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ABSTRACT

This dissertation reports three independent studies undertaken to better understand the
second language (L2) English abilities that speakers of first-language (L1) Mandarin
develop in language immersion classrooms. Children learning an L2 as the majority
language of their community and schooling often attain L2 proficiency that closely parallels
that of L1 speakers of the target L2. In contrast, children who learn a non-community L2
through an immersion education program are noted for having non-target L2 abilities for
both morphosyntax and vocabulary. Though the L2 abilities of young learners in the
immersion and community-L2 contexts have been compared to an L1-based target
language standard, little is known about how the L2 abilities these learners compare
directly to each other. In addition, it is unclear how differences in these learners’ out-of-
school L2 environments may impact resulting L2 abilities. In order to address this under-
researched area, this dissertation examined the L2 morphosyntactic and receptive
vocabulary abilities of 37 adolescent L1-Mandarin participants in an English immersion
program in Taiwan. Across the three studies, the immersion learners were compared to a
group of adolescent L1-English speakers and a group of L1-Mandarin community-L2

learners, both comprised of participants living in western Canada. Individual studies also
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compared the L2 groups’ out-of-school L2 environments and examined whether variations
in their L2 input and experience were associated with individual differences in L2 ability.
The first two studies assessed ability with L2 morphosyntax. The three participant
groups’ receptive ability with a range of grammatical morphemes was compared using a
grammaticality judgment task, and a task combining eye-tracking with a picture-decision
task compared the immersion learners’ ability to comprehend plural-singular marking to
the L1-English group. In each case, differences in English ability were found between the
immersion learners and the comparison groups. In the third study, receptive vocabulary
was gauged using an age-standardized assessment task for monolingual English speakers,
finding the immersion learners had significantly smaller L2 vocabularies than the
community-L2 participants. The third study also compared the out-of-school L2
environments of the immersion learners to their community-L2 peers, showing the groups
had similar access to L2 input, but differed in opportunities for interactional L2 use. In the
first and third studies, differences in L2 input and experience were found to impact L2
morphosyntactic ability and receptive vocabulary ability, but that these factors appeared to
have a much greater impact on vocabulary as opposed to morphosyntactic ability. Findings
suggest that while development of L2 receptive vocabulary is ongoing for these L2 learners,
L2 development for the studied grammatical morphemes has likely plateaued. Results
indicate there are substantial differences between the L2 abilities of learners in the
immersion or community-L2 context and that out-of-school L2 input and experience can

have an impact on abilities in either context.
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INTRODUCTION CHAPTER 1

1 Introduction

Decades of research show that immersion classrooms are a particularly effective way for
children to achieve strong communicative proficiency in a second language (L2) that is not
widely spoken in the community (Genesee, 2006; Lyster & Genesee, 2019). Through these
programs, participating students develop L2 abilities as they learn their mainstream
educational curricula through use of the L2. Despite beginning at a young age and having
extensive L2 exposure over many years, children who participate in these programs do not
uniformly attain L2 abilities identical to those who acquire the language of immersion (i.e.,
the target language) as a first language (L1; Lyster & Genesee, 2019). For these learners,
gaps in L2 abilities are evident for both their lower morphosyntactic accuracy (Kowal &
Swain, 1997; Lyster, 2007) and their more limited range of vocabulary (Harley, 1992). The
studies of the present dissertation were conducted to identify ways in which the English
abilities of immersion learners differ from other groups of English speakers, and to
understand how these differences are connected to their L2 learning context.

Research generally supports the common observation that children have an
advantage in L2 learning over adults. Nevertheless, understanding of the impact of age on
L2 acquisition has become more nuanced over time. Both adults and children can become

highly proficient L2 users, but when compared to older L2 learners, very young L2 learners
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living where the L2 is the majority language of a community (henceforth community-L2
learners) are much more likely to attain L2 abilities that more closely parallel L1 speakers
of the target L2 (DeKeyser, 2012; Marinova-Todd, Marshall, & Snow, 2000). In order to
capitalize on the apparent ability of children to learn an L2 through authentic language use,
and in response to the perceived limitations of traditional approaches to L2 instruction,
early immersion programs in Canada and the US were founded on the assumption that
children could rely on L2 input and their natural incidental language learning mechanisms
to develop L1-like proficiency in an L2 (Fortune, Tedick, & Walker, 2008; Genesee, 1984).
Essentially, it was hoped that the success of community-L2 learners could be reproduced
within immersion classrooms. Despite these expectations, research has consistently shown
that children in immersion contexts have predictable differences in their L2 abilities when
compared to L1 speakers of the target language. Immersion learners still achieve high
levels of L2 communicative proficiency. However, why these learners continue to
demonstrate non-target L2 abilities (i.e., they continue to make errors, have smaller
vocabularies) even after many years of L2 exposure is an important topic for basic L2
research, as well as immersion pedagogy, yet has remained under researched.

The overarching purpose of this dissertation is to examine how L2 abilities are
impacted by learning in an immersion context. Though the common wisdom is that
children are inherently and uniformly gifted at language learning, the evolving
understanding of L2 acquisition in children indicates that building L2 proficiency is not the
effortless, rapid process that it is sometimes believed to be (Paradis, 2019). Research over
the last decade in community-L2 contexts increasingly shows that differences in either

cognitive ability or L2 experiences can influence the L2 development of individual learners
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(Chondrogianni, 2018; Paradis, 2011). Learning an L2 either within an immersion context,
where the language is not widely spoken in the community, or in a community-L2 context
is certain to impact the type and frequency of experiences that learners have with the L2.
Though these differences are expected to impact L2 abilities, it is currently unclear the
extent to which immersion learners’ non-target L2 abilities are unique to immersion
contexts or are shared by other early high-proficiency L2 learners. Where other potential
impacting factors are held constant, differences in L2 abilities between groups should be
considered evidence of the impact of L2 context. However, due to the lack of direct
comparisons between immersion learners and their community-L2 peers, there is little
previously collected empirical data to address this issue.

In examining the impact of learning context, the present dissertation aims to address
three gaps where there is a lack of research in immersion. The first gap is that little is
known about how immersion learners compare to other young high-proficiency L2
learners. Within the following studies, the L2-English immersion participants are
compared to both L1-English speakers and community-L2 learners of English. While both
comparison groups have value, community-L2 learners are also bilinguals and as such, are
similar to the immersion learners in having the influence of co-existing and interacting
languages (Grosjean, 2008). Thus, for the goal of understanding how the immersion context
impacts L2 acquisition, community-L2 learners are a particularly valuable comparison
group.

The second gap in immersion research is that little is known about how L1-
Mandarin speakers acquire L2 English in immersion. Most research for immersion contexts

has examined the language pairings of L1 English and L2 French, or L1 English and L2
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Spanish (Genesee and Lindholm-Leary 2013). Despite the interest that both adult and
community-L2 English learners who speak Mandarin as their L1 have received, little
research has examined this pairing of typologically distinct languages in immersion (Xiong
& Feng, 2018).

The third addressed gap is the lack of immersion research on L2 receptive abilities.
Studies often conclude that immersion learners are less target-like in their L2 production
than for their receptive abilities (e.g., Genesee, 1987; Knell, Siegel, & Lin, 2007; Lindholm-
Leary, 2011; Swain & Lapkin, 1982; Turnbull, Lapkin, & Hart, 2001). However, the
receptive abilities of immersion learners have typically been assessed using holistic
language assessments of general listening or reading comprehension (e.g., Genesee, 1981;
Swain & Lapkin, 1982; Turnbull, Lapkin, Hart, & Swain, 1998). In tasks that measure
holistic comprehension (e.g., a multiple-choice reading comprehension test), participants
can potentially incorporate contextual and semantic information rather than
morphosyntactic information to arrive at the correct interpretation of the L2. In contrast,
L2 production is assessed using elicitation, sentence repetition, or detailed error analysis of
oral interview transcripts (e.g., Bild & Swain, 1989; Day & Shapson, 1987; Harley, Cummins,
Swain, & Allen, 1990; Harley & Hart, 1997; Thomas, Williams, Jones, Davies, & Binks, 2014;
Turnbull, Lapkin, Hart, & Swain, 1998), where errors with specific morphosyntactic L2
constructions are tabulated. The result of this asymmetry of assessment is that less is
known about the receptive morphosyntactic L2 abilities of immersion learners at a more
fine-grained level.

Given these research gaps, this dissertation examines the receptive L2 abilities that

L1-Mandarin immersion learners develop in comparison to both L1-English speakers and
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L1-Mandarin community-L2 learners. In addition to the impact of L2 learning context, this
dissertation also compares how differences between individual learners may result in
individual differences in L2 ability within each L2 learning context. By examining how both
context and differences between learners impact immersion learners' L2 ability, the aim is
to provide a deeper understanding of the factors that impact L2 development in an

immersion context.

1.1. Research on Immersion

Broadly speaking, language immersion is an educational approach in which children are
required to use an L2 in order to learn new content; in other words, children learn some or
all of their mainstream curricular content through their L2 instead of the L2 being its own
subject (L2 is used throughout to denote any additional language begun in the preschool
years or after). Programs that share this feature may also be referred to as bilingual
education, or content and language integrated learning (CLIL, Cenoz, Genesee, & Gorter,
2014). These programs are designed to foster additive bilingualism through use of the L2
as the medium of instruction (Fortune, Christian, & Tedick, 2011; Swain & Johnson, 1997).
Students typically begin an immersion program with similar, limited levels of L2
proficiency (Swain & Johnson, 1997). Immersion programs can have a range of starting
points and are correspondingly termed early for those that start within the preschool to
first grade age range, middle for those who begin in the middle of primary school
(approximately third grade of a K-12 system), and late, generally a seventh-grade start
(Genesee and Lindholm-Leary 2013). For the present dissertation, the focus is early-start

immersion learners.
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Cummins (1991) estimated that by the end of the 1980s, it was likely that more than
a thousand empirical studies on language immersion had been done on Canadian French
immersion alone. This research on Canadian French immersion has played an important
role in the contemporary popularity of this educational approach, as these studies provided
a wealth of compelling evidence that, in addition to fostering strong L2 skills, participation
in these programs did not negatively impact academic achievement or L1 abilities
(Genesee, 1987; Harley, 1986; Swain & Lapkin, 1982; Turnbull, Lapkin, & Hart, 2001).
Parallel findings outside of Canadian French immersion reinforce the value of the
immersion approach for establishing language skills in an L2 while also supporting the L1
abilities and academic achievement (Alanis, 2000; Cazabon, Nicoladis, & Lambert, 1998;
Cheng, Li, Kirby, Qiang, & Wade-Woolley, 2010; Knell, Siegel, & Lin, 2007; Lindholm-Leary,
2011).

Language immersion classrooms are now found worldwide (Fortune, Christian, &
Tedick, 2011), including East Asia where there is a large and increasing demand for early
English-immersion programs (Lin & Johnson, 2016). In Canada, French immersion
emerged from the St. Lambert ‘experiment’ where, in the early 1960s, a parents’ group
pushed for an educational alternative that would more effectively meet the language needs
of an Anglophone minority in a suburb of a French-English bilingual city in the French-
majority province of Quebec (Tucker, 2008). Similar concerns about the effectiveness of
traditional L2 instruction have made immersion an increasingly sought-after option in
Mainland China (Cheng, 2012; Gao & Wang, 2017). For these contexts, research
documenting the academic outcomes of Chinese children in early English immersion

programs concludes that these programs can be similarly effective to Canadian French
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immersion, with learners obtaining strong communicative ability in English, without
negative impacts to L1 skills or academic performance (Cheng, 2012; Cheng, Li, Kirby,
Qiang, & Wade-Woolley, 2010; Knell, Siegel, & Lin, 2007; Qiang & Kang, 2011), though
research on these contexts is still fairly limited (Xiong & Feng, 2018).

While the cited research indicates that L1-Mandarin students can develop L2-
English proficiency without compromising L1 or academic abilities, conclusions about
students’ L2 abilities are based on holistic assessments. The bulk of immersion research
has prioritized assessment of language, literacy, and academic skills in students’ L1 rather
than the L2, with fewer studies specifically on L2 development (Hermanto, Moreno, &
Bialystok, 2012). This research focus is understandable given that few parents would be
likely to opt for an L2 program that left students at a disadvantage for other essential
abilities. Thus, despite the number of studies done on immersion contexts, few offer fine-
grained information about L2 abilities and this is especially true for receptive abilities. In
contrast to either L1-Mandarin adult or community-L2 child learners, the L2-English
abilities that L1-Mandarin immersion learners develop with specific L2 constructions is
essentially unresearched.

A defining characteristic of the immersion context is that the L2 is not one widely
spoken in the community, and thus, out-of-school access to the L2 is a key difference
between immersion learners and community-L2 learners. It is considered characteristic of
immersion that L2 input and experience are largely confined to the classroom (Ballinger,
Lyster, Sterzuk, & Genesee, 2017; Swain & Johnson, 1997) and, previous research has found
that immersion learners rarely use the L2 for peer-to-peer communication (Tarone &

Swain, 1995). Nevertheless, this does not preclude individual students from having
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meaningful L2 exposure outside of the classroom. Thus, it is possible that greater out-of-
school L2 use has an important impact on the L2 ability of individual immersion learners.
Further, increasingly widespread access to the Internet may provide immersion learners
with new and beneficial L2 experiences. As a result, the potential impact of out-of-school L2
exposure should be an important topic for immersion contexts.

Early on, Genesee (1978) noted that immersion research tended to be evaluations of
programs rather than evaluations of individual learners and the L2 abilities that a learner
acquires. Genesee pointed out that, while studies of variations between individual
immersion learners were valuable for extracting a deeper understanding of the process of
L2 learning, there were few studies of this type in the early wave of immersion research.
The importance of identifying factors that mediate immersion learners’ L2 proficiency was
reiterated in the early 1990s (Lapkin, Swain, & Shapson, 1990). Nevertheless,
contemporary research on differences between learners in immersion contexts has largely
been limited to the development of L2 reading skills (e.g., Erdos, Genesee, Savage, & Haigh,
2011; Jared, Cormier, Levy, & Wade-Woolley, 2011; Li, Kirby, Cheng, Wade-Woolley, &
Qiang, 2012). Some research exists for the impact of learners’ cognitive abilities at the early
stages of L2 vocabulary development (e.g., Nicolay & Poncelet, 2013; Woumans, Ameloot,
Keuleers, & Van Assche, 2019). However, much less research exists for sources of

individual differences in vocabulary or morphosyntax abilities at later stages.

1.1.1. Acquisition of L2 Morphosyntax in Immersion Contexts

Though it is commonly believed that children are inherently and uniformly gifted at

learning an additional language, and despite the effectiveness of immersion classrooms, the
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L2 abilities learners develop in these programs are not identical to those of L1 speakers,
particularly for morphosyntactic accuracy (Cummins, 2009; Lyster & Genesee, 2019; Swain
& Lapkin, 1982). Specifically for Canadian French immersion, learners typically have
persistent non-target use of constructions even when they are frequent in the L2 input,
such as grammatical gender, articles, and verbs (Allen, Swain, Harley, & Cummins, 1990). In
early-start programs, these learners begin receiving large amounts of L2 input in the year
they turn five years old and typically amass 6000 hours of L2 exposure by the end of eighth
grade (Turnbull, Lapkin, Hart, & Swain, 1998). These learners quickly outpace peers with
traditional L2 instruction and can perform on par with L1-French peers on tests of holistic
listening comprehension by eighth grade (Swain & Lapkin, 1982). Though L2
communicative ability remains high, non-target morphosyntactic ability typically endures
into the final years of the immersion program (Harley & Hart, 1997; Turnbull, Lapkin, Hart,
& Swain, 1998; Wesche, 1993). Studies outside of French immersion have come to parallel
conclusions about the morphosyntactic ability of immersion learners. Research on
immersion contexts involving languages as varied as Cherokee (Peter, Sly, & Hirata-Edds,
2011), Irish (() Duibhir, 2011), and Spanish (Herschensohn, Stevenson, & Waltmunson,
2005) document challenges learners have with attaining morphosyntactic accuracy.

In accounting for non-target morphosyntactic ability, immersion researchers
propose that acquisition is tied to the specific L2 experience learners have within their
classrooms (e.g., Harley, Cummins, Swain, & Allen, 1990; Lyster, 2008). Though immersion
learners receive large amounts of L2 exposure, it is considered characteristic of this context
that exposure is limited to the classroom (Swain & Johnson, 1997). This means that

learners get a lot of exposure to an academic register of the L2, but very little to informal
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speech that would be used among peers (Tarone & Swain, 1995). This pattern of using the
L2 within the classroom, but the L1 for social interaction outside the classroom has been
found to be characteristic of a wide variety of immersion programs around the world
(Ballinger, Lyster, Sterzuk, & Genesee, 2017).

The limitation in sociolinguistic variation in the input can have implications for the
frequency of morphosyntactic constructions experienced (Lyster, 2007; Peter, Hirata-Edds,
& Montgomery-Anderson, 2008). For example, French immersion learners have been found
to overuse the informal second-person singular form tu in contexts where the formal vous
would be more appropriate, and this has been linked to the infrequency of the
sociolinguistic function of vous in classroom input (Swain & Carroll, 1987). In contrast,
instances of vous as a marker of second-person plural are common in the input and
immersion learners generally use it correctly. Because classroom input is not always
representative of language use in a French majority community, this lack of exposure to a
particular form-function mapping can result in non-target L2 use (Swain & Lapkin, 1990).

Sociolinguistic context can also have implications more directly on morphosyntax
and may explain some of the difficulty that Canadian French immersion learners’
experience with L2 verb forms. Studies examining the distribution of verbs that French
immersion teachers produce for their students from grades three to six have shown input
can be heavily skewed toward present and imperative forms with past, future, and
conditional being much less frequent (Harley, Allen, Cummins, & Swain, 1987; Izquierdo,
2007). It has been proposed that the bias toward present and imperative forms is likely to
impact verb form accuracy. Specifically for conditional forms, such as in response to a

question like Qu’est-ce que tu ferais si tu avais beaucoup d’argent? ‘What would you do if
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you had a lot of money?’ immersion learners in tenth grade only used a correct conditional
verb form in 56% of responses, whereas L1-French tenth grade students produced an
accurate conditional form in 98% of responses, and even the L1-French first graders were
able to use a conditional form in 95% of responses (Harley & Swain, 1984). Swain (1988)
pointed out that it is likely that immersion learners are never exposed to many verbs in less
frequent forms like the conditional even into the later stages of immersion. Thus, she
proposed ‘restricted input’ as a partial explanation for inaccurate verb marking with less
frequent forms.

Naturally, if particular morphosyntactic constructions are rare or non-existent in the
L2 input provided to immersion learners, they are unlikely to be acquired. However, non-
target ability is still observed in the upper grades for Canadian French immersion for the
highly frequent auxiliary verbs ETRE and AVOIR, and gender marking (Harley, 1993). By this
point of their programs, these learners will have experienced thousands of hours of L2
input (Turnbull, Lapkin, Hart, & Swain, 1998), and should not be lacking in accurate
exemplars of these L2 constructions. In explaining these discrepancies, Harley (1993)
suggests that immersion learners misinterpret the L2 input that they hear in terms of
linguistic knowledge that they already possess (i.e, their L1).

As Harley (1993) indicates, a learner’s L1 can have an important influence on L2
development in an immersion context, and in many cases these influences can be traced to
specific properties of the L1. Previous research with L1-Mandarin community-L2 English
learners indicates that grammatical morphology is often acquired more slowly by these
learners, with differences between them and L2 learners with other L1 backgrounds

evident even after many years (e.g., Jia & Fuse, 2007; Paradis, 2011; Paradis, Tulpar, &
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Arppe, 2016). Given the evidence that 1) immersion learners’ acquisition of L2
morphosyntax can be subject to a long developmental trajectory and 2) non-target abilities
can stretch past the early acquisition years for community-L2 learners, it could be
predicted that these L2-English constructions would be particularly vulnerable for
immersion learners. However, the L2 morphosyntactic abilities of L1-Mandarin speakers in

L2-English immersion is currently under researched.

1.1.2. Acquisition of L2 Vocabulary in Immersion Contexts

In addition to non-target morphosyntactic ability, previous research has shown that
immersion learners lag behind monolinguals in their knowledge of L2 vocabulary, though
they establish larger L2 vocabularies than peers in traditional L2 instruction (Harley &
Jean, 1999). Early French immersion students in second and fifth grade (their third or sixth
years of immersion, respectively) have been shown to score more than one standard
deviation below the standardized mean score on a monolingual-normed standardized test
of French receptive vocabulary (Hermanto, Moreno, & Bialystok, 2012). Comparison of
scores across these two cross-sectional time points suggests that learners in this context
were not closing the receptive vocabulary gap between them and monolinguals. As
compared to L1-French speaking peers, sixth grade immersion learners have lower lexical
richness in their L2-French writing, avoiding use of French verbs with meanings
incongruous with English counterparts and making proportionally greater use of high-
frequency verbs (Harley & King, 1989). This latter strategy of resorting to words with more
general meanings where L1 speakers would use a more exact term is observed in

immersion learners’ oral abilities throughout their programs and is likely used to
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compensate for more limited vocabulary knowledge (Harley, 1992). However, this strategy
is not unique to immersion learners as it has also been observed for community-L2
learners in their first few years of L2 exposure (Golberg, Paradis, & Crago, 2008).

For immersion learners, the benefit of more years of immersion on vocabulary
knowledge is evident in the early stages of immersion (Harley & Jean, 1999; Kalia, Lane, &
Wilbourn, 2018; Nicolay & Poncelet, 2013), but, like community-L2 learners, rapid early
vocabulary development appears to eventually slow down (e.g., Soto-Corominas, Paradis,
Rusk, Marinova-Todd, & Zhang, 2020). When compared to early immersion learners, late-
start learners (i.e., those who start in seventh grade, rather than kindergarten) begin to
catch up to early-start peers by tenth grade (Harley & Jean, 1999). However, the impact of
more exposure may depend on the measure of vocabulary used, as findings for eleventh
grade learners showed that early learners were significantly more able to identify words in
the L2 than their late starting peers (Harley & Hart, 1997).

In contrast, research shows that community-L2 learners are steadily catching up
with monolinguals (Farnia & Geva, 2011; Golberg, Paradis, & Crago, 2008) and potentially
meet or exceed the PPVT mean standard score around four to six years of L2 exposure
(Paradis & Jia, 2017; Soto-Corominas et al., 2020). Research with community-L2 learners
also shows that the child’s L1-L2 pairing matters, with more typological similarity between
the languages providing a benefit to L2 receptive vocabulary development (Blom et al.,
2020; Goriot et al., 2018). For L2 vocabulary learning in general, learning a language with a
large number of cognates can facilitate acquisition (De Groot & Keijzer, 2000; Willis &
Ohashi, 2012). This can also benefit the acquisition of grammatical morphology as learners

can analyze unknown morphemes on known words such as learning the bound progressive
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morpheme by comparing the transformation in English of USE to us-ing with Spanish us-
ando (August, Carlo, Dressler, & Snow, 2005). However, in contrast to languages with
greater historical and geographical links, Mandarin and English share very few cognates,
and thus learners with this language pairing are less likely to benefit from this type of
lexical overlap (Sheng, Lam, Cruz, & Fulton, 2016).

The research discussed above for vocabulary acquisition in an immersion context
involves pairings of European languages, and mostly L1 English to L2 French. Thus, it is
unclear how these findings generalize to more typologically distant languages that share
few cognates. Like ability with L2 morphosyntax, little is known about the L2 vocabulary

ability of L1-Mandarin, L2-English immersion learners.

1.2. Non-target Comprehension Vs. Production

For L2 morphosyntax, the exact nature of how immersion learners’ L2 ability may be non-
target remains unclear. Within the literature on language immersion classrooms, the
assertion that students have superior proficiency in receptive language ability (i.e.,
listening or reading comprehension) as compared to productive ability (i.e., speaking or
writing) is often made (e.g.,, Cummins, 1998; Kowal & Swain, 1997; Lyster, 2007). On one
level, this assertion may simply mean that immersion learners are more easily identified as
L2 speakers by their language production rather than their language comprehension, a
conclusion well-supported by evidence. On the other hand, this assertion may reflect a
belief that there is an asymmetry between immersion learners’ receptive and productive
linguistic abilities. While a cursory review of the literature may appear to support an

asymmetry, the findings may also be explained by the methodology used to examine either
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receptive or productive ability. To assess receptive ability, immersion studies typically use
measures such as general listening or text comprehension that assess comprehension on a
holistic level (e.g., Genesee, 1981; Harley & Hart, 1997; Siegel et al., 2010; Swain & Lapkin,
1982; Turnbull, Lapkin, Hart, & Swain, 1998), as opposed to assessing comprehension of a
specific morphosyntactic construction. In contrast to holistic comprehension measures,
production is often evaluated using tasks such as elicitation, sentence repetition, or
detailed error analysis from oral interview transcriptions (e.g., Bild & Swain, 1989; Day &
Shapson, 1987; Harley, Cummins, Swain, & Allen, 1990; Harley & Hart, 1997; Thomas,
Williams, Jones, Davies, & Binks, 2014; Turnbull, Lapkin, Hart, & Swain, 1998). These
production tasks detect non-target use of L2 constructions at a level of granularity that
holistic comprehension tasks generally do not. For example, an L2 learner who fails to
produce the third-person agreement marker when saying *the dog run at the park has
made a detectable error. However, when listening, the learner's failure to interpret the
agreement marker is unlikely to interfere with holistic comprehension of the situation
being described. For educational research, holistic assessment tasks will often be superior
for evaluating comprehension skills relevant for academic success, but these give little
specific information about L2 morphosyntactic ability. Currently, there is little research
that has given immersion learners’ receptive L2 morphosyntactic ability the same scrutiny
as productive ability.

Though holistic methods have predominated in assessment of immersion learners’
receptive L2 abilities, one notable exception is Lew-Williams (2017). This study reported
three separate eye-tracking experiments with L1-English participants in Spanish two-way

immersion. The experiments measured participants’ ability to identify upcoming nouns
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using either Spanish determiners with abstract grammatical gender; grammatical gender
that coincided with the notional gender of the noun (e.g., the Spanish translations of ‘the
man’ or ‘the woman’); or number information. To test receptive ability with these
constructions, the experiments in Lew-Williams (2017) compared conditions where, for
the grammatical-gender experiment, participants viewed side-by-side pictures of objects or
animals that either belonged to the same grammatical gender category (e.g., pelota,
“balljfem)” and galleta, “cookiejtem)”) or different categories (e.g., pelota, “ballfem,)” and
zapato, “shoemasc]”). At the same time, participants listened to simple sentences in which
one of the pictured nouns was presented with its associated determiner, either la or el.
When the gender of the nouns is the same, the determiner provides no information about
which noun will follow. However, when the gender of the nouns is different, the determiner
can serve as a cue to the noun that will follow. If participants interpret grammatical gender,
then eye-tracking should show that they look to the picture named in the stimulus sentence
earlier in the different-gender condition as opposed to the same-gender condition. The
other two experiments worked similarly, contrasting notional gender (e.g., la nifia, “theffem,]
girlifem)” and la sefiora, “the[fem) womanifem)”; or la nifia, “theffem girlifem.)” and el niro,
“the[masc] boy[masc]”), or number-marked determiners (e.g., el carro, “the[sing] carjsing]” and el
zapato, “thesing] shoe[sing],” or el carro and los zapatos, “theppiu] shoespiu”).

Results for both six- and ten-year-old immersion participants were compared to
their respective L1-Spanish classmates. The L2-Spanish participants in fourth or fifth grade,
like L1-Spanish peers, were able to use notional gender and number-marked determiners
to identify referents, and six-year-old L2 participants already demonstrated the ability to

interpret number-marked determiners. However, unlike their L1-Spanish peers, neither L2
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age group could use grammatical gender this way, suggesting that the acquisition of these
immersion learners was similar to late L2 learners, who also often demonstrate a similar
inability to use gender information (Griiter, Lew-Williams, & Fernald, 2012; Hopp, 2013;
Lew-Williams & Fernald, 2010). The results of Lew-Williams (2017) indicate that when
receptive ability with specific L2 constructions is examined closely, L2 ability can also be
non-target. However, the topic of immersion learners’ receptive L2 abilities including

either how they perceive or interpret L2 input remains under researched.

1.3. Comparison of Grammatical Morphology in Mandarin and English

Even for early L2 learners in community-L2 contexts, L1 can have an impact on acquisition
of morphosyntax (Blom, Paradis, & Sorenson Duncan, 2012; McDonald, 2000; Paradis,
2011), and L1-L2 differences are implicated for immersion learners as well (Harley, 1993;
Lew-Williams, 2017). Differences in morphosyntax between L1 and L2 are particularly
relevant to the present dissertation because the two languages involved, Mandarin as an L1
and English as an L2, are typologically distinct. Differences in grammatical morphemes are
particularly salient, and currently, there are numerous studies in the L2 acquisition
literature focusing on how L1-Mandarin/Chinese speakers acquire L2-English form-
function mappings (i.e., constructions) that are absent in the L1 (e.g., Jia & Fuse, 2007; Jiang,
2007; Luk & Shirai, 2009; Paradis, Tulpar, & Arppe, 2016; Trenkic, Mirkovi¢, & Altmann,
2014).

One key difference is that Mandarin, an isolating language (Li & Thompson, 1989),
lacks bound inflectional morphemes. Whether a community-L2 learner’s L1 is isolating or

inflecting has been shown to affect the rate at which the child develops particular
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morphosyntactic constructions, with speakers of inflecting L1s acquiring L2 inflectional
morphemes more rapidly than those whose L1 is an isolating language (Blom & Paradis,
2013; Blom, Paradis, & Sorenson Duncan, 2012; Paradis, 2011). Specifically for English
verbal morphology, non-target L2 ability can endure beyond the first few years of L2
acquisition for L1 speakers of isolating languages. In a longitudinal study, Paradis, Tulpar,
and Arppe (2016) tested the L2-English ability of L1-Chinese participants. Elicited
production was used to test BE, DO, third-person singular, and past tense (both regular and
irregular); and grammaticality judgments were used for subject-verb agreement and
dropped ‘-ing’ marking. At the outset of the study, the participants already had more than
four years of L2-English exposure and were tested every year for three years from 8;5 to
10;5 years of age. Despite having an early age of beginning L2 exposure and more than six
years of English exposure by the final round of data collection, 11 of the 18 participant
children had not reached a criterion score set for six-year-old L1-English speakers. Further,
the authors concluded that development appeared to be plateauing. These findings are also
supported by Jia and Fuse (2007) who tracked 10 L1-Mandarin participants who ranged in
age of first English exposure from five to 16 years of age. These participants’ production of
English inflectional morphology was measured at multiple points over five years of English
exposure. Both Paradis, Tulpar, and Arppe (2016) and Jia and Fuse (2007) found that
participants were accurate with ‘-ing” marking but were less accurate with past tense and
subject-verb agreement morphemes.

The impact of L1 on community-L2 learners can also last until adulthood. In a study
of adults who began L2 English as children, McDonald (2000) found that L1 predicted

whether community L2 learners ultimately had L2-English ability that was comparable to
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L1-English speakers. In this study, a range of English morphosyntactic constructions were
examined using a grammaticality judgment task. Early L1-Spanish speakers matched the
accuracy of the L1-English group for all English constructions. However, for the L1-
Vietnamese group, accuracy was lower than the L1-English group for past tense, third
person, plural, and articles. All of these grammatical morphemes were expected to be
difficult for Vietnamese speakers given that Vietnamese, like Mandarin, is an isolating
language, that also lacks articles.

For English articles, it is unclear whether results similar to McDonald (2000) would
be found for other L1-speaking community-L2 groups. The impact of L1 on community-L2
learners’ acquisition of L2-English articles has been found to be limited during the early
stages of development (Zdorenko & Paradis, 2008) and six- to eight-year-old L1-Chinese
speakers in New York public schools have been found to be close to 90% accurate with
articles on an elicitation task (Dulay & Burt, 1974).

In contrast to articles, but similar to verbal morphology discussed above, plural-
singular marking has been identified as a potentially problematic L2-English construction
for L1-Chinese speakers in both adult/late L2 acquisition (Jiang, 2007; Luk & Shirai, 2009),
as well as, early community-L2 acquisition (Jia, 2003; Xu Rattanasone, Davies, Schembri,
Andronos, & Demuth, 2016). In L1 acquisition of English, plural marking is one of the
earliest acquired grammatical morphemes (Brown, 1973; de Villiers & de Villiers, 1973),
and the earliest acquired among grammatical morphemes identified above as potentially
subject to L1 influence (i.e., markers for subject-verb agreement, past tense, plural, and
articles). Because plural-singular marking is early acquired in L1 acquisition, but

potentially delayed in L2 acquisition for speakers of languages without a transferable L1
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construction, L2 ability with plural-singular marking was a key focus of the present
dissertation.

English and Mandarin differ in both how and when nouns are marked for number,
and therefore, like many other grammatical morphemes in English, plural-singular marking
is not a construction that can be transferred from Mandarin (Cheng & Sybesma, 1999; Li &
Thompson, 1989; Li, 1999). As a result, immersion learners need to learn it through their
L2 exposure. Nouns can be quantified in both languages, but a key difference is that
marking number is non-optional for English count nouns (Corbett, 2000). In contrast,
nouns unmarked for number are very common in typical Mandarin usage (Cheng &
Sybesma, 1999; Li & Thompson, 1989; Li, 1999), and thus, can be considered to have
general number (Corbett, 2000; Rullmann & You, 2006) meaning that, unlike English, they
can be expressed without reference to number and are thus ambiguous in this regard when
used outside of a discourse context. The lack of obligatory number marking in Mandarin
can be seen in the two potential glosses of Example 1.1.

1.1, wm A EB
gou you weéiba
dog have tail
‘The dogs have tails’ or ‘The dog has a tail’

While Mandarin has a morpheme ‘-men’ that can follow pronouns and some common
nouns referring to humans (Li, 1999), it lacks the extensive productivity of the bound ‘-s’ in
English. Productive ways of making explicit reference to a single item or multiple items are
classifier constructions taking the form NUMERAL + CLASSIFIER + NOUN with the noun taking no
bound morphology, meaning the head noun is the same whether the numeral is one, two or

twenty. Demonstratives can also be combined with classifiers to form words equivalent to
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this and these in English. In addition, Mandarin has a small number of nouns that can
appear directly after a numeral without a classifier (e.g.,, —X [y1 tian], ‘one day’). A

classifier construction for a count noun is given in Example 1.2. (CL denotes a classifier.)

