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Abstract
The current study set out to examine to what degree age of acquisition (AOA), defined as a
learner’s first intensive exposure to a second language (L2) environment, mediates the final
state of postpubertal, spoken vocabulary attainment. In Study 1, spontaneous speech
samples were elicited from experienced Japanese users of English (n = 41) using storytelling
and interview tasks. The samples were analyzed using a range of corpus- and rater-based
lexical measures and compared to the speech of inexperienced Japanese speakers (n = 40)
and native speakers of English (n = 10). The results showed that most experienced L2
learners tended to demonstrate nativelike proficiency for relatively easy lexical dimensions
of speech (i.e., richness), but that AOA appeared to play a key role in predicting the ultimate
attainment of relatively difficult lexical dimensions (i.e., appropriateness). In Study 2, the
findings were successfully replicated with experienced L1 Polish users of English (n = 50).

Introduction
Research suggests that a strong relationship exists between learners’ ultimate L2
speaking attainment and their age of acquisition (AOA), defined as the age at which
intensive exposure to the target language begins. Studies have consistently shown that
the earlier L2 learners are exposed to the target language, the more nativelike perfor-
mance they can ultimately attain (e.g., Abrahamsson & Hyltenstam, 2009; Birdsong &
Molis, 2001; Flege et al., 1995; Flege et al., 1999; Granena & Long, 2013; Johnson &
Newport, 1989; Patkowski, 1990). This has led scholars to discuss if there is an optimal
window of opportunity for L2 acquisition (for a comprehensive review see Muñoz &
Singleton, 2011). Some have labeled this time frame as the “critical period” (e.g.,
Lenneberg, 1967). What remains controversial in this discussion is to what degree
and how AOA mediates the final state of L2 speech acquisition when the target
language is learned after puberty (e.g., Birdsong, 2005 vs. DeKeyser & Larson-Hall,
2005), and when the attainment concerns lexical (rather than phonological) aspects of
L2 speech (cf. Lahmann et al., 2016). Drawing onCrossley’s computational modeling of
spoken L2 vocabulary use (Crossley et al., 2015; Kyle & Crossley, 2015; Salsbury et al.,

© TheAuthor(s), 2022. Published by Cambridge University Press. This is anOpenAccess article, distributed under the terms
of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
re-use, distribution and reproduction, provided the original article is properly cited.

Studies in Second Language Acquisition (2022), 1–25

doi:10.1017/S0272263122000432

https://orcid.org/0000-0002-4718-2943
mailto:k.saito@ucl.ac.uk
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1017/S0272263122000432


2011), the current study took a first step toward scrutinizing this topic in the context of
two groups of high-proficiency bilinguals immersed in an L2-speaking environment
after puberty (> 16 years).1

Background
Age effects

It has been widely observed that L2 learners tend to demonstrate rapid and substantial
improvements in their L2 proficiency following their arrival in a target language
speaking country. Such improvement is thought to be possible if learners practice
the language with a wide range of interlocutors in various social settings on a regular
basis (Flege & Liu, 2001). In contrast, it is known that the final outcomes of learning
after years of immersion (i.e., ultimate attainment) are subject to a great deal of
individual variation and are linked to several underlying factors. Factors explored to
date have included the linguistic distance between L1 and L2 structures (Best & Tyler,
2007), aptitude (DeKeyser et al., 2010), the quality and quantity of L2 input (Jia &
Aaronson, 2003), cognitive aging (Birdsong, 2005, 2006; Hakuta et al., 2003), motiva-
tion (Moyer, 2014), and ethnic identity (Gatbonton et al., 2011). Among these variables,
the timing of a learner’s first intensive exposure to the target language (i.e., AOA) is
perhaps the most widely researched, particularly when it comes to L2 oral proficiency.

As far as early arrivals are concerned (e.g., AOA < 16 years), there is substantial
evidence that the degree of L2 ultimate attainment and incidence of nativelikeness is
strongly related to AOA; that is, L2 learners with earlier AOA profiles are more likely to
reach advanced L2 proficiency than those with later AOA profiles. One proposed
explanation for this effect is that earlier AOA allows L2 learning to occur in the context
of a less developed L1 system (Flege et al., 1995, 1999). However, scholars have
continued to debate precisely which factors influence the degree of success in L2 speech
learning when immersion takes place after the passing of the critical period. In what
follows, two competing theoretical accounts of second language acquisition (SLA) are
reviewed. Following Flege (2003, p. 11), the two different positions were labeled
“maturational” and “nonmaturational and developmental.”

