Your infant's reactions to the stimuli, specifically his or her looking time and location to the
screen, will be video recorded and coded by the researcher. We will ask you to look away the
entire time once the study begins so that your reactions to the stimuli do not interfere with the
study.

We will ask you (the parent) to fill out a demographic questionnaire (sent via email ahead of
time) and will also ask you a few questions about the language(s) that your infant is learning
after the experiment via Zoom.

Risks: Participation in this study does not involve any risks or discomfort to you or your infant.

Benefits: There is no direct benefit to your infant by his/her participation. A possible benefit for
parents is gaining a greater understanding of infant language development. This research will
also benefit society by giving researchers and educators a better understanding of language
development in monolingual and bilingual infants.
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Participant’s Rights: You and your infant’s participation in this study is completely voluntary
and you or your infant are free to withdraw at any time. You may at any time refuse to answer
questions if you are uncomfortable doing so. If your baby becomes upset during testing, we will
stop the study for your baby’s comfort. Participation or withdrawal will not affect any rights to
which you are entitled. Withdrawal will in no way affect any present or future involvement with
the University of Ottawa or its services. If you choose to withdraw from the study, your data will
be destroyed, unless permission to use it is granted.

As part of our public and inclusive mandate at the uOttawa Living Lab our studies are being
conducted with a wide range of participants (ages, language backgrounds etc.). | understand that
my individual child's data may not be immediately used for the current research data analyses;
however, they may be used later as part of larger analyses of development and may inspire future
research. Where applicable, ethics approval for secondary use of data will be obtained.

Confidentiality and conservation of data: Any information resulting from this research will be
kept strictly confidential. Participants will not be identified by name in any reports of the
completed study. All electronic files and hard copies of the data (e.g., printouts) will be
identified only by code and kept in a secure location. Only members of the lab will have access
to the data. Hard copies of the data will be conserved for a minimum of 10 years. We will ask
you whether you agree to having the researchers use segments of the video records for
educational (e.g., classroom instruction) and academic (e.g., conference presentations) purposes.
We will not reveal your infant’s name in these presentations. Please note that faces will not be
blurred in these videos. Lastly, by agreeing to participate in the study, participants are aware and
acknowledge the potential confidentiality risks associated with using an online platform such as
Zoom.

Compensation: There is no compensation for this study.

Contact: If you have any questions or desire further information with respect to this study, you
may contact Dr. Christopher Fennell. If you have any questions regarding the ethical conduct
of this study, you may contact the Protocol Officer for Ethics in Research, University of Ottawa,

Tabaret Hall, Room 154, 550 Cumberland Avenue, Ottawa, ON K1N 6N5, 613-562-5387, or
ethics@uottawa.ca.

give the researchers permission to use video segments in educational or research presentations.

YES NO

My signature below confirms that | DO consent to my infant’s participation in this study,
conducted by Dr. Christopher Fennell of the School of Psychology. I also understand that our
participation in this study is entirely voluntary and that we may refuse to participate or withdraw
from the study at any time. | have received a copy of this consent form for my records.

Name of Infant (please print):
Name of Parent(s) (please print):
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Parent’s signature:

Date:

38

Parent’s signature:

Date:

Researcher’s signature:

Date:
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Appendix B: Background Questionnaire

Subject Code: Date:

Family Background Questionnaire
*Note that all language questions are part of our Language Background Questionnaire
Your child’s sex/gender: M / F / Other

Your child’s date of birth:

Your child’s due date:

Has your child had one or more ear infections since they were born?
Does your child currently have an ear infection? Yes / No
Yes / No

Does your child have a known hearing or vision problem? Yes / No
If so, please explain:

Do you have any concerns about your child’s development? Yes / No
If so, please explain:

Siblings

Sibling 1 Date of birth: Sibling 2 Date of birth: Sibling
3 Date of birth: Sibling 4 Date of birth:

Parent(s)

Parent 1: Sex/gender: M / F / Other
Sex/Gender: Sex/Gender: Sex/Gender: Sex/Gender:
M/ F [ Other M/ F/ Other M / F/ Other M / F / Other

How many years did you spend in formal schooling (e.g., elementary school, junior high school,
high school, college, university)?