1.2. =€ B
sanzhi gou
three-cL  dog
‘Three dogs’

Again, however, while a classifier construction can disambiguate the number of items to
which reference is made, it is not required for a noun to be interpreted as denoting either
one or many. As a result of this crosslinguistic difference, Mandarin-speaking L2-English
learners have to learn to consistently mark this contrast in production and monitor for it in
comprehension.

In comparison to other grammatical morphemes, there are reasons that suggest
plural-singular marking should not be overly difficult to acquire. First, in L1 acquisition of
English, plural ‘-s’ is one of the earliest grammatical morphemes produced consistently by
children learning English as an L1 (Brown, 1973; de Villiers & de Villiers, 1973), and
generally approaches adult-like mastery around seven years of age (Berko, 1958; Graves &
Koziol, 1971). Second, plural-singular marking is semantically transparent, as the singular
and plural forms denote what should be a salient observable difference in number. In
contrast, grammatical gender’s lack of a semantically transparent function has been argued
to be a potential obstacle to acquisition in immersion (Harley, 1993; Lew-Williams, 2017).
[f semantic transparency makes a difference, then plural-singular marking should be
comparatively easier to acquire. Third, plural-singular marking in English is highly

frequent as its use is non-optional on count nouns. It cannot always be assumed that even
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adult L1 speakers will attain completely consistent comprehension for all L1
morphosyntactic constructions (Dabrowska, 2018). However, for plural-singular marking,
research indicates that attaining a target threshold of accurate use is not unrealistic for L2
speaking children.

Despite reasons to expect immersion learners should be able to acquire English
plural-singular marking, the construction has been proposed as a potentially problematic
one for Mandarin speakers, and speakers of other classifier languages (Jiang, 2007; Luk &
Shirai, 2009). Further, evidence indicates that in the early stage of L2 English acquisition,
preschool-aged community-L2 learners whose L1 is Chinese lag behind speakers of other
L1s and English monolingual children for comprehension of plural-singular marking (Xu
Rattanasone, Davies, Schembri, Andronos, & Demuth, 2016). In addition, longitudinal
research shows L1-Mandarin children and adolescents can still produce English plural-
singular marking variably even after five years of exposure (Jia, 2003). This typological
difference with English is shared by both Korean (Kwon & Zribi-Hertz, 2004) and Japanese
(Nakanishi & Tomioka, 2004), which also use classifiers when marking number optionally
on nouns. For children with these L1s who are learning English in community-L2 contexts,
production of plural ‘-s’ appears to come later in L2 English than in L1 English relative to
other grammatical morphemes (Hakuta, 1976; Shin & Milroy, 1999). Given that acquisition
of morphosyntax in general is regarded as a weakness for immersion learners (Harley,
Cummins, Swain, & Allen, 1990) and evidence that this construction may be impacted by
L1-L2 differences, it is unclear whether the immersion participants will show target-like

comprehension of English plural-singular marking.
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1.4. Individual Differences in Language Ability

A fundamental premise of this dissertation is that the specific L2 experiences immersion
learners have within their learning context impact their L2 acquisition. Previous research
has drawn a connection between immersion learners’ L2 ability, and both the language
experiences they have in school and their lack of experiences outside of school (e.g.,
Cummins, 2009; Lyster, 2008; Swain & Carroll, 1987; Tarone & Swain, 1995). However,
because little is known about how the L2 abilities of these learners compare to other high-
proficiency L2 learners, it is unclear the degree to which non-target L2 ability is the result
of experiential factors associated with the immersion context, or to L2 acquisition or
bilingualism more generally. Further, research in community-L2 contexts increasingly
shows that differences in L2 input or experience between learners can result in differences
between the L2 abilities of individual L2 learners (e.g., Chondrogianni & Marinis, 2011;
Paradis, 2011; Paradis, Rusk, Sorenson Duncan, & Govindarajan, 2017). However, there is
little research that addresses this in immersion contexts. Thus, it is difficult to draw
conclusions about how the immersion context impacts L2 ability, or the factors that result
in individual L2-ability differences between immersion learners.

A clearer understanding of how the language experience of immersion learners
impacts L2 ability is relevant to contemporary research on language acquisition. For
decades, generative approaches to language acquisition have been dominant. These
approaches originate from the theoretical work of Noam Chomsky who writes, “Grammar. ..
[is] acquired by virtually everyone, effortlessly, rapidly, in a uniform manner” (Chomsky,
1976, p. 144). However, in contrast to the rapid and universal development of linguistic

ability proposed by generative approaches, accumulating evidence shows that the process
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is not as rapid, uniform, or effortless in either an L1 or L2 as previously believed. Individual
differences in rate of L1 development can result from variations in cognitive ability (Kidd &
Donnelly, 2020) or differences in language input and experience (Huttenlocher, Waterfall,
Vasilyeva, Vevea, & Hedges, 2010; Walker et al., 2020). In adulthood, an individual’s ability
with L1 morphosyntactic constructions can vary based on both cognitive and language
input and experience variables (Dabrowska, 2018). For children exposed to multiple
languages, the situation is further complicated because language experience is divided
between multiple languages within often vastly different learning contexts. In community-
L2 contexts, L2 input factors like the proficiency of interlocutors or the balance of input
between the languages impact development (Hoff, 2020; Paradis & Jia, 2017). Despite the
expectation that the ultimate attainment of community-L2 learners will closely parallel the
linguistic abilities of L1 speakers, research shows that even the attainment of these early
learners can depend on language learning aptitude (Abrahamsson & Hyltenstam, 2009);
the learner’s L1 (McDonald, 2000); and/or type of L2 experience (Flege, Yeni-Komshian, &
Liu, 1999). The emerging picture is that, in either L1 or L2, individual language
development and outcomes are sensitive to a multitude of factors.

Research on early community-L2 learners has sought to identify influential factors in
order to better understand the processes and mechanisms underlying L2 acquisition
(Chondrogianni, 2018; Paradis, 2011). This research often groups impacting factors as
either learner-internal or learner-external (e.g., Chondrogianni & Marinis, 2011; Paradis,
2011; Paradis, Rusk, Sorenson Duncan, & Govindarajan, 2017; Sorenson Duncan & Paradis,
2020). Internal factors include cognitive abilities like memory or analytical skills or

accumulated/entrenched L1 knowledge. External factors are ones that influence the quality
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and quantity of an individual’s L2 input and experiences and can include such things as the
frequency of L2 use at home among parents or siblings, language use with peers, or access
to media in the L2. The extent to which these external factors contribute to a richer L2
environment should be expected to correlate strongly with an individual’s L2 learning
context.

To date, there have been very few studies in immersion contexts that have examined
the impacts of learner factors and how these can result in individual differences in L2
abilities. In addition, existing studies have generally focused on learner-internal rather than
learner-external differences. For vocabulary, higher rates of vocabulary acquisition have
been shown for those with higher verbal memory scores and better cognitive flexibility
(Nicolay & Poncelet, 2013), as well as better inhibitory control (Woumans, Ameloot,
Keuleers, & Van Assche, 2019). For immersion learners with many more years of exposure,
language aptitude abilities reflecting better memory for text predict L2 vocabulary
recognition (Harley & Hart, 1997). Factors that impact immersion learners’ general L2
proficiency and/or comprehension include learner-internal factors like nonverbal
reasoning (Genesee & Hamayan, 1980), intelligence (Genesee, 1976), receptive vocabulary
(Vandergrift & Baker, 2015; Vandergrift & Baker, 2018), and phonological awareness (Li,
Cheng, & Kirby, 2012). Similarly, listening comprehension has been shown to benefit from
measures of language aptitude reflecting better memory ability and language analytic skills
(Harley & Hart, 1997). In addition, the learner-external factor of greater L2 use with
acquaintances/peers can impact general L2 proficiency (Hamayan, Genesee, & Tucker,

1977).
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1.5. The Importance of Research on Immersion Contexts

In contrast to what is typical for research on immersion, the immediate motivation for this
dissertation is not to improve immersion pedagogy, but rather to contribute to a better
understanding of the process of L2 acquisition in immersion and other L2 learning contexts
in general. Research in immersion has made multiple compelling contributions to the field
of L2 research (see Swain, 2000 for a review), yet has largely been under appreciated as a
setting for general L2 research. One of these key contributions has been demonstrating that
L2 input alone is insufficient for development of completely target-like L2 ability
particularly for morphosyntactic accuracy in language production (Lyster & Tedick, 2014;
Swain & Lapkin, 1995). While research in immersion contexts supports the importance of
L2 input, it has also established that years of daily authentic (albeit sociolinguistically
limited) input does not result in a replication of L1-like ability with an L2 (Harley & Hart,
1997; Kowal & Swain, 1997; Turnbull, Lapkin, Hart, & Swain, 1998; Wesche, 1993). Thus,
immersion served as a counter argument to proposals, popular throughout the 1980s, that
claimed only authentic/comprehensible input was necessary for L2 acquisition (e.g.,
Krashen, 1985).

Though research for a single L2 context cannot be immediately generalized beyond
that context, there are several reasons that immersion learners are particularly valuable to
understanding how L2 proficiency develops. Immersion contexts create high proficiency L2
speakers within a more controlled environment than that of other L2 learners (Swain,
2000). Learners within a single immersion program generally have the same starting age,
cumulative L2 exposure, current L2 exposure, L1-L2 pairing, and are not typically self-

selected, meaning that the decision to undertake L2 study is not their own. Much more is
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known about the L2 exposure background of immersion learners than for other groups of
high proficiency L2 learners, such as community-L2 learners who have extensive and
diverse exposure outside their classrooms as they learn the majority language of their
community (Paradis & Jia, 2017). This is especially true in comparison to L2 participants
recruited from undergraduate participant pools where details about prior L2 exposure
beyond age of beginning are often undocumented, obscuring potentially important
differences reflecting the diversity of life/learning experiences these L2 learners have with
the L2. It is important that these sources of variation are known, and it is in these
immersion contexts where variables of language experience are most easily documented
and potentially manipulated. Essentially, immersion contexts are likely as close to
‘laboratory’ conditions as L2 research can ethically come. Though a better understanding of
L2 development in immersion contexts has a clear value to L2 pedagogy, the potential of
these contexts for investigating more general L2 research topics has been under

appreciated.

1.6. Theoretical Framework

The purpose of this dissertation is to examine the L2 abilities of immersion learners and
factors that these abilities. In order to investigate this topic, empirical evidence is gathered
from an under researched immersion context. As valuable as this type of evidence can
potentially be, its value is diminished if it cannot be cohesively integrated within a
theoretical framework. At some level, all theories must link L2 experience with L2 ability.
However, this connection is vital to usage-based theories where L2 acquisition is thought to

be driven by input and experience (Wulff & Ellis, 2018). From a usage-based approach,
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language ability is the cognitive organization of the individuals’ concrete experiences with
language from which learners inductively learn abstract linguistic knowledge (Bybee,

2006; Lieven, 2016). This emphasis on learning from actual language use means that what
is acquired is ultimately a reflection of the social-interactional contexts in which the learner
has been exposed to the language (Beckner et al., 2009; Wulff & Ellis, 2018). In the
concluding chapter of this dissertation, research in the usage-based paradigm is discussed
both in terms of how the findings of the present dissertation are consistent with these
approaches, and how these approaches contribute to a better understanding of L2
acquisition in the immersion context. Specifically, elements of usage-based approaches are
used to explain why differences in L2 ability emerge and why they potentially persist in

immersion.

1.7. General Introduction to the Immersion Participants

The central participants of these studies were 37 adolescent Taiwanese middle-school
participants recruited from a single private high school in northern Taiwan, and studying in
grade seven, eight, or nine (mean age = 13 years, 9 months, SD = 9 months). These
participants spoke Mandarin as their L1, though a few also spoke an additional language, as
well. The most common of these was Taiwanese, the local dialect of Min Nan Chinese. These
participants had been learning in an immersion context taught by a foreign teacher from an
English-speaking country (e.g., the UK, US, Canada, etc.) since preschool (mean age of
beginning English immersion = 4;9, SD = 28 months). After preschool, they attended a
bilingual elementary school where half their content instruction was in Mandarin from a

local teacher, and half in English. From the beginning of grade seven their entire school day
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was in English. On average, they had attended an immersion program for eight years and
two months (SD = 27 months). Because even L1-Mandarin/Chinese community-L2 learners
have been shown to have non-target L2 ability with L2-English grammatical morphemes
beyond five or six years of L2 exposure (Jia & Fuse, 2007; Paradis, Tulpar, & Arppe, 2016),
adolescent learners were chosen to ensure that the immersion learners had a reasonable
amount of time for L2 development.

Some collected data for individual participants were excluded entirely from analysis
for reasons including exposure to English from birth, fewer than five years of immersion
exposure (usually transfer-in from an instructed-L2 program), or, in one case, being an
outlier for having very low receptive vocabulary. In addition to the immersion learners, the
study reported in Chapter Two includes two age-matched comparison groups, one of L1-
English speakers and the other, community-L2 learners. The study in Chapter Three
compares the immersion learners to just the L1 speakers and in Chapter Four, the
immersion learners are compared with just the community-L2 participants. Details for

these comparison groups are given in the respective chapters.

1.8. Research Questions and Individual Studies

As stated, the purpose of this dissertation is to examine the L2 abilities of immersion
learners and factors that these abilities. This topic is addressed in the studies presented in
the following three chapters that collectively investigate the following three overarching
research questions.

1. How do the receptive L2 abilities of L1-Mandarin adolescent immersion learners

compare to the English abilities of L1-Mandarin community-L2 learners and/or L1-
English speakers?
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2. Across the two L2 learning contexts, how do out-of-school L2 input and experience
differ between the immersion and community-L2 contexts, and how are these between-
context differences associated with differences in L2 ability?

3. Within the immersion context, how do differences between individual immersion
learners in their out-of-school L2 input and experiences impact individual differences in
L2 ability?
1.8.1. Study One
The main goal of the study presented in Chapter Two was to compare the morphosyntactic
ability of immersion learners with community-L2 learners. Existing research supports the
expectation that L2 exposure in immersion classrooms results in morphosyntactic abilities
that are less target-like than those of community-L2 speakers. However, morphosyntactic
ability can vary in either context, and little is known about how these groups compare
directly, or how the impact of individual learner factors on L2 morphosyntactic acquisition
compares across contexts. To address these gaps, the study presented in Chapter Two
compared the ability of early learners of L2 English across these learning contexts. Three
groups of adolescent English speakers were compared. These groups were 1) L2 learners
who had acquired English as a foreign language in immersion classrooms; 2) L2 learners
who had acquired English in community-L2 contexts; and 3) L1-English monolinguals as a
control group. Both L2 groups were L1 speakers of Mandarin. Morphosyntactic ability was
examined using a grammaticality judgment task examining English grammatical
morphemes, which have been shown to be challenging for speakers of isolating L1s (Blom,
Paradis, & Sorenson Duncan, 2012; McDonald, 2000). In addition, this study examined the
potential impact of learner factors. The study also examined these grammatical morphemes

within syntactic constructions that were expected to differ in relative difficulty.
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This study included two research questions. The first research question examined
whether there are differences between each participant group on the experimental task,
and whether groups were similarly or differently impacted by stimuli at varying levels of
difficulty. Based on prior literature, it was expected that all groups would demonstrate
receptive ability indicated as accurate responses on the grammaticality judgment task, but
that the control group would be the most accurate, the community-L2 group the next most
accurate, and the immersion participants the least accurate. All groups were expected to be
more accurate on the easier stimulus items. The second research question examined the
impact of both learner-internal and learner-external factors on task accuracy for the two L2
groups. It was expected that learner factors would predict differences within each group.
However, it was not assumed that these would be the same for each L2 group, or for both

levels of relative construction difficulty.

1.8.2. Study Two

The main goal of the study presented in Chapter Three was to investigate comprehension
of English plural-singular marking by a group of L2-English immersion learners whose L1
is Mandarin. The study compared adolescent immersion learners with age-matched
participants who spoke English as their L1. This study employed a visual-world eye-
tracking task measuring online comprehension combined with a picture decision task
reflecting accuracy of sentence interpretation.

The data from this task were used to examine two research questions. The first
research question examined whether the adolescent immersion learners were similar to

the age-matched L1-English group in offline interpretations of the stimuli as measured by
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picture-decision task responses. The expectation based on prior research was that the
immersion group’s responses would be less accurate than those of the L1-English group.
The second research question examined online comprehension of plural-singular marking
as measured by eye-tracking. Eye-tracking allowed for the proportion of looks to target
images to be compared across groups. Like the first research question, it was expected that
immersion learners would show less sensitivity to plural-singular marking as

demonstrated by fewer and later looks to target images.

1.8.3. Study Three

Chapter Four reports on a study that examined how the out-of-school L2 learning
environments of the adolescent immersion learners differ from those of a group of
community-L2 learners, and how this impacts L2 receptive vocabulary ability. It has long
been considered typical of immersion contexts that learners’ L2 exposure is limited to the
classroom (Swain & Johnson, 1997). However, it is unclear how this applies to immersion
learners in Taiwan or whether widespread access to the Internet provides immersion
learners with new and beneficial L2 experiences. In addition, little research has probed
how out-of-school L2 experience potentially impacts immersion learners’ L2 abilities.
This study had three research aims. The first was to examine how L2 experiences
outside of school compare for adolescent L2 learners in either a community-L2 context or
an immersion context. The second aim was to see if the L2 receptive vocabulary ability of
participants differed across the two contexts. The third aim was to connect the L2
experiences of learners within each context to L2 receptive vocabulary ability. This was

done by modelling learner-external factors related to learners’ L2 learning environments
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as potential predictors of individual differences in L2 receptive vocabulary. Data collected
learner-external sources of out-of-school L2 experiences were grouped depending on
whether they could be categorized as opportunities for additional L2 input, or whether
they were more balanced in opportunities for both L2 input and L2 output (i.e, reflected
interactional L2 use). This distinction was motivated given that immersion learners’ in-
school L2 experience has been shown to be predominantly L2 input with few opportunities
to produce L2 output (Allen, Swain, Harley, & Cummins, 1990; Swain, 1988). Given that the
immersion learners are foreign language learners, the groups were expected to be different
in that the immersion learners would have fewer opportunities for either L2 input or
interactional use, and that these diminished opportunities would also be associated with
lower receptive vocabulary scores. However, it was also expected that greater out-of-
school L2 exposure would predict higher vocabulary scores for participants within either

group.
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2 Comparing the L2 morphosyntactic ability of L1-Mandarin,
early L2 English speakers from immersion programs in
Taiwan and mainstream English schools in Canada: Does
learning context make a difference in outcomes?

2.1. Introduction

The present study examines potential differences in second language (L.2) morphosyntactic
ability between two highly proficient, but distinct groups of adolescent L2 learners. It is
commonly observed that learners who begin an L2 in early childhood eventually
demonstrate target language linguistic ability comparable to individuals who have spoken
the language continuously from birth (i.e., L1 speakers, DeKeyser, 2012). Nevertheless, the
appearance of L1-like proficiency is not characteristic of all child L2 learners, but rather
appears mainly limited to minority-L1 children living where the L2 is the majority language
of both the community and mainstream schooling. In contrast to these community-L2
learners, this degree of target language convergence is generally not observed for L2
learners in foreign-language immersion classrooms. Immersion learners typically receive
thousands of hours of L2 input spanning many years as they use the L2 to learn non-
language content such as math or science (Turnbull, Lapkin, Hart, & Swain, 1998). In
contrast to community-L2 learners, some non-target ability with L2 morphosyntax is

considered characteristic of immersion learners (Kowal & Swain, 1997; Lyster, 2007),
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despite their early start and the amount of L2 input they receive. However, little is known
about how the morphosyntactic abilities of immersion and community-L2 learners
compare directly. In addition, little is known about sources of potential individual
differences in immersion learners’ morphosyntactic ability and how these compare to the
better-documented sources of individual differences in community-L2 learners.
Accordingly, the present study compared the morphosyntactic ability of three
adolescent participant groups. Groups included two L1-Mandarin L2-English groups and a
group of L1-English monolinguals. Participants of both L2 groups began English exposure
in preschool but differed by whether their English exposure was in a foreign-language
immersion context or in a community-L2 context. Morphosyntactic ability was gauged
using a grammaticality judgment task. In order to better understand factors that predict
individual differences in morphosyntactic ability in each L2 context, the impact of learner-

external and learner-internal factors was also investigated.

2.1.1. Learning Context and Child L2 Morphosyntactic Acquisition

For children and adolescents learning in either the immersion or community-L2 context,
opportunities to use the L2 should be expected to differ according to context. It is also
expected that such differences, e.g., frequency of language use, or how and with whom a
language is used, can impact what individuals know of their languages (see Grosjean,
2016). Thus, if the L2 morphosyntactic ability that learners develop differs between
immersion and community-L2 contexts, then the explanation should lie in disparities in L2
experience between the contexts. As such, L2 learning context is essentially a macro-

variable that impacts a range of learner-external factors that, in turn, impact L2 ability.
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However, as cross-context comparisons are under researched, it is unclear which of the
elements that comprise an L2 learning context impact L2 morphosyntactic ability.

Despite broad agreement that children are more likely than adults to ultimately
mirror the target language ability of L1 speakers (DeKeyser, 2012; Mufioz & Singleton,
2011), it is also recognized that this only generalizes to children with ‘naturalistic’ L2 input
(Mufioz, 2014). The assumed benefits of an early start and naturalistic input were key to
the theoretical motivation behind early immersion programs in Canada and the US
(Fortune, Tedick, & Walker, 2008; Genesee, 1984). When these programs were begun, the
expectation was that children in immersion could rely on their natural incidental language
learning mechanisms to develop L1-like proficiency in an L2 as they learned content
through authentic communicative language use. Thus, L2 outcomes for immersion were
expected to be similar to outcomes for community-L2 exposure with learners in both
contexts achieving target language ability that parallels L1 speakers. Subsequent research
has shown that this assumption was not borne out, as, despite strong communicative
proficiency, uniformly L1-like L2 abilities do not result from the immersion context
regardless of learners’ length of immersion exposure or starting age (Genesee & Lindholm-
Leary, 2013). In Canadian French immersion where children begin at five years old in a
kindergarten to grade 12 system, there are significant gaps in the grammatical accuracy of
learners’ L2 production with non-target L2 use remaining evident into sixth grade (the
seventh year of immersion; Cummins, 2009). Similar gaps can be found in immersion
programs with languages such as Irish (0 Duibhir, 2011) or Spanish (Montrul & Potowski,

2007).

36



MORPHOSYNTAX ACROSS EARLY L2 CONTEXTS CHAPTER 2

Though the L2 morphosyntactic ability of immersion learners can be noticeably non-
target (Kowal & Swain, 1997; Lyster, 2007), studies of community-L2 learners in adulthood
have also shown that detectable but subtle differences between L1 speakers and early L2
speakers can last into adulthood (Flege, Yeni-Komshian, & Liu, 1999; McDonald, 2000).
However, when not scrutinized by experimental tasks, differences in morphosyntactic
ability for community-L2 learners do not seem to be as apparent as those for immersion
learners, though there is little research to indicate how these groups compare. Where
differences exist, these should result from the L2 experience learners have within each
context. However, precisely how these differences in L2 experiences impact L2

morphosyntactic ability remains unclear.

2.1.2. Predictors of Individual Differences in Child L2 Morphosyntactic Ability

Based on the research discussed in the previous section, it could be expected that, when
compared at the group level, the L2 morphosyntactic ability of immersion learners would
differ from that of community-L2 learners. While differences according to L2 learning
context may be expected, learning context as a macro-variable would not explain them
fully, as context only indexes a range of more proximal micro-variables that impact L2
development, such as opportunities to use the L2 outside school, or the degree to which
learners need to rely on cognitive abilities for L2 learning. For example, it may be expected
that community-L2 learners use the L2 more often at home as they are more likely to have
family members who are also proficient in the majority language of the community in
which they all live. However, it cannot be assumed that all community-L2 learners use the

L2 more at home more than all immersion learners who may also have parents and siblings

37



CHAPTER 2 MORPHOSYNTAX ACROSS EARLY L2 CONTEXTS

proficient in the L2. As a result, the differences in L2 exposure between contexts may not
always be categorical. Therefore, it is important to also consider context from a more
granular perspective by examining the individual experiences or properties of learners
within their respective contexts. By examining these factors across and within contexts, we
can understand both which factors impact child-L2 development and how these factors are
characteristic of each L2 context.

2.1.2.1. Learner-External Predictors of Morphosyntactic Ability across Child L2
Contexts

Learning context has a transparent connection to the learner-external factors of L2
experience that individual L2 learners have. One of the most salient differences between
contexts can be in the quantity of L2 exposure that learners receive, and as noted, there are
likely to be differences in this regard between community-L2 learners and immersion
learners. In the early stages of L2 acquisition, a greater length of L2 exposure is
consistently found to result in better L2 proficiency in community-L2 contexts (Blom,
Paradis, & Sorenson Duncan, 2012; Chondrogianni & Marinis, 2011; Paradis, Rusk,
Sorenson Duncan, & Govindarajan, 2017) and in immersion ones (Kalia, Lane, & Wilbourn,
2018; Nicolay & Poncelet, 2013; Swain & Lapkin, 1982). This additional input is likely an
important factor in the much greater L2 communicative proficiency that immersion
learners achieve when compared to peers in traditional L2 classrooms where the L2 is the
topic of instruction (Genesee & Lindholm-Leary, 2013; Swain & Lapkin, 1982). While
instructed-L2 learners may only have a few hours of L2 contact a week, in immersion
programs, the L2 is used for content instruction for anywhere between half to all of the

instructional time which can result in children amassing approximately 6,000 hours of
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classroom L2 exposure by the end of eighth grade (Turnbull et al., 1998). Nevertheless,
learners within either the immersion or community-L2 context should be expected to differ
in their cumulative L2 exposure, defined as the proportion of waking hours that an
individual is exposed to the L2 (Unsworth, 2013). In comparison to monolinguals,
Scheidnes (2020) estimated that learners in Canadian French immersion receive
approximately 16% of the exposure to French that L1 French speakers receive over the
same time span. Similarly, it should be expected that immersion learners receive less
cumulative L2 input over time as community-L2 learners, though community-L2 speakers
will not have a quantity of L2 exposure equivalent to a monolingual. Despite the benefit of
L2 exposure, its impact appears to eventually diminish over time with findings for both
community-L2 learners (Jia & Fuse, 2007; Paradis, Tulpar, & Arppe, 2016; Soto-Corominas,
Paradis, Rusk, Marinova-Todd, & Zhang, 2020) and learners in immersion (Fortune &
Tedick, 2015; Hart, Lapkin, & Swain, 1991) indicating that beyond a certain threshold, the
benefit of more L2 input begins to plateau.

A key difference between these L2 contexts is in the access learners have to sources
of L2 input outside of school. For community-L2 learners, research has shown that the
richness of the L2 environment, often characterized by things such as the extent to which a
child uses the L2 to participate in extracurricular activities, read or listen to other media, or
interact with peers, also impacts L2 morphosyntactic knowledge (Jia & Fuse, 2007; Paradis,
2011; Paradis, Soto-Corominas, Chen, & Gottardo, 2020; Rojas et al., 2016). In addition,
community-L2 learners may have more opportunity to use the L2 at home as they are more
likely to have family members proficient in the L2. However, this type of exposure may not

benefit L2 development of morphosyntax (Hoff & Ribot, 2017; Place & Hoff, 2016), though
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this may depend on the L2 proficiency of the family members with whom the child
interacts (Sorenson Duncan & Paradis, 2020; Unsworth, Brouwer, Bree, & Verhagen, 2019).
For example, Sorenson Duncan & Paradis (2020) found that more L2 interaction with older
siblings was associated with stronger L2 morphosyntactic skills, but this effect was not
found for more L2 interaction with mothers (see also Paradis et al., 2020).

For immersion learners, little research exists for their experiences with the L2
outside of school, with a specific lack of research examining the impact of these factors
directly on morphosyntactic ability. Nevertheless, existing evidence indicates that
immersion learners’ general L2 proficiency and/or comprehension benefits from more L2
use outside the classroom (Genesee, 1978; Hamayan, Genesee, & Tucker, 1977). A potential
reason that learner-external factors are under researched is that it is considered
characteristic of immersion contexts that L2 input and use are limited to the immersion
classroom (Swain & Johnson, 1997). However, this description of immersion pre-dates
widespread access to the Internet which should vastly increase a learner’s access to a wide
range of L2 input. Due to this increasing access to an L2, the benefit of informal sources of
L2 input, where learners get L2 exposure outside of instructional settings, has been of
increasing interest for non-immersion foreign L2 learners (Dressman & Sadler, 2020).
However, input factors such as these that may have an impact on immersion learners have
remained under studied.

2.1.2.2. Learner-Internal Predictors of Morphosyntactic Ability across Child L2
Contexts

Despite the more transparent connection between learner-external factors and learning

context, interactions between learner-internal differences and L2 input and experience
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have been demonstrated by studies in instructed-L2 contexts. Specifically, studies show
that the type of instructional intervention mediates the contribution of cognitive
differences that impact language acquisition (Erlam, 2005; Hwu & Sun, 2012; Li, 2015;
Yilmaz & Granena, 2019). In an overview of this issue, Li, Ellis, & Zhu (2019) argue that in
contexts where there is less explicit L2 support, the impact of differences in cognitive
ability may become more evident. Li et al specifically identified language analytic ability,
defined as the ability to extrapolate L2 rule information, as being important. This language
aptitude ability has been proposed to have a common underlying factor with general
reasoning abilities (Sasaki, 1996) and thus, may be associated with nonverbal reasoning.
Though immersion contexts were originally expected to encourage implicit L2 learning
making explicit instruction of L2 elements such as grammatical rules unnecessary (Lyster
& Tedick, 2014), current immersion pedagogy widely recognizes the necessity of
instruction that systematically draws attention to L2 forms alongside teaching classroom
content (Lyster, 2007; Lyster & Tedick, 2014). This suggests that differences in nonverbal
reasoning may be important for immersion learners and is supported by research showing
that the language aptitude measure of language analytic ability, along with memory
abilities, correlates with vocabulary knowledge and listening comprehension for early-start
immersion learners in their twelfth year of study (Harley & Hart, 1997). Similarly, the
general L2 proficiency or comprehension of students in their second year of early
immersion may be impacted by differences in nonverbal reasoning ability (Genesee &
Hamayan, 1980).

Learner-internal factors also impact the rate of L2 morphosyntactic development for

community-L2 learners. Impacting factors include differences in cognitive abilities such as
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nonverbal reasoning (Paradis, 2011; Paradis et al.,, 2017, 2020) and verbal memory
(Paradis et al., 2016; Verhagen & Leseman, 2016; Verhagen, Leseman, & Messer, 2015). In
addition, linguistic knowledge the child already has can also have an impact. For example,
whether an L2 learner’s L1 is isolating, or inflecting has been shown to affect the rate at
which child community-L2 learners develop particular morphosyntactic constructions,
with speakers of inflecting L1s acquiring L2 inflection more rapidly than those whose L1 is
an isolating language (Blom et al.,, 2012; Paradis, 2011). Greater accumulated L2
vocabulary knowledge can also impact, as children with larger receptive vocabularies have
been found to have better L2 morphosyntactic ability (Blom et al,, 2012; Paradis et al.,
2016; Rezzonico, Goldberg, Milburn, Belletti, & Girolametto, 2017). These findings indicate

that language knowledge is integrated across different language subsystems.

2.1.3. Morphosyntactic Acquisition in Immersion

In the case of Canadian French immersion, programs were initiated both by and in
response to parents who were dissatisfied with the L2 outcomes of traditional instructed-
L2 programs (Turnbull et al.,, 1998). The initial motivation for immersion programs was the
belief that meaningful classroom interaction would create a sufficiently naturalistic L2
environment that would allow L2 acquisition to take place in the same manner as L1
acquisition (Genesee, 1984). Essentially, these programs were designed in order to get the
L2 results observed for community-L2 learners via classroom exposure. In comparison to
instructed-L2 learners, the L2 abilities of immersion learners rapidly outpace instructed-L2
peers (Genesee & Lindholm-Leary, 2013; Swain & Lapkin, 1982), and thus immersion has

largely been successful in improving L2 outcomes. However, despite the strong
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communicative ability immersion learners develop, research has shown that L2 ability of
immersion learners does not eventually parallel L1 speakers (Genesee & Lindholm-Leary,
2013), particularly in morphosyntactic ability (Harley, Cummins, Swain, & Allen, 1990;
Lyster, 2007), and it is unclear how they compare directly to community-L2 learners.

Specifically for French immersion, one of several notable areas of low
morphosyntactic accuracy is with verb forms (Lyster, 2007). For some verb forms, an
insufficient quantity of input may explain non-target usage. Research evidence shows that
French immersion teachers from grade three to six produce a verb distribution heavily
skewed toward present and imperative forms with past, future, and conditional being
much less frequent (Harley, Allen, Cummins, & Swain, 1987; Izquierdo, 2007) with the bias
in exposure suggested to impact accuracy (Harley & Swain, 1984). Swain (1988) pointed
out that it is likely that immersion learners are never exposed to many verbs in less
frequent forms like the conditional even into the later stages of immersion. Thus, she
proposed ‘restricted input’ as a partial explanation for inaccurate verb marking with less
frequent forms.

Naturally, if immersion learners are never or very rarely exposed to particular
morphosyntactic constructions, they are unlikely to acquire them. However, non-target
ability is also observed in French immersion for L2 constructions that are highly frequent
in the L2 input (Allen, Swain, Harley, & Cummins, 1990). For learners in their seventh year
of immersion, examples include incorrect grammatical gender marking on articles,
adjectives or pronouns; omission, addition, or incorrect number marking for articles; and
errors with more frequently used main and auxiliary verbs (Harley et al., 1987). It has been

found that in their seventh year of French immersion, learners produce accurate verb
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forms for only around 60% of verbs while age-matched L1-French speakers do so well over
90% of the time (Harley et al., 1990). These difficulties with verb form accuracy can last
into the later immersion grades, as well (Hart et al., 1991), with non-target ability
persisting into the final years of immersion education for morphosyntax in general (i.e.,
grades 11 and 12, Wesche, 1993; Harley & Hart, 1997; Turnbull et al.,, 1998).