Maturation accounts
Maturation refers to the reduction of cerebral plasticity around puberty (Lenneberg,
1967). Although there are many divergent views amongst proponents of the matura-
tional account, they have a common belief that this neurocognitive decline (observed in
the critical and sensitive period) only drives the “younger is better” phenomenon up to
puberty. This would suggest that AOA is unrelated to ultimate attainment in late
bilinguals (> 16 years). Scholars who take on a “maturation account” of SLA believe that
early and late L2 ultimate attainment are essentially different phenomena separated by
the passing of an optimal, or critical, period for language learning (e.g., Abrahamsson,
2012; Abrahamsson & Hylstenstam, 2009; DeKeyser et al., 2010; Granena & Long,
2013; Johnson &Newport, 1989; Patkowski, 1990). From this point of view, younger L2

1Scholars have adopted different cut-off points between early and late learners. For example, Abrahams-
son and Hyltenstam (2009) put the upper bound of the critical period at the age of 12. Following the original
empirical study that proposed the idea of a discontinuity between early and late L2 learning (Johnson &
Newport, 1989), late L2 learners in the current study were defined as those who had first become immersed in
an L2 country after the age of 16.
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learners are more likely to attain nativelike proficiency because they have more
prolonged exposure to language during the critical period and are able to benefit from
robust implicit learning abilities that aid in the acquisition of language through
exposure alone. As maturational changes take place in the brain, however, it is thought
that learners’ access to such implicit learning mechanisms gradually declines (i.e., a
robust AOA effect on early bilingualism). After the passing of the critical period, such
implicit abilities may be limited to very few exceptional learners regardless of their age-
related profiles (Link et al., 2013). Here, the relationship between AOA and acquisition
is hypothesized to be nonsignificant (i.e., a discontinuous AOA effect on late bilin-
gualism). The final attainment of late L2 acquisition could be rather determined by a
range of factors related to individual indifferences in language analytic abilities
(DeKeyser et al., 2010) and motivation (Moyer, 2014).

Nonmaturation accounts
Other scholars have taken the sharply contrasting stance that the AOA-attainment
function can be observed throughout the life span because both early and late bilin-
gualism are the same phenomenon. From this point of view, there is no domain-
specific, optimal, or critical period for language learning. Instead, it is believed that L2
learners maintain the capacity to learn a new language after puberty as long as they are
provided with ample opportunities for input and output (e.g., Best & Tyler, 2007 for
Perceptual Assimilation Model-L2; Birdsong, 2005 for Cognitive Aging Hypothesis;
Bundgaard-Nielsen et al., 2011 for Vocab Model; Flege, 2018 for Speech Learning
Model; Kachlicka et al., 2019 for Auditory Precision Hypothesis). As such, AOA is
believed to serve as a strong predictor of early and late bilingualism.

Empirical evidence
The role of AOA in late and postpubertal L2 ultimate attainment (learners’ intensive
exposure to an L2 > 16 years) is an ideal arena for assessing these two competing views
on SLA. Maturation accounts predict “discontinuity in the AOA-proficiency link”
resulting from a fundamental and qualitative change in learning potential after the
mid-teens (DeKeyser & Larson-Hall, 2005, p. 97). This position ascribes the absence
of age effects to the passing of the critical period. The nonmaturation position
suggests that “a linear monotonic decline of learning over the [AOA] spectrum, with
age effects continuing past the point at which maturation has ceased” (Birdsong,
2005, p. 115). Proponents of this view all assume the presence of age effects, although
they have different perspectives on what explains the AOA-proficiency link in
adulthood (e.g., L1-L2 interference, perceptual/cognitive aging, sociopsychological
individual differences).

When it comes to L2 speech, research findings do not strongly support either
position. While some studies have demonstrated strong age effects for early but not
late arrivals (e.g., Granena & Long, 2013; Patkowski, 1990), others have failed to
replicate these discontinuities (e.g., Flege et al., 2006). This discrepancy could be
ascribed to methodology-based ceiling effects—in both groups of studies, L2 speech
was elicited using highly controlled tasks (e.g., word and sentence reading), where
participants are allowed to carefully monitor their performance by drawing on their
explicit metalinguistic knowledge. Such tasks could have allowed most participants to
perform at a satisfactory level and may not have elicited sufficiently varied speech to
capture the relationship between different levels of AOA and proficiency attainment.
Given that L2 learners’ speech is more targetlike when elicited from controlled
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(compared to free-speaking) tasks (Major, 2008), it remains controversial to what
extent such “monitored performance” accurately reflects learners’ ability to carry out
meaningful, interactive, and automatic communication in the real world (Piske et al.,
2011; see Johnson &Newport, 1989 vs. Birdsong &Molis, 2001 for similar findings and
arguments in L2 grammar attainment).