What is the highest degree you earned?
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High school diploma or equivalency (GED) College or trades degree or certificate
Bachelor’s degree

Master’s degree
Doctorate
Professional (MD, JD, DDS, etc.) Other specify
None of the above (less than high school)
FONCTIONS EXECUTIVES ET BILINGUISME 47
If applicable, partner’s sex/gender: M / F / Other

If applicable, how many years did your partner spend in formal schooling (e.g., elementary
school, junior high school, high school, college, university)?

If applicable, what is the highest degree your partner earned?

High school diploma or equivalency (GED) College or trades degree or certificate
Bachelor’s degree
Master’s degree

Doctorate
Professional (MD, JD, DDS, etc.) Other specify
None of the above (less than high school)

Which of these categories best describes your total combined family income for the past 12
months? This should include income (before taxes) from all sources.

Less than $5,000 $5,000 through $11,999 $12,000 through $15,999

$16,000 through $24,999 $25,000 through $34,999 $35,000 through $49,999
$50,000 through $74,999 $75,000 through $99,999 $100,000 and greater
Don’t know

No response

What is your current postal code?
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Appendix C: Language Questionnaire

Language Development Lab : Bilingual Questionnaire

Subject ID:
Age in months:

Language environment: Language in the family

1. Have you or your baby’s mother/father ever had a communication disorder?

Birthdate (dd/mm/yyyy):
Test date (dd/mm/yyyy):

41

2. Do you have any reason to believe that your baby has a hearing problem?

3. What language(s) do you speak to your baby? When you were growing up, what languages did your
parents speak to you?
4. What language(s) does your baby’s mom/dad speak to your baby? When he/she was growing up,
what language(s) did his/her parents speak to him/her?
Details of language exposure

<>

—
—
—>

I | |
Mother Father
5. How many hours per day is your baby awake?
Person Time period | Language Hours/day Days/week Calculation
Video conferencing (i.e., Skype) - only includes interactive conferencing; exclude TV.
Person Time period Language Hours/day Days/week Calculation

Global Estimate:

6. What is the percentage of time your baby is hearing English/French/other languages?
Average of parents’ global estimate and calculation:
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1. How many hours per day is your baby awake?
This question operates on the assumption that for most of the time that the baby is awake,
someone is talking to him/her. Thus, this information allows us to see how many hours of
language exposure per day the baby is receiving.
2. When your baby is awake, are you always with him/her? If yes, proceed to 3. If no, ask a), b), and c).
a) Do you work? If yes, how many days per week do you work?
b) On a working day, how many hours do you spend with your baby, during which your baby is
awake?
c) On a weekend/non-working day, how many hours do you spend with your baby, during
which your baby is awake?
3. If the interviewee does not work, ask a. If the interviewee works, ask b and c.
a. How many hours per day do you speak English/French/other languages to your baby?
b. During the X hours that you spend with your baby on a working day, how much time do you
spend speaking English/French/other languages?
c. During the X hours that you spend with your baby on a non-working day, how much time do
you spend speaking English/French/other languages?
4. Has the situation been the same since birth? If yes, proceed to 5. If no, ask the following:
a. For how many months has this situation been the same?
b. Confirm the amount of time before this and ask the same questions about the period of time
before this.
i. i.e., if the baby is 16 months old and the mom says she started working when the
baby was 12 months old, confirm that the above situation has been the same for 4
months, and ask questions 2 and 3 about the first 12 months of the baby’s life.
5. Does anyone else talk to your baby on a regular basis (more than once a week)? Ask questions 2-4
regarding each person the parent lists.
i. Examples: other parents, grandparents, siblings, parents’ friends, daycare, etc.

Note: The time Period column is only relevant if the situation has not been the same since birth. If this is
the case, write the elapsed time for each situation in the time period column, and divide the time period by
the age of the baby, then multiply the calculation of that row by the age of the baby. If the situation has
been the same since birth for all language contributors, this division is not necessary.

Note: Include video conferencing in the total calculation

Person Time period | Language Hours/day Days/week Calculation
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