Currently, there is little research that directly compares the morphosyntactic ability
of immersion learners with community-L2 peers. In one study that compared the sentence
repetition accuracy of early French immersion learners with similar-aged simultaneous
and sequential community-L2 learners of French, the immersion learners had still not
achieved ability on par with their community-L2 learning peers (Scheidnes, 2020).
However, these learners were only mid-way through their second year of French
immersion schooling, and thus, it remains unknown how they would compare after more
years of exposure. Though it should be expected that immersion learners continue to
improve with more exposure, the benefit of length of exposure is subject to diminishing
returns beyond the first few years (Genesee, 2006), with morphosyntactic development
potentially reaching a plateau by the sixth year of immersion (Fortune & Tedick, 2015).

The research discussed here relies heavily on Canadian French immersion, a context
for which extensive research exists (Cummins, 2009). Less research exists for other
immersion contexts including English immersion contexts for L1-Mandarin speakers.
However, existing research with these learners shows they also develop stronger L2
proficiency than instructed-L2 peers (Cheng, Li, Kirby, Qiang, & Wade-Woolley, 2010; Knell,
Siegel, & Lin, 2007) and are significantly more confident in their ability to use English to

communicate (Knell & Chi, 2012). Still, little is known about their development of English
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morphosyntax. In contrast, more research for English morphosyntactic development exists

for L1-Mandarin English learners in community-L2 contexts.

2.1.4. Morphosyntactic Acquisition in Community-L2 Contexts

Young community-L2 learners are commonly observed to closely parallel the target
language abilities of their peers who speak the target language as an L1. However, studies
of community-L2 learners in adulthood have shown that how closely L2 morphosyntactic
ability parallels L1 speakers can depend on language learning aptitude (Abrahamsson &
Hyltenstam, 2009); the learner’s L1 (McDonald, 2000); and/or external language exposure
factors (Flege et al,, 1999). In one study of child community-L2 learners in adulthood,
McDonald (2000) examined the L2 English morphosyntactic ability of L1-Spanish and L1-
Vietnamese learners of L2 English. The study found that while the L1-Spanish speakers
were not different from an L1-English group for grammaticality judgment accuracy, the L1-
Vietnamese group were significantly different for four of the 12 stimulus types. All four of
these stimulus types were grammatical morphemes, including past tense, plurals, third
person verbs, and articles - constructions for which Vietnamese, an isolating language,
differs from English. Similarly, research for children learning English as a community L2
has shown that there can be a lag in development of grammatical morphemes depending
on whether a child’s L1 is an inflecting language (e.g., Arabic, Punjabi, Spanish, Urdu) or is
an isolating one (e.g., Vietnamese, Cantonese, Mandarin). Blom et al. (2012) and Paradis
(2011) found that children with inflecting L1s had higher accuracy with verb morphology

than their peers with isolating L1s within their first few years of L2-English exposure.
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These isolating-L.1 community-English learners showed protracted developmental
trajectories, with non-target ability apparent even after three years of exposure to the L2.
In a study of L1-Chinese community-L2 learners with longer L2 exposure, Paradis et
al. (2016) found that the lag in verb morphology development at earlier stages persisted.
Many of the participants of this study fell short of verb form accuracy criterion scores for
which monolingual English-speaking children typically perform at ceiling for by six to
seven years of age. Despite participants being ten years and five months of age with six
years and four months of L2-English exposure on average, 11 of the 18 participants still fell
short of a criterion score for at least one of the sub-tests. The results of this study show that
there can be variability in the attainment of early community-L2 learners even after many
years of exposure. Similar results were found in a study of L1-Mandarin learners’
development of English morphosyntax. Learners tracked over five years varied in whether
they were able to supply English grammatical morphemes in more than 80% of obligatory
contexts (Jia & Fuse, 2007). By the end of the five-year study, only one of the seven
grammatical morphemes studied had been mastered by all participants (the bound -ing
affix). Other bound tense/agreement morphemes, along with plural -s, showed variable
mastery, with no participant reaching criteria for regular past tense marking. Further,
participants showed plateauing development, suggesting that many of the participants
were unlikely to reach the 80% criterion in the future. Thus, research evidence shows that
community-L2 learners often perform similarly to L1 speakers on experimental tasks, but
this can be impacted by L1 (Blom et al.,, 2012; McDonald, 2000), and individual variation
should be expected, even after long-term community-L2 exposure (Jia & Fuse, 2007;

Paradis et al., 2016).

46



MORPHOSYNTAX ACROSS EARLY L2 CONTEXTS CHAPTER 2

2.1.5. The Present Study

Currently, the impact of learning an L2 in an immersion context as compared to a
community-L2 context is under studied. Existing research supports the expectation that
language exposure in immersion classrooms results in strong communicative L2
proficiency, but also that morphosyntactic abilities differ from those of L1 speakers.
Existing research also supports the expectation that community-L2 learners can become
indistinguishable from their L1 peers for many aspects of the L2, though subtle differences
can still persist. However, very little is known about how these L2 groups compare directly
to each other or how either group compares to L1 speakers after many years of exposure.
In order to better understand how the L2 morphosyntactic ability of early L2-
English learners develops in each of these two contexts, the present study compared three
groups of adolescent English speakers. These groups were 1) L2 learners who had acquired
English as a foreign language in immersion classrooms; 2) L2 learners who had acquired
English in community-L2 contexts; and 3) L1-English monolinguals as a control group. Both
L2 groups were L1-speakers of Mandarin. A grammaticality judgment task (henceforth just
judgment task) was used in order to measure differences in English morphosyntactic
ability between participant groups and capture individual differences within groups. The
task was designed specifically to probe L2 ability across a range of grammatical morpheme
constructions, including those in the noun phrase (articles, plural marking), and in the verb
phrase (past tense and subject-verb agreement marking with BE, DO, and present third-
person singular ‘-s"). These constructions reflect differences between Mandarin and English
in that Mandarin uses neither bound inflectional morphemes for tense or number, nor free

morphemes to mark the definite/indefinite distinction on nouns (Li & Thompson, 1989).
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Early L2 learners have been shown to be highly accurate on judgment tasks (e.g.,
Birdsong & Molis, 2001; Johnson & Newport, 1989). Given that the participants of all
groups were expected to have high English proficiency, it was important that the task was
challenging enough to prevent ceiling effects, which, when present, can obscure both group
differences, and individual differences in ability within groups. Therefore, in order to
provide a range of stimulus difficulty on the task, stimuli where grammatical morphemes
were presented within sentences with nonadjacent agreement were also included.
Previous studies with L2 speakers have shown nonadjacent agreement increases task
difficulty (e.g., Song, 2015; Keating, 2009), possibly due to less reliance on morphosyntactic
structure than L1 speakers during processing (Clahsen & Felser, 2018). Thus, two levels of
stimulus difficulty were created to capture a range of L2 ability, potentially including some
morphosyntactic ability still under development. The specific research questions and
corresponding predictions for each are as follows:

1. Are there differences between each participant group in accuracy on the judgment task?
Does the pattern of group differences change for morphosyntactic constructions with
an additional level of difficulty?

Prediction: Though all groups are expected to have high English proficiency, given
previous research that shows a) accuracy with L2 English grammatical morphology can
take an extended period to develop for speakers of isolating languages, and b)
immersion learners generally demonstrate low morphosyntactic accuracy, it is
expected that the L1-English control participants will have the highest accuracy,
particularly for the more difficult constructions, while the immersion participants will
have the lowest accuracy, with the community-L2s in between the other two groups. In
addition, all groups are expected to be less accurate for morphosyntactic constructions
with an additional level of difficulty.

2. How do differences in individual learner-internal and learner-external characteristics
influence the L2 learners’ accuracy on the judgment task? Are there differences in how
these characteristics shape accuracy on the task between the immersion and
community-L2 groups? Are there differences in how these characteristics impact
accuracy for morphosyntactic constructions with an additional level of difficulty?
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Prediction: Given prior research with community-L2 learners and immersion L2
learners, it is expected that multiple factors will predict individual variation in task
performance in both groups. However, it is anticipated that the factors could diverge in
how they predict individual differences across learning context. In addition, the two
levels of stimulus difficulty may reflect different levels of L2 development, and
therefore, different factors may be predictive for stimuli across levels of difficulty.

2.2. Method
2.2.1. Participants

The three participant groups for this study were comprised of middle-school-aged
adolescents studying in either grade seven, eight, or nine of a K to 12 system (mean age =
13;9, SD = 9 months). The first group was the immersion-L2 group. Participants for this
group were Taiwanese L1-Mandarin L1, L2-English immersion students (n = 29) studying
at a private English-language high school in Northern Taiwan. The additional two groups
were comprised of adolescents living in Canada and attending Canadian schools in large
English-majority cities. These groups were the community-L2 group (n = 25), and the
English L1 control group (n = 29). For inclusion in the community-L2 group, participants
were required to have Mandarin as their L1, and parents who were Mandarin-speaking L2
speakers of English. Though community-L2s also reported that their current language use
at home included English to varying degrees, these participants were considered to be child
L2 learners as opposed to simultaneous English-Mandarin bilinguals. The L1-controls
spoke only English at home and at school. Participants were recruited through their
schools with some L1 participants recruited by word of mouth.

Participants in each of the L2 groups (immersion-L2 and community-L2) had begun
their education in English at or before six years of age in their respective educational

contexts (i.e., either exposure in English-medium classrooms in an English-majority
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community or in English-language immersion in a Mandarin-majority community). Though
parents and participants of both L2 groups were Mandarin-speakers, three participants
from each L2 group also reported exposure from birth to an additional Chinese language.
None of these participants were outliers in terms of their performance on the judgment
task or vocabulary measure, and therefore were not excluded from the study.

The immersion-L2 participants had been exposed to English in an immersion
environment taught by foreign teachers from an English-speaking country (e.g., the UK, US,
Canada, etc.) since preschool (mean age of English education onset = 4;4, SD = 1;3). After
preschool, the students attended a bilingual elementary school where half their instruction
was in Mandarin from a local teacher, and half in English from a foreign teacher. On
average, they had attended an immersion program for eight years and six months (SD = 17
months). From the beginning of grade seven, all immersion-L2s studied entirely in English.
The community-L2 participants had a mean age of English onset of 3;8 (SD =0;11) and a
mean length of English exposure of 10 years and two months (SD = 13 months). For the
community-L2s, the mean age of arrival in Canada was 3;2 (SD = 1;7), though many were

born in Canada.

2.2.2. Procedures and Materials

The experimental task for the present study was a timed judgment task, the results of
which were also analyzed against learner-internal (i.e., cognitive abilities or language
knowledge) and learner-external (i.e., language exposure) factors. Measures and data

collection procedures are described below.
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Judgment Task. A timed auditory judgment task was created and presented using E-
Prime 2.0 (Psychology Software Tools, 2012). Stimulus sentences were recorded as spoken
by a male speaker of North American English. The task was presented to participants as a
timed task since doing so limits participants from making explicit reflections on
morphosyntactic structure (Ellis, 2005; Godfroid et al., 2015). Participants were instructed
to respond whether the form of the sentences sounded ‘good’ or ‘bad’, and to respond as
quickly as they could.

Stimulus items consisted of 42 grammatical/ungrammatical stimulus pairs counter-
balanced across lists. In addition, there were 12 fillers; all of which were grammatical. With
the fillers, each list had 33 grammatical items and 21 ungrammatical items. Altogether, the
task included six separate grammatical morpheme constructions. As an additional measure
to prevent participants from attempting to use explicit knowledge of grammatical rules,
distractor stimuli involving odd adverb placement were also included. The adverb items
were not analyzed. As mentioned previously, the grammatical morpheme constructions
included articles, regular past tense, plural marking, and three stimulus sentence types that
focused on subject-verb agreement: copular or auxiliary BE, auxiliary DO in constructions
with ‘not’ (i.e., do not or does not) and third-person marking. Each grammatical morpheme
construction had six grammatical/ungrammatical pairs in the set of stimuli.

This study included participants who were expected to be highly proficient English
speakers. Thus, in order to prevent ceiling effects that could mask between-group
differences, stimuli for the subject-verb agreement morpheme constructions (BE, auxiliary
DO and third-person marking) were presented in sentences with nonadjacent agreement.

Nonadjacent agreement has been found to be challenging for both L2 learners (Keating,
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2009; Song, 2015) and L1 speakers (Bock & Miller, 1991). For nonadjacent subject-verb
agreement stimuli, the finite verb was adjacent to a noun other than the one with which it
should agree (e.g., ‘The problems with the computer were fixed by the technician’, where
the auxiliary were agrees with problems rather than computer). The article, past tense, and
plural marking stimulus items used were similar to those used by Johnson & Newport
(1989) and expected to be easier than the subject-verb agreement stimuli. A complete list
of the stimuli for this study are presented in Appendix A.

The six grammatical morpheme types were grouped into two conditions according
to anticipated difficulty level. These were labelled the ‘Easy’ and ‘Difficult’ conditions, the
latter of which included nonadjacent subject-verb agreement. Grouping stimuli was done to
increase statistical power which is sensitive to the number of observations per condition
(Brysbaert, 2019). Thus, pooling observations increased the probability of detecting a true
effect. Because data collection took place at school during participants’ class time,
increasing the number of observations by increasing the total number of items was
unfeasible given the time constraints.

Though the study employed stimuli with grammatical morphemes and nonadjacent
agreement in order to make the task more challenging, based on findings from prior
research, how the properties of the stimuli contributed to the difficulty of the task was
beyond the scope of the study.

English Vocabulary Size. The Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn,
2007) was used to assess receptive vocabulary. For this test, participants hear a word and
then indicate the appropriate one of four pictures presented. A typical monolingual age-

standardized score is 100, with a standard deviation (SD) range of 85-115.

52



MORPHOSYNTAX ACROSS EARLY L2 CONTEXTS CHAPTER 2

Verbal Memory. The Comprehensive Test of Phonological Processing - Non-word
repetition sub-test (CTOPP; Wagner, Torgesen, Rashotte, & Pearson, 2013) was used to
measure phonological short-term memory abilities. The test requires participants to repeat
nonsense words based on English phonotactics that progressively increase in syllable
length and complexity. The age-standardized mean for this test is 10 with an SD range of
seven to 13.

Nonverbal Reasoning. The Kaufman Brief Intelligence Test, 2nd Edition, Matrices test
(KBIT; Kaufman & Kaufman, 2004) was used to assess nonverbal, analytic reasoning. For
this test, participants are asked to select one picture from an array of five or six pictures
that best completes a relationship represented within a grid matrix. Responses for each
item were coded as correct or incorrect and then an age-referenced standard score was
calculated for individual participants. The age-standardized mean for this test is 100 points
with an SD range of 85-115.

Alberta Language Environment Questionnaire - 3 (ALEQ-3; Soto-Corominas et al.,
2020) All participants completed the ALEQ-3, which consisted of two parts. The first was
given to parents along with the consent forms. Parents filled out this form independently,
providing information about each parent’s educational background, as well as where and
when their child began education in an English context. Age of beginning English education
is reported for all groups but represents a different variable for the L1 and L2 groups. For
L2 groups, age of beginning English education is used as the age at which participants
began English exposure. However, the L1 controls would already be fluent speakers of
English by the time they entered preschool. Data from parents was used to calculate length

of English exposure. For the community-L2 group, the variable was calculated by
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subtracting age of English education from age at testing. For the immersion-L2 group,
length of exposure represents years in English immersion classes. Parental education was
blocked on a three-point scale from 0 to 1 with 0 for no post-secondary education, .5 for
some post-secondary and 1 for an undergraduate degree or more education. Parental
education, which served as a proxy for socioeconomic status (Hoff & Tian, 2005), was high
for all groups, but there was little variability for the L2 groups and thus this variable was
not analyzed as originally intended.

Participants were interviewed directly for the second part of the ALEQ-3 with the
researcher asking questions and filling out the questionnaire. Participants in Canada were
asked about the language that they were first exposed to at home (i.e., their L1) and divided
based on this response into the L1-English control group or community-L2 group.
Participants in Taiwan were placed in the immersion-L2 group. For L2 participants, a range
of questions probed current and cumulative language exposure factors. Participants were
asked about whether they tended to use their L1 or English more with their parents and
siblings and this information was converted into a variable reflecting home language use. A
similar variable was created for language use with friends/peers. These variables were
reported on a 1-5 scale (1 = English never and L1 always (90% or more), 2 = English
seldom and L1 usually (30%/70%), 3 = English 50% and L1 50%, 4 = English usually L1
seldom (70%/30%), 5 = English almost always (90% or more) and L1 almost never). In
addition, they were asked about whether they felt more proficient in Mandarin or English,
and this information was used to create a relative language proficiency variable, also on a
1-5 scale with 1 indicating greater Mandarin proficiency, 5 indicating greater English

proficiency, and 3 indicating balanced proficiency. Participants were also asked to rate
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their L1 proficiency independent of their L2. This was also on a 1-5 scale where 1 would
indicate full L1 attrition and 5 full L1 proficiency. In addition, L2 participants reported
activities in English outside of school. These were collected into a single variable that
included time spent using English for watching or listening to media, reading, using social
media, playing video games with language content, or participating in extracurricular

activities. This was reported in hours per week (English hours).

2.3. Results

Analyses to address the research questions were done using R Statistical Software (version
3.6.0; R Core Team, 2018). Data gathered about the participant groups are presented in
Table 2.1. The table provides both descriptive statistics and statistical group comparisons.
Comparisons show several statistically significant differences. For each of these, an
advantage was found for the community-L2 compared to the immersion-L2 group. The
community-L2s had longer exposure to English, used English more often with peers and at
home, had larger receptive vocabularies, higher verbal memory scores and rated their
English proficiency as higher than their L1 Mandarin. The immersion-L2 group rated their
Mandarin fluency higher than did the community-L2s.

For analysis of each research question, mixed-effects regression models were run on
participant accuracy for the judgment task using functions from the Lme4 package (version
1.1.21; Bates, Mdchler, Bolker, & Walker, 2015). Correct responses on the judgment task
included correct acceptance of grammatical stimuli and correct rejection of ungrammatical
stimuli, while incorrect responses were acceptance of an ungrammatical stimulus, rejection

of a grammatical stimulus, or failure to enter a response before advancing to the next trial.
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Trials where no response was given accounted for 0.86%, 0.44%, and 0.19% of the total
responses for the immersion-L2, community-L2, and L1 control groups, respectively. For
modelling, all categorical predictor variables for were sum coded as opposed to R‘s default
treatment coding. All numeric predictor variables were centred and standardized as z-
scores. Data from one immersion-L2 and one community-L2 participant were not included
as an examination of the data indicated that more than half of these participants’ responses
were made within 100 milliseconds of the stimulus audio onset. Thus, it was unlikely that
the participants were responding to the experimental stimuli. These participants are not
included in the group counts. Fast responses did not appear to be an issue for any other

participants.
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Table 2.1 Descriptive Statistics for Participant Groups

n

n = female

parental
education

age at testing

age of English
education

Immersion-L2
29
21

83(.33)

13;9 (0;9)
4;4 (1;3)

Community-L2
25

10

84 (.28)

13;10 (0;6)
3;8(0;11)

L1 Controls
29

10

67 (.31)

13;9 (0;10)
3;10 (0;10)

Group Comparisons

x%(2) =9.87, p=.007
Com. & L1 < Imm.

x%(2)=7.00,p=.03
All corrected tests N.S.

F(2,80)=0.21,p= 81
X2(2) =3.82, p=.148

Learner-External Factors

length of Eng.
exposure

peer language
use

home language

use
English hours

101.79 (16.55)

2.17 (0.89)
1.3 (0.48)

41.83 (26.93)

121.8 (12.93)

4.48 (1.05)
2.77 (1.28)

51.63 (21.68)

164.79 (10.15)

x%(2)=57.11,p <.001
Imm. & Com. < L1

t(47.45) =8.66,p <.001
t(29.89) =5.42,p <.001

t(51.78) = 1.48, p =.145

Learner-Internal Factors

receptive
vocabulary

relative
proficiency
L1 fluency

nonverbal
reasoning

verbal memory

77.52 (16.09)

2.87 (0.68)

4.38 (0.49)
112.21 (10.55)

8.03 (1.7)

107.28 (17.74)

3.82 (0.74)

3.68 (1.28)
116.04 (12.24)

11.54 (1.79)

111.41 (15.73)

100.48 (12.9)

9.59 (2.21)

F(2,80)=35.94,p<.001
Imm. < Com. & L1

t(49.03) = 4.87, p <.001

t(30.11) = 2.57, p =.015

F(2,80)=12.79,p <.001
L1 < Com. & Imm.

Xx2(2) =31.42,p<.001
Imm. < L1 < Com.

Note. Summary data are presented as mean (SD). Age data are given in year and month
(yy;mm) with SDs in months. L1 fluency, home language use, peer language use, and
relative language proficiency are on scales from 1 to 5, with 5 equaling the highest L1
fluency, the most English use, and highest self-rated English proficiency, respectively. For
number of female participants per group, statistical comparison is based on a logistic
regression. For other comparisons of three groups, ANOVA (F) with a Tukey HSD post-hoc
test was used unless at least one group had a non-normal data distribution or groups had
unequal variances in which case a Kruskal-Wallis (x?) test with a Bonferroni corrected
Dunn’s post-hoc test. Results of statistically significant post-hoc pairwise comparisons
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adjusted for three comparisons are shown with a < indicating the significantly lower
group(s). Welch'’s t-tests (t) were used for comparisons of two groups.

2.3.1. Research Question 1: Group Comparisons for Morphosyntactic Abilities

The purpose of the first research question was to examine group differences in
morphosyntactic ability for three participant groups: the immersion-L2s, community-L2s,
and L1 controls. In order to compare group accuracy, individual participants’ responses
were grouped into the two stimulus conditions (Easy or Difficult). These were based on the
presence of an additional level of difficulty introduced by including nonadjacent agreement,
as discussed previously. For these two conditions, a d-prime score was calculated for each
participant. In signal detection theory, d-prime scores account for differences between
ability to detect stimuli with errors versus ability to accept stimuli without errors
(Macmillian & Creelman, 2005). For the present data, d-prime scores can account for biases
to either accept or reject a stimulus without regard to its acceptability. Accuracy and
response time data are provided in Table 2.2, though response times were not further
analyzed.

Table 2.2 Judgment Task Accuracy and Response Times

Type Immersion-L2 Community-L2 L1 Controls

Accuracy Easy M (SD) 0.31(0.68) 1.45 (0.83) 1.89 (0.63)
Range -0.75-2.54 -0.24-2.98 0.00-2.98

Difficult M (SD) -0.03 (0.56) 0.21 (0.53) 0.70 (0.67)
Range -1.06-1.59 -1.06-1.06 -0.51-2.23

Response Time Easy M (SD) 4244 (1157) 4109 (980) 3793 (868)

Range 1089-7573 2035-8495 1565-6949

Difficult M (SD) 4532 (1240) 4580 (1283) 4053 (985)

Range 2232-8220 2179-9539 2083-7225

Note. Accuracy scores and response times are given for each group and for each stimulus
condition. Data are given as means (SD) with ranges below. A d-prime score of 0 indicates
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chance performance with higher scores indicating greater accuracy. Response times are
based only on correct responses to ungrammatical stimuli (i.e., response times to detected
errors) given in milliseconds. Further, in order to give means unaffected by outliers,
responses time data were trimmed for outliers that were 2.5 SD from the mean within each
group and stimulus condition. For accuracy, all responses were included.

A linear mixed effects model was used to analyzed participants’ d-prime scores for
each stimulus condition (Easy or Difficult) in interaction with participant group (Group).
Random intercepts for individual participants (Subject) were also included. Results for this
model are presented in Table 2.3. Functions from the emmeans package (version 1.4.6;
Lenth, 2019) were used to perform post-hoc pairwise comparisons Tukey-corrected for
three comparisons. These comparisons are presented in Table 2.4 and Figure 2.1. Pseudo-
R? values for this model were provided by the MuMIn package (version 1.43.17; Barton,
2020). The fixed effects for the model had an R? of .53 and inclusion of the random effect
for Subject gave an R? of .70.

Table 2.3 Model Results: Judgment Task Accuracy

estimate std.error statistic df p-value
(Intercept) 0.75 0.06 12.65 80.00 <.001
Group 1 (Immer.-L2) -0.62 0.08 -7.42 80.00 <.001
Group 2 (Comm.-L2) 0.08 0.09 0.88 80.00 .382
Stimulus Condition 1 (Easy) 0.46 0.04 11.27 80.00 <.001
Group 1: Stimulus Condition 1 -0.29 0.06 -5.08 80.00 <.001
Group 2: Stimulus Condition 1 0.15 0.06 2.59 80.00 .011

Note. This table presents mixed-effects regression results for judgment task response
accuracy d-prime scores. Group and stimulus difficulty level are sum coded. Group
comparisons for each stimulus condition are shown in Table 2.4. The estimate column gives
standardized estimates of regression coefficients.
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Table 2.4 Group Comparisons by Stimulus Difficulty Level

comparison estimate std.err df t-ratio p-value Cohen’s d
Easy Stimuli

Immer.-L2 - Comm.-L2 -1.1 0.2 1419 -6.3 <.001 1.51

Immer.-L2 - L1 Controls -1.6 0.2 1419 -9.2 <.001 242

Comm.-L2 - L1 Controls  -0.4 0.2 1419 -25 036 0.61
Difficult Stimuli

Immer.-L2 - Comm.-L2 -0.2 0.2 1419 -14 .352

Immer.-L2 - L1 Controls  -0.7 0.2 1419 -4.2 <.001 1.18

Comm.-L2 - L1 Controls  -0.5 0.2 1419 -2.7 .022 0.79

Note. These pairwise group comparisons were produced using the emmeans package (Lenth,
2019) based on a linear model with d-prime scores. Each p-value is Tukey corrected for a
series of three group comparisons. For Cohen’s d, effects between 0.5 and 0.8 are ‘medium’
and those above 0.8 are considered large. These comparisons are also shown in Figure 2.1.

|
L1 Controls - : 4—e>
I m
Community-L2 4 | <+—e—>» o
I <
_ |
Immersion-L2 4 | 4+——>r
|
|
L1 Controls - : «—o—>
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Immersion-L2 - 40|—>
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d-Prime Score

Figure 2.1. This plot shows the results of post-hoc Tukey-corrected pairwise comparisons
between the three participant groups split for the two stimulus conditions Easy and Difficult.
Shaded bars represent 95% confidence intervals. Mean d-prime scores for each group for each
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condition are shown by the point on the double-arrow line. Where arrow ranges overlap,
comparisons are not significantly different. Higher d-prime scores indicate greater accuracy
while a score of zero (shown by the dashed vertical line) indicates chance performance.

Results of these comparisons (Table 2.3, Table 2.4 and Figure 2.1) show that
immersion-L2s had consistently lower accuracy than L1 controls for both stimulus
conditions, while they were only significantly below the community-L2s for the Easy
stimuli. Differences between the community-L2 group and the L1 control group were
significant for both stimulus conditions. However, Figure 2.1 shows that the community-
L2s were much closer in accuracy for the Easy stimuli to the L1 controls than to the
immersion participants, which is also reflected in the smaller effect size. The interactions
presented in Table 2.3 show that each L2 group was significantly more accurate with the
Easy stimulus items than Difficult ones.

2.3.2. Research Question 2: Sources of Individual Differences in L2 Morphosyntactic
Ability

To address the second research question, mixed-effects logistic regression models were
used to identify factors that predicted individual differences in accuracy in each L2 context.
Logistic regression is commonly used with the binary choice data of judgment tasks
(Schiitze & Sprouse, 2014; Spinner & Gass, 2019) and allows for modelling each response
separately making it possible to include the repeated measures of each stimulus item
(Item) as a random effect in addition to the Subject random effect. The addition of random
slopes for [tem was also attempted for subject-level predictors but resulted in singular fits
for the immersion group model. Added random slopes are noted below for the community-

L2 group.
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Variables were placed alternately into a model through a process of forward-fitting,
retaining ones that were statistically significant. The models were then compared to a
reduced model without the variable using a likelihood ratio test to see if the variable
improved the model. In addition, concordance indices are reported. Concordance indices
above .8 are considered to indicate the model has a good fit to the data (Chatterjee & Hadj,
2006). Correlations between variables are presented in Appendix B.1, and B.2, for the
immersion-L2, and community-L2 groups, respectively. No two variables with r >.7 were
included in models.

The aim of the second research question was to determine factors that predict
individual differences in morphosyntactic ability in either context. Though the L2 groups
have been matched for L1 and age of beginning English education, Table 2.1 shows that
there is a significant difference between participant groups for factors including length of
English exposure, amounts of peer and home language use, receptive vocabulary, relative
L1-L2 proficiency, L1 fluency, and verbal memory. In addition, it should not be assumed
that the present study collected background data for all relevant factors by which these
groups may differ. Thus, the data were split by L2 group and models for predictors run
separately, rather than relaxing the requirement of random group assignment and
analyzing the data as a between-subjects study.

Models included the learner-external factors of length of English exposure, home
language use, peer language use, and English hours per week. Learner-internal factors were
nonverbal reasoning and verbal memory, and the language knowledge variables of English
receptive vocabulary, self-rated relative language proficiency, and L1 proficiency. Age of

beginning English education could also be included as a learner-internal factor. However,
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this variable and the learner-external variable of length of English exposure were strongly
correlated for the L2 groups (r(52) = -.85, p <.001) and thus, only the latter was included
as it specified more variation between the participants.

For the immersion-L2s, the model showed that a larger receptive vocabulary
(PPVT), better nonverbal reasoning (KBIT), and using English more frequently with peers
(peer language use) predicted greater accuracy for both levels of difficulty. Likelihood ratio
tests indicated that this was the optimal model and had a concordance index of .84. No
interactions with construction difficulty were found. Fixed effects for the model had an R?
of .02 and inclusion of the random effects for Subject and Item gave an R? of .39.

For the community-L2s, the model showed that being relatively more proficient in
English predicted greater accuracy for both levels of difficulty, but an interaction with
stimulus difficulty showed that more English at home only predicted higher accuracy on
Easy stimulus items. The optimal model was selected using likelihood ratio tests, and
included a random slope for Item and relative language proficiency, and an uncorrelated
random slope for [tem and home language. The concordance index for the optimal
community-L2 model was .86. Results for these models are shown in Table 2.5. The fixed
effects for the model had an R? of .15, with an R? of .40 for addition of the random effects
for Subject and Item. It should be noted, however, that when stimulus difficulty is removed

from the model the R? is reduced to .04.
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Table 2.5 Model Results: Predictors of Accuracy for L2 Groups
estimate std.err z-value p-value

Immersion-L2 Accuracy

(Intercept) 0.181 0.182  0.990 322
Receptive vocabulary 0.192 0.087 2.191 .028
Nonverbal reasoning 0.158 0.080 1.968 .049
Peer language use 0.186 0.085 2.177 .03
Concordance Index .84

Community-L2 Accuracy

(Intercept) 0.933 0.167 5.604 <.001
Relative Language Proficiency 0.369 0.124  2.969 .003
Home Language Use 0.207 0.123 1.679 .093
Stimulus Condition 1 (Easy) 0.680 0.154 4.417 <.001

Home Lang. Use: Stimulus Condition 1 0.313 0.102  3.077 .002
Concordance Index .86

Note. Models reporting factors found to be significant predictors of accuracy for the
immersion-L2 and community-L2 groups. All numeric predictor variables were centred
and standardized as z-scores. Stimulus condition is sum coded. The estimate column gives
standardized regression estimates.

2.4. Discussion

The present study examined the morphosyntactic ability of three groups of adolescent
English speakers measured by accuracy on a judgment task. As part of the first research
question, the study compared three participant groups: 1) L2 learners who had acquired
English in immersion classrooms (immersion-L2), 2) L2 learners who had acquired English
in an English majority community (community-L2), and 3) L1-English speakers (L1
controls). These group comparisons also included analysis of different levels of
construction difficulty finding that the immersion-L2 group participants had significantly

lower task accuracy than the L1 control participants for stimuli of both difficulty levels, but
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were only significantly below the community-L2 group for the Easy stimuli. The control
group participants were significantly more accurate than the L2 groups for both stimuli
types.

The second research question examined the impact of individual difference variables on
the L2 groups, and how these potentially differ in importance between contexts and
interact with different levels of construction difficulty. For the immersion-L2 participants,
findings for this research question were that a larger receptive vocabulary, more L2 use
with friends, and higher nonverbal reasoning were all significant predictors of accurate
responses. For the community-L2 participants, a self-rating of greater English proficiency
relative to Mandarin and more English use at home were both significant predictors of
accurate responses. However, the latter predictor was only significant for responses to

Easy stimuli.

2.4.1. Group Differences in Morphosyntactic Ability

The prediction that the immersion-L2 participants would have lower task accuracy was
upheld for both levels of stimuli difficulty for the L1 control to immersion-L2 comparison.
However, for the comparison between the community-L2 and immersion-L2 groups,
findings were only consistent with this prediction for the Easy stimuli. For the Difficult
stimuli, no difference was found between the two L2 groups. While the community-L2
group was different from both other groups for Easy stimuli, the difference in the estimated
regression coefficient was greatest between the community-L2s and immersion-L2
participants, indicating that the community-L2 group was more similar to the L1 control

group (also see Figure 2.1). Further, comparison of the d-prime scores in Table 2.2 shows
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that many community-L2 participants performed within the one SD range for the L1
control participants. This indicates that while there was a significant difference between
the groups for Easy stimuli, there were individuals in the community-L2 group that
performed on par with their monolingual peers. This is similar to the findings of Jia & Fuse
(2007), Paradis et al. (2016), and Soto-Corominas et al. (2020), where some - but not all - of
the community-L2 learners in the respective studies were less accurate than expectations
based on L1 criteria.

As noted, researchers often observe that the L2 morphosyntactic ability of
immersion learners is conspicuously non-target (Harley et al., 1990; Kowal & Swain, 1997).
However, this is widely considered to have a greater impact on L2 production than L2
receptive ability (Lyster, 2007; Swain & Lapkin, 1982; Tedick & Wesely, 2015). The results
of this task show that there can be differences in receptive morphosyntactic ability, as well.
The non-target L2 morphosyntactic ability of immersion learners has been suggested to
result from greater reliance on semantic processing rather than deeper syntactic
processing (Swain, 2005). Similar proposals have been made to explain the L2 acquisition
of adult-L2 learners (i.e., those who begin the L2 at or after adolescence) with the
implication that child-L2 learners should process the L2 in a similar manner to L1 learners
(e.g., Clahsen & Felser, 2006). However, the findings of the present study echo those of
other immersion studies that demonstrate L2 learning children are not always unlike adult
L2 learners who may develop strong L2 communicative proficiency while some L2
morphosyntactic abilities remain divergent from those of L1 speakers.