Indeed, the ability to use accurate, fluent and complex language while speaking
spontaneously is instrumental to becoming a functional L2 user (De Jong et al., 2012),
but is difficult to master relative to other dimensions of language (e.g., vocabulary,
grammar; Granena & Long, 2013). Though limited in number, studies have begun to
show that the final quality of early (AOA < 16 years) and late (AOA > 16 years)
bilinguals’ L2 speech (i.e., accentedness) is strongly tied to AOA. This relationship is
especially strong when speech is elicited using spontaneous speaking tasks, which
require learners to attend to various dimensions of language while conveying an
intended message (e.g., Derwing & Munro, 2013; Hopp & Schmid, 2013).

Most of the discussion surrounding age, experience, and L2 speech attainment thus
far has been concerned with segmental/suprasegmental aspects of speech (e.g., Saito,
2013) and listeners’ judgments of global accentedness of speech (e.g., Derwing &Munro,
2013). However, less research has examined ultimate attainment for lexical dimensions
of L2 speech. This could be considered a weakness in the current literature considering
that a growing number of scholars have emphasized themultifaceted nature of L2 speech
proficiency—that is, the ability to use pronunciation, vocabulary, and grammar in an
accurate, fluent, and sophisticated manner (De Jong et al., 2012). Importantly, some
scholars have argued that the AOA-proficiency link could bemediated by the differences
in the manner in which and amount of learning that takes place for different linguistic
dimensions; assuming that the acquisition of L2 phonology (segmentals and supraseg-
mentals) is more difficult than that of vocabulary, the presence of age effects could be
observed in the former but not the latter (Granena & Long, 2013).

To obtain a full-fledged understanding of the meditating role of AOA in late
bilingualisms, more research is needed to examine the extent to which the emerging
findings in L2 phonology are generalizable to L2 vocabulary attainment. Although
some previous studies have concerned the role of AOA in late attainers’ comprehension
of L2 vocabulary, the findings have remained mixed arguably because of their sub-
stantially different operationalization of lexical knowledge (e.g., Abrahamsson &
Hyltenstam, 2009 for lexical inferencing vs. Hellman, 2011 for vocabulary size).
Drawing on a recent framework for spoken vocabulary use (i.e., appropriateness and
richness; Crossley et al., 2015), the current study took a first step toward examining the
mediating roles of AOA in the production aspects of late L2 vocabulary attainment.

Second language vocabulary attainment

Modeling spoken L2 lexical proficiency
Vocabulary is a crucial component of language comprehension and production
(Jiang, 2000). Most research attention in the field of L2 vocabulary has focused on
delineating the receptive vocabulary sizes of learners (2–3K frequent word families for
beginner L2 speakers; 24K frequent word families for L1 speakers; Webb & Nation,
2017). In terms of acquisition, it has been shown that receptive vocabulary develop-
ment is strongly linked to the amount of received input, which explains why many
learners can achieve nativelike vocabulary size after a great deal of L2 immersion
experience (e.g., Hellman, 2011).
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Contrastively, very few studies have explored what comprises productive vocabulary
knowledge (Koizumi, 2012). On the one hand, word frequency may not necessarily
capture the complex nature of L2 productive vocabulary learning, as advanced L2
speakers do not necessarily use more infrequent words while speaking (Crossley et al.,
2019). On the other hand, Crossley and colleagues have proposed, developed, and
refined methods for computationally modeling L2 learners’ spoken vocabulary use
(Crossley et al., 2015; Kyle & Crossley, 2015; Salsbury et al., 2011). Within this
framework, the lexical dimensions of L2 speech are analyzed from two different
perspectives: appropriateness and richness.2