Despite the overall low accuracy of the immersion learners, both L2 groups had

difficulty determining grammatical from ungrammatical stimuli in the Difficult condition.
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The lack of significant difference between the two L2 groups suggests that not all
morphosyntactic differences are attributable to the immersion context. English
grammatical morphemes were chosen for this study because they should be highly
frequent in the L2 input, yet they can also be difficult for speakers of isolating L1s.
Nevertheless, all participant groups including the L1 controls appeared to have more
difficulty with the nonadjacent agreement stimuli. Number-marked verbs are highly
frequent in spoken English even despite its impoverished agreement system (Bock &
Middleton, 2011). However, this does not mean that participants frequently encounter
constructions with nonadjacent agreement. English users should be considered more likely
to hear sentences like “The computers were fixed by the technician’ as opposed to ‘The
problems with the computer were fixed by the technician’. If lower accuracy for the
difficult stimuli is related to frequency, then this would be expected to impact all
participant groups. However, the immersion learners’ low accuracy with Easy stimuli is
unlikely to result from lack of exposure as eight years of communicative L2 exposure
should provide numerous instances of English articles, plural-marking, and past tense
verbs. Overall, the comparison of the immersion-L2 group to the L1 control and
community-L2 groups supports prior conclusions that immersion learners find L2

morphosyntax challenging.

2.4.2. Individual Predictors of Accuracy across L2 Contexts

The purpose of the second research question was to understand how learner-external and
learner-internal factors influenced the L2 groups’ accuracy on the judgment task. As

expected, learner factors had an impact for both L2 groups, but these were different for
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each group, and to some extent, for construction difficulty. Nevertheless, R? values for both
models were low (.02 and .15 for the fixed effects of the immersion-L2 and community-L2
models, respectively. Note that the R? value for the community-L2 model is higher almost
entirely due to the inclusion of stimulus difficulty), indicating that these factors did not
explain a large portion of the variance between participants. However, this should not be
unexpected if L2 morphosyntactic development has begun to slow or plateau. The factors
examined in the present study were included because they have been found to predict L2
ability for community-L2 learners with less L2 exposure than the participants of the
present study. However, factors predictive of individual differences in morphosyntactic
development at earlier stages of L2 exposure could lose predictive power if development
has slowed down.

Of the variance that the models did explain, comparison of the estimated model
coefficients for the immersion-L2 learners shows that a larger receptive vocabulary was
the strongest predictor of accuracy. Previous research on immersion learners has shown
that listening comprehension is predicted by both an immersion learners’ L1 and L2
receptive vocabulary in the first year of grade-four-start immersion (Vandergrift & Baker,
2015). Receptive vocabulary was measured by age-standardized PPVT score which is not a
measure of absolute vocabulary, but vocabulary knowledge relative to same-aged L1
speakers. For an L1 learner, a large receptive vocabulary typically indexes that the child
has either richer language exposure (Hart & Risley, 1995), greater cognitive ability to learn
vocabulary (Gathercole, 2006), or a combination of both. For immersion learners, if

language exposure is mainly limited to classrooms (Swain & Johnson, 1997), then, variation
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in PPVT score is more likely to reflect an underlying ability to learn vocabulary (ie., a
cognitive ability) rather than differences in L2 input.

The learner-internal factor of nonverbal reasoning also significantly predicted
accuracy for the immersion-L2 learners. This variable has been associated with first grade
immersion learners’ general L2 proficiency (Genesee & Hamayan, 1980). For community-
L2 learners in their first few years of L2 exposure, it is associated with inflectional
morphology ability (Paradis, 2011; Paradis et al., 2020), and use of complex syntax in
production (Paradis et al., 2017). In the present study, however, nonverbal reasoning was
not a significant predictor for the community-L2 group. As noted, if differences in L2
exposure between the two contexts result in the immersion context being less supportive
of morphosyntactic development, it may be that, like the contribution of language analytic
ability in instructed-L2 contexts (Erlam, 2005; Li et al., 2019), immersion learners with
better nonverbal reasoning ability are better able to compensate.

For the immersion-L2 participants, the learner-external factor of peer language use
was the second strongest predictor after receptive vocabulary. This result parallels other
immersion findings for general L2 proficiency, where greater L2 use outside the classroom
has a positive impact for learners in their first years of immersion (Genesee, 1978;
Hamayan et al., 1977). Based on prior community-L2 research with younger learners, L2
use with peers should also be expected to make an impact, as it contributes to a richer L2
environment, which in turn, impacts morphosyntactic acquisition (Jia & Fuse, 2007;
Paradis et al., 2017, 2020; Rojas et al., 2016). However, no impact was found here for the
community-L2 group. The two L2 groups had a statistically significant difference in

amounts of peer L2 use, with almost all community-L2 participants reporting they always
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use English with peers, whereas there was a greater range of L1-L2 use for the immersion-
L2 participants. Thus, the lack of impact for this factor may result from the community-L2s
all being at ceiling for this variable. Despite the lack of impact, amount of peer language use
appears to be a characteristic difference between the learner contexts at the macro level.

For the community-L2 participants, a self-rating of being relatively more proficient
with English than Mandarin was the strongest predictor of task accuracy for both the Easy
and Difficult stimulus items. Greater relative proficiency is often interpreted as being
dominant in a particular language, and dominance can be predictive of morphosyntactic
accuracy for simultaneous bilingual children (Gathercole, Laporte, & Thomas, 2005;
Paradis, 2010). Relative language proficiency may also simply reflect a participant’s general
sense that they have strong English skills. However, that their awareness of their own
proficiency correlates with better grammatical morphology ability is noteworthy as
grammatical morphology can be an area of difficulty for community-L2 English learners
whose L1 is an isolating language (Blom et al., 2012; Jia & Fuse, 2007; McDonald, 2000;
Paradis et al., 2016). Results of the present study indicate that these L2 learners
understand, whether consciously or not, that grammatical morphology is a key component
of English knowledge.

In contrast to the community-L2 participants, few of the immersion-L2 participants
reported being more proficient in English, and of these, only three reported feeling they
were much stronger in English (i.e., rated themselves a four or above on a five-point scale).
In addition, relative proficiency can depend on the social domain in which the language is
used (Grosjean, 2008). Thus, immersion-L2 participant responses may have only reflected

their relative proficiency in a school setting (which was also the immediate location in
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which they were tested), and thus, it may be advantageous to ask about relative language
proficiency for a range of social and educational settings in future research with immersion
populations.

Greater use of L2 at home also had a positive impact on the community-L2 group’s
accuracy for Easy stimulus items, while there was no impact for the immersion-L2 group.
Like peer language use, there was also a significant difference between the groups for L2
use at home, with very few immersion-L2s reporting any English use at home while the
community-L2s had a greater range.

Length of exposure was not a significant predictor for either group in the models run
for the second research question. L2 proficiency of early learners in immersion contexts is
argued to plateau in many linguistic domains before learners reach the ends of their
programs (Fortune & Tedick, 2015; Hart et al., 1991). Given that a similar situation may
exist for community-L2 learners (Jia & Fuse, 2007; Paradis et al., 2016), and that detectable
differences between L1 speakers and early L2 speakers can last into adulthood (Flege et al.,
1999; McDonald, 2000), it is possible that no large shifts in morphosyntactic ability would
occur for either L2 group. However, longitudinal research would provide a clearer timeline

of L2 development in either context.

2.5. Conclusions

The present study shows that the morphosyntactic ability of adolescent L2 learners with
more than eight years of L2 exposure can differ based on the context in which they learn
their L2. Nevertheless, a difference in context is not the only factor that impacts as both

community-L2 learners and immersion-L2 learners showed differences from L1 controls
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and were similar to each other for constructions that were relatively more difficult.
Learner-external and learner-internal factors were found to predict ability for the
immersion-L2 group, but only learner-external factors predicted ability for the community-
L2 group. However, these learner factors explained very little variance in ability within
each group. This finding combined with the lack of impact of length of L2 exposure suggests
that L2 development has slowed for the L2 learners of both of these high proficiency L2

groups.
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3 Comprehension of English plural-singular marking by
Mandarin-L1, early L2-immersion learners

3.1. Introduction

Immersion classrooms have been demonstrated to be a particularly effective way to
establish second language (L2) communicative ability (Genesee, 1987, 2006; Lyster &
Genesee, 2019). Unlike a traditional L2 classroom, where the new language is the main
topic of instruction, in immersion, the L2 is used for presentation of classroom content
such as mathematics and science, and for interaction in general. Despite the effectiveness of
immersion classrooms for the development of functional proficiency in the L2, children
who participate in these programs do not uniformly attain L2 competence identical to
monolingual speakers of the target language (Lyster & Genesee, 2019).

Specifically for Canadian French immersion programs, it is often noted that
immersion learners typically attain native-like or near-native receptive L2 skills, but at the
same time, their L2 production skills differ from the sociolinguistic and grammatical norms
of first language (L1) French speakers (Cummins, 1998; Kowal & Swain, 1997; Lyster,
2007; Lyster & Genesee, 2019; Swain & Lapkin, 1982). For L2 production, differences have
been found for morphosyntactic features such as, but not limited to, learners’ use of verb

forms (Harley, 1993; Harley & Swain, 1978), and grammatical gender with nouns (Warden,
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1997). Studies of immersion programs involving other languages have come to parallel
conclusions about morphosyntactic production, with differences between immersion
learners and L1-speakers being documented in Cherokee (Peter, Sly, & Hirata-Edds, 2011),
Irish (O Duibhir, 2011), and Spanish (Montrul & Potowski, 2007) programs. In contrast to
language production, immersion learners consistently demonstrate strong language
comprehension ability on holistic tasks of receptive language (Genesee, 1987; Knell, Siegel,
& Lin, 2007; Lindholm-Leary, 2011; Swain & Lapkin, 1982; Turnbull, Lapkin, & Hart, 2001).
However, such assessments of comprehension do not provide evidence about how these
learners integrate specific morphosyntactic information, or whether they interpret this
information differently from L1-speaking peers.

To address the gap between investigations of morphosyntactic production versus
comprehension skills in immersion-L2 learners, the present study examines the
comprehension abilities of middle-school-aged L2 learners who have been learning English
as an L2 in a foreign language immersion classroom for more than 8 years on average. The
study examined the online (i.e.,, moment-to-moment) comprehension of English inflectional
plural-singular marking, a feature for which the participants’ L1 (Mandarin) and L2 display
key differences (see Li & Thompson, 1989), and for which speakers of Chinese languages
have displayed differences in both early L2 acquisition (Jia, 2003) and late L2 acquisition
(Jiang, 2007). The experiment combined a visual-world eye-tracking task that measures
online comprehension and a picture decision task that measures final interpretations. In so
doing, this study offers a fine-grained look into the under-studied area of immersion

learners’ comprehension of L2 morphosyntax.
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3.1.1. The Immersion-L2 Context

The key objectives of immersion education are for learners to successfully learn required
curriculum through their L2 and, in so doing, obtain much greater proficiency in their L2
than peers who receive traditional L2 instruction (Genesee, 2006; Lyster & Genesee, 2019).
When it comes to L2 grammar, immersion education was initially based on the premise
that for early start programs (i.e., at or before first grade) language learning could occur
naturalistically in much the same way that L1 acquisition occurs (Genesee, 1984), thus
obviating the need for explicit language instruction, such as teaching of grammatical rules
(Lyster & Tedick, 2014). Currently, however, the limitations of immersion environments
are better understood, in that they do not perfectly mimic community exposure for things
like the frequency of morphosyntactic constructions (Lyster, 2007; Peter, Hirata-Edds, &
Montgomery-Anderson, 2008), or range of sociolinguistic variation (Harley, Allen,
Cummins, & Swain, 1990; Mougeon, Nadasdi, & Rehner, 2010; Swain & Lapkin, 1990).
Importantly, these variations in language exposure are inherently part of the immersion
learning context and are believed to underlie differences in learners’ L2 attainment. Factors
such as frequency of language use, and how and with whom a language is used impact what
individuals know of their languages (Grosjean, 2008), and these factors will be largely
governed by learning context. Therefore, contextual factors need to be considered in
explaining potential differences in morphosyntactic ability.

At a basic level, the immersion-L2 context can be situated somewhere between
exposure to an L2 within a community where the L2 is the majority language (henceforth,
the community-L2 context) or within a traditional L2 classroom where the L2 is the subject

of instruction (henceforth, the instructed-L2 context). The differences between the
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community-L2 and instructed-L2 contexts entail immense differences in the amount and
quality of L2 input learners receive (Munoz, 2014). To date, studies of early learners’
acquisition of L2 morphosyntax have largely been done in community-L2 contexts (e.g.,
Paradis, Tulpar, & Arppe, 2016; Chondrogianni & Marinis, 2012; Jia & Fuse, 2007). Like
these community-L2 learners, immersion learners typically begin young, and have many
hours a week of communicative L2 exposure from native speakers (or highly proficient
speakers) of the L2. However, like instructed-L2 learners, the exposure that immersion
learners receive is largely limited to the classroom in communities where the L2 is a
foreign (or minority) language, making them similar to the participants of studies of
instructed-L2 classrooms (e.g., Sun, Steinkrauss, Tendeiro, & de Bot, 2016; Butler & Le,
2018; Muioz, Cadierno, & Casas, 2018). Though immersion contexts are not likely to reach
the same quantity of L2 exposure as community-L2 contexts, learners in these programs
can amass around 6000 hours of L2 exposure by their middle-school years (Turnbull,
Lapkin, Hart, & Swain, 1998), which far exceeds that of instructed-L2 contexts for which L2
exposure is limited to only a few hours a week and where total classroom exposure may
only be around 800 hours by the end of compulsory education though this will vary widely
by program (Mufioz, 2008). Though children may begin learning an L2 at similar ages, the
L2 exposure that they receive will differ depending on whether they are instructed,
immersion, or community-L2 learners. Because immersion is a distinct L2 learning context,
L2 outcomes for immersion learners should be expected to differ from those of both

instructed-L2 and community-L2 learners.
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3.1.2. Acquisition of Morphosyntax in Language Immersion

When examining the morphosyntactic accuracy of immersion learners, many of the factors
that potentially impact late learners (i.e., L2 learners who begin at or after puberty), such as
cross-linguistic influence, and lack of sensitivity to features with low saliency, have also
been proposed to impact learners in immersion classrooms (Harley, 1993; Lyster, 2007).
Within Canadian French immersion programs, learners tend to show non-standard use of
the verbs ETRE and AVOIR (both highly frequent), as well as, second-person pronouns, passé
composé, and verbs with derivational morphemes (Harley, 1993; Harley & Swain, 1978).
Similar to adult L2 learners, grammatical gender can be non-target-like even up to the final
years of high school for learners who began immersion in first grade, despite the feature
being one French-speaking monolinguals master early (Warden, 1997).

These differences extend beyond French immersion. In Spanish immersion in the
United States, majority-L1 learners’ usage of past-tense forms (Tedick & Young, 2016), and
gender (Montrul & Potowski, 2007) may have inaccuracies into fifth grade. For contexts
where the language of immersion is a heritage language, there is also evidence of variable
grammatical accuracy. For Irish immersion, by the fifth or sixth grade, production of
genitive case can still be variable (Ni Dhiorbhain & O Duibhir, 2017; O Duibhir, Ni
Dhiorbhain, & Cosgrove, 2016), and usage of the Irish copula and substantive verb, as well
as syntax with verbal nouns more closely reflect correct English usage rather than Irish (0
Duibhir, 2011). Similarly, knowledge of the complex verb system of Cherokee appears to be
difficult for children in early immersion (Peter et al., 2008), but benefits from instruction
that focuses on these morphological forms (Peter et al., 2011). Though little of this research

specifically addresses ultimate attainment, it has been proposed that many of these non-
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target features can be persistent and therefore require pedagogical intervention in order
for learners to continue to progress (Harley, 1992; Kowal & Swain, 1997; Lyster, 2007).

In contrast to production, it is frequently noted that immersion learners are more
native-like in their L2 comprehension (e.g., Kowal & Swain, 1997; Cummins, 1998; Lyster,
2007; Swain & Lapkin, 1982; Tedick & Wesely, 2015). However, this conclusion is based on
the absence of conspicuous differences in global comprehension rather than close
examination of these learners’ receptive abilities. Nevertheless, the claim that immersion
learners typically have strong L2 comprehension is well supported as they reliably
demonstrate L2 skills sufficient for completing appropriate grade-level content (Alanis,
2000; Cazabon, Nicoladis, & Lambert, 1998; Cheng, Li, Kirby, Qiang, & Wade-Woolley, 2010;
Genesee, 1987; Harley, Hart, & Lapkin, 1986; Knell et al., 2007; Lindholm-Leary, 2011;
Swain & Lapkin, 1982; Turnbull et al., 2001). Assessments that measure L2 proficiency by
tracking immersion learners’ holistic listening and reading comprehension (e.g., Turnbull
et al., 1998; Genesee, 1981; Harley & Hart, 1997; Siegel et al., 2010; Swain & Lapkin, 1982)
are certain to have more validity in predicting academic success than a psycholinguistic
experiment, yet such assessments offer little evidence about the precise nature of
immersion learners’ comprehension of particular linguistic features. As a result, how these
populations interpret specific components of L2 morphosyntactic structures is a relatively
unresearched topic. In contrast to holistic comprehension measures, production is often
evaluated using targeted tasks such as elicitation, sentence repetition, or detailed error
analysis from oral interview transcriptions (e.g., Turnbull et al., 1998; Bild & Swain, 1989;

Day & Shapson, 1987; Harley et al., 1990; Harley & Hart, 1997; Thomas, Williams, Jones,
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Davies, & Binks, 2014). In sum, the comprehension and production abilities of immersion
learners are not evaluated at comparable levels of scrutiny.

Though the trend is to use holistic assessment for receptive L2 skills, a notable
exception to this is Lew-Williams (2017). In this study, eye-tracking was used to examine
the receptive ability of English-L1 learners learning L2 Spanish in two-way immersion
classrooms. These participants’ performance was compared with that of their Spanish-L1
classmates. Prior eye-tracking research has shown that L1 speakers of languages with
grammatical gender can use gender-marked determiners to identify noun referents more
rapidly, but that late L2 learners typically do not use gender information this way (Hopp,
2013; Lew-Williams & Fernald, 2010), suggesting that the sometimes inconsistent usage of
grammatical gender of even highly proficient L2 speakers is not only reflective of
productive abilities, but comprehension as well (Griiter, Lew-Williams, & Fernald, 2012). In
Lew-Williams (2017), 3 separate eye-tracking experiments measured participants ability to
identify upcoming nouns using Spanish determiners with abstract grammatical gender,
grammatical gender that coincided with the notional gender of the noun (e.g., the Spanish
translations of ‘the man’ or ‘the woman’), or number information. The English-L1
participants in fourth or fifth grade, like Spanish-L1s peers, were able to use notional
gender and number-marked determiners to identify referents. However, unlike their
Spanish-L1 peers, they could not use grammatical gender this way, suggesting that the
acquisition of these immersion learners was similar to late L2 learners. Lew-Williams
concluded that the lack of semantic transparency of features like grammatical gender may
be an obstacle to acquisition in L2 contexts that have more limited input than community-

L2 contexts, but that it remained unclear whether the advantage for interpretation of
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notional gender and number was semantic transparency or the result of transferred L1

processing skills.

3.1.3. Number Marking in English and Mandarin

Mandarin and English differ substantially in how and when number information on nouns
is conveyed, and this has been proposed to impact Mandarin speakers’ L2 acquisition of
English (e.g., Jiang, 2007; Luk & Shirai, 2009). While nouns can be quantified in both
languages, a key difference between them is that number marking is a non-optional feature
of English nouns (Corbett, 2000). Nouns in Mandarin have what can be referred to as
general number (Corbett, 2000; Rullmann & You, 2006), meaning that a noun can be
expressed without reference to number. As a result, bare Mandarin nouns, unmarked for
number, are very common in typical usage (Cheng & Sybesma, 1999; Li & Thompson, 1989;
Li, 1999). They are, therefore, ambiguous in this regard when used outside of a discourse
context.

The attention that English plural marking has received in previous L2 literature for
L1 speakers of Mandarin, (e.g. Jia, 2003; Jiang, 2007; Luk & Shirai, 2009; Wen, Miyao,
Takeda, Chu, & Schwartz, 2010; Xu Rattanasone, Davies, Schembri, Andronos, & Demuth,
2016) suggests the feature is a good candidate for one that is less likely to benefit from
positive language transfer, and therefore needs to be learned anew through L2 exposure.
This difference between Mandarin and English also applies to Cantonese (Cheng &
Sybesma, 2005), Japanese (Nakanishi & Tomioka, 2004), and Korean (Kwon & Zribi-Hertz,

2004), and thus, relevant research involving these languages is also discussed. These
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languages all contrast with English in that, for each, plural-singular marking is optional,

depending on discourse context, while in English it is an obligatory grammatical feature.

3.1.4. Acquisition of English Plural-Singular Marking

In the L1 acquisition of English, plural ‘-s’ is one of the earliest grammatical morphemes
produced consistently by monolingual English-speaking children (Brown, 1973; de Villiers
& de Villiers, 1973). Data from overregularization errors indicate that English-L1 children
generally have productive knowledge of plural ‘-s’ by the age of 4 (Matthews & Theakston,
2006), though these children may not master it to adult levels until the age of 7 or later
(Berko, 1958; Graves & Koziol, 1971). Around 28 months, young English speakers are likely
aware that ‘cats’ deconstructs into ‘cat’ and ‘-s’ (Zapf & Smith, 2007). For semantic
understanding, children around 24 months demonstrate knowledge of the plural-singular
distinction (Barner, Thalwitz, Wood, Yang, & Carey, 2007; Li, Ogura, Barner, Yang, & Carey,
2009), though, at this early stage, they may not have successfully mapped it to every
phonological marker (i.e, to verb inflections, quantifiers, or all allomorphs of ‘-s’; Kouider,
Halberda, Wood, & Carey, 2006; Davies, Xu Rattanasone, & Demuth, 2017; Wood, Kouider,
& Carey, 2009).

For young L2-English learners in community-L2 contexts, Dulay and Burt (1974)
initially proposed that the acquisition of English morphemes was not impacted by L1.
However, their own data show a very large discrepancy between the Spanish-L1 and
Chinese-L1 language groups for plural marking, with the Spanish L1s marking the feature
approximately 90% of the time in elicited speech and the Chinese speakers doing so only

about 50% of the time. More recent evidence from measurement of receptive language
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ability indicates that in early preschool exposure to English, speakers of Chinese L1s may
acquire English plural marking more slowly than monolinguals and L2 peers who speak
other L1s. In a study of preschool-aged children, Xu Rattanasone et al. (2016) used a
pointing task with touchscreen tablet computers to measure 3- and 4-year-old children’s
ability to correctly interpret singular or plural marked nouns. In the experiment, English-
L1 children performed above chance for both plural and singular marking with nonce
nouns. Speakers of non-Chinese L1s were only above chance for plural items, and those
with a Chinese L1 were only above chance for singular items. When the singular and plural
conditions were compared, the English L1s and non-Chinese L1s were both significantly
better with plural than singular. However, there was no difference between the types for
the Chinese L1s. Xu Rattanasone et al. (2016) concluded that the Chinese L1s showed
greater difficulties acquiring inflectional morphology at that time point in development.

For young Korean- and Japanese-L1 children in community-L2 contexts, production
of plural ‘-s’ appears to come later in L2 English than in L1 English relative to other
grammatical morphemes. In specific contrast to L1 acquisition, Hakuta (1976), and Shin
and Milroy (1999) found that the phonologically identical possessive ‘-s’ was acquired
before plural marking for the children they studied. The authors of both studies ascribe this
L1-L2 English disparity to the lack of an obligatory plural marking morpheme in the
children’s prior learned L1s, Japanese and Korean, respectively.

In a 5-year longitudinal study of Mandarin speakers, Jia (2003) studied participants’
production of English inflectional plural marking in picture descriptions and spontaneous
speech. Her participants were 10 children and youths whose English development in a

community-L2 context began between 5 and 16 years of age. Despite the duration of

82



L.2 COMPREHENSION OF PLURAL-SINGULAR MARKING CHAPTER 3

exposure, 3 of the participants fell short of the 80% criterion score for consistent plural
production. Participants’ most common error was to use an unmarked noun that should be
marked plural with either regular or irregular inflection. Jia noted that each participant
across all rounds of measurement tended to use the same nouns correctly marked at times
and erroneously unmarked at others, even within the same testing session. Age of English
onset (AoO) and language environment explained some but not all of the variation between
learners.

With the exception of Xu Rattanasone et al. (2016), studies of early community-L2
acquisition relied on participant children’s ability to produce plural marking. In contrast,
L2 research with adult late-L2 participants has used self-paced reading experiments with
response times measuring receptive sensitivity to errors with plural-singular marking.
Jiang and colleagues (Jiang, 2007; Jiang, Novokshanova, Masuda, & Wang, 2011) used this
paradigm to provide evidence that native-like acquisition of plural marking was extremely
difficult or impossible for L2 learners without an equivalent morphological feature in their
L1.InJiang (2007) and Jiang et al. (2011), participants were presented with lists of stimuli
that probed sensitivity to error stimuli for plural marking in sentences like *The teacher
noticed that three of his students were always missing, and for verb subcategorization, as
in *Joe’s father didn’t show him drive the car that day. In both studies, the optional-
number-L1 participants (Chinese and Japanese respectively) were only sensitive to the
verb subcategorization errors as measured by slower reading times for stimulus sentence
regions subsequent to the error. In Jiang et al. (2011), a comparison group of Russian-L1,
English-L2 speakers was also included. The prediction was that the Russian speakers

would show sensitivity to both verb subcategorization errors and plural errors, because
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Russian, like English, obligatorily marks plural. This prediction was borne out as the
speakers of the L1 more like English demonstrated sensitivity to plural errors.

The two L1 participant groups in Jiang et al. (2011) were matched for performance
on a cloze task used to gauge proficiency and were similar in other aspects of English
experience such as AoO, and years of formal instruction, though the Japanese L1 group
began earlier and had more years of formal instruction than the Russian L1s. Nevertheless,
two subsequent studies found that Chinese and Japanese (Wen et al., 2010), and Korean
speakers (Song, 2015) can show evidence of monolingual-like knowledge of English plural
inflection. Both studies were largely replications of the Jiang studies, but included the two
key modifications of separating the L2 learners into intermediate and advanced proficiency
groups and reducing the syntactic complexity of experimental stimuli. Wen et al. (2010)
pointed out the stimuli of the previous studies were grammatical and ungrammatical
partitive constructions (e.g., ...three of his students...), requiring tracking agreement across
multiple hierarchical nodes. This syntactic complexity has been demonstrated to influence
L2 sensitivity to grammatical gender agreement (Keating, 2009). Thus, it was unclear
whether L2 participants’ difficulties were with plural marking, or syntactic complexity. To
address this, the stimuli used in Wen et al. consisted of phrases with an adjective
separating the number-marked determiner and the noun (e.g., these nice houses), while
Song (2015) included stimuli of both types. Both studies found evidence of native-like
knowledge for advanced, but not intermediate learners.

In sum, the acquisition of plural-singular marking in L2 English has been examined
for both Mandarin-L1 children residing in community-L2 contexts and for late-L2

Mandarin L1 adults who, where reported, began in instructed contexts. To date, no studies
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have examined the comprehension of this morphosyntactic feature in early immersion

learners of English.

3.1.5. The Present Study

The main goal of this study was to investigate comprehension of a single semantically
transparent morphosyntactic feature, English inflectional plural-singular marking, by a
group of L2-English immersion learners whose L1 is Mandarin. The study employs an
experimental task and compares adolescent early L2-immersion learners in Northern
Taiwan with age-matched Canadian monolinguals who speak English as their L1. The
immersion learners in this study have had long-term and extensive exposure to their L2
from preschool. Though the appropriateness of monolingual-bilingual comparisons is often
questioned, an empirical comparison is a better alternative than a priori assumptions about
how adolescent language users interpret morphological features on experimental tasks. If
specific learning contexts (whether L1 or L2) impact acquisition, then group differences
should be expected. Nevertheless, comparisons can be informative without the expectation
of identical performance.

Though the L2-immersion group has extensive exposure to English, quantifying this
exposure in relation to the monolingual group is difficult. Given that greater language
exposure is associated with L2 vocabulary size, receptive vocabulary has previously been
used as an estimate reflecting general proficiency (Unsworth et al.,, 2014). In addition,
larger vocabulary sizes have been shown to predict community-L2 learners’ accuracy with

inflectional morphemes (Paradis et al., 2016) and to decrease both L1 and L2 processing
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times (Brysbaert, Lagrou, & Stevens, 2017). For these reasons, receptive vocabulary size
was included in our analysis.

In order to compare comprehension by the two study groups, this study employed a
visual-world eye-tracking task measuring online comprehension combined with a picture
decision task reflecting accuracy of sentence interpretation. Data from these tasks were
used to examine the following research questions:

1. Do adolescent L2-immersion learners differ from age-matched monolinguals in offline
interpretation of English plural-singular marking?

Hypothesis One: This research question is addressed by accuracy and response times
on the picture decision task. Two predictions are formed based on previous research
for Mandarin-L1 participants in both community-L2 and late instructed-L2 contexts,
and for immersion contexts in general. First, the immersion participants of this study
are predicted to be less accurate in picture decisions. Second, a larger receptive
vocabulary size is expected to predict greater accuracy and faster button response
times. How the immersion participants will behave in comparison to the monolinguals
for response times in general is less clear and therefore, no specific prediction is made.

2. Do adolescent L2-immersion learners differ from age-matched monolinguals in online
comprehension of English plural-singular marking?

Hypothesis Two: This research question is addressed by the eye-tracking task, which
tracks the proportions of looks to targets over time. It is expected that the immersion
participants will be less sensitive to plural-singular marking as compared to the
monolingual participants, and this will be demonstrated by delays in looks to the target
images and lower overall proportions of looks to target images. Again, higher receptive
vocabulary scores are expected to predict less delay in looking to targets and a greater
proportion of looks to targets.

3.2. Method
3.2.1. Participants

This study reports data from 33 Taiwanese middle-school participants recruited from a
single private high school in northern Taiwan, and studying in grade seven, eight, or nine
(mean age = 13;8, SD = 9 months). Data from these participants (henceforth the L2 group)

were compared to that from 21 monolingual Canadian middle-school participants (mean
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age = 13;6, SD = 13 months). In order to provide an independent baseline of proficiency,
receptive vocabulary was assessed using the Peabody Picture Vocabulary Test (PPVT;
Dunn & Dunn, 2007), a test normed against monolinguals and which provides a score
standardized for age. The standard score for the PPVT is 100, with a one SD range of 85-
115. The L2 participants of this study fell below the one SD range with a mean score of
78.42 (5D = 15.65). This is not unexpected as similar disparities have been reported for
French immersion learners (Hermanto, Moreno, & Bialystok, 2012). Data were collected
from 37 L2 participants. However, the data of four participants were excluded from
analysis. One excluded participant was an outlier for receptive vocabulary, scoring
approximately three SDs below the mean for the immersion learners and one SD below the
next lowest participant. In addition, two participants who had less than five years of
immersion were also excluded. Finally, one participant reported having English exposure
from birth from a native English-speaking father, and thus would be better classified as a
heritage-language speaker. All monolingual participants were included. The remaining L2
participants had been learning in an immersion context taught by a foreign teacher from an
English-speaking country (e.g., the UK, US, Canada, etc.) typically since preschool (mean
AoO = 4,7, 5D = 17 months). After preschool, the learners attended a bilingual elementary
school where half their content instruction was in Mandarin from a local teacher, and half
in English. On average, they had attended an immersion program for eight years and five
months (SD = 20 months). All study participants were in good academic standing (i.e., they
were passing their classes). Summary data are given for the L2 participants and the

monolinguals in Table 3.1.

87



CHAPTER 3 L.2 COMPREHENSION OF PLURAL-SINGULAR MARKING

Table 3.1 Age, Vocabulary, and Exposure Data for Participant Groups

L2s Monolinguals

M SD min max M SD min max
Receptive vocabulary 78.42 15.65 50 116 110.86 16 87 154

Age 13;8 0;9 12;8 15;5 13;6 1;1 11;10 15;5
Age of immersion 4;7 1;5 2;0 80 - - - -
Years of immersion 8.42 1.66 5 13 - - - -

Note. Statistical means (M) are given with SDs and both the minimum and maximum values
for each variable. Receptive vocabulary is the standardized score on the PPVT. The mean
standard score for the PPVT is 100 with the one SD range 15 points above and below. The
L2 participants fall below the one SD range on this monolingual-normed test. Age is the
participants’ age at testing and age of immersion is the age beginning English in an
immersion classroom. Both age variables are given in years and months (yy;mm).

3.2.2. Materials

Experimental stimuli for this study consisted of 16 sentence pairs. The head noun for each
sentence appeared in either its singular or plural forms creating 32 experimental items,
which were counterbalanced across two stimulus lists containing equal numbers of
singular and plural stimuli. The stimuli are provided in Appendix C. The 16 subject nouns
all appear in a particular syntactic context where the noun target (e.g., either pencil or
pencils in Example 3.1 or 3.2) is preceded by the definite article the and appears before a
verb which is not inflected for number. No stimulus noun appeared immediately before a
word that began with either /s/ or /[/ so that the plural allomorph, if present, should have
been distinct from adjacent phonetic segments. The stimulus nouns were chosen to be
highly imageable, frequent, and to be roughly balanced for the three potential plural
allomorphs /s/, /z/, and /az/ when in their plural form. According to the Corpus of

Contemporary American English (Davies, 2010), the median frequency for the nouns was
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12,818 tokens per million words (IQR = 27,223 to 7,591). An example noun stimulus pair is
given below.
Example Stimulus Pair

3.1. The pencil can be used for writing the test.
3.2. The pencils can be used for writing the test.

In order to prevent participants from immediately focusing on inflectionally marked
number differences, stimuli also included 40 filler items that differed on a non-
morphological semantic contrast (e.g., whether a shoe could be considered a woman’s or a
man'’s, or whether a flag was a Canadian flag or not). Within the experiment, there were
also 24 stimulus items that differed in verb number agreement morphology. However,
these are not analyzed here. Stimulus sentences were spoken by a female speaker of North
American English and recorded digitally in a soundproof booth using a Korg MR-2000S
studio recorder with a 44.1 kHz sampling rate and through a Countryman E6 headset
microphone. The speaker was instructed to speak at a natural pace for casual speech, and
the resulting mean articulation rate for the stimuli was 4.6 (0.71) syllables per second,
calculated using Praat software (6.0.36; Boersma & Weenink, 2017) running a script
created by de Jong and Wempe (2009).

For each trial, participants saw four pictures on a computer screen. The four pictures
were juxtaposed so that within each trial there were two potential target-competitor sets.
For example, the four-picture stimulus display that accompanied either audio stimulus
Example 3.1 or 3.2 presented pictures of a single pencil, multiple pencils, and two pictures
of single light bulbs that had a salient difference in type. This stimulus display is shown in
Figure 3.1. For stimulus Example 3.1, the picture of the single pencil was the target, the

multiple pencils the competitor, and the pictures of the light bulbs were distractors. Target
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images could appear in any of the four image locations, but for each counter-balanced
stimulus pair the relative target and competitor locations were always the same (i.e.,, when
the single-pencil image was the target, it appeared in the upper right corner of the display,
and when the multiple-pencil image was the target the image also appeared in the upper
right corner). In each trial, it was possible for picture pairs to both differ in number of
items, a non-morphological semantic contrast (for fillers), or to have one of each
distinction, as in Figure 3.1. This was done in order to prevent participants from predicting

the type of distinction in the audio stimulus.

Figure 3.1. The picture set for this trial includes two noun pairs: two pencil images, and two light
bulb images. The pencil images differ in number, while the light bulbs have a salient difference
in type. Participants were instructed to keep their index fingers on left and right gamepad buttons
and that target images would always differ by left or right side and never by top or bottom. This
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trial corresponds to the example audio stimulus given in Example 3.1. where the correct button
would be the right button for the image of a single pencil.

3.3. Procedure

For each of the trials, participants listened to a stimulus sentence while viewing each four-
picture set on a computer monitor. The audio stimulus played 1000 milliseconds (msec)
after the pictures appeared. Picture sets differed for each trial. While listening to the audio
stimulus through a pair of headphones, participants were tasked with deciding which
picture was being referred to in the audio stimulus. Participants entered their response on
a gamepad controller and were required to decide whether the picture was on the left or
right side of the monitor, and to respond as quickly as possible. Participants had to respond
within 3500 msec of the audio offset, after which the images on the display would
disappear and no response would be recorded. A target image could appear in any of the
four grid locations, with competitor images potentially appearing in either the top or
bottom position on the alternate side of the screen. All potential combinations were equally
probable. Participants held the gamepad in both hands and responded with their index
fingers which were held on either the left or right button. Stimulus trials were randomized
for each participant with the condition that a single trial type (either plural-singular, verb,
or filler) could not appear in more than three consecutive trials. For each trial, eye
movements over the visual array were recorded using an SR-Research Eyelink Portable
Duo set to a 500 Hz sampling rate and recording the right eye. Participants were positioned
50 cm from a 17-inch computer display with a resolution of 1920 by 1080 and a 60 Hz
refresh rate. A head mount was not used, and participants could move their head freely.

The Eyelink Portable Duo allows the distance between the participant and display to be
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continuously monitored throughout the experiment. If the participant shifted outside of the
optimal 42 to 62 cm range they were asked to reposition themselves. The eye-tracker was
calibrated for each participant, and between each trial a fixation point appeared at the
centre of the screen. When the participant’s gaze was on the fixation point a drift correction
was performed, and the experimenter advanced the experiment to the next trial. Before

beginning the experiment, participants completed three practice trials.

3.4. Results
3.4.1. Picture Decision Task: Response Accuracy and Response Time

Data from both tasks were analyzed using R Statistical Software (version 3.6.0; R Core
Team, 2018). The first hypothesis tested potential group differences in final interpretation
reflected in picture decision task performance. Mixed effects models were run on the
accuracy and response time of button responses. These models used functions from the
Lme4 package (version 1.1.21; Bates, Machler, Bolker, & Walker, 2015). Trials where no
button response was recorded (2.4% of trials; 2.8% for L2s and 1.8% for monolinguals)
were counted as incorrect. Figure 3.2 presents a plot for response accuracy with responses
divided by group and whether the correct response was the singular or plural image. When
averaged across individual participants, the L2 group’s responses were 69% accurate with

an SD of 14%, while the monolinguals were 92% accurate, with an SD of 12%.
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Plural-Singular Marking Response Accuracy
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Figure 3.2. Participant accuracy by participant group for both plural and singular stimulus types.
Area within the boxes shows scores within the 2nd and 3rd quartile, with horizontal bars
showing median accuracy. Whiskers cover data within 1.5 of the upper and lower quartile
ranges. Points show individual participant accuracy for each stimulus type.

To compare accuracy of the 2 study groups, a binomial generalized linear mixed
effects model was run with the button response for each experimental trial as the
dependent variable. In addition to group, the model was run with fixed effects for stimulus
number (either plural or singular), and each participant’s PPVT score. Inclusion of these
variables was motivated by previous research showing learners can differ in responses to
either plural or singular (Arias-Trejo, Cantrell, Smith, & Canto, Elda, 2014; Xu Rattanasone
et al, 2016), and that language proficiency may also impact whether participants respond
to plural-singular marking (Song, 2015; Wen et al,, 2010). Group and stimulus number

were categorical variables coded using effects coding rather than R’s default treatment
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coding, while PPVT score was a centred continuous variable. For Group, monolinguals and
L2s were coded as -0.5 and 0.5, respectively, and for stimulus number, singular and plural
items were coded as -0.5 and 0.5, respectively. For random effects, the model included by-
participant (Subject) and by-stimulus item (Item) random intercepts, as well as an
uncorrelated random slope for PPVT score for Item. Following Matuschek, Kliegl, Vasishth,
Baayen, and Bates (2017), an attempt was made to add an uncorrelated random slope for
stimulus number to Subject, and one for Group to Item, but the Lme4 package indicated that
the addition of these slopes overfit the data. Including the correlation between PPVT and
[tem caused the model to fail to converge. A likelihood ratio test indicated that inclusion of
the random slope for PPVT was warranted as it lowered AIC (x2(1) = 14.561, p <.001).In
the model with the three fixed effects, only Group and PPVT score made a significant
contribution to accuracy. The model was also run with interactions between Group and
either of the variables for PPVT or stimulus number, but neither interaction was significant.
Full results for this model are given in Table 3.2. Because Group was also highly predictive
of PPVT score, a point-biserial correlation for comparing dichotomous Group with
continuous PPVT score was run finding a moderately strong significant correlation (,,(52)
=.71, p <.001). Therefore, variance inflation factors (VIF) were calculated for the model
using the vif function from the car package (version 3.0.3; Fox & Weisberg, 2019). The
results did not indicate that collinearity was an issue as the VIF scores were 1.36 and 1.36
for Group and PPVT, respectively. These VIF scores are well below the 5 to 10 range where

collinearity may be considered an issue (Levshina, 2015).
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Table 3.2 Model Results: Picture Decision Accuracy

Estimate Std. Error z-value p-value

Intercept 1.85 0.189 9.79 <.001 ‘e
Group 1.05 0.372 2.82 005 **
Receptive 0.577 0.215 2.69 007 **
Vocabulary

Stimulus Number -0.471 0.285 -1.65 .099

Note. Receptive vocabulary is the centred standardized score for the PPVT (Dunn & Dunn,
2007). *p<0.05; **p<0.01; ***p<0.001

Because the participants were under time pressure to respond, response times for
the picture decision task were analyzed to see if this may have impacted accuracy. To
compare response times, a linear mixed model was run with response time for every
individual trial answered correctly as the dependent variable. Response time was
calculated as the time duration in msec between the plural-singular marking cue and
button press. The plural-singular cue was the end of the noun lemma for both plural and
singular. For plural, this would be between the noun lemma and the beginning of the ‘-5’ (...
pencil[cue]s can ...), and for singular, between the lemma and the onset of the next word in
the stimulus (... pencil[cue] can...). Mean response times (in msec) for correctly answered
trials was 3285 (SD = 678) for the L2 participants, and 2996 (SD = 619) for the
monolinguals. A Shapiro-Wilk test indicated that response times were not normally
distributed (W = 0.99, p <.001). Inspection with quantile plots and the boxcox function of
the MASS package (version 7.3.51.4; Venables & Ripley, 2002) did not indicate analysis
would benefit from transformation of the data. Participant group (either L2 or
monolingual), stimulus number (plural or singular), and PPVT score were fixed effects. The
same approach to random effects was taken as that for the accuracy model. Random slopes

for stimulus number on Subject, and Group on Item overfit the data. Further, a likelihood
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ratio test indicated that the random slope for PPVT on Item did not lower AIC, and was
subsequently removed leaving just random intercepts for Subject and Item. From this
model, the dataset was trimmed to just responses that fell within 2.5 SDs of the mean
response time (Baayen, 2008). This trimming resulted in eliminating 1.5% of the total
observations. The LmerTest package (version 3.1.0; Kuznetsova, Brockhoff, & Christiansen,
2017) provided p-values for models as Lme4 does not provide these. This model found that
only receptive vocabulary and neither participant group nor stimulus number made a
significant contribution to the model either on their own or in interaction with other
variables. Likelihood ratio tests comparing the full model to one with each fixed effect
alternately removed also indicated that only receptive vocabulary contributed to a
significantly better model (x2(1) = 14.724, p < .001). Results for the full model are given in
Table 3.3.

Table 3.3 Model Results: Picture Decision Response Times

Estimate Std.Error df t-value  p-value

Intercept 3120.0 585 65.3 53.4 <.001 ok
Group 112.0 134.0 49.8 0.836 407

Stimulus Number 32.1 76.8 289 0.418 679
Receptive -264.0 66.1 52.0 -4.00 <.001 ok
Vocabulary

Note. Receptive vocabulary is the centred standardized score for the PPVT (Dunn & Dunn,
2007). *p<0.05; **p<0.01; ***p<0.001

3.4.2. Eye-Tracking: Proportions of Looks over Time

For the second hypothesis, eye-tracking data were analyzed for differences between the
participant groups in the proportions of looks after the plural-singular cue. However,
because proportions are inherently bounded, proportions were transformed to empirical

logits. This transformation requires aggregating over multiple observations (Barr, 2008).
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First, the proportion of looks a participant made to each of the four stimulus images across
trials was calculated for every 20 msec time bin. At the sampling rate of 500 Hz, this
resulted in 10 samples per bin. These steps were performed using the R package ViwPre
(version 1.1.0; Porretta, Kyroldinen, van Rij, & Jarvikivi, 2018). From these transformations,
a target advantage score was calculated for the difference in looks to the target versus the
competitor image for each 20 msec time bin, where a positive score indicated more looks to
the target, zero indicated equal looks to the target and competitor, and a negative score
indicated more looks to the competitor. Unlike for the accuracy and response time models
where each trial represented one data point, each trial in the eye-tracking data represents a
time series with one observation for target advantage score for every 20 msec time bin.
Target advantage score served as the dependent variable for modelling.

In order to model the looks for the two participant groups separately for plural and
singular stimuli, an additional variable, Condition, was created, which combined the two
variables. The four levels of Condition are shown in Figure 3.3 where the four figure panels
show performance of the two participant groups (left and right) for the two stimulus types
of plural (top) and singular (bottom). Figure 3.3 uses locally weighted smoothing (LOESS)
lines to show the proportion of looks to the four interest area images averaged for each
trial. The creation of Condition allowed the model to analyze the dependent variable, target
advantage score, independently over time for the four different conditions of L2 responses
to plural stimuli; L2 responses to singular stimuli; monolingual responses to plural stimulj;
and monolingual responses to singular stimuli. These four independent time courses could

then be compared for difference. This approach to the creation of Condition as a predictor
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variable capturing interactions between categorical variables follows van Rij, Hollebrandse,
and Hendriks (2016).

To analyze differences in target advantage score for the time series in each trial, the
eye-tracking data were analyzed with generalized additive mixed models (GAMMs; Baayen,
Vasishth, Kliegl, & Bates, 2017; Wood, 2006). Because GAMMs allow the comparison of
non-linear effects over time, they are well suited for use with visual-world data. GAMMs

were run using the mgcv package (version 1.8.28; Wood, 2006).

Looks over Time After Cue Onset: Plural vs. Singular

L2 monolingual

R

o
--- e m ow g, E
g S~ 8
3 Interest
s Area
_5 === Target
'g .
o Competitor
g_ ==+ Distractor 1
% == Distractor 2
] i
E a
=
L
OO - 1 1 1 1 1 1 1 1 1 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000

time from cue in milliseconds

Figure 3.3. The figure shows LOESS smooth lines for mean participant looks by participant
group for plural and singular stimulus types over a four-second time interval beginning at the
offset of the target noun lemma, i.e., at either the onset of the plural ‘-s’ or its absence. At the 0
point, looks to the target and competitor have already begun to diverge from the distractor
images as looks to the potentially appropriate images begin shortly after the noun onset. This is
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expected and shows that both groups rapidly comprehend the target noun but have a bias toward
looking at plural images.

An initial model was run with the four levels of Condition and PPVT score as fixed
effects. Condition was modeled as a smooth term to capture the non-linear performance
reflected in Figure 3.3, and as a parametric predictor in order to account for potential
intercept differences between levels of factors. PPVT was also modeled as a smooth term to
capture potential non-linear influence. Rather than model the entire time course for each
trial, a time window of 2000 msec beginning 200 msec post cue was selected. The 2200
msec end point was used as inspection of Figure 3.3 shows that looks to the target image
generally peak around 1000 msec, then decrease until 2000 msec, and then plateau (with a
slight continued decrease) around 2000 msec when looks to distractors are also beginning
to increase. This indicates the impact of plural-singular marking on looks has largely faded
beyond this approximate point meaning looks beyond this point are less likely to be
reliably associated with the experimental task.

Like the generalized linear mixed effects models, the GAMM included random effects
for Subject, and Item, as well as one for each experimental trial (Event). Each unique time-
series for Subject and Item was given its own random smooth, while Event was given a
random intercept. The functions acf_resid and compareML from the itsadug package
(version 1.1.0; van Rij, Wieling, Baayen, & van Rijn, 2017) were used to calculate a rho
value of .006 to correct for autocorrelation within the model, and to do model comparisons,
respectively. Comparisons indicated that PPVT score did not improve the fit of the model

and was therefore removed. Inclusion of Condition provided a better fit to the data than a
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model with just the random effects (freml difference = 70.14, p = <.001). The parametric
and smooth term coefficients for this model are given in Table 3.4.

Table 3.4 GAMM Output for the Eye-tracking Model

A. parametric coefficients

Estimate Std. Error  t-value p-value
Intercept 0.88 0.39 2.27 .023*
Condition: L2 Singular -1.32 0.44 -3.01 003**
Condition: Mono Singular 0.37 0.40 0.92 .36
Condition: Mono Plural -0.24 0.62 -0.39 .70
B. smooth terms edf Ref.df F-value  p-value
s(Timelndex): Condition L2 4.58 5.10 1.42 229
Plural
s(Timelndex): Condition L2 1.00 1.00 0.81 .368
Singular
s(Timelndex): Condition Mono 5.06 5.65 1.76 .094
Plural
s(Timelndex): Condition Mono 6.84 7.56 4.31 <.001***
Singular
s(Timelndex, Subject) 397.90 484.00 38.01 <.0071***
s(Timelndex, Item) 239.34 286.00 48.98 <.007***
s(Event) 727.45 860.00 9.95 <.007***

Note. The table presents the parametric and smooth coefficients for the optimal model with
the difference in looks to the target minus looks to the competitor image for both stimulus
types, and both participant groups. The results of this model are visualized in Figure 3.4.
*p<0.05; **p<0.01; ***p<0.001

As indicated, Condition was an informative variable in explaining differences in
target advantage score (i.e., the proportion of looks to either the target or competitor
image). Interpretation of GAMM results requires visual inspection of the model output
which is given in Figure 3.4. The top row of Figure 3.4 shows comparisons of the
differences in target advantage score between the two groups and for the two levels of
stimulus number, singular (left) or plural (right). The bottom row shows comparisons for

the two stimulus types within each group (L2s on the left and monolinguals on the right).
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Points where the error bar shading does not cover the x-axis represent time windows with
significant differences in proportions of looks. For the between group comparison for
singular stimulus items (Figure 3.4, top left), the monolinguals have significantly more
looks to the target beginning at 463 until 887 msec, and then again from 1190 to 1635
msec, indicating that the monolinguals look to singular targets more rapidly, and more in
general throughout the time window. In contrast, the comparison for plural stimulus items
(top right) showed no significant difference between the groups over the two-second time
window. For the two levels of stimulus number, the L2s already had significantly greater
looks to the target for plural stimuli by the 200 msec intercept, which lasted until 1493
(bottom left), indicating that the L2s have a greater proportion of looks to plural targets
than singulars. For the monolinguals, there was a significant difference between the two
stimulus types at the 200 msec intercept, but it disappeared at 281 msec (bottom right).
This small significant difference was likely the result of an early bias to look at images with

multiple items.
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Figure 3.4. This plot shows the output of the plot_diff() function from the itsadug package
for the optimal GAMM model. The plot shows comparisons of the four levels of Condition
over time in msec. In each case the first term in the plot label serves as the x-axis and the
second term is represented as the smooth line in relation. Points where the error bar
shading does not cover the x-axis represent significant differences and are delineated by
vertical dashed lines.

3.4.3. Post-Hoc Analysis

The purpose of the present study was to test comprehension of plural-singular marking,
specifically with the expectation that the L2 group is likely to differ in their sensitivity to
this feature in relation to their general English comprehension. The evidence presented
here demonstrates that this population of L2 English learners use the information provided
by inflectional plural-singular marking less consistently, but also that proficiency, in the

form of greater receptive vocabulary (i.e., PPVT score), makes a difference for accurately
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interpreting plural-singular marking. This raises the question of whether the lower
performance for the L2 participants of the present study is due to a general lack of
proficiency. Here, additional data from the picture decisions for filler trials and looking
behaviour during experimental trials are presented to aid interpretation of this study’s
findings.

In completing the experiment, participants made button responses to all trials
including 40 fillers that required responding to a non-morphological semantic contrast. For
example, one such filler trial presented the audio stimulus The shovel is stuck into the sand
along with a target image of a toy shovel stuck upright into a sandy beach alongside a
competitor image of a similar shovel lying flat. For these items, the accuracy of the two
groups was more comparable with monolingual accuracy at 93% (SD = 4%), and the L2s at
89% (SD =4%). To further compare the group results for filler trials, a mixed effect model
predicting accuracy was run with the Group variable in interactions with PPVT score and
trial type (either plural-singular or semantic filler coded as -0.5 and 0.5, respectively). Due
to overfitting, random effects were reduced to only a random intercept for Item with a
random slope for PPVT score. The impact of each of these factors was investigated using
estimated marginal means from the emmeans package (version 1.3.4; Lenth, 2019). Results
of the model are presented in Table 3.5 and show that the group interactions were
significant. The significant interaction between Group and trial type is unpacked in
pairwise comparisons shown in Table 3.6. These comparisons show that there was no
statistically significant difference between the two trial types for the monolingual group
while the L2 group was significantly lower for plural-singular trials as opposed to the filler

trials. After accounting for receptive vocabulary, a significant difference still existed
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between the groups for the semantic fillers. The impact of PPVT score on accuracy is

illustrated in Figure 3.5 where comparison of the two panels shows that the monolinguals

did not vary greatly among themselves or between the two trial types of plural-singular

marking (left panel) and semantic fillers (right panel). In contrast, the L2s showed a much

greater range in accuracy in their interpretations of the experimental plural-singular

stimuli. While PPVT score significantly i

influence was greater for plural-singula

mpacted the L2s’ accuracy for both trial types, the

r trials.

Table 3.5 Model Results: Picture Decision Accuracy

Std. Error  z-value p-value

Estimate
(Intercept) 2.57
Group 1.01
Receptive Vocabulary 0.20
Trial Type 1.16
Group: Receptive -0.44
Vocabulary
Group: Trial Type -0.95

0.17 15.1 <.001 ***
0.23 4.41 <.001 =
0.13 1.53 125

0.29 3.95 <.001 Hx**
0.22 -2.01 <.045 *

0.34 -2.79 005 **

Note. Receptive vocabulary is the centred standardized score for the PPVT (Dunn & Dunn,

2007). *p<0.05; **p<0.01; ***p<0.001

Table 3.6 Post-hoc Pairwise Comparisons for Group and Trial Type

contrast type odds ratio std.err z-ratio p-value
L2 - mono Plural-Singular 0.23 0.07 -4.82 <.001 e
Semantic Filler 0.58 0.15 -2.06 .04 *
contrast group odds ratio std.err z-ratio p-value
Plural-Singular - L2 0.20 0.06 -5.72 <.001  *x*
Semantic Filler
mono 0.50 0.19 -1.78 .07

Note. Pairwise comparisons of the Group - trial type interaction in the post-hoc picture
decision accuracy model. Plural-singular trials are the experimental stimuli trials. These
comparisons show that while the L2 group made significantly less accurate picture
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decisions than the monolinguals for both trial types, only the L2 group had a significant
difference between the two trial types. *p<0.05; **p<0.01; ***p<0.001

An additional post-hoc test on the eye-tracking data was run with the aim of
showing whether L2 participants understood the stimulus nouns. This examined whether
upon hearing a stimulus noun such as ‘pencils’, L2 participants were looking at either of the
pencil images, or at distractor images. To test this, an additional GAMM was run as before,
but with looks to the distractor images subtracted from looks to the lemma-appropriate
(either target or competitor) images as the dependent variable. An initial model was run
over the original 2000 msec time window. However, a significant difference emerged late,
and therefore the time window was expanded to encompass this entire difference window.
(When the data points beyond 2200 msec are put into the model the beginning of this
difference shifts beyond 2200 msec.) With this model, both groups show comparable
relative looks to either the lemma-appropriate images or distractors until 2382 msec
where a significant difference emerges showing that the L2 participants have more relative
looks to the appropriate images. This lasts until 3968 msec. Results for this model are
reported in Table 3.7. For looks that were recorded but were not in any interest area the
proportions were similar across groups at 8% (SD = 3%) and 11% (SD = 5%), for L2s and
monolinguals, respectively. This post-hoc analysis of the eye-tracking data indicates that

both groups were similar in their ability to comprehend the noun lemmas.
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Accuracy vs. Receptive Vocabulary by Trial Type
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Figure 3.5. Participant accuracy by participant group is plotted against PPVT score for plural-
singular trials and semantic-filler trials. Points show individual participant accuracy for each
stimulus type.

Table 3.7 GAMM Output for Looks to Lemma-Appropriate vs. Distractor Images

A. parametric coefficients Estimate Std. Error t-value p-value

(Intercept) 4.41 0.34 12.83 <.001  **x*
Group: Monolingual -0.90 0.39 -2.32 .02 *
B. smooth terms edf Ref.df F-value p-value
s(Timelndex): Group - L2 8.46 8.56 37.96 <.001  **x*
s(Timelndex): Group: - Mono ~ 7.91 8.12 12.98 <.001  ***
s(Timelndex, Subject) 417.01 475.00 866.23 <.001  **x*
s(Timelndex, Item) 253.30 287.00 856.88  <.001  ***
s(Event) 757.14 846.00 38.64 <.001  ***

Note. This table presents the parametric and smooth coefficients for a model with the
difference in combined looks to the target and competitor images minus the combined
looks to the 2 distractor images compared across the 2 participant groups. The results of
this model showed that the L2 group was statistically significantly more likely to be looking
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at the target and competitor images within a late window from 2382 msec to 3968 msec.
*p<0.05; **p<0.01; ***p<0.001

3.5. Discussion

The purpose of this study was to investigate the comprehension of English plural-singular
marking, a highly frequent and semantically transparent morphosyntactic feature, by
middle-school-aged, Mandarin-L1 speakers who have learned their L2-English in
immersion classrooms since preschool. An age-matched monolingual control group was
included to aid interpretation of the immersion learners’ task performance. The study
employed a visual-world eye-tracking task, combined with a task that involved making a
picture decision based on the presence or absence of the plural ‘-s’ morpheme. Findings
indicated that there were differences between these English immersion learners and the
monolinguals in their online comprehension of plural-singular marking and in their final
interpretations. These differences emerged despite the L2-immersion learners typically
having begun English immersion in preschool and having more than 8 years of L2
exposure.

3.5.1. L2 Plural-Singular Marking Comprehension: Offline Interpretation and Online
Sensitivity

The first research question asked if the L2 group would differ in their offline interpretation
of plural-singular marking, and it was hypothesized based on research for community-L2
learners and late instructed-L2 contexts that they would be less accurate in responding on
the picture decision task. Results for the picture decision task revealed that L2 participants
were significantly less accurate than the monolinguals in their ultimate interpretations of

the audio stimuli. The task used here was not designed to be difficult, and as expected, the
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monolinguals made highly accurate picture decisions (92% accurate) with 9 of the 21
monolinguals making no errors. In contrast, no L2 participant was 100% accurate, and only
2 of the 33 scored above 90%, with group performance at an average of 69%. Also as
hypothesized, receptive vocabulary size, used here as a proxy for English proficiency, was a
predictor of accuracy. However, after the variance explained by receptive vocabulary was
accounted for, the influence of participant group remained. This evidence shows that the L2
participants were less likely to arrive at an accurate ultimate interpretation of plural-
singular marking as compared to the monolinguals, though participants with larger
receptive vocabularies were more likely to arrive at a picture decision consistent with the
marked stimulus noun.

For picture decision response times, the only significant predictor was receptive
vocabulary. This means that participants of either group were similarly fast when making a
correct response to a trial and without regard to whether the stimulus was plural or
singular. When L2 participants correctly interpreted the audio stimulus, they did so as
quickly as the monolinguals. The difference is that these correct interpretations happened
less often for the L2 participants. As participants were given a limited time to respond, the
L2 participants may have been impacted by a speed-accuracy trade off, which does not
appear to be the case for the monolinguals, though additional research is required to
determine if, given more time, the L2s’ response accuracy would increase.

The second research question asked about online interpretation of plural-singular
marking. In line with what was hypothesized, participant group predicted significant
differences in looking behaviour. However, this was limited to singular stimulus trials, with

plural trials showing no difference from monolinguals (see Figure 3.4). For singular trials,
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an early difference arose between the L2 participants’ and monolinguals’ looks to target
images indicating that the L2 participants typically had a delayed response to singular
nouns as compared to monolinguals. In contrast, on plural stimulus trials, the L2
participants were able to mirror the timing of monolinguals’ increasing looks to plural
targets.

When the two stimulus types are compared directly, the L2 participants also showed
an advantage for looks to plurals as compared to looks to singular targets. The L2
participants’ looks were significantly more likely to correspond to the appropriate image
on plural trials as opposed to singular trials and this difference lasted from cue onset until
about 1500 msec (see the lower left panel of Figure 3.4). Though it appears that the L2
participants had an advantage for comprehension of plurals, this did not translate into
greater ultimate accuracy on the picture decision task, where there was not a significant
difference between accuracy for the plural and singular items. In sum, the hypothesis that
the L2 group’s looks to target images would be delayed and be lower in proportion only
held for singular stimulus items. In addition, it was hypothesized that receptive vocabulary
would have an impact on speed and proportion of looks. However, no statistically
significant impact of receptive vocabulary was found.

In order to aid in interpretation of these results, 2 post-hoc tests were run. A
potential explanation for the accuracy difference found for the picture decision task is that
the immersion learners simply had low proficiency and that findings would not be unique
to interpretation of plural-singular marking. However, a post-hoc test for accuracy with the
filler items showed that the L2 group had significantly lower accuracy in their

interpretation of the plural-singular stimuli than for the semantic filler items. In contrast,
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this was not true for the monolingual participants who did not differ in their accuracy for
either trial type. Despite the much smaller range in accuracy for filler trials, receptive
vocabulary was still a predictor of accuracy for the L2 group. This test shows that, like
research for immersion learners in other contexts, these L2 participants have good general
L2 comprehension, but can exhibit differences when specific morphosyntactic features are
scrutinized.

In addition, a post-hoc GAMM was run on the difference between looks to the
experimental images (either the target or competitor images) versus the distractors to see
if L2 participants had online difficulty interpreting the stimulus nouns. This showed that
the L2 participants were as likely to be looking at lemma-appropriate images as the
monolinguals within the 200 to 2200 msec post-cue time window, and more likely to be
looking at the experimental images after the experimental time window. However, this
later ‘advantage’ in looks to the target and competitor came at a timepoint when looks to
these images were decreasing for both groups (see Figure 3.3) and therefore represents a
slower decrease rather than an increased response. That the L2 participants tend to look at
the experimental images for longer likely reflects their lesser certainty in determining the
target image based solely on plural-singular marking.

A seemingly incongruous finding of the present study was that the L2 participants
appeared to interpret plural marked nouns as consistently as monolinguals in online
comprehension, but this did not translate into either monolingual-like accuracy on the
picture-decision task or even significantly greater accuracy than for singular stimuli.
However, it is not uncommon for participants to differ in their performance during an

online task and when completing a subsequent explicit offline task similar to that of the
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present study. For young children, eye-movements have demonstrated understanding of
others’ false beliefs (Clements & Perner, 1994; Oniski & Baillargeon, 2005), or verb
number-agreement marking in L1 German (Brandt-Kobele & Hohle, 2010) even when this
was not reflected in children’s explicit answers. Thus, online tasks can show understanding
earlier in development than explicit tasks. This should be predicted given that for tasks like
eye-tracking, even a partial representation of a feature can be beneficial (Chang, Dell, &
Bock, 2006), whereas, accomplishing an interpretive task requires integrating that
information into a full utterance, a task likely to require a more robust linguistic
representation.

Overall, this study supports research for child community-L2 learners (Jia, 2003)
and late-L2 learners (Jiang, 2007; Jiang et al., 2011) that shows speakers of languages with
optional number marking can have differing attainment for English plural-singular
marking. Findings also support studies of language immersion that show differing
attainment for some features of L2 morphosyntax (e.g., O Duibhir, 2011; Harley, 1993;
Warden, 1997). This study joins Lew-Williams (2017) in showing that it is not only the
morphosyntactic production skills of immersion learners that can be divergent from those
who speak the language as an L1. In addition, this study also shows that differences in
immersion learners’ comprehension are not limited to abstract features like grammatical

gender.

3.5.2. Acquiring L2 Morphosyntactic Constructions in Immersion

Like Lew-Williams (2017), this study finds that early immersion learners can have

differences in L2 comprehension. In the Lew-Williams study, the author found that unlike
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Spanish-L1 peers, English-L1 classmates could not identify upcoming nouns by using
abstract grammatical gender but were able to use the more semantically transparent
features of number and notional gender. However, it remained unclear whether it was
semantic transparency or that English has both number-marked determiners and
morphological forms that reflect notional gender (i.e., pronouns) for which processing
skills could be transferred. In the present study, semantically transparent bound plural-
singular morphology was examined. However, unlike Spanish and English, Mandarin and
English differ with regard to whether number marking is obligatory. Despite having 3
fewer years of exposure to their L2 than the L2 participants of the current study, the
English-L1 participants of Lew-Williams (2017) were similarly responsive to Spanish
number marking on a task that reflected rapid comprehension as compared to their
Spanish-L1 peers. In the present study, the differences between the participant groups for
both the eye-tracking and the picture decision tasks maintain after more than 8 years of
immersion indicating that for plural-singular marking, semantic transparency is not
enough to ensure that L2-immersion learners eventually make use of this contrastive L2
feature in the same manner as those who have learned the language as an L1.

Despite the lower task accuracy for L2s, given a binomial distribution, most
participants of the L2 group were above chance in their responses for both singular and
plural stimulus items indicating that they have established receptive knowledge of plural-
singular inflection. Thus, the present study’s findings may suggest these participants’
plural-singular marking knowledge is at an intermediate stage of development. It is
important to note that in the Lew-Williams study, participants responded to number

marked determiners rather than bound morphemes. For L1 English, research indicates that
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the bound morpheme on the noun may be a later acquired number marker as compared to
features (or the combination of features) such as determiners and verb agreement
(Kouider et al., 2006; Wood et al., 2009) and thus, the differences in findings between the
two studies may be the result of construction difficulty. If this is the case it is possible that
the participants of the Lew-Williams study would have had lower accuracy if limited to
bound morphology and that the participants of this study would do better if number were
also marked on determiners (the latter having a strong likelihood given that in Mandarin
plural and singular can also be marked this way when appropriate to the discourse
context). As a result, the findings of the present study may not be the result of differences
between the L1 and L2.

In addition, prior L1 developmental research has found that young children
developing comprehension of plural-singular marking can be more sensitive to plural
forms than singular (see Arias-Trejo et al.,, 2014 for L1 Spanish; Xu Rattanasone et al., 2016
for L1 English and L2-English speakers without a Chinese L1). Thus, the present study’s
findings that the L2 participants had low accuracy for both plural and singular, but more
looks to plural stimulus targets may also suggest these participants’ plural-singular
marking knowledge has been assessed at an intermediate stage of development. However,
Xu Rattanasone et al. (2016) found that L1-Chinese participants were more accurate with
singular stimuli and thus did not follow this pattern. Though this study cannot rule out the
possibility that the L2 participants are still developing this knowledge, it is unclear how
well the L1 developmental patterns of children 2 to 4 years of age generalize to adolescent

L2 learners with more than 8 years of L2 exposure.
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3.5.3. Connections to Late L2 Learners

Findings for late learners also support that knowledge of plural-singular marking can be
late emerging for speakers of an optional-number L1. Studies that have probed receptive
sensitivity to English number marking for these participants using self-paced reading (e.g.,
Jiang et al.,, 2011; Jiang, 2007; Song, 2015; Wen et al., 2010) have differed as to whether
their respective participants were as sensitive to written grammatical errors as native-
speaking controls. Wen et al. (2010) and Song (2015) found that advanced L2-English
speakers were sensitive to the marking, but that intermediate speakers were not,
indicating that this knowledge does not appear until a very high level of English proficiency
is attained. In contrast, this delay does not appear to apply to English learners whose L1
also has obligatory number marking as Jiang et al. (2011) compared proficiency-matched
L1 groups and found only the optional number-marking-L1 group (Japanese) were less
sensitive to plural-singular marking errors, while both groups performed similarly in
detecting verb subcategorization errors.