The first dimension, appropriateness, refers to whether words are used in a contex-
tually appropriate manner and with the correct assignment of morphological markers.
Traditionally, appropriateness has been operationalized in terms of binary accuracy,
which is measured by tallying the number of lexical choice errors and morphological
errors per clause (for a review see Skehan, 1998). More recently, scholars have begun to
emphasize the importance of error gravity in the assessment of appropriateness, given
that not all lexicogrammar errors have the same degree of impact on successful
communication, and that different types of errors can influence native speakers’ global
ratings of L2 oral proficiency (Révész et al., 2016). Various types of subjective judgment
methods have been developed to address the latter point. For example, one common
approach is to have linguistically experienced coders evaluate the lexical quality of
transcripts based on global accuracy rubrics, such as the acceptability of multiword
units (Crossley et al., 2015), weighted lexicogrammar accuracy (Foster &Wigglesworth,
2016), and semantic and morphosyntactic accuracy (Saito, 2019).

The second dimension, lexical richness, comprises a range of lexical features related
to “the depth and breadth of lexical knowledge available to speakers” (Kyle & Crossley,
2015, p. 759). Two oft-used indices of lexical richness are word frequency (how often
certain words are used in major corpus data) and word range (how widely words are
used in diverse contexts). The assumption is that learners who can use less frequent and
more narrowly occurring words have a more sophisticated and richer lexical repertoire
(Laufer & Nation, 1995). Richness has been also operationalized as the ability to access
words that are more abstract (e.g., Salsbury et al., 2011, for concreteness and image-
ability), semantically specific (e.g., Crossley et al., 2009, for hypernymy), and more
polysemous (e.g., Crossley et al., 2010, for sense relations).

Empirical evidence

Recently, an increasing number of studies have shown that late L2 learners can
substantially improve the appropriateness and richness dimensions of their L2 vocab-
ulary use during the initial stages of immersion (length of residence [LOR] < 1 year)
(e.g., Mora & Valls-Ferrer, 2012; Tavakoli, 2018). For example, Crossley and colleagues
longitudinally analyzed the lexical richness of ESL learners’ L2 speech development
over a period of 1 year, finding that within the first 4 months, vocabulary use became
more abstract due to the increased use of more hypernymic and less concrete words

2This literature review focuses on spoken vocabulary research and has deliberately avoidedmentioning L2
writing research (which has also used a similar paradigm). Spoken vocabulary is different from written
vocabulary as the former does not allow learners to refer to texts for decoding and forces them to resort to
other cues (e.g., visuo-gestural; for a comprehensive review on vocabulary research in L2 speaking and
writing, see Koizumi, 2012).
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(Crossley et al., 2009; Salsbury et al., 2011). In addition, the learners seemed to become
more aware and capable of using the peripheral meanings of various lexical items
(Crossley et al., 2010).

Surprisingly, the literature on the spoken vocabulary attainment of experienced L2
learners (LOR > 5 years) relative to inexperienced L2 speakers and native controls is
far more limited. To my knowledge, there have been only two empirical studies:
Lindqvist, Bardel, and Gudmundson (2011) and Bartning, Lundell, and Hancock
(2012). Lindqvist et al. examined the lexical richness (word frequency) of high-level
L1 Swedish speakers learning L2 French (n = 7) and L2 Italian (n = 10). The authors
found that high-level speakers demonstrated significantly higher levels of lexical
richness in their spoken production than less proficient ones, but that their perfor-
mance still differed from native-speaking controls. Bartning et al. also examined the
spoken morphological accuracy of 20 late experienced Swedish learners (LOR >
5 years) of L2 French. They similarly showed that participants’ accuracy performance
was significantly better than inexperienced learners (LOR< 2 years; n= 10), but worse
than native controls (n = 10). The findings of these small-scale studies need to be
replicated with a larger sample size.