An additional concern within the late-L2 literature was stimulus complexity that
required noticing agreement errors beyond multiple phrase boundaries as in *several of the
board member (Jiang et al., 2011). In the present study, participants were only required to
interpret the noun in its correct plural or singular morphological form within a stimulus
sentence. Using these stimuli, both the picture decision task and eye-tracking data
indicated that the participants differed from the monolingual participants. Generalizing
between participant groups that differ in age, type of L2 exposure, and across experiment

types should be done with caution. However, evidence that proficient child L2 learners can
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also have non-target acquisition with features of an L2 indicates that the issue of L1-L2

differences is not (only) rooted in maturation, and that other factors can play a role.

3.5.4. Ultimate Attainment in Immersion

Despite the years of exposure that the L2 group had received, a limitation of this study is
that it does not provide conclusive evidence that the participants had reached their
ultimate L2 attainment. The results of the present study show that the L2 participants were
above chance in their interpretation of plural-singular marking indicating they had
acquired knowledge of the L2 feature, though it is unclear why they use this marking with a
consistency that differs from the monolinguals. Though the current study’s results show
parallels with developmental patterns in L1 acquisition, explaining these results as the
product of either continuing or incomplete attainment may not accurately capture usage
within this context. Based on English majority language contexts, plural-singular marking
can be considered a frequent and reliable morphosyntactic feature. However, this
assumption may not generalize to immersion classrooms (or other foreign language
learning contexts). A potential advantage in studying immersion learners within a single
school is that the participant group is both a study sample, and a sample of the individuals
with whom each participant is likely to interact. The findings of this study indicate that the
interaction these L2 learners have with classmates is likely to involve seemingly less
reliable use of plural-singular inflection and given that a feature of immersion contexts is
that interaction is largely limited to the classroom (Swain & Johnson, 1997), this may
account for a substantial proportion of their L2 interaction. A potential alternative

explanation for the results found here is that the L2 participants’ usage of plural-singular
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marking is neither continuing in development toward a monolingual standard, nor in a
‘fossilized’ state short of that standard, but rather at a stable stage of development
influenced by and potentially consistent with L1 pragmatic usage.

In studying Mandarin-L1 children and adolescents, Jia (2003) observed that a
participant might provide obligatory plural marking on a particular noun, but then later
produce the noun without the obligatory marking, even within the same testing session.
Importantly, neither Jia nor the current study can provide evidence that these differences
in language use were unsystematic errors, and not a consistent and accurate reflection of
pragmatic usage within the respective L2 users’ linguistic context. Importantly, in a later
study of the same participants, Jia and Fuse (2007) found that whether an individual’s
linguistic environment favoured the L1 or L2 impacted the likelihood of standard use of
inflectional morphemes. Thus, it is possible that participants whose linguistic
environments were more Mandarin dominant produced plural marking influenced by
Mandarin pragmatics. Potentially, both Jia’s participants and the L2 participants of the
present study were more likely to interpret and produce plural-singular marking when
assumed to be contextually relevant, a possibility that can be probed in future research. In
addition, given the possibility these immersion learners rely more on other quantifiers
such as number-marked determiners, future research should aim to link L2 participants’
preferences for marking number in production with their language comprehension ability
(i.e., Do L2 learners who produce more quantifiers rely more on quantifiers in

comprehension?).
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3.6. Conclusion

The goal of this study was to examine immersion learners’ comprehension of L2
morphosyntax. This study shows that, unlike global measures of language comprehension,
more fine-grained online measures and more targeted explicit tasks demonstrate that
differences exist between monolinguals and immersion learners with an early L2 start and
extensive exposure to the L2. The present study provides evidence that these immersion
learners do not interpret English plural-singular marking identically to monolingual
English speakers. However, it remains unclear why these differences should exist for a

semantically transparent, highly frequent morphosyntactic feature.
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4 How out-of-school L2 input and L2 use impact adolescent L2
vocabulary across the classroom immersion and community-
L2 contexts: A richer L2 environment is key

4.1. Introduction

The specifics of a child’s second language (L2) learning environment can impact their L2
development (Paradis et al., 2020). One aspect that has numerous implications for a child’s
L2 environment is whether the L2 is a language widely spoken in the community or not.
For example, some children speak a minority first language (L1) at home and then begin
learning the community majority language as an L2 when they enter school. These
community-L2 learners will have a large advantage in terms of opportunities for L2
experience over children who are learning an L2 not widely used in the community.
Nevertheless, building L2 proficiency in either context is possible. That learning a non-
community L2 is possible is especially illustrated by language immersion learners, who are
exposed to the L2 in classrooms in which they are expected to learn mainstream
educational curricula through content instruction in the L2 (i.e, they are taught about math
or science rather than explicitly about the L2). When compared to peers in traditional
instructed-L2 classrooms who receive explicit L2 instruction for only a few hours a week,

immersion learners rapidly demonstrate far superior L2 ability that can eventually be on
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par with L1 speakers on tests of listening comprehension (Genesee & Lindholm-Leary,
2013; Swain & Lapkin, 1982).

Both community-L2 and immersion learners are similar in that they receive
extensive and frequent exposure to the L2 through content lessons in school. However, the
L2 experiences of community-L2 and immersion learners outside of school are likely to be
very different. These differences in exposure should be expected to have important
implications for L2 development, but currently little is known about how the out-of-school
L2 experiences of these two types of L2 learners compare, or how they may impact L2
development. In order to investigate this topic, the present study examined differences
between the out-of-school L2 environments of learners in the two contexts. In addition, to
understand how these differences may impact L2 ability, their potential impact on L2
receptive vocabulary knowledge was also examined. Both participant groups were

adolescent L1-Mandarin speakers learning L2-English.

4.1.1. L2 Outcomes in the Immersion and Community-L2 Contexts

For many L2 learning children, the L2 is learned as the majority language of a community
after they have spent several years acquiring an L1 at home. In addition to L2 exposure in
the wider community, these community-L2 learners receive L2 exposure through
mainstream schooling alongside L1 speakers of the majority language and it is commonly
observed that they attain L2 abilities that closely match their L1 speaking peers (DeKeyser,
2012; Mufoz & Singleton, 2011). That beginning L2 learning in early childhood results in
more L1-like ultimate attainment is a consistent finding for L2 learners in this context (e.g.,

Abrahamsson & Hyltenstam, 2009; Flege et al., 1999; McDonald, 2000), and is consistent
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with the experience of countless adult immigrants whose children attain a level of
proficiency in the language of their new community that they generally do not.

In order to capitalize on this apparent advantage, early immersion programs in
Canada and the US were founded on the assumption children could rely on L2 input and
their natural incidental language learning mechanisms to develop L1-like proficiency in an
L2 (Fortune et al., 2008; Genesee, 1984 ). Essentially, it was hoped that the success of
community-L2 learners could be reproduced within immersion classrooms. However,
children in immersion contexts do not reliably attain L2 abilities that parallel L1 speakers
of the target language, though they still achieve high levels of L2 communicative
proficiency (Lyster & Genesee, 2019).

Gaps in L2 ability are observed particularly for immersion learners’ more limited
range of vocabulary, and in their morphosyntactic accuracy (Cummins, 2009), despite
years of L2 exposure and an early start. Specifically for their vocabulary, performance on a
monolingual-normed assessment of receptive vocabulary shows that French immersion
learners in grades two and five (i.e., their third or sixth years of immersion) fall more than
one standard deviation below monolingual French speakers on average (Hermanto et al.,
2012). Presumably to compensate for this lag in L2 vocabulary, immersion learners
throughout their programs are observed to stretch their vocabulary resources, particularly
for verbs, by resorting to words with more general meanings where L1 speakers would use
a more exact term (Harley, 1992). However, this compensation strategy is also observed
for community-L2 learners in their first few years of L2 exposure (Golberg et al., 2008).

Despite similar early use of this compensation strategy, studies of community-L2

learners’ receptive vocabulary show that these learners steadily catch up to their
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monolingual peers (Farnia & Geva, 2011; Golberg et al., 2008), with individuals potentially
meeting or exceeding standard scores on monolingual-normed assessments by four to six
years of L2 exposure (Paradis & Jia, 2017). When compared to peers within the same
schools, community-L2 learners with more than seven years of L2 exposure can attain
target language vocabulary knowledge on par with monolingual controls (Soto-Corominas
et al, 2020). Therefore, in contrast to immersion learners, it appears that the gap between
community-L2 learners and monolinguals is eventually greatly diminished, if not
disappearing altogether. However, precisely how community-L2 and immersion learners’
vocabulary knowledge compare is unclear as these groups have never been compared
directly. In addition, it is also unclear which factors associated with these two L2 learning

contexts contribute to potential differences in vocabulary knowledge.

4.1.2. Sources of Individual Differences in Early L2 Acquisition

Currently, research on child L2 acquisition in community-L2 contexts has increasingly
examined factors that underlie differences in the rate of development between individuals.
This research is motivated by the position that an understanding of how these factors can
impact an individual’s L2 development is informative about the processes and mechanisms
that contribute to early L2 acquisition (Chondrogianni, 2018; Paradis, 2019, 2011).
Research examining sources of individual differences in learners’ L2 abilities may
investigate learner-internal factors that include differences in cognitive abilities like
memory or analytical skills, or in relationships between different linguistic subsystems
(e.g., morphosyntactic and vocabulary knowledge; or, L1 and L2 knowledge). In addition,

this research also the impact of learner-external factors that relate to the individual’s
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experiences with the L2. These learner-external factors are expected to be significantly

impacted by learning context.

4.1.3. Learner-External Sources of Individual Differences in L2 Vocabulary Ability

As a source of individual differences in L2 ability, differences in learning context, such as
those between the immersion and community-L2 context, serve as a learner-external
macro-variable indexing a range of more proximal micro-variables that impact L2
development. Micro-variables include sources of L2 experience like opportunities to use
the L2 with peers or at home, as well as access to forms of media in the L2, all of which
would correlate with whether or not learners reside in a community where the L2 is widely
used. For community-L2 learners, these learner-external factors have received increasing
attention as they have been demonstrated to impact L2 development (e.g., Jia & Fuse, 2007;
Paradis et al., 2016, 2020; Rojas et al., 2016). By contrast, the L2 experiences of individual
immersion learners have remained under studied. The immersion context has been
characterized as one where participants’ L2 exposure is confined to classrooms (Swain &
Johnson, 1997). If this is the case, then the potential for individual variation in learner-
external factors would be limited. However, this description of the immersion context pre-
dates widespread access to the Internet. Currently, youth around the world have access to
additional sources of L2 media and communication, and thus, the extent to which
immersion learners’ L2 experience remains limited to the classroom is currently unclear
and worth re-evaluating.

For community-L2 learners, one learner-external variable showing a consistent

association with gains in L2 vocabulary ability is the length of time learners are exposed to
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the L2 (Carhill et al., 2008; Chondrogianni & Marinis, 2011; Cobo-Lewis et al., 2002;
Hammer et al., 2012; Paradis & Jia, 2017). However, the rapid vocabulary expansion of L2
vocabulary in the early years eventually appears to slow. Farnia and Geva (2011) found
that L2 vocabulary knowledge increased for learners who were followed longitudinally
from first to sixth grade, but that the degree of impact was reduced as cumulative exposure
increased over time, a finding supported in other research (Soto-Corominas et al., 2020).

For immersion learners, the benefit of more years of immersion on vocabulary
knowledge is evident in the early stages of immersion (Harley & Jean, 1999; Kalia et al.,
2018; Nicolay & Poncelet, 2013), but, similar to community-L2 learners, rapid early
vocabulary development appears to eventually slow down. When compared to early
immersion learners, late-start learners (i.e., those who start in seventh grade, rather than
kindergarten) begin to catch up to early-start peers (Harley & Jean, 1999). Though early-
starters typically still out-perform late-starters, for L2 abilities in general, findings indicate
that, after only a few years of immersion, late-starters can often attain similar proficiency
as the early-starters who have had many more years of study (Turnbull et al., 1998). This
indicates that the benefits of length of L2 exposure begin to diminish for immersion
learners as is the case for community-L2 learners.

Beyond simply longer exposure, researchers have also looked at factors of L2
experience that may contribute to a richer L2 environment outside of school. For
community-L2 learners, the richness of the out-of-school L2 environment is often
examined as an aggregated variable made up of the diverse sources of L2 exposure they
can potentially access in addition to their L2 exposure in school. Findings indicate that the

richness of this type of exposure can impact L2 vocabulary development (Paradis, 2011;
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Paradis et al., 2020; Paradis & Jia, 2017). Sources that contribute to a richer L2
environment include participation in extracurricular activities, interaction with peers,
listening or watching media, and reading. Research has also shown that these specific
sources can make an individual contribution. For example, language use with peers can be
an important determinant of adolescent L2 learners’ lexical knowledge (Carhill et al., 2008;
Soto-Corominas et al., 2020). Watching educational television programming in the L2
outside of school hours has also been found to benefit preschool-aged community-L2
learners (Uchikoshi, 2006). For literacy activities, reading to pre-literate community-L2
learners benefits their L2 vocabulary knowledge (Collins, 2010; Prevoo et al., 2014).
However, little research exists for the impact of out-of-school literacy activities on the
vocabulary knowledge L2 learners in adolescence. Another learner-external factor that has
had equivocal results is home language use. For community-L2 learners, speaking the L2 at
home can be a significant predictor of greater L2 vocabulary (Cobo-Lewis et al., 2002), but
this link between home L2 use and L2 vocabulary is not always found (Paradis, 2019,
2011).

An additional source of L2 exposure that is under researched for school-aged
community-L2 learners is language use via mobile mediated written messaging such as
SMS messages or messaging applications (e.g., WhatsApp or WeChat). Existing research
shows that community-L2 learners have been found to have more limited lexical diversity
when messaging in their L2, with those who message more frequently in the L2 having the
smallest range of vocabulary (McSweeney, 2017). This finding suggests that the benefit of
using the L2 for messaging may only have limited benefit for vocabulary ability.

Nevertheless, findings for monolingual children indicate that increased text messaging can
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have a positive impact on vocabulary (Plester et al., 2009), but even for monolinguals, the
relationship of text messaging to language skills is not fully understood (Verheijen, 2013).

For immersion learners, there is a lack of research examining the richness of L2
experiences beyond the classroom and how these may impact L2 vocabulary ability.
However, evidence that greater L2 use with acquaintances outside the classroom predicts
better general L2 ability for learners in their eighth year of immersion (Hamayan et al,,
1977), which indicates that these learners can also benefit from L2 exposure outside of
school. In contrast to immersion, there is a growing body of research looking at the impact
of L2 exposure outside of classrooms on the development of a foreign language for
instructed-L2 learners (see the recent volume by Dressman and Sadler (2020)). For the L2
exposure of school-aged, instructed-L2 learners outside of their instructional time, studies
find that L2 vocabulary ability benefits from additional sources of L2 exposure such as
watching films or television (Kuppens, 2010; Lindgren & Mufioz, 2013), listening to music
(Pavia et al., 2019), playing video games (Kuppens, 2010; Peters, 2018; Peters et al., 2019),
viewing social media (De Wilde et al., 2019), receiving text messages (Lu, 2008) and
reading (Webb & Chang, 2015; Zahar et al,, 2001).

As both immersion learners and instructed-L2 learners live in communities where
the L2 is not widely spoken, they are likely to have similar limitations on opportunities for
L2 exposure outside of school. However, despite the benefits to vocabulary knowledge that
these additional sources of L2 exposure can have for non-immersion L2 learners, it is
unclear whether these should have similar benefits for immersion learners. It has been
argued that factors associated with out-of-school language experience may have a greater

impact in these traditional instructed-L2 contexts (Mufioz, 2014; Sun et al,, 2016). The
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reason for this is that most school-aged instructed-L2 learners are likely to have only a few
hours a week of L2 exposure and thus, small differences in informal L2 exposure can add
relatively larger percentages of total L2 exposure (i.e., for a learner who receives two hours
of L2 instruction a week, watching one hour of television programs in the L2 would be a
50% increase in weekly L2 input). This is illustrated by a study of Swedish high-school
content and language integrated learning (CLIL) L2-English learners. For these learners,
Olsson and Sylvén (2015) found that out-of-school sources of L2 exposure did not benefit
their written L2 production of academic vocabulary. Given that their in-school CLIL
exposure should be a rich source of academic vocabulary, the potential benefit of L2
exposure for online gaming or watching movies is overshadowed. These L2 experiences
may be valuable for learners who have limited in-school contact with the L2, but are not

rich enough to impact those with richer in-school L2 experience.

4.1.4. L2 Input and L2 Usage in Immersion

L2 learners in immersion contexts can amass thousands of hours of in-school exposure,
with early immersion learners estimated to have around 6,000 hours of L2 exposure by the
end of eighth grade (i.e.,, ninth year of study, Turnbull et al. (1998)). Despite the quantity of
L2 exposure immersion learners receive, Swain (1985) argued that most of the exposure
comes in the form of L2 input from teachers, with a relative lack of conversational
exchange (i.e., interactional use), a finding also supported by subsequent research (Allen et
al,, 1990; Swain, 1988). Contrary to approaches that ascribed the process of L2 acquisition
entirely to authentic/comprehensible input that were popular throughout the 1980s (e.g.,

Krashen, 1985), Swain indicated that the lack of opportunities for L2 output that are a part
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of interactional L2 use could be a potential limiting factor on the L2 development of
immersion learners (or any L2 learner). Subsequent research has shown that, in addition to
L2 input, opportunities for L2 output are also important (Izumi et al., 1999; Kowal & Swain,
1997). Both immersion and community-L2 learners groups of L2 learners receive extensive
and frequent L2 input in school. In contrast to their in-school L2 experience, there should
be greater differences between the groups’ respective opportunities for L2 experiences
outside of school as immersion L2 learners are characteristically considered to have their
L2 experience largely limited to the L2 classroom (Swain & Johnson, 1997). However, as
Swain (1985) noted for L2 experience in immersion classrooms, not all L2 experience
provides equal opportunities for both L2 input and L2 output. If classroom experiences
tend to provide limited opportunities for interactional L2 use, then it may be that, for both
types of L2 learner, out-of-school L2 exposure is a key source of opportunities for sources
of L2 experience where input and output opportunities are more balanced. Thus, when
examining the out-of-school sources of L2 exposure that L2 learners receive it is important
to consider whether these are largely opportunities for increased L2 input or whether they
are opportunities for interactional L2 use. If a lack of opportunities for interactional L2 use
rather than a lack of L2 input limits L2 development in immersion, it may be that both
immersion and community-L2 learners, but immersion learners in particular, benefit more
from additional opportunities for interactional L2 use. As a result, the present study
examines out-of-school L2 experience as either a source of greater L2 input or greater L2

interactional use.
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4.1.5. The Present Study

The present study compared the out-of-school L2 learning environments of adolescent L2-
English learners in two different learning contexts and examined how these differences in
learning context can impact L2 receptive vocabulary ability. Learners were either acquiring
L2-English in a community-L2 or immersion context. Both groups were comprised of L1-
Mandarin speakers. In addition to L1, the groups were matched for age of English
education onset, age at testing, and level of parental education. Participants of both groups
had begun learning English before five years of age on average, and were currently in
middle school (grade seven, eight, or nine in a K-to-12 system) giving them extensive
exposure to English. The age and English proficiency of the two groups make them capable
of accessing a wide range of L2 experiences including both traditional and social media.

The present study has three research aims. The first was to examine how L2 input
and interactional L2 use outside of school compare for adolescent L2 learners in either a
community-L2 context or an immersion context. It was expected that participants in each
context should differ, with the community-L2 learners having greater amounts of L2 input
and opportunities for interactional L2 use.

The second aim was to see if the L2 receptive vocabulary ability of participants
differed across the two contexts. Given the expectation that community-L2 learners have
more L2 input and use, it was also expected that the community-L2 participants would
have greater L2 vocabulary ability.

Finally, in order to understand how L2 experience impacts L2 development within
each context, potential predictors of individual differences in L2 receptive vocabulary were

examined against the vocabulary ability of participants within each group. This included
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examination of the out-of-school learner-external L2 input and interactional use factors
compared between contexts. These aims are addressed in the following three research
questions:

1. How do the adolescent L2 learners in the immersion versus the community-L2 context
differ in their access to sources of L2 input and interactional L2 use outside school?

2. How does the receptive vocabulary knowledge of the immersion learners compare to
the community-L2 learners? Do the immersion learners have equivalent L2 vocabulary
sizes to the community L2 learners?

3. How do learner-external differences in L2 input and use predict individual variation in
the L2 receptive vocabulary ability of immersion learners and community-L2 learners?
Are additional sources of interactional L2 use more predictive of L2 vocabulary ability
than additional sources of L2 input? Is there a difference in how predictive these factors
are depending on the learner context?

4.2. Methods
4.2.1. Participants

The two comparison participant groups for this study were comprised of middle-school-
aged adolescents studying in either grade seven, eight, or nine (mean age = 13;10, SD = 8
months). The first group was the immersion-L2 group. Participants for this group were
Taiwanese L1-Mandarin, L2-English immersion students (n = 33) studying at a private
English-language high school in Northern Taiwan. The community-L2 group (n = 31) was
comprised of adolescents living in Canada and attending mainstream Canadian schools in
large English-majority cities who were also L1-Mandarin speakers.

For the immersion-L2 group, data were collected from 37 participants. From this
total, the data of four participants were excluded from analysis. Of these, two were
participants with fewer than five years in immersion whose early English experience had
come from instructed-L2 contexts. In addition, one participant had a native-English

speaking parent, and would potentially be better classified as a heritage language speaker.
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Finally, one participant was an outlier for receptive vocabulary, scoring approximately
three standard deviations (SDs) below the mean for the immersion learners and one SD
below the next lowest participant. The remaining participants had been enrolled in
immersion classes taught by foreign teachers from English-speaking countries (e.g., the UK,
US, Canada, etc.) since preschool (mean age of English onset = 4;7, SD = 17 months). After
preschool, the students attended a bilingual elementary school where half their instruction
was in their L1, Mandarin, from a local teacher, and half in the L2, English, from a foreign
teacher. On average, they had attended an immersion program for eight years and five
months (SD = 19.9 months). All study participants were in good academic standing (i.e.,
they were passing their classes).

The community-L2 group participants were recruited in Edmonton and Vancouver,
both English-majority cities in Western Canada. After local public school boards reviewed
the study research proposal and ethics approval, the study was referred to the
administration of individual schools for participant recruitment. Recruitment also included
one charter school. The community-L2 participants had only been formally educated in
English. To match the immersion-L2 participants, only community-L2 participants who
spoke Mandarin as an L1 and were first educated in English within the age range of the
immersion participants (min age = 2; max age = 8) were included. Community-L2
participants mean age of English onset was 4;0 (SD = 13.9 months) and they had attended
mainstream schools in an English-majority community for nine years and eleven months

(SD = 16 months).
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4.2.2. Materials and Procedures

English Vocabulary Size. The Peabody Picture Vocabulary Test [PPVT; Dunn and Dunn
(2007)] was used to assess receptive vocabulary. The test requires the experimenter to say
a word. Then, the participant chooses the appropriate one of four pictures presented. The
age standard score is 100, with an SD range of 85-115.

Alberta Language Environment Questionnaire - 3 (ALEQ-3; Soto-Corominas et al.
2020) Participant data were collected using the ALEQ-3. Information was collected for
variables that were expected to vary with L2 learning context, as well as for general
participant background data. The questionnaire included two components; a take-home
portion completed by parents, and a portion given directly to the participant in the form of
an interview where the researcher asked questions and filled out the questionnaire. In the
take-home portion, parents provided background information about when their child
began education in English, and about parents’ educational background. Parental education
was blocked on a three-point scale from 0 to 1 with 0 for no post-secondary education, .5
for some post-secondary and 1 for an undergraduate degree or more education.
Information for age of beginning English education was used to calculate length of English
exposure for each group. For the immersion-L2s, this reflects years in English immersion
classes. For the community-L2Zs, this variable reflects length of time since beginning
education in English. These background data are presented in Table 4.1.

Information about learners’ L2 environment was collected directly from
participants. A range of questions probed L2 experience in terms of both input and
interactional use. These were used to compare participants’ L2 learning environments

across the two L2 learning contexts. For interactional use, participants were asked about
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whether they tended to use their L1-Mandarin or L2-English more with their parents and
siblings and this information was converted into a variable reflecting home language use. A
similar variable was created for language use with friends/peers. These variables were
reported on a 1-5 scale [1 = English never and L1 always (90% or more), 2 = English
seldom and L1 usually (30%/70%), 3 = English 50% and L1 50%, 4 = English usually L1
seldom (70%/30%), 5 = English almost always (90% or more) and L1 almost never].
Participants also reported the number of messages or emails to friends and family using
either their L1 or English that participants sent and received. From these numbers, a
relative proportion of messages in English was calculated. In addition, participants
reported hours per week spent in various activities using English outside of school. These
include time spent using English for watching or listening to media (English TV, video, &
music), reading, viewing social media and/or playing video games with language content
(social media & gaming), or participating in extracurricular activities (e.g., sports teams or
music lessons).

Variables were grouped according to whether they mainly constituted a source of L2
input or were sources of L2 input and L2 output. Sources of both input and output were
categorized as interactional L2 use (or just L2 use). These groupings broadly reflect the
anticipated balance of input and output each L2 source provides. If a source of L2
experience should involve roughly equal opportunities for L2 input and output, it was
classified as L2 use. Otherwise, it was classified as L2 input. Nevertheless, sources of L2
experience cannot be considered entirely categorical. For example, immersion learners
have some in-class opportunities for L2 output. However, immersion research shows that

these opportunities are limited (Allen et al., 1990; Swain, 1985, 1988), and that immersion
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classrooms are mainly sources of L2 input. In line with this classification, therefore,
classroom L2 exposure would be classified as a source of L2 input.

Sources of out-of-school L2 input included reading; watching video or listening to
music; participating in extracurricular activities; and engaging with social media or video
games with a language component. Engagement with traditional media and reading are
unambiguously sources of L2 input as opposed to L2 use given that they do not offer
opportunities for L2 output. However, this not the case for either participation in
extracurricular activities or engagement with social media and gaming. Nevertheless, both
of these sources should offer substantially more L2 input relative to opportunities for
output. For extracurricular activities, these are likely to be structured similarly to
classrooms where L2 experience comes mainly from the speech of a coach, instructor, or
other individual leading the activity, and as a result, this source of L2 experience was also
classified as a source of L2 input.

Also, like classrooms, social media provides the opportunity for both input and
output. However, where data are available, they show that a typical social media user
consumes much more content posted by others as opposed to posting their own content.
For example, industry data for Facebook users around the world show that users are more
than twice as likely to like (i.e., offer a reaction by selecting a clickable symbol for ‘like,’
‘love,” ‘anger,’ etc) another user’s post than they are to provide a post of their own
(Hootsuite, 2019). Though a like should be fairly concrete indicator that a post has been
read, posts that users react to should only represent a fraction of total posts read, though
the exact ratio is unknown. Similarly, data for Twitter users in the United States show that

80% of tweets are produced by only 10% of users, and that the average user tweets only
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twice per month (Wojcik & Hughes, 2019). For these reasons, online activity including both
social media and gaming in English were combined and categorized as sources of L2 input.
In sum, variables for L2 use included the proportion of English versus Mandarin
used for interacting with peers; with family at home; and for written messaging with
friends or family. Written messaging could be done via text messaging, chat applications
(including use of messaging features of social media platforms like Facebook) or email.
Though written messaging is less typical of interactional use, many participants of the
present study reported sending more than 50 text messages or more per day and given that
young adults typically expect a response to a text message from within a few minutes to
under an hour (Forgays et al., 2014), it is more consistent with interactional L2 use as it
provides a balance of both input and output. Variables reflecting sources of L2 input are
given in hours of English input, while L2 use variables are presented as relative
proportions of L1-Mandarin to L2-English use. Sources of each type are presented in

Figure 4.1 and Figure 4.2, respectively.

4.3. Results

Analyses to address the research questions were done using R Statistical Software [version
3.6.0; R Core Team (2018)]. To show how the two study groups compare, descriptive
statistics for each participant group, along with the results of a pairwise group comparison
are presented in Table 4.1. Comparisons are shown for participants’ age at the time of
study, age at onset of English education, length of exposure to English, and level of parental

education. Groups were matched on most of these variables, but the community-L2 group
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had significantly longer exposure to English (¢(61.85) = 2.03, p =.046). The results for each
research question are presented below.

Table 4.1 Background Data for Participant Groups

Community-L2 Immersion-L2  Group Comparisons

n 31 33
age at testing 13;11 (0;6) 13;8 (0;9) t(57.07)=1.3,p=.200

age of onset of English 4;0 (1;2) 4;7 (1;5) t(60.92) =-1.59,p=.117
education

length of Eng. exposure 118.55(15.96) 101.09 (19.91) ¢(61.85) =2.03, p =.046
(months)

level of parental .82 (.28) .85 (.32) t(61.59) =-0.35,p=.728
education

Note. Summary data are presented as mean (SD). Age data are given in year and month
(vy;mm) with SDs in months. Age at testing is chronological age. For immersion-L2s, age of
English education and length of exposure are the age of beginning and years of immersion
classes. Parental education, used here as a measure of SES, was blocked on a three-point
scale from 0 to 1 with O for no post-secondary education, .5 for some post-secondary and 1
for an undergraduate degree or higher.

4.3.1. L2 Input and Interactional Use across L2 Contexts

The goal of the first research question was to compare the community-L2 and immersion-
L2 groups for differences in their out-of-school L2 use and sources of L2 input. Altogether,
groups were compared for seven variables reflecting sources of L2 experience. Four were
classified as sources of L2-English input (gaming and social media engagement; reading,
watching TV, movies, or video and listening to music; and participation in extracurricular
activities), and three were classified as sources of L2-English interactional use (language
use with peers; language use at home; and language use for written messaging). Each
variable was compared using a pairwise test. With the exception of the comparison for
participation in extracurricular activities in English, all pairwise tests were Welch’s

unequal variances t-test. These tests are robust enough to deal with the data types of these
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variables, including the two variables scored on 5-point Likert scales (Derrick & White,
2017; Winter & Dodou, 2010). The extracurricular activities factor was compared using a
Wilcoxon rank sum test because values for the immersion-L2 participants clustered around
zero and were thus strongly skewed.

Reported p-values were Bonferroni corrected for a series of seven comparisons.
Statistically significant differences were found for four of the seven factors. Significantly
different sources of out-of-school L2 experience were participation in extracurricular
activities in English; language use with peers; language use at home; and language use for
written messaging via SMS, chat apps or email. The comparisons for reading; watching
video or listening to music; and engaging with social media or video games were all non-
significant. Effect sizes are given using Cohen’s d, for which values over 0.8, 0.5, or 0.2 are
respectively considered large, medium, and small effect sizes. For all statistically significant

comparisons, effect sizes for differences were large.
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Table 4.2 Statistical Comparisons across L2 Contexts

Community-L.2 Immersion-L2Z Cohen’'sd Test statistic
Eng. social 13.86 (10.31) 8.74 (9.74) 0.51 t(61.11) =2.04,p=.321
media &
gaming
Eng. reading 20.52 (19.42) 16.24 (9.03) 0.24 t(53.18) =0.96, p = 1.000
Eng. TV,video, 17.57 (13.28) 16.15(14.54) 0.1 t(61.96) =0.41,p =1.00
& music
Eng. 6.87 (5.71) 1.09 (2.85) 1.29 W=929,p<.001
extracurricular
activities
peer lang. use 4.39 (1.09) 2.21(0.89) 2.2 t(58.21)=8.72,p <.001
home lang. use 2.77 (1) 1.39(0.58) 1.71 t(47.42) =6.73,p <.001
messaging .66 (.25) 43 (.17) 1.09 t(52.7) =4.3,p<.001
lang. use

Note. Summary data are presented as mean (SD). English social media & gaming, English
reading, English TV, video & music, and English extracurricular activities are given in hours
per week. Home language use and peer language use are on scales from 1 to 5, with 5
indicating English use always. Messaging language use is a ratio of messages sent or
received in the L1 versus English with higher values reflecting more English use. Effects
sizes of comparisons are given as Cohen’s d. Groups were compared with a series of
pairwise tests Bonferroni corrected for seven comparisons. Given that immersion-L2
participants clustered around zero for hours of extracurricular activities, a non-parametric
Wilcoxon rank sum test was used for comparison. All other tests were Welch’s unequal

variances t-tests.
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Figure 4.1. This figure shows the hours of English input across participant groups. Points
represent individual participant values and are jittered to avoid overplotting. The single point on
the error bar shows the group mean, and error bars show the 95% confidence interval.
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Figure 4.2. This figure shows the relative proportion of L1-Mandarin to L2-English use. Higher
values indicate more relative English use. Points represent individual participant values and are

jittered to avoid overplotting. The single point on the error bar shows the group mean, and error
bars show the 95% confidence interval.

4.3.2. Comparison of L2 Receptive Vocabulary across L2 Contexts

The two groups’ mean receptive vocabulary sizes were compared using a Welch’s unequal
variances t-test on participants’ standardized PPVT score (i.e., their PPVT score adjusted
for age). Descriptive statistics showed that the community-L2 participants had a larger

English receptive vocabulary (mean = 103.84, SD = 20.38, range = 51-152) than the
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immersion-L2 group (mean = 78.42, SD = 15.65, range = 50-116). Results of the t-test
showed this difference between the groups was statistically significant (¢£(56.26) = 5.57, p <
.001). Cohen’s d for this comparison was 1.4, indicating a large difference. Standardized
PPVT scores indicate that the community-L2 participants were mostly within the normal
range for typically developing same-aged monolinguals (standard score = 100, SD = 15),
whereas the immersion-L2 group’s mean of 78.42 fell below the one SD range (85 to 115)

for monolinguals.

4.3.3. Predictors of L2 Receptive Vocabulary across L2 Contexts

To examine how elements of L2 environment predict L2 receptive vocabulary across
learner contexts, factors were entered as predictor variables into a linear model with
participants’ standardized PPVT score as the dependent variable. The goal of this research
question was to analyze predictors of receptive vocabulary independently across contexts,
and therefore the data for participants in each context was split and analyzed separately.
Analyzed variables included the seven factors from the first research question, as well as,
the additional learner-external variable of length of L2 exposure. All variables were
standardized as z scores in order for variable coefficients to be comparable within the
models. Correlations between modelled predictors are presented in Table 4.3 and Table
4.4,

Inclusion of this number of variables based on the number of participants within
each group would overfit the data. To account for this, variables were placed alternately
into a model through a process of forward-fitting. Models with variables found to make a

significant impact were compared to a reduced model using a likelihood ratio test to see if
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the variable improved the model. For the immersion-L2 group, significant predictors of
receptive vocabulary included language use for written messaging, and length of English
exposure (i.e., years of immersion) showing that greater use of English during written
messaging and more years of English exposure both predicted a larger English vocabulary.
This model had an R? of .32, with an adjusted R? of .28 (F(2, 30) = 7.09, p =.003).