There is also little and limited research on the role of AOA in spoken vocabulary
attainment. The existing literature has exclusively focused on L2 attainers’ lexical
comprehension proficiency but using awide range of outcomemeasures (e.g., judgment,
recognition, and recall tasks) and resulting in mixed findings. Some studies have found
strong age effects (younger is better) for early bilinguals but not for late bilinguals (e.g.,
Abrahamsson & Hyltenstam, 2009; Granena & Long, 2013; Spadaro, 2013). Others
have found the significant influence of AOA in L2 vocabulary size attainment even after
puberty (Hellman, 2011). However, when it comes to the role of AOA in L2 lexical
production proficiency (the focus of this study), there have been only two empirical
studies—Lahmann et al. (2016) and Saito (2015). Lahmann et al. (2016) failed to find
any significant effects for AOA on the lexical aspects of L2 oral proficiency attainment
with early bilinguals (n= 102 German speakers of English with AOA 7–17 years). This
could be ascribed to the fact that the authors analyzed just a single component of L2
lexical proficiency—lexical richness (i.e., not appropriateness). Saito (2015), however,
examined the predictive power of AOA for lexical appropriateness and richness with
88 late Japanese-English bilinguals (AOA 16–35 years), and two comparison groups (n
= 10 inexperienced Japanese speakers of English and n= 10 native speakers of English).
Although the study did not find a significant AOA-acquisition relationship, this was
ascribed to methodological factors—that is, the speech samples were elicited using a
single, simple task (picture description), and the length of each speech token was very
short (x < 50 words) (insufficient for the purpose of robust vocabulary analysis,
i.e., > 100 words suggested by Koizumi & In’nami, 2012).

Study 1
Considering the literature reviewed in the preceding text, several preliminary conclu-
sions can be drawn about postpubertal speech development. First, extensive L2 expe-
rience (LOR > 5 years) makes a positive impact on the lexical aspects of late learners’
speech attainment, even if they arrive in an L2 speaking environment after puberty.
Second, very few late learners can attain nativelike proficiency. Third, the role of age in
postpubertal L2 lexical proficiency attainment remains unclear—while age effects have
been clearly observed with early bilinguals (AOA < 16 years), it is still open to debate
whether such effects exist for late bilinguals (AOA > 16 years). On the one hand, it has
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been argued that the degree of late L2 attainment is unrelated toAOAdue to the passing
of the critical period around puberty (i.e., maturation accounts). On the other hand, it
has been suggested that the relationship between AOA and L2 proficiency should
remain significant among late bilinguals, as they use learning processes that are like
those used by early bilinguals (i.e., nonmaturation accounts).

Research questions
To move the research agenda forward, I examined the role of AOA in determining the
attainment of lexical appropriateness and richness in L2 speech. In the context of
41 experienced speakers of English (i.e., L2 attainers; AOA 18–37 years; LOR = 6–34
years), Study 1 took a first step toward exploring two important research questions:

1. Towhat degree do postpubertal L2 speakers ultimately enhance the lexical aspects of
their oral proficiency after years of immersion relative to the two baseline groups of
L1 and inexperienced L2 speakers?

2. What is the nature of the relationship between AOA and spoken vocabulary
attainment?

An investigation into whether AOA affects spoken vocabulary attainment in late
bilinguals is especially important as it may help resolve a long-held debate between two
opposing schools of thought, that is, maturation (e.g., DeKeyser & Larson-Hall, 2005)
versus nonmaturation accounts (e.g., Birdsong, 2005).While there have been a number
of similar large-scale AOA studies in L2 phonological attainment (e.g., Derwing &
Munro, 2013; Flege et al., 2006; Hopp& Schmidt, 2013; Saito, 2015), the current project
was the first investigation into AOA effects in L2 vocabulary attainment.

Method
Participants

Attainers (n = 41)
Following the standards of previous age-related L2 studies, late Japanese attainers were
defined as those who had arrived in the United States after 18 years of age and had
resided there for more than 6 years (e.g., Birdsong &Molis, 2001; Johnson & Newport,
1989 for similar decisions). Some scholars have argued that aminimumLORof 10 years
is necessary if ultimate attainment is to be assessed rather than rate effects (e.g.,
DeKeyser, 2013). In this study, a decision was made to use 6þ years as the cutoff point
in accordance with recent LOR research. There is both cross-sectional and longitudinal
evidence that a large amount of learning takes place within the first 2 to 3 years of
immersion followed by a relatively stable state (e.g., Derwing &Munro, 2013); and that
this trend may be especially clear when analyses focus on the lexicogrammar and
fluency aspects of L2 speech (e.g., Saito, 2015).

Given that Japanese communities are relatively small across the United States ACS
Demographic and Housing Estimate (2020), recruiting participants from a single city
was impossible. To feature as many late attainers as possible, an “inclusive” approach
was adopted. Electronic flyers were first created that specified the necessary conditions
for participating in the current project (i.e., AOA> 16 years, LOR > 6 years), and posted
on several community websites for Japanese residents in the United States. Interested
participants contacted the researcher and were invited to join a single remote research
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session, where learner information and speech recordings were collected using the
video-conferencing tool Google Hangouts. Approximately 80 Japanese residents par-
ticipated in this initial phase of the study.

To ensure that the study only included participants who had ample opportunities to
use L2 English (rather than L1 Japanese), and who had reached a relatively stable state of
L2 performance (without dramatic change that could typically occur at the initial stage of
L2 acquisition), the decision was made to include only motivated and regular L2 users.
This additional scrutiny was crucial to eliminate certain L2 users who regularly used L1
Japanese. In addition, including nonhabitual L2 users may have confounded the primary
focus of the current study, that is, the extent to which AOA predicts late L2 learners’
vocabulary attainment, because these users’ L2 English proficiency could be unrelated to
their length of residence in the United States (entailing much room for improvement).

Only participants who rated their perceived frequency of L2 English as very frequent
according to questionnaire responses (M = 5.5: 1 = very infrequent, 6 = very frequent)
were featured in the study. This led to the retention of 41 participants (6 males,
35 females) as “attainers,” all of whom reported that their main language of commu-
nication at work and/or at home was English. The methodology used here (i.e., self-
report) was derived from the Language Experience Questionnaire (Saito, 2015, 2019)
and the Language Contact Profile (Freed et al., 2004). For a similar screening process for
identifying ultimate attainers, interested readers can refer to Abrahamsson and Hyl-
tenstam (2009), Flege et al. (1995), and Saito (2015).

The participants’ mean age at the time of the project was 40.1 years (Range = 26–
53 years). All participants had arrived in the United States after the age of
18 (M = 22.8 years: Range = 18–37 years) and had been living there for an extensive
period (M = 15.5 years: Range = 6–34 years). Prior to their arrival in the United States,
the participants had studied L2 English in Japan for 7 to 9 years from junior high school
to university. All the participants can be considered highly educated. In terms of the
quality of L2 English education, they reported that instruction was typically provided
using a grammar translation approach (very typical of Japanese English-as-a-Foreign-
Language classrooms). No participants had prior experience attending English immer-
sion schools (i.e., subject classes taught in L2 English).

Japanese controls (n = 40)
To provide a benchmark for assessing the attainers’ lexical attainment, a total of
40 inexperienced Japanese learners (25males, 15 females) were recruited at a university
in Tokyo, Japan. They were college students with an average age of 19.6 years. Like the
Japanese attainers, the Japanese controls had spent 6 years learning English in Japan
(Grade 7–12).However, they lacked any experience traveling, living, or studying abroad
(LOR = 0 years). Not surprisingly, they reported having few opportunities to use L2
English outside of required English lessons at the university (3 hours per week).

English controls (n = 10)
To provide a point of comparison for the upper limit/nativelikeness of the attainers’
lexical proficiency, a total of ten native speakers of Canadian English (5males, 5 females)
were recruited in Ontario, an exclusively English-speaking area of Canada. These
participants were considered as native speakers of General American English. All the
English controls were postgraduate students at a university (Mage = 27.7 years), had
grown up in English-speaking families (at least one of their parents was an L1 speaker of
English), and reported that they used English exclusively on a day-to-day basis.

8 Kazuya Saito



Data collection setup

As for the attainers, the data were collected through Google Hangouts. Online data
collection was adopted out of necessity because the attainer participants resided in
various cities across the United States and it was impossible to visit each of them and
conduct face-to-face recordings. In contrast, the data of the Japanese and English
controls was collected in a quiet room at a university in Japan and another university in
Canada. Efforts were made to minimize the confounding effects of differing data-
collection methods in the study (online vs. face-to-face). First, the speech data was
transcribed for the purpose of vocabulary (rather than phonological) analyses. Second,
the online sessions were administered individually with a researcher to help partici-
pants understand the procedure and monitor their performance throughout.

Participants (i.e., attainers, Japanese and English controls) were matched in terms of
educational background (highly educated). The attainers differed from the Japanese
controls in terms of the amount of naturalistic English use (M = 15.5 vs. 0 years), and
from the English controls in terms of first language (Japanese vs. English).