For the community-L2 group, significant predictors of receptive vocabulary included
peer language use, messaging language use, English reading, and English extracurricular
activities. This model had an R? of .75, with an adjusted R? of .72 (F(4, 26) = 19.87,p <
.001). Greater use of English with peers and during written messaging and more hours of
reading in English predicted a larger English vocabulary. However, increased hours of
extracurricular activities in English had a negative impact on receptive vocabulary. With
the exception of L2 use for messaging, predictors of receptive vocabulary knowledge differ
for the two groups. In addition, a comparison of the adjusted R? for the two models
indicates that predictors explained much more variance in receptive vocabulary knowledge
for community-L2 learners. Model results for both participant groups are presented in

Table 4.5.
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Table 4.3 Correlations for Modelled Variables: Immersion Participants
1. 2. 3. 4. 5 6. 7

1. Eng. social media & gaming

2. Eng. reading .298

3. Eng. TV, video, & music .535% 270

4. Eng. extracurricular activities -.032  .156 .132

5. home lang. use .205 -078 .200 .329

6. peer lang. use 190 114 .384* -130 .136

7. messaging lang. use 214 123 .412* -.064 .047 .452**

8. length of Eng. exposure 203 215 -103 -.041 .010 -.087 -354*
Note. p <.05 %’ p<.01 “**’ p <.001 “***
Table 4.4 Correlations for Modelled Variables: Community-L2 Participants

1. 2. 3. 4, 5. 6. 7.

1. Eng. social media & gaming

2. Eng. reading -.049

3. Eng. TV, video, & music 301 -.037

4. Eng. extracurricular -009 .614***  -.009

activities

5. home lang. use -165 .163 -002 .201

6. peer lang. use -001 .028 196 105 .476**

7. messaging lang. use 035 .126 424* 340 .253  .607***

8. length of Eng. exposure -184 .155 -083 .060 -.016 -.136 -.203

Note. p <.05 %’ p<.01 %%’ p<.001 “***
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Table 4.5 Model Results: Predictors of Receptive Vocabulary

estimate std.err t-value p-value

Immersion participants

(Intercept) 78.42 2.32 33.82 <.001
messaging lang. use 8.43 2.42 3.49 .002
years of immersion 5.26 2.42 2.17 .038
Community-L2 participants

(Intercept) 103.84 195 53.20 <.001
Eng. Reading 11.24 2.53 444 <001
peer lang. use 9.87 2.52 392 <.001
messaging lang. use 8.40 2.68 3.13 .004
Eng. extracurricular activities -8.73 2.69 -3.25 .003

Note. This table presents the results for separate statistical models for each participant
group. All predictors are standardized as z scores.

4.4. Discussion

The present study compared two groups of adolescent L2 learners for their out-of-school
L2 experiences and their L2 receptive vocabulary knowledge. L2 learners in an immersion
context, where the L2 is not widely spoken in the community, were compared to peers in a
community-L2 context. Three research questions were investigated. The first research
question examined how the immersion learners differed from the community-L2 learners
in their sources of L2 input and opportunities for L2 use. Findings for this research
question indicated that the groups were more likely to differ in out-of-school opportunities
for L2 use than for access to L2 input. The second research question compared the L2
receptive vocabulary size of participants across the two L2 contexts finding that the
community-L2 participants had larger L2 vocabularies than the immersion-L2 group. The

third research question examined how learner-external differences in L2 environment,
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along with length of L2 exposure, predicted participants’ L2 receptive vocabulary size. For
learners of both L2 learning contexts, sending and receiving more messages in English was
a predictor of a larger vocabulary. However, additional predictors were different for each
context. For the community-L2 group, more English use with peers, more English reading,
and less participation in extracurricular activities were also significant predictors of a
larger vocabulary, while the only additional significant predictor for the immersion-L2

group was length of English exposure.

4.4.1. L2 Input and Use in the Immersion and Community-L2 Contexts

Previous research for immersion learners indicates that their L2 vocabulary can lag behind
monolinguals (Harley, 1992; Hermanto et al.,, 2012). In contrast, beyond the first few years
of L2 exposure, individual community-L2 learners are increasingly likely to demonstrate L2
receptive vocabulary within the normal range on standardized tests by the end of
elementary school (Paradis & Jia, 2017; Soto-Corominas et al.,, 2020). Because early L2
learners in both the immersion and community-L2 contexts get L2 exposure in classrooms,
these groups of L2 learners are most likely to differ in their out-of-school informal L2
exposure. Thus, differences in vocabulary ability may result from differences in out-of-
school L2 exposure. To identify what these differences might be, the first research question
compared the two groups for sources of L2 input and opportunities for interactional L2
use.

The present study collected comparison data for seven variables, of which, four
recorded hours of out-of-school L2 input and three were relative proportions of L1 and L2

use. L2 input variables were: Time spent using L2-English to access social media or playing
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video games; viewing or listening to media; reading; and participating in extracurricular
activities. For participation in extracurricular activities, there was a statistically significant
difference between the two participant groups, but for the other L2 input variables, there
were no statistically significant differences between the immersion or community-L2
groups. For variables reflecting proportion of L1 and L2 use, there were statistically
significant differences for all variables. For each of these variables, Cohen’s d indicated the
differences were large. Thus, these results show that that immersion-L2 learners have a
great deal of potential access to L2 input and that hours of L2 input can be comparable to
community-L2 learners, but the groups differ in their respective opportunities to use the
L2.
That L2 input is generally limited to the immersion classroom has been considered
characteristic of the immersion context (Swain & Johnson, 1997). However, in light of
increasingly widespread access to the Internet, the extent to which this would remain true
was unclear. The findings of the present study indicate that the immersion-L2 learners
potentially have access to amounts of out-of-school L2 input comparable to community-L2
learners for the sources studied, despite the immersion learners residing in a community
where the L2 is not widely used. Though L2 input variables for reading or viewing and
listening to media were not subdivided for the proportion of these activities mediated
through the Internet, it is likely that Internet access has a large impact on the degree of L2
input available to participants of both groups, but especially the immersion-L2
participants.

Despite being similar to the community-L2 participants in their access to L2 input,

the immersion-L2 participants continue to have limited opportunities to use the L2 in
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interaction with others. This should be expected given that learners in contexts where the
L2 is a non-community/foreign language will have more limited access to other speakers of
the target L2. For each variable reflecting proportion of L2 use, the two groups differed
significantly. The community-L2 participants were more likely to use English with peers, at
home, and for messaging than were the immersion-L2 participants. Though all differences
were large, comparison of effect sizes shows the largest difference for peer language use
and smallest for messaging.

A richer L2 environment has been found to impact L2 vocabulary development for
community-L2 learners (Paradis, 2011; Paradis et al., 2020; Paradis & Jia, 2017), and both
L2 input and L2 use should contribute to this. The present study shows that the two groups
differ in the richness of their respective out-of-school L2 environments. However, based on
the variables studied, this difference is largely limited to opportunities for interactional L2

use rather than sources of L2 input, for which the two groups were comparable.

4.4.2. L2 Receptive Vocabulary Size across L2 Contexts

The second research question compared the receptive vocabulary scores of the two groups
finding a significant difference with a large effect size indicating that the participants of the
community-L2 group typically have larger L2-English vocabularies than their peers in the
immersion-L2 group. Finding a difference between these groups should not be unexpected
given that length of L2 exposure in school has been found to be a consistent predictor of
greater L2 ability (Paradis & Jia, 2017) and the community-L2 group had 17.5 more months
of exposure to English than the immersion-L2 group. In addition, the community-L2 group

participants had an additional advantage over the immersion-L2 participants given the
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former had studied the full day in English throughout elementary school (i.e., from grades
one through six), as opposed to only a half day for the immersion-L2 participants.

The community-L2 group had a mean standardized PPVT score of 103.84 (20.38).
The normal range of standardized scores for this test, normed on monolinguals, is between
85 and 115 with a mean of 100. The data show that most community-L2 participants
performed within this range. This aligns with previous studies of community-L2 groups
with shorter lengths of L2-English exposure that show that these learners are steadily
catching up with monolinguals (Farnia & Geva, 2011; Golberg et al., 2008) and potentially
meet or exceed the PPVT mean standard score around four to six years of L2 exposure
(Paradis & Jia, 2017).

By contrast, the immersion-L2 group had a standardized PPVT score of 78.42
(15.65), which is outside the lower bound range of the monolingual norm (i.e., below 85).
The immersion-L2 group’s mean score aligns closely with results for other immersion
learners studied by Hermanto et al. (2012). For the French version of the PPVT, the authors
reported the Canadian French immersion learners in grade two and five had mean scores
of 83.7 and 80.3, respectively, as compared to 78.42 for the immersion-L2s of the present
study. This similarity suggests that scores of approximately 80 may be typical for
immersion learners. However, research with community-L2 learners shows that the
similarity between an L1 and L2 can provide an advantage for development of L2 receptive
vocabulary knowledge (Blom et al., 2020; Goriot et al., 2018). In Canadian French
immersion, participants are typically L1-English speakers, making the L1-L2 pairing one
with far greater typological and historical connection than Mandarin and English. The

degree to which the immersion context is predictive of receptive vocabulary knowledge

146



LEARNING CONTEXT IN CHILD-L2 ACQUISITION CHAPTER 4

irrespective of L1 knowledge is unclear and would need to be investigated in future

research.

4.4.3. Sources of Individual Differences in Receptive Vocabulary within L2 Contexts

The third research question examined the impact of potential predictors of individual
differences on participants’ L2 receptive vocabulary knowledge. Predictors included the
learner-external variables associated with L2 learning context examined in the first
research question, as well as the additional learner-external variable of length of L2
exposure in school.

Comparison of standardized coefficients showed that the strongest predictor of
receptive vocabulary for the immersion-L2 participants was a greater proportion of
English use for written messaging. This was also the only predictor shared with the model
for the community-L2 group. Meta-analysis for the impact of text messaging on instructed-
L2 learners ranging from elementary to graduate school shows that generally this type of
language exposure is beneficial for vocabulary learning (Lin & Lin, 2019). However, this
conclusion is based on quasi-experimental studies where researchers manipulate the
behaviour of learners. Little previous research has looked at either immersion or
community-L2 learners and how their language preferences when text messaging may
impact L2 receptive vocabulary knowledge.

Results of the present study suggest that written messaging can have a beneficial
impact for L2 learning groups with greater language exposure than instructed-L2 learners.
However, this result could also be due to common underlying factors. For example,

immersion learners who are more motivated to learn English may, as a result, have both
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larger vocabulary sizes and use English for written messaging more often. For community-
L2 learners, a larger relative proportion of English rather than L1 use when messaging
could also be reflective of greater English dominance relative to Mandarin. Future research
will be required to clarify the relationship between written messaging and development of
L2 receptive vocabulary.

For the immersion-L2 learners, length of English exposure was the only other
significant predictor of L2 vocabulary knowledge. For both groups length of English
exposure was calculated from the time a participant entered school. The absence of other
out-of-school predictors suggests that the immersion-L2 learners still depend on in-school
English input for vocabulary development. This contrasts with the community-L2 learners
for whom L2 receptive vocabulary was not predicted by length of English exposure. That
length of English exposure was not a significant predictor of L2 receptive vocabulary
knowledge is consistent with findings for other community-L2 groups whose early
vocabulary growth is more rapid and begins to slow as learners accumulate more L2
experience (Farnia & Geva, 2011; Soto-Corominas et al., 2020).

That length of time in immersion and only one out-of-school L2 exposure variable
were significant predictors of the immersion-L2 learners’ L2 receptive vocabulary
knowledge is in partial agreement with the findings of Olsson and Sylvén (2015). For
Swedish L2-English CLIL learners, the authors found that out-of-school sources of L2
exposure did not benefit knowledge of academic vocabulary. These results combined with
the results of the present study indicate that out-of-school L2 exposure makes a relatively
smaller contribution to variations in L2 receptive vocabulary for learners in non-

community-L2 contexts, but who have rich in-school experience. In contrast, findings for
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instructed-L2 contexts indicate that out-of-school L2 exposure through sources such as
gaming, and social media can benefit L2 knowledge (De Wilde et al., 2019; Peters, 2018).
For instructed-L2 learners, small differences in additional L2 exposure may have a larger
impact given that they contribute a larger relative proportion of exposure for learners who
only receive a few hours a week of instruction (Sun et al., 2016). Essentially, the in-school
L2 exposure of instructed-L2 learners is less rich than that of immersion (or CLIL) learners,
and as a result, even limited out-of-school L2 exposure provides a benefit.

For the community-L2 participants, the strongest positive predictor of L2 receptive
vocabulary was more weekly hours of reading in English, followed by a greater proportion
of English use with friends, and then a greater proportion of English for messaging. This
model also indicated that more hours of extracurricular activities in English had a negative
relationship with L2-English receptive vocabulary.

For monolinguals, the reciprocal benefits between reading and vocabulary
knowledge are well known (Adlof & Perfetti, 2013; Mol & Bus, 2011) and evidence
indicates that L2 learners can also acquire new vocabulary incidentally through reading, as
well (Webb, 2019). However, it is unclear why this source of L2 input was only predictive
for the community-L2 participants and not the immersion-L2 learners despite both
participant groups reporting similar amounts of out-of-school reading.

In addition to reading as a source of L2 input, two sources of interactional L2 use
had a positive association with L2 receptive vocabulary knowledge for the community-L2s.
The model showed that an increased proportion of L2 use with peers and as discussed
above, L2 use when written messaging were predictive of larger L2 vocabulary sizes. L2

use with peers has previously been considered to contribute to a richer L2 environment
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and has been found to benefit vocabulary development in community-L2 learners (Paradis
& Jia, 2017; Soto-Corominas et al., 2020). Similarly, increased use of L2-English for written
messaging can also be considered to contribute to a richer L2 environment as it increases
both L2 input and opportunities for L2 output.

The negative impact of extracurricular activities on receptive vocabulary was
unexpected as it was anticipated such activities would contribute to a richer L2
environment, and thus, if the variable predicted receptive vocabulary, the impact would be
a positive one. Examination of the data indicated that several participants reported more
than 10 hours a week of extracurricular activities, and it appears these participants tended
to have average or below average vocabulary scores. The present study did not collect
information about the extracurricular activities of participants, and thus, a possible
explanation for this finding may lie in this missing data. One might expect that two hours a
week participation in a debate club should offer much richer language exposure than 15
hours a week of competitive swim practice, and thus, in future, collecting information
about the types of extracurricular activities rather than the number of hours may provide a

better reflection of out-of-school L2 input.

4.4.4. Implications and Future Directions

Overall, the findings of the present study show that the L2 receptive vocabulary ability of
the immersion-L2 learners lags behind the community-L2 group, falling outside the one-SD
standardized score range for the PPVT. Further, the findings suggest that this is likely due,
at least in part, to a less rich out-of-school L2 environment for the immersion-L2 learners.

In examining predictors of L2 receptive vocabulary ability, the model for the community-
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L2s had an adjusted R? of .72 and included multiple sources of out-of-school L2 experience.
In contrast, the model for the immersion-L2 participants was a much lower adjusted R? of
.28 and only included one source of out-of-school L2 use (i.e.,, messaging language use)
along with length of English exposure. Therefore, it appears that the community-L2
learners’ out-of-school L2 environments had a greater impact than those of the immersion-
L2s, who appear to depend more on in-school exposure. Thus, the findings of this study
support conclusions of other studies of community-L2 participants that found richness of
the L2 environment is important for developing L2 vocabulary (Carhill et al., 2008; Paradis,
2011; Paradis et al., 2020; Paradis & Jia, 2017). Though the present study indicates that the
community-L2 participants benefited more from their out-of-school L2 exposure, this does
not mean that this type of L2 exposure is not potentially important for immersion learners.
If the immersion-L2 participants had access to richer out-of-school L2 experiences, then it
is most likely that they would benefit from this L2 experience similarly to community-L2
participants.

Contrary to expectation, the present study found that these immersion learners had
extensive access to L2 input beyond the classroom. Research has shown that L2 experience
in the immersion classroom is predominantly in the form of input with far fewer
opportunities to use the L2 in interaction where learners also get to produce the L2 (Allen
et al., 1990; Swain, 1985, 1988) and it appears that the out-of-school L2 environment of
these immersion is also dominated by opportunities for input with fewer opportunities for
interactional use. Swain (1985) argued that opportunities for interactional use are key to

L2 development, and as the biggest differences between the two contexts were in
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opportunities to use the L2 it appears that these are key to the community-L2 participants’
better L2 receptive vocabulary ability found in the present study.

Finally, as a future direction, it would be good to consider sociolinguistic context in
combination with vocabulary knowledge. The participants of the present study showed a
lag in vocabulary knowledge. However, it is possible that this lag would be smaller or
eliminated if test words for receptive vocabulary knowledge were classified as either
academic or non-academic words (i.e., classified by the sociolinguistic contexts in which
each word is common). In a study of bilingual children who speak one language at school
but two at home, Bialystok et al. (2010) found that the bilinguals’ vocabulary for words
expected to be more common at home, where their input was divided between two
languages, was smaller than their monolingual peers. However, for academic vocabulary
the gap was smaller. Similarly, it might be expected that the gap between the immersion-L2
and community-L2 groups would be smaller if only academic vocabulary items were
considered given that both groups should have rich L2 exposure in school. Future research
on this topic can clarify where immersion learners’ gaps in receptive vocabulary

knowledge lie.

4.4.5. Limitations

This study has several limitations that should be addressed in future research. The aim of
the present study was to examine a range of potential sources of out-of-school L2
experience. However, there are several ways that the conceptualization of variables may be
overly broad. First, classification of sources of L2 experience as either sources of L2 input

or opportunities for L2 use may erase important differences in the L2 experiences that
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individual learners have. For example, while cited research indicates that, on balance,
social media and gaming are sources of L2 input for the typical user, this does not reflect
the range of L2 experiences for learners. It is possible that some L2 learners produce a lot
of L2 output through these sources of L2 experience. However, this range of potential
experience was not examined here. Similarly, the aggregation messaging language use
eliminates potentially important variations pertaining to the nature of messaging (i.e., how
long are messages and how long between message and response) and the interlocutors
involved. The present study did not collect this data and it is likely that messaging with
peers or family have differing impacts. Finally, it should be noted that the variable of peer
language use is not directly comparable across contexts. For immersion learners, the most
easily available speakers of the L2 are classmates who typically all share an L1, while
community-L2 learners have ready access to L1 speakers of the target language. As a result,
the peer language use variable reflects interaction among L2 learners in the immersion
context, but a greater proportion of L2 to L1 speaker interaction in the community-L2
context. It should be expected that L1-speaking peers will be more likely to introduce new
words into conversations with L2 learners and are thus a greater benefit to L2 receptive

vocabulary.

4.5. Conclusions

The aim of the present study was to investigate differences between the out-of-school L2
environments of the immersion and community-L2 contexts and how these might impact
L2 receptive vocabulary knowledge. The two groups differed in the richness of their out-of-

school L2 environments with a key difference being that the immersion learners reported
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fewer opportunities for interactional L2 use as opposed to amounts of L2 input for which
they were more similar to the community-L2 participants. Findings also showed that the
community-L2 participants had larger L2 vocabularies than the immersion participants,
with the former performing on par with age-standardized monolingual norms and the
latter falling below the normal monolingual range. For the community-L2 participants, out-
of-school L2 experiences were highly predictive of L2 receptive vocabulary ability, while
only one source of out-of-school L2 experience was predictive of the immersion learners’
L2 ability. The findings of the present study support the conclusion that opportunities for
interactional L2 use are important contributors to a rich out-of-school L2 environment, and
that a richer L2 environment can benefit the L2 receptive vocabulary ability of adolescent
L2 learners. However, it also appears that, in general, this type of L2 environment is only

available to learners in community-L2 contexts.
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5 General Discussion and Conclusion

5.1. Summary of Results

This dissertation investigated the L2-English ability of a group of L1-Mandarin immersion
learners, examining the following three overarching research questions.
1. How do the receptive L2 abilities of L1-Mandarin adolescent immersion learners

compare to the English abilities of L1-Mandarin community-L2 learners and/or L1-
English speakers?

2. Across the two L2 learning contexts, how do out-of-school L2 input and experience
differ between the immersion and community-L2 contexts, and how are these between-
context differences associated with differences in L2 ability?

3. Within the immersion context, how do differences between individual immersion
learners in their out-of-school L2 input and experiences impact individual differences in
L2 ability?
These are addressed by research presented in Chapters Two, Three, and Four. In this
chapter, the results of these studies are summarized. Then, the implications of these results
are discussed with regard to what these findings can contribute to our understanding of L2

acquisition in immersion. Finally, possible future directions for research with immersion

learners are proposed.

5.1.1. Study One

The goal of the first study reported in Chapter Two was to compare the L2-English

receptive morphosyntactic ability of immersion learners to both community-L2 learners
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and L1 speakers of the target language. The study examined whether there were
differences in the ability with English grammatical morphemes between the studied
participant groups, and, for the L2 groups, whether either learner-internal or learner-
external factors impacted this ability. Previous research with immersion learners has
shown that their L2 production is often non-target (i.e., they make errors) when compared
to an L1 standard of morphosyntactic proficiency. However, the degree to which these
differences in L2 ability can be ascribed to the immersion context or to L2 acquisition more
generally is unclear given that immersion learners have never been compared directly to
another group of high-proficiency early L2 learners. To compare the receptive
morphosyntactic ability of the three study groups, a grammaticality judgment task was
used. Stimuli examined a range of grammatical morphemes that varied in level of difficulty.
In addition, learner factors which have been found to be predictive of L2 morphosyntactic
ability at earlier stages of acquisition for community-L2 learners (e.g., Jia & Fuse, 2007;
Paradis, 2011; Paradis, Soto-Corominas, Chen, & Gottardo, 2020) were examined in order
to identify factors that may be associated with L2 development in each of the two L2
learning contexts.

The results of the judgment task showed differences in accuracy between all three
groups. Both L2 groups had lower accuracy than the L1-English group for stimuli classified
as either easier (Easy) or more difficult (Difficult). For the participants of the community-
L2 group this indicates that even after more than eight years of L2-English exposure in
their schools and community, their receptive morphosyntactic ability is not identical to
their L1-speaking peers. The L1-English group had very high accuracy for the Easy stimuli.

Despite being less accurate than the L1 participants, the community-L2 participants were
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significantly more accurate than the immersion group for stimuli classified as Easy, with
the gap in accuracy between the community-L2 participants and the L1 speakers being
much smaller than that between the community-L2 and immersion participants. The
immersion participants’ accuracy was low overall, while the accuracy of community-L2
participants was only particularly low for the Difficult stimuli, for which the two L2 groups
were not significantly different from each other. Nevertheless, it was not only the L2
groups that found the Difficult stimuli challenging as the L1-English group also had lower
accuracy for these stimuli.

Examination of factors that predicted individual differences in judgment-task
accuracy showed that both learner-internal and learner-external factors had an impact.
However, these factors predicted very little of the within-group variance in L2 ability,
indicating that the examined factors were not powerful explanations of individual
differences for these later-stage high-proficiency L2 learners. Further, for neither group
was longer L2 exposure a predictor of morphosyntactic ability, suggesting that L2

morphosyntactic ability has slowed or plateaued by this point in development.

5.1.2. Study Two

Findings from the judgment task in Study One indicated that early L2 learners in
immersion differ in their morphosyntactic ability even after many years of L2 exposure.
However, how these differences in morphosyntactic ability may or may not impact L2
comprehension remains unclear. The study presented in Chapter Three assessed
comprehension of English plural-singular marking, a semantically transparent and

frequently used morphological distinction. This construction differs from Mandarin and
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has been noted as an area of difficulty in L2 acquisition for L1-speakers of classifier
languages like Mandarin (Jiang, 2007; Luk & Shirai, 2009). Comprehension was assessed
online, with a visual-world eye-tracking task, and offline, with a picture-decision task.
Immersion participants were compared to a group of L1-English speakers.
For the picture-decision task, the accuracy of the immersion participants was lower at 69%
compared to the L1-English controls who were 92% accurate. Receptive vocabulary was
also examined as a predictor of accuracy. While a larger L2 vocabulary size was a
significant predictor of higher response accuracy for the immersion learners, their
responses were still significantly less accurate after taking vocabulary size into account. In
sum, the immersion participants were less able to use the bound plural ‘-s" morphological
marker or its absence to disambiguate between pictures of either single or multiple items.
For the eye-tracking task, the immersion group’s looks to the target images had both
similarities and differences with the L1-English control group. For plural stimulus trials
(i.e., when a plural noun in the auditory stimulus was paired with a target image of multiple
corresponding items), the immersion participants were as likely as the L1-English speakers
to be looking at the target image. However, for singular stimulus trials, the immersion
participants were less likely to be looking at the target image. Despite the immersion
participants being more likely to parallel the L1-speakers for the plural trials, this did not
translate into an accuracy advantage on the picture-decision task for plural stimulus items
and was likely the result of an early bias exhibited by both groups to look at the pictures
with multiple items. However, it remains possible that a greater proportion of looks to
targets on plural trials reflects superior online comprehension that does not carry over to

the explicit picture-decision task.
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Together, findings from the two tasks indicate that these immersion learners do not
interpret English plural-singular marking identically to L1-English speakers, even after
many years of L2 exposure. However, it remains unclear why these differences should exist
for a semantically transparent, highly frequent morphosyntactic construction, particularly
given that plural-singular marking is early acquired in L1-English acquisition. This study
shows that comprehension tasks targeting specific morphosyntactic constructions can
reveal differences in comprehension that may not be apparent on tasks of holistic L2

comprehension.

5.1.3. Study Three

The final study, reported in Chapter Four, examined how the out-of-school L2
environments of immersion and community-L2 learners differ, and what implications these
differences potentially have for the development of L2 ability. In order to collect
comparison data for participants’ out-of-school L2 experiences, a language background
questionnaire was used. In addition, the groups were compared for L2-English receptive
vocabulary, assessed using the PPVT. Finally, these differences in out-of-school L2
experiences and length of L2 exposure were modelled to see if they predicted receptive
vocabulary development. Results suggest that the two participant groups differ in the
richness of their out-of-school L2 environment and that this has implications for their L2
receptive vocabulary knowledge.

Sources of out-of-school L2 experience were categorized depending on whether they
were mainly sources of L2 input, additional to what the learners of each group would

receive in school, or whether they were more balanced in opportunities for both L2 input
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and L2 output. This was key given that research shows immersion learners’ in-school L2
experience is predominantly L2 input with few opportunities to produce L2 output (Allen,
Swain, Harley, & Cummins, 1990; Swain, 1988). These categories were labelled as L2 input
and interactional L2 use, respectively.

Though it has been considered typical of immersion contexts that learners’ L2
experiences are limited to the classroom (Swain & Johnson, 1997), findings for the study
presented in Chapter Four indicate that the immersion participants have access that is
comparable to the community-L2 learners for sources of L2 input from reading, social
media, and traditional media such as television, video, and music. However, large
differences between the groups were found in their access to sources of L2 interactional
use with peers, at home, or via text messaging. Though the findings of the study indicated
that the immersion participants had richer exposure to out-of-school L2 input than
previously recognized, the differences in opportunities for interactional L2 use indicate
that overall, the L2 environment for the immersion participants was less rich than that of
the community-L2 participants. Like findings for in-class L2 exposure, the out-of-school L2
experience of immersion learners is also predominantly input as opposed to opportunities
for interactional L2 use.

Comparison of the two groups for L2 receptive vocabulary indicated a large
difference between the groups. The community-L2 participants had a group mean score
just above the age-standardized receptive vocabulary score for monolingual English
speakers with most scores within the normal range. In contrast, the immersion group had a

mean score outside the normal monolingual range. These findings indicate that the
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community-L2 participants have caught up to the monolingual norm, but that the
immersion learners still lag.

For both groups, L2 receptive vocabulary size was predicted by richer L2 input and
richer interactional L2 use, though the models included mostly different predictors across
groups. For the community-L2 participants, using English for reading, interacting with
peers, and messaging all predicted larger vocabulary sizes. For the immersion participants,
messaging in English and longer exposure to English both predicted a larger receptive
vocabulary. In contrast to the models predicting morphosyntactic accuracy reported in
Chapter Two, much more of the within-group variance was explained by the models for

receptive vocabulary.

5.2. General Discussion

This dissertation investigated the L2-English ability of L1-Mandarin immersion learners, by
examining how their L2 abilities compared to both community-L2, and L1-English
speakers, and how L2 input and experience impact these L2 abilities. Collectively, the
research presented in Chapters Two, Three, and Four addressed the dissertation research
questions by examining 1) how the L2-English abilities of the adolescent immersion
participants are similar or different from the English abilities of community-L2 learners
and/or L1-English speakers; 2) how the out-of-school language environments of these
immersion learners compare to their community-L2 learning peers; and 3) ways in which
these differences in L2 learning environment may be associated with identified differences

in L2 abilities between individual immersion learners.
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Findings noted in the chapter summaries above indicate that in comparison to the
other groups of English speakers, these adolescent immersion learners have non-target
ability with L2 grammatical morphemes, and for L2 receptive vocabulary, they fall short of
the mean standardized score for monolinguals and have smaller L2 receptive vocabulary
sizes than community-L2 peers. This aligns with the conclusions of previous studies of
immersion learners showing that when compared to a target language standard based on
L1 speakers, immersion learners often have non-target use of morphosyntactic
constructions (Fortune & Tedick, 2015; Kowal & Swain, 1997; Wesche, 1993) and smaller
vocabularies (Harley, 1992; Hermanto, Moreno, & Bialystok, 2012) even after many years
of exposure. For the second research question, immersion learners had greater access to L2
input than might be predicted based on prior research, but still used the L2 in interaction
much less frequently than community-L2 learners. Finally, differences in L2 input and
experience predicted individual differences in the immersion learners’ L2 abilities, but the
factors that impacted as well as their degree of impact differed in each study. In the
following sections, reasons for these differences in L2 ability are discussed in more detail
and are also interpreted in relation to findings for the other dissertation participant groups
and prior research for both immersion and community-L2 learners. In addition, potential
explanations for how non-target ability emerges for these immersion learners, and why
these non-target abilities may persist are discussed. Findings are interpreted through

research and theory within the usage-based paradigm.
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5.2.1. Predictors of Differences in L2 Ability

In addition to examining how L2 ability compares between the immersion and community-
L2 contexts, this dissertation also investigated how variability between learners in L2 input
and experience impacted L2 ability. These learner factors were analyzed to identify
elements of an L2 environment that potentially drive the development of L2 abilities. In
order to focus on L2 context, the L2 participant groups were matched for L1, age at testing,
age of beginning English education, and parental education. Thus, the expectation was that
differences in L2 ability should be the result of differences in the L2 environment provided
by each L2 learning context. In addition to these learner-external factors, in Chapter Two,
some learner-internal factors were also examined for their potential impact on L2
morphosyntactic ability.

For L2 receptive vocabulary, only learner-external factors associated with L2
learning context were examined. For the community-L2 participants, larger L2 vocabulary
sizes were predicted by greater amounts of L2 input through reading, as well as more L2
use with peers and for messaging were associated with larger L2 vocabulary sizes. The
model for the community-L2 group had an adjusted R? of .72 indicating that these factors
explained a large proportion of variance in L2 receptive vocabulary knowledge among the
participants of this group. For the immersion learners, only two variables predicted a
larger vocabulary size. Of these, the variable most predictive of a larger L2 vocabulary was
more L2 use for messaging. This was also the only significant variable that was a source of
out-of-school L2 exposure, as the other variable, length of L2 exposure, was defined as the
length of time the participant had been in English immersion. In addition, the model for the

immersion learners had an adjusted R? of only .28, indicating that the model explained less
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variance for the immersion learners. These results indicate that a richer L2 environment
can benefit learners in either context, but that out-of-school L2 experiences are more likely
to benefit community-L2 learners, while immersion learners still rely on in-school
exposure.

In contrast to the models for receptive vocabulary, very little variance between
individual participants was explained by the models for morphosyntactic ability reported
in Chapter Two. For the model predicting immersion learners’ accuracy on the judgment
task, the adjusted R? was .02 as opposed to .28 for receptive vocabulary. For the
community-L2 group’s morphosyntactic accuracy, the adjusted R? for the model was .04
(with the stimulus difficulty variable removed), in contrast to .72 for receptive vocabulary
model. Given that the respective R? values across domains are based on different types of
models that analyze the results of different test instruments (i.e., either the PPVT or the
judgment task), and that somewhat different sets of predictors were included in each
study, direct comparison of these numbers should be done with caution. Nevertheless, the
differences in estimated explained variance are very large. Thus, it is reasonable to
conclude, in general terms, that much more of the within-group variance in receptive
vocabulary was explained by learner factors, whereas little variation in morphosyntactic
ability was explained.

These findings indicate that for participants of both of these high-proficiency
adolescent L2 groups, differences between individual learners, particularly in their L2
environment, have a larger impact on L2 receptive vocabulary than on L2 morphosyntactic
ability. At first glance, this could be interpreted as inconsistent with a usage-based

approach given that these approaches propose common underlying representations for all
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types of linguistic constructions (Dabrowska, 2018; Kidd, Donnelly, & Christiansen, 2018),
and thus, both vocabulary and morphosyntax should be similarly impacted by learner
factors. As a result, the findings presented here could be interpreted as support for
theoretical approaches to language that posit a split between lexical knowledge and rule-
based morphosyntactic knowledge (e.g., Pinker, 1999; Ullman et al., 2005). However, it was
argued in Chapter Two that development of L2 morphosyntactic ability for the studied
constructions is likely to have plateaued for learners in both L2 groups. When examining
factors that predict L2 development, there needs to be L2 development still taking place to
predict. Thus, the difference in predictive power between the two types of models may not
be the result of differences in linguistic domains, but the respective developmental stages

of the constructions studied for each L2 domain.