Speech stimuli

To elicit sufficiently long speech samples and capture speaking proficiency from
multiple angles, two different speaking tasks were employed: a storytelling task (Saito,
2019) and an oral interview task (e.g., Crossley et al., 2015). In the storytelling task, the
participants first familiarized themselves with an eight-frame cartoon (1 min) and
then explained the sequence of the events. The cartoon depicted the following scene:
On a corner of a busy street in some metropolitan city, a man and a woman bumped
into each other carrying the same suitcase and ended up swapping suitcases. In
the interview task, the participants received a card from a researcher containing
an assigned topic (i.e., What was the hardest and toughest change in your life?) and
a set of possible discussion points. After 1 minute of preparation, they were asked
to speak for approximately 2 minutes. Finally, the researcher asked one or two
follow-up questions about the content of their speech (e.g., What did you learn
from the experience?; for copies of the materials used in the study, see Supporting
Information-A).

According to Skehan’s (1998) taxonomy, these two tasks were assumed to require
different kinds of cognitive resources. The storytelling task (formal, narrative, struc-
tured, less familiar information) was assumed to push learners to prioritize producing
accurate language without demanding much conceptualization (i.e., what to say). In
this study, therefore, the storytelling task was a more structured, accuracy-driven task.
In contrast, it was supposed that the interview task (informal, personal, less structured,
more familiarity of information) would stimulate L2 speakers’ conceptualization ability
to a great degree, resulting in potentially more complex, sophisticated language (at the
expense of accurate language). Thus, the interview task was a less structured,
complexity-driven task.

To control for the effects of pronunciation quality on the L2 vocabulary analyses, all
recordings were transcribed and cleaned by removing filled pauses (e.g., “ah,” “eh,”
“oh,” “um”). The researcher familiarized themselves with a range of problematic
pronunciation features typical of Japanese speakers of English (Saito, 2013). In the
case of unclear speech, the researcher transcribed what the talker intended to say as
inferred from context (e.g., life pronounced as rife was still spelled as life). For a similar
methodological decision, see Crossley et al. (2015).
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To ensure the robustness of the vocabulary analyses, efforts were made to elicit
sufficiently long samples for rating (x > 100 words; Koizumi & In’nami, 2012). All the
experienced Japanese attainers and English controls easily passed this threshold. Given
that the inexperienced speakers were recruited to proxy the lower end of late L2
learners’ lexical proficiency, it was unsurprising that some of them demonstrated
difficulty producing more than 100 words. To examine the lexical characteristics of
low-level L2 speech (relative to advanced L2 speech), all the files were included without
any screening. As a result, the duration of all transcripts varied widely for both
the storytelling task (M = 161.9 words, Range = 61–424 words) and the interview task
(M = 333.6 words, Range = 72–939 words).

Appropriateness analyses

Traditionally, many scholars analyzed L2 learners’ abilities to choose semantically
appropriate words with accurate morphosyntax markers by counting the number of
erroneous instances in a certain sentence unit (e.g., Yuan & Ellis, 2003 for per
clause). However, some scholars have argued that such dichotomous analyses of
individual words (correct or incorrect) fail to capture the potential difference in
degree of impact each word has on communicative adequacy (Foster & Wiggles-
worth, 2016). As a remedy, holistic judgment approaches have been proposed
wherein linguistically trained raters evaluate the overall (rather than word-by-
word) appropriateness of transcripts using a 4-point scale (1 = entirely accurate;
2 = minor errors; 3 = serious errors; 4 = very serious errors hindering meaning
conveyance) (Foster & Wigglesworth) or a 6-point scale (1 = minimum accuracy,
6 = maximum accuracy) (Crossley et al., 2015).

Saito, Webb, Trofimovich, and Isaacs (2016) and Saito, Trofimovich, and Isaacs
(2017) proposed, validated, and refined the expert judgment approach for assessing the
phonological, lexical, and morphosyntactic accuracy of L2 speech. As for lexical
appropriateness (the focus of the current study), linguistically trained raters first receive
training on how to evaluate the appropriateness of words in context within a range of L2
speech transcripts (for training scripts, see Supporting Information-B). Here, the
training clarifies that lexical appropriateness is different from phonological accuracy
(i.e., the correct pronunciation of individual sounds) and morphosyntactic accuracy
(i.e., the correct assignment of morphological markers). For each transcript, an overall
rating is assigned using a moving slider (recorded on a 1,000-point scale). The ends of
the continuum are labeled “many inappropriate words” (0 points) and “consistently
appropriate” (1,000 points). After they have fully understood the concept of lexical
appropriateness (which is distinguishable from phonological and morphosyntactic
accuracy), they practice the procedure with three transcripts, receive feedback from a
trained research assistant, and then move onto the main analyses.

Saito et al. (2017) examined the relationship between the judgments of 10 expert
raters with MA degrees in applied linguistics and the objective analyses of 40 L2 speech
transcripts. The results showed that the raters’ appropriateness scores were significantly
associated with the actual number of lexical errors in transcripts (r = .50). More
importantly, the expert raters’ appropriateness judgments more strongly correlated
with the overall comprehensibility of the L2 samples than the objective error analyses
did (r= .68 vs. .52). Not only has the expert judgmentmethod been used in a range of L2
contexts (e.g., Ruivivar & Collins, 2018) but it has also been found to capture how
aspects of lexical accuracy in L2 speech develop over time (Saito & Hanzawa, 2018).
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Raters
A total of five native speakers of English (2 males, 3 females) were recruited from an
American university to assess the lexical appropriateness of the samples. Following
Isaacs and Thomson (2013), the raters were considered as “experts” because all were
MA students in the department of linguistics and reported extensive L2 English
teaching experience (M = 5.5 years, Range = 3–9 years).

Procedure
The transcripts were presented to the raters in a randomized order using the
MATLAB software. A moving slider was used to assess the lexical quality of each
token. If the slider was placed at the leftmost end of the continuum, labeled with a
frowning face (indicating “nontargetlike”), the rating was recorded as 0. If the slider
was placed at the rightmost end of the continuum, labeled with a smiley face
(indicating “targetlike”), the rating was recorded as 1,000. As operationalized in
previous studies (Saito et al., 2017), a trained researcher first provided the raters with
a detailed explanation on what characterized lexical accuracy (see Supporting
Information-B). Next, the raters practiced the rating procedure with three tran-
scripts that were not included in the main dataset. For each transcript, they were
asked to justify their rating decision, and received feedback from a trained research
assistant to ensure that they correctly understood and applied the rubrics without
confusion. Finally, they proceeded to rate all 91 transcripts (41 attainers þ 40 Jap-
anese Controls þ 10 English Controls). The raters assessed the storytelling task on
Day 1 and the interview task on Day 2. Each individual session took approximately
60–70 minutes.

Interrater reliability
According to the results of a postrating questionnaire (9-point scale), all raters
indicated that they clearly understood the rating category (M = 8.9, Range = 8–9).
Cronbach’s alpha analyses indicated a relatively strong agreement between raters’
assessments (α = .88 for storytelling; .87 for interview), suggesting that individual
variance among the ratings was minor. Because of this, all raters’ scores were averaged
to generate a singlemean score for each sample (for a similarmethodology, see Ruivivar
& Collins, 2018).

Richness analyses

Following Crossley’s L2 vocabulary use framework, the transcripts were analyzed for
lexical richness using several indices from the Tool for the Automated Analysis of
Lexical Sophistication (TAALES; Kyle & Crossley, 2015). These indices are assumed to
represent three broad categories of lexical richness: (a) frequency (i.e., the use of
infrequent words); (b) n-gram (i.e., the frequency and association of multiword units);
and (c) abstractness (i.e., the use of less concrete words).

Frequency
This index represents the relative frequency of word use in various social and
academic settings (based on large spoken and written corpora). More advanced L2
learners tend to rely less on frequent words and make greater efforts to incorporate
infrequent words in their speech (e.g., Crossley et al., 2009). For each transcript,

Postpubertal L2 vocabulary attainment 11



frequency was calculated by averaging the values of all content words with reference
to a frequency list of 51 million words in the SUBTLEX corpus—a corpus of subtitles
in American movies and TV series (Brysbaert & New, 2009). For example, “ponder”
(56 counts) and “eavesdrop” (40 counts) occur less frequently than “think” (137,261
counts) and “listen” (27,784 counts) in the SUBTLEX database.3 Raw frequency
scores were first averaged. As recommended by Kyle and Crossley (2015), these
scores were then logarithmically transformed to control for Zipfian effects common
with word frequency lists (i.e., intensive use of the first 3,000 to 4,000 word families).
Larger SUBTLEX scores indicate the use of more infrequent words within a given
transcript. Thus, a transcript with higher SUBTLEX scores is assumed to represent
more advanced L2 lexical proficiency.

N-gram
This index refers to the relative frequency and association of n-word combinations in a
reference corpus.While n-gram has been considered as one measure of collocation (for
a comprehensive review, Gablasova et al., 2