5.2.2. Continued L2 Development in Immersion

The results of the present dissertation indicate that after many years of L2 exposure both
the morphosyntactic and receptive vocabulary abilities of the studied immersion learners
can remain different, not only from L1 speakers, but community-L2 peers, as well. Overall,
results indicate that the L2-English abilities of the community-L2 learners are more
convergent with L1 speakers than are the L2 abilities of the immersion learners. However,
one background variable for which the two L2 groups were not matched was in their length
of English exposure. The immersion participants had approximately eight and a half years
of exposure whereas the community-L2 participants had about ten years. When compared
directly, there was a significant difference between the groups (¢£(61.85) = 2.03, p =.046

based on the participants of Chapter Four). In addition, results presented in Chapter Four
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indicate that the community-L2 participants also use their L2 more often within this length
of time. Both factors mean that the community-L2 participants have a sizable advantage in
their total quantity of L2 exposure. Therefore, it is reasonable to ask whether the L2
development of the two L2 groups is similar, with the immersion learners on a more
delayed timeline reflecting their lower quantity of total L2 exposure, or whether the
evidence presented here indicates qualitative differences in L2 development between the

two groups. The answer to this largely depends on the domain of language examined.

5.2.2.1. L2 Receptive Vocabulary Ability.

For receptive vocabulary, the immersion participants continued to lag well behind the
community-L2 group, as well as the monolingual-normed standard score for the PPVT. The
two groups also differed from one another in that length of L2 exposure was a significant
predictor of L2 receptive vocabulary for the immersion learners but not for the
community-L2 learners. However, L2 receptive vocabulary knowledge was gauged using an
age-standardized PPVT score, meaning that participants’ vocabulary scores were not a
reflection of an absolute number of words known, but rather a measure of how the
participants compared to same-aged monolingual English speakers. Language exposure
over time is a powerful predictor of vocabulary development throughout an individual’s
lifetime even for an L1 (Keuleers, Stevens, Mandera, & Brysbaert, 2015), and this is
reflected in PPVT standard scores which increase with age. Thus, for monolingual English
speakers (or community-L2 participants) to match the standard score, vocabulary

development has to continue year after year.
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As a result, measurement against the PPVT standard score indicates that the L2
receptive vocabulary knowledge of participants in both L2 groups is still developing. The
additional impact of more years of L2 exposure for the immersion participants reflects that
with each year of immersion, they are getting closer to the standardized score for
monolinguals (i.e., they are catching up). In this light, the lack of impact for the community-
L2 participants makes sense given that, on average, their receptive vocabulary scores fall
within the normal range for English monolinguals, indicating that they have already caught
up. No additional impact of years of L2 exposure implies that the community-L2
participants, as a group, match the year-over-year receptive vocabulary development of
their L1-English-speaking peers, neither falling behind nor pulling ahead. Thus, the
evidence gathered and presented in this dissertation indicates that it is reasonable to
anticipate that immersion learners with longer L2 exposure and a richer L2 environment
could potentially close the gap in receptive vocabulary ability, though it is not clear that
this would happen in practice (i.e., before immersion learners’ programs end at high-school
graduation). As a result, it can be concluded that the difference in quantity of L2 exposure is
an important explanation for the lag in the immersion learners’ L2 receptive vocabulary

knowledge, and that the receptive vocabulary development of both L2 groups is ongoing.

5.2.2.2. L2 Morphosyntactic Ability.

Findings for L2 morphosyntactic ability had both similarities and differences with findings
for L2 receptive vocabulary. On the judgment task, the immersion participants had lower
accuracy than the community-L2 participants for Easy stimuli. However, there was no

significant difference between these L2 groups for the Difficult stimuli. While the
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community-L2 participants were still significantly below the L1-English control group for
Easy stimuli, their accuracy was nonetheless much closer to the control group than they
were to the immersion group. This indicates that the community-L2 participants had
already developed a considerable amount of English morphosyntactic ability, but that the
immersion participants, if considered to be on a journey toward L1-like ability, still had a
long way to go.

The Easy stimuli for the judgment task probed ability to detect errors with articles,
past tense, and plural marking. In L1 acquisition, these grammatical morphemes begin to
be mastered in preschool, with articles reaching appropriate use around four years of age
(Emslie & Stevenson, 1981; Maratsos, 1974), and with both past-tense and plural showing
consistent productive use around the same time, but with errors of omission lasting to
around seven years of age (Berko, 1958; Graves & Koziol, 1971; Marchman, 1997;
Matthews & Theakston, 2006). Though these grammatical morphemes are mastered fairly
early on in L1 acquisition, the immersion learners still appeared to find the Easy stimuli
challenging. At the same time, the community-L2s were largely accurate with these items
despite still being significantly different from the L1-controls.

Like for L2 receptive vocabulary, it could be that the difference between the
immersion and the community-L2 groups on the judgment task is the result of the
community-L2 group’s additional quantity of L2 exposure. However, there are three main
reasons that indicate a continued developmental trajectory toward L1-like ability is
unlikely for the immersion learners. First, longer exposure to English did not predict higher
accuracy on the judgment task for either L2 group. For the immersion participants, the one

standard deviation range for length of English exposure was a window of over two years,
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meaning that, there was no evidence the immersion participants’ L2 morphosyntactic
ability was becoming more target-like over this span of time.

The second reason suggesting immersion learners are not continuing toward L1 -like
ability is that longitudinal research for community-L2 learners with a Chinese or other
isolating L1 indicates that development of grammatical morphology progresses more
rapidly in the first few years and then begins to slow (Blom, Paradis, & Sorenson Duncan,
2012; Jia & Fuse, 2007; Paradis, Tulpar, & Arppe, 2016), with other research indicating that
this pattern is likely shared by child L2 learners across L1s (Soto-Corominas, Paradis, Rusk,
Marinova-Todd, & Zhang, 2020). This suggests that the substantial difference in
morphosyntactic ability between the two L2 groups is likely to have emerged in the first
few years of L2 exposure rather than in the one and half year gap between the groups from
eight and a half to ten years of L2 exposure. Thus, it should be expected that, for both L2
groups, much of their L2 learning for these grammatical morphemes has already taken
place prior to reaching middle school.

Finally, previous research has found that immersion learners’ morphosyntactic
abilities may plateau in a non-L1-like state (Fortune & Tedick, 2015; Hart, Lapkin, & Swain,
1991), and that this is more likely for constructions that contrast from L1 to L2 (e.g.,
incorrect use of grammatical gender in L2-French immersion by L1-English speakers;
Warden, 1997). In contrast to L2 receptive vocabulary, the evidence gathered here
indicates that the morphosyntactic ability of the immersion learners appears to have
plateaued at a stage different from either the ability of L1 speakers or that of their

community-L2 peers.
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5.2.3. Emergence of Non-target L2 Morphosyntax in Immersion

It is argued above that the immersion learners’ ability with the L2 morphosyntactic
constructions examined in this dissertation is no longer converging on an ability that
parallels L1-English speakers. This section and the section following include discussions of
potential explanations for why the immersion learners’ L2 abilities ultimately differ from
both L1-speaking and community-L2 peers. This section discusses how the immersion
learners’ non-target L2 abilities with English grammatical morphology arise. These factors
should apply to any L1-Mandarin English learner, and therefore can also serve as
explanations for early differences in L2 ability for the community-L2 learners, as well.
However, the L2 abilities of immersion and community-L2 learners eventually differ. The
following section includes a discussion of why the non-target L2 abilities that emerge for
these groups of L2-English learners are more likely to persist for the immersion learners.

For immersion learners, Harley (1993) noted that even highly frequent L2
constructions could be vulnerable to non-target use if they lacked perceptual salience, did
not carry a heavy communicative load, or differed from the L1. These risk factors for non-
target acquisition are associated with either prior linguistic knowledge or perceptual
mechanisms and are therefore compatible with usage-based approaches which see
linguistic knowledge as an emergent result of language experience and domain-general
cognitive mechanisms (Beckner et al., 2009). Though L2 acquisition involves the
combination of linguistic experience and cognitive mechanisms, in actuality, these are
inseparable as they exert reciprocal influences on each other (Ellis, 2006). In both L1 and
L2 learning, language experience shapes cognitive learning mechanisms, and these

mechanisms shape what is perceived and attended to from subsequent language
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experience (Beckner et al., 2009; Ellis, 2008). For L2 learners, this means they begin their
new language with cognitive mechanisms optimized for their L1 and entrenched implicit
expectations about how language functions based on their L1 language experience, both of
which shape learning of the L2 (Wulff & Ellis, 2018).

For morphosyntactic ability, the present dissertation examined L2 receptive ability
with English grammatical morphemes, including articles, past tense, plural-singular, and
verb agreement forms for BE, DO, and for third person. None of these constructions has a
close correlate in Mandarin (see Chapter 1, section 4). Mandarin does not have bound
inflectional morphemes, and nor are articles used to mark definiteness. Further, neither
obligatory number, nor verb agreement are marked. As a result, L1-Mandarin English
learners are unlikely to attend to these grammatical morphemes, and nor will they
anticipate their functions as they are absent from Mandarin. Thus, there is little directly
transferable L1-Mandarin knowledge to benefit learning these grammatical morphemes in
L2 English. In addition to L1-tuned perception of the L2, the difficulty of acquiring
grammatical morphemes is compounded as these constructions often have low
phonological salience (Ellis, 2008). Low phonological salience has been found to negatively
impact ease of grammatical morpheme acquisition for L2 acquisition in general, regardless
of L1 (Goldschneider & DeKeyser, 2005).

How prior learning and construction salience impact the early stages of adult L2
learning was investigated in a series of studies by Ellis and colleagues (Cintron-Valentin &
Ellis, 2015; Ellis et al., 2014; Ellis & Sagarra, 2010, 2011; Sagarra & Ellis, 2013). Prior
learning was investigated as the impact of pretraining in the L2 (short-term prior learning)

and/or properties of the participants’ L1 (long-term prior learning). These studies
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examined either L2 Spanish, or a miniature language based on Latin, investigating whether
participants showed a preference for determining temporal reference using either adverbs,
such as the translation equivalents of yesterday, today or tomorrow, or a preference for
verb forms marked for tense. The studies showed that both properties of the prior-learned
L1 and pretraining in the L2 play a role in determining the L2 cues to which learners
attend. Specifically, they showed that attention to either an adverb or verb form when both
were present in a stimulus was determined by three factors. The first was whether a
participant’s L1 had rich verbal morphology, poor verbal morphology, or no verbal
morphology. Essentially, L1 speakers of Spanish and Russian were more likely to attend to
verb morphology than English L1s given that both Spanish and Russian have richer
morphology than English. Speakers of all three of these languages were more likely to
attend to verb morphology than were L1 speakers of Chinese, which lacks bound verb
morphology entirely.

The second factor determining which temporal reference cue a participant attended
to was whether the participant had received pretraining with either the relevant adverbs
or verb forms. This impacted participants in all L1 groups showing that pretraining could,
to an extent, mitigate L1 knowledge. This means that an L1 speaker of Chinese who
received pretraining on verb morphology would be more likely to attend to these
constructions than a Chinese speaker who had not, though both would still be more likely
to attend to adverbs than speakers of other L1s.

The final factor determining the cue participants used for temporal reference was
that all participants had a tendency to attend to the more phonologically salient adverbs,

particularly, as the complexity of the stimuli increased. The tendency to prefer lexical
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markers of tense to morphosyntactic markers is typical of adult L2 learners regardless of
L1 (Shirai, 2009), and is not limited only to tense as a preference for lexical over
grammatical markers appears to be a general principle of L2 learning (Klein & Perdue,
1992).

These studies indicate that in the earlier stages of L2 learning, L1 knowledge has an
important impact on processing the new language (Sagarra & Ellis, 2013), meaning that
subsequent L2 experience is parsed through perceptual mechanism tuned by L1
experience. As a result, and consistent with the studies discussed above, grammatical
morphemes are unlikely to be preferred initial cues for either the L1-Mandarin immersion
or the community-L2 learners studied in this dissertation.

In the present dissertation, the most closely examined L2 grammatical morpheme
was the immersion learners’ comprehension of English plural-singular marking. Because
there is no directly transferable construction in Mandarin, the immersion learners need to
inductively learn how English plural-singular marking with ‘-s’ works from their L2
experiences within the immersion context. For L2 comprehension of plural-singular
marking, it should be expected that the immersion participants are biased toward
attending to lexical indicators of quantification both because these have closer equivalent
constructions across the two languages, and because they are more phonologically salient.
Specifically, Mandarin speakers should be more likely to attend to English lexical markers
of number such as cardinal numbers, or the determiners this/that and these/those. This
potential initial reliance on number information supplied by preceding quantifiers can also
attenuate subsequent learning of additional cues. This phenomenon is referred to as

blocking where only a prior-learned cue is associated with a particular outcome and thus,
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only the initially learned cue is reinforced through subsequent exposure (Kruschke & Blair,
2000). As aresult, not only is an L1-Mandarin speaker likely to depend on preceding
quantifiers at initial stages of learning L2-English, but this initial attendance to these
markers could actually slow or prevent learning the redundant ‘-s,” particularly given the
latter is less phonologically salient.

For immersion learners, there should be nothing inherent to the immersion context
that prevents immersion learners from attending to noun quantification. L1-English
learners in Spanish immersion have been shown to use number-marked determiners to
identify referents on an online task before completing their second year of immersion
(Lew-Williams, 2017). This indicates that when the construction is phonologically salient
and consistent with the L1, immersion learners can demonstrate rapid acquisition. It is
expected that English grammatical morphemes, and plural-singular marking specifically,
should be frequently modelled in the L2 input immersion teachers provide for their
students. However, in line with Harley’s (1993) risk factors, when grammatical morphemes
are less phonologically salient, have their meaning overshadowed by other semantic cues,
or are not present in the L1, they may be subject to non-target acquisition. Overall, the
research discussed in this section serves to illustrate how L1-Mandarin immersion learners
may not be able to attend to English grammatical morphemes in a way that facilitates
acquiring ability to use them as L1 speakers do.

The research discussed in this section helps explain why early L1-Mandarin
immersion and community-L2 learners’ ability with L2-English grammatical morphemes
can be non-target at early stages. These explanations are rooted in perceptual mechanisms

that are either influenced by L1 knowledge, or, like the impact of low phonological salience,
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are expected to be common to all L2 learners regardless of L1 background or learning
context. Given that the participants of both L2 groups are L1-Mandarin speakers who
began L2-English at similar ages, these explanations do not account for why the immersion
participants’ ability appears to have plateaued in a state different from the community-L2
learners. The following section discusses how the L2 experiences of learners in the

immersion context can be implicated in the persistence of non-target L2 ability.

5.2.4. The Persistence of Non-target L2 Morphosyntax in Immersion

Findings of this dissertation indicate that the community-L2 participants have more L1-like
ability with grammatical morphemes than the immersion participants. This suggests that
over their years of L2-English exposure, the community-L2 learners have more successfully
overcome the potential impediments to L2 development described in the previous section.
Absent other factors, entrenchment of L1 knowledge should not be expected to be a
permanent obstacle to L2 acquisition as it can be overcome by both older and younger L2
learners (MacWhinney, 2017). Thus, the default expectation for L2 learners, especially
those who begin young, should be that their L2 abilities progressively converge with L1
speakers over time as their L2 exposure increases. However, evidence gathered for this
dissertation indicates additional L2 exposure does not appear to be bringing immersion
learners to a state of target language ability that parallels L1 speakers while the
community-L2 learners demonstrate L2 abilities that are much more similar to their L1-
English peers. Participants of the two L2 groups were matched for L1, age of beginning
English, age at testing, and parental education. Given their similarities, particularly for their

L1 and age of beginning English education, the participants across these two L2 groups
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should have had cognitive perceptual mechanisms that operated similarly at the outset of
learning L2-English. As a result, explanations for these differences are most likely
associated with their differences in L2 input and experience across contexts.

In Chapter Four, the out-of-school L2 environments of the two L2 groups were
compared. This comparison showed that, while the immersion learners can receive similar
amounts of out-of-school L2 input as community-L2 peers, the immersion learners use the
L2 significantly less often to interact with others. As foreign language learners, the
immersion participants’ more limited proportion of L2 use for interaction should be an
expected consequence of living in a community where the L2 is not widely used and is thus
a reflection of their more limited access to target-language speakers. However, it is also
important to emphasize that, of this more limited access to L2 interaction outside of school,
the majority of it is likely still with classmates. In contrast, the community-L2 participants
are certain to have more opportunities to use English with L1-English speakers and/or L2-
English speakers whose L1 is not Mandarin. Thus, the key difference may not just be the
amount of L2 interaction, but who the interlocutors are.

In a usage-based approach, learners inductively learn abstract linguistic knowledge
from concrete experiences with language (Bybee, 2006; Lieven, 2016), meaning that the
knowledge that is acquired is ultimately a reflection of the social contexts in which the
learner has been exposed to the language (Beckner et al., 2009; Wulff & Ellis, 2018). As a
result, learning an L2 from actual usage within an immersion context may be incompatible
with attaining L2 morphosyntactic ability that parallels L1 speakers. Immersion L2
learners begin their programs in classrooms with one proficient speaker of the target L2

(i.e., their teacher), and many additional potential interlocutors with roughly equivalent
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linguistic abilities both in terms of the L1 and L2 (i.e, their classmates). Even for the
presumably native or native-like input that immersion teachers provide, research has
found that this input is shaped by the classroom context and provides limited opportunities
for teachers to model the full range of L2 constructions. This can impact the distribution
and frequency of constructions like verb forms with some forms being extremely
infrequent in classrooms, if they are ever used at all (Peter, Hirata-Edds, & Montgomery-
Anderson, 2008; Swain, 1988). In addition, the classroom context does not provide many
opportunities with particular form-function mappings reflecting sociolinguistic distinctions
(Harley, Allen, Cummins, & Swain, 1987; Mougeon, Nadasdi, & Rehner, 2010; Swain &
Lapkin, 1990). These factors will mean that the acquisition of some L2 constructions will be
impacted by their low frequency of occurrence within the immersion context.
Nevertheless, the English grammatical morphemes that were examined in the
present study are all frequently used, and thus, should not be absent from the L2 input
teachers provide for students. However, in contrast to teachers’ presumably correct use of
L2 grammatical morphemes, the same cannot be assumed for the L2 production of
classmates. In the initial stages of an L2, learners are likely to model incorrect use of
grammatical morphemes, as errors with these constructions are common regardless of a
learner’s L1 (Dulay & Burt, 1974; Goldschneider & DeKeyser, 2005; Larsen-Freeman, 1975;
Shin & Milroy, 1999). The potential impacts of L2 learners modelling non-target L2 use
within classrooms has been previously noted, especially for contexts, like immersion,
where L2 learners all share an L1 (Lightbown, 1991; Lightbown, Courchéne, St John,
Thérien, & Glidden, 1992). Thus, the immersion learners’ low accuracy on the judgment

task would suggest that a potential explanation for continued non-target L2 ability is
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simply the persistence of overheard incorrect L2 forms used by classmates. However, this
is likely only part of the explanation as learners should not be expected to easily acquire
non-target L2 constructions that also contrast with the conventional usage of
corresponding L1 constructions. For example, an L1-English-speaking learner in Spanish
immersion would be unlikely to be misled by a classmate’s production of a count noun
unmarked for number, interpreting it as evidence that Spanish nouns are optionally
quantified. Given that both the L1 and L2 use obligatory number-marking on nouns, the
unmarked interpretation, though consistent with the hypothetical classmate’s non-target
production, should initially be blocked by the form-function mapping of the L1
construction. However, this would not be the case for L1-Mandarin speakers in English
immersion, where the default (but incorrect) expectation should be that number is
optionally marked on L2 noun phrases as it is in Mandarin. Essentially, non-target use is
unlikely to take hold when the produced L2 form does not easily map onto entrenched L1
knowledge.

Where the L1 and the L2 contrast, MacWhinney (2017) lists social participation as a
protective factor that can mitigate the impacts of entrenched L1 knowledge on L2 learning,
noting that young L2 learners often have greater opportunities and pressure to integrate
themselves with peer groups who speak the target language. In contrast, older learners
tend to be less open to these types of experiences and thus end up isolated from
opportunities for additional L2 input and experience. The importance of social
participation is supported by research in community-L2 contexts that shows even among
young L2 learners, the richness of their L2 environment predicts L2 morphosyntactic

ability (Jia & Fuse, 2007; Paradis, 2011; Paradis & Jia, 2017; Paradis, Soto-Corominas, Chen,
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& Gottardo, 2020; Paradis, Tulpar, & Arppe, 2016). Elements of a richer L2 environment
can include factors that should directly index social participation such as use of the L2 for
participation in extracurricular activities or when interacting with peers.

Though immersion learners are young, their unique L2 learning situation provides
more limited access to some of the elements that constitute a richer L2 environment. In
Chapter Four, it was found that the immersion learners’ L2 use for extracurricular activities
was extremely limited, and while individual learners demonstrated a range of L2 use
within their peer groups, this type of participation with classmates is still isolated from
communities where the L2 is used natively. Because classmates may depend on their
shared L1 for the production and comprehension of the L2, it should not be expected that
this type of social participation will contribute to mitigation of L1 entrenchment. This
dynamic may also underlie findings for community-L2 learners that additional L2 input
and experience at home does not always have a detectable benefit on L2 abilities (Paradis,
2011; Paradis, Rusk, Sorenson Duncan, & Govindarajan, 2017), and that potential benefits
can depend on the L2 fluency of family members (Chondrogianni & Marinis, 2011; Hammer
etal, 2012; Paradis, Soto-Corominas, Chen, & Gottardo, 2020; Sorenson Duncan & Paradis,
2020). A rich language environment is characterized as one where the amount of input and
output children experience is diverse and complex (Paradis, Soto-Corominas, Chen, &
Gottardo, 2020), and this type of experience is less likely to come from individuals with
lower levels of L2 proficiency.

An example of how L2 use among L2 speakers who share an L1 may not benefit
target-like learning of L2 constructions comes from consideration of the Chapter Three

findings for plural-singular marking. Results of that study show that the immersion
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learners did not comprehend plural ‘-s’ as reliably as the L1-English control group. It was
proposed that the immersion learners may use English number marking in a manner
consistent with Mandarin, meaning that they rely on use of determiners or lexical
quantifiers that precede the noun, and which are only used when pragmatically relevant. In
effect, this would mean that the immersion learners’ L2-English knowledge includes non-
target optional number marking, and that the absence of the bound ‘-s’ morpheme would
be a less consistently used construction for number marking. If Mandarin-influenced
number marking predominates within the immersion learners’ social contexts, a usage-
based approach should expect that this is what will be acquired. As a result, social
participation within an immersion context does not provide access to speakers whose
target language use can mitigate the impacts of L1 entrenchment. Instead, for some L2
constructions, it should be expected that participation could have the opposite impact as
interaction with classmates contributes to entrenching non-target L2 ability. Essentially,
this difference in the dynamics of social participation reflects a key difference between the
community-L2 and immersion contexts.

For L2 educational programs like language immersion, a prescriptive standard of the
target L2 is typically implicitly assumed to be the end goal. However, from a usage-based
perspective, linguistic knowledge is an emergent result of development through language
experience and domain-general cognitive mechanisms (Beckner et al., 2009; Ellis, 2008),
and thus, L2 acquisition in an immersion context needs to be understood as a product of
these elements. A usage-based approach assumes no a priori L2 representation to be
completely or incompletely acquired, and thus, there is no final L2 competence that exists

beyond what results from inductive learning in context. This means that ultimately what
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immersion learners acquire of the L2 is a reflection of their actual L2 input and experience,
and therefore any prescriptive L2 standard that is removed from their actual experiences is
irrelevant. For community-L2 learners, living in a community where the target language is
used natively ensures that L2 input and experience will be closely aligned with standard

use of the target language.

5.2.5. Limitations

The aim of this dissertation was to investigate the L2 ability of the immersion participants
in relation to other English-speaking groups and to investigate factors that impact their L2
ability. The presented studies demonstrate that the English abilities of the L2 learners in
the immersion context differ from those of the comparison groups and that factors
associated with learning context can predict these differences. Nevertheless, the scope of
these conclusions should be interpreted in light of limitations in the study methodology.
Here, limitations are acknowledged pertaining to both findings for L2 morphosyntactic
ability and L2 vocabulary.

First, it is important to note that the morphosyntactic constructions studied were
not selected to give a general survey of immersion learners’ L2 English morphosyntactic
ability. Instead, the studies focused on English grammatical morphemes because prior
research evidence indicates that L1-Mandarin/Chinese speakers find them challenging
(e.g., Jia & Fuse, 2007; Jiang, 2007; Luk & Shirai, 2009; Paradis, Tulpar, & Arppe, 2016;
Trenkic, Mirkovi¢, & Altmann, 2014). Thus, the lag in ability found between the immersion
group, and both the community-L2 and L1-English control group, as well as the lag

between the community-L2 and control group should not be generalized to other specific
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L2-English morphosyntactic constructions. For example, while L1-Chinese community-L2
learners may have a more delayed rate of acquisition for English verbal morphology as
compared to speakers of more typological similar L1s (Blom, Paradis, & Sorenson Duncan,
2012), this is not the case for acquisition of English complex syntax where an impact of L1
is not found (Paradis, Rusk, Sorenson Duncan, & Govindarajan, 2017). Given such findings,
it is likely that both adolescent L1-Mandarin immersion and community-L2 learners would
demonstrate different developmental profiles for English complex syntax or other
grammatical constructions, as compared to their profile for grammatical morphemes.
Second, the differing levels of assessment for L2 ability across the domains of
morphosyntax and vocabulary should be noted. For L2 ability with English grammatical
morphemes, it was concluded here that development had plateaued, while for L2 receptive
vocabulary, it was concluded that the immersion learners’ vocabulary knowledge would
continue to increase as they accumulated a quantity of L2 exposure equivalent to the
community-L2 participants. Thus, it may appear that the L2 development of vocabulary
ability is less impacted by context than is the acquisition of morphosyntax. However, this
does not mean that there are not important differences in the L2 vocabulary knowledge of
the immersion learners, as compared to either the community-L2 or L1-control groups. For
example, Harley (1993) discusses the highly frequent French verbs AvVOIR (have) and ETRE
(be) and how learners in French immersion may continue to use these verbs consistently
with their L1 English (e.g., saying the French equivalent of ‘I am hungry’ when ‘I have
hunger’ is the conventional way to express this in French). The PPVT does not probe this

type of information, and thus, the possibility remains that the immersion participants’
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vocabulary knowledge would show differences with community-L2 and L1 speaking peers

if examined in this way.

5.2.6. Future directions

Currently, little research exists that specifically addresses the L2-English ability that L1-
Mandarin immersion learners develop, and as such, potential future research directions are
numerous. Nevertheless, there are two key extensions to the present dissertation that
would benefit understanding of L2 development in immersion contexts. The following
future directions examine either the emergence or persistence of non-target L2 ability
more closely.

First, in order to better understand how non-target L2 ability emerges, research
should examine factors that impact how immersion learners perceive their initial L2 input
and how this influences subsequent development of the L2. As noted, research with adults
indicates initial perception of L2 input is impacted not only by L1-tuned perceptual
mechanisms, but also by factors common to L2 learners regardless of L1 (Sagarra & Ellis,
2013). Similarly, research with community-L2 learners shows that the rate of L2
morphosyntactic development can be impacted by factors including L1 (Blom & Baayen,
2013; Blom, Paradis, & Sorenson Duncan, 2012; Paradis, 2011), as well as variations
between learners in cognitive abilities (Paradis, 2011; Paradis, Rusk, Sorenson Duncan, &
Govindarajan, 2017; Verhagen, Leseman, & Messer, 2015). Thus, in order to understand
factors that influence L2 acquisition in immersion, longitudinal research monitoring
learner development from the very beginning of programs should examine learners’

emerging production and comprehension of grammatical morphemes. Emerging ability
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should be compared across programs that involve L2-English learners of different L1s (i.e.,
comparing L2-English immersion learners in programs in Taiwan with ones in Spain). In
addition, how cognitive abilities that impact initial perception of the L2 such as verbal
memory, and those that may reflect ability to abstract patterns from L2 input such as
analytic reasoning or statistical learning ability should also be examined for influences on
individual learners’ L2 development.

Next, in order to understand why non-target L2 forms potentially persist, future
research should more closely examine how L1-Mandarin immersion learners use English to
interact with their immersion classmates. For English plural-singular marking, it was
proposed based on comprehension data that the immersion participants continue to use
number marking in a manner consistent with Mandarin pragmatics. Direct observation of
immersion learners’ variable use of plural marking with peers and examination of
discourse factors that may predict the suppliance or omission of different forms of number
marking would strengthen conclusion made here. These issues can both be addressed in a
future study that specifically collects information about whether peers interact with
English speakers who are not classmates and observes a dyadic interaction task designed

to elicit number-marking constructions.

5.3. Conclusions

The three studies presented in this dissertation compared the L2-English abilities of the
studied L1-Mandarin immersion learners with other groups of English speakers, and
examined how L2 input and experience impacted those abilities. In each study, differences

in receptive L2 abilities were found between the immersion learners and comparison
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groups. For a range of highly frequent English grammatical morphemes, the L1-Mandarin
immersion learners were different from both community-L2 learning peers, and from L1-
English speakers. For English receptive vocabulary, immersion learners were different
from community-L2 peers and fell below the age-standardized test norm for L1 speakers.
When the out-of-school L2 environments were compared, the immersion and community-
L2 groups were largely similar in their access to additional English input. However, they
differed in the amount that they used the L2 to interact with others. In discussion, the
differences between experiences in the two L2 learning contexts were linked to differences
in morphosyntactic ability concluding that even a semantically transparent English
grammatical morpheme can be susceptible to sustained non-target use in an immersion
context due to lack of opportunities for interaction with others who do not share the
immersion learners’ L1. This dissertation provides evidence that the receptive L2 ability
immersion learners acquire is distinct from that acquired by other high-proficiency early
L2 learners and underscores the importance of L2 experience in impacting what is

acquired of an L2.
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APPENDICES

Appendix A: Grammaticality Judgment Task Stimulus List

1. Easy Stimulus Items

Articles - Article in () omitted in ungrammatical stimuli

1.

2.

5.

6.

[ am sitting at (the) same desk I sat at yesterday.

My sister was wearing (a) hat but she still got a sunburn.

[ don't have (an) iPhone, but I have had two Android phones.
The player scored (the) last goal of the hockey game last night.
Some people taking (a) walk at the park saw swans in the pond.

My classmate just borrowed (the) last pencil from my pencil box.

Past tense - grammatical/ungrammatical

1.

2.

Last night, my father cooks/cooked dinner for all of my friends.
Two days ago, my friends played/play a soccer game after school.

Someone tipped/tips over the garbage can outside our classroom earlier
today.

The students finished/finish all of their homework at school yesterday.
A car crashed/crashes into a tree near my house last week.

Yesterday afternoon, my sister and I walked /walk home from school
together.
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Plural Marking
1. We saw a few cars/car going east along the highway.
2. The manager told her new employees many tables/table needed clearing.
3. Anairplane carrying many passengers/passenger landed safely on the
runway.
4. This summer, his mother's car needs all the tires/tire replaced.
5. I will write three separate tests/test this Tuesday coming up.
6. My friend wants to buy a new pair of shoes/shoe for gym.
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2. Difficult Stimulus Items

BE - grammatical /ungrammatical

1. The problems with the computer were/was fixed by the technician.
2. The letter from the lawyers was/were concerned with illegal file sharing.
3. The wheels on the car were/was repaired in the mechanic's shop.
4. The puppy beside the kittens was/were very soft and fluffy.
5. The songs on this album were/was recorded in an excellent studio.
6. The student near the children was/were making a lot of noise.
DO
1. The owners of the cat do/does not like dogs very much.
2. The bottle beside the buckets does/do not get filled with water.
3. The doctors for the patient do/does not think the medicine is working.
4. The chair near the tables does/do not need to be painted.
5. The lawyers for the defendant do/does not have a trial today.
6. The wallet beside the keys does/do not belong to my father.

Third-person marking

1.

2.

The keys to the door open/opens others in the house too.

The owner of the businesses earns/earn a lot of money in profit.

The girls near the teacher read/reads the book to everyone.

The lizard on the rocks feels/feel very warm in the sun.

The sentences on the paper show/shows the answers to the questions.

The road with the potholes causes/cause a lot of damage to tires.
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Appendix B: Correlations for Modeled Variables
1. Correlations between IL2 Variables

Eng.
home peer hours
verbal nonverbal relative language language per
receptive  memory reasoning proficiency use use week
vocabulary (VM) (NVR) (RP) (HLU) (PLU) (EHW)
VM 144
NVR 184 -201
RP 275 .082 -014
HLU 187 215 -.359 117
PLU 408* -.028 -072 513** .186
EHW 211 .086 -.250 376" 154 422*
L1 -.246 .069 .108 -222 -122 -.642*** 045
fluency
2. Correlations between ML2 Variables
Eng.
home peer hours
verbal nonverbal relative language language per
receptive  memory reasoning proficiency use use week
vocabulary (VM) (NVR) (RP) (HLU) (PLU) (EHW)
VM 331
NVR 596** 150
RP 451* 331 101
HLU 475* 275 157 458*
PLU 664 .298 .051 VA Viaaa 491*
EHW -.054 361 .003 149 .089 .054
L1 -.289 -014 -137 -.663%** -.504* -.378 182
fluency

Note. Correlations between variable for each adolescent participant group. * p <.05, **p <
.01, ***p <.001.
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Appendix C: Plural-Singular Sentence Stimuli

1.

A A

N Y = O e
A I R

16.

The apple/apples had been picked from our tree.

The brush/brushes could be used to paint pictures.

The box/boxes might have something inside.

The egg/eggs might not be fresh.

The elephant/elephants might like to eat peanuts.

The bus/buses must wait for the students.

The fork/forks can get put in the drawer.

The mailbox/mailboxes will get mail every day.

The banana/bananas from the market should be ready to eat.
The pencil /pencils can be used for writing the test.

The orange/oranges will be cut up and eaten.

The cup/cups will be filled with coffee.

The strawberry/strawberries will taste nice this time of year.
The doughnut/ doughnuts would not be a healthy snack.

The carrot/carrots will be nice in the soup.

The monkey/monkeys living here should not be fed.

Note. The 16 stimulus nouns are bolded. Sentence stimuli with one of the two noun forms
were divided into two lists with equal numbers of plural and singular stimuli. Participants
would have heard only one from each pair and the order was randomized for each
participant. Nouns were roughly balanced for the three potential plural allomorphs /s/
(carrots, cups, doughnuts, elephants, and forks), /z/ (apples, bananas, eggs, monkeys,
pencils, and strawberries), and /az/ (boxes, brushes, buses, mailboxes, and oranges) when
in their plural form. According to the Corpus of Contemporary American English (Davies,
2010), the median frequency for the 16 nouns was 12,818 tokens per million words (IQR =
27,223 to 7,591) with the least frequent lemma being ‘mailbox’ at 2,736 tokens per million

words.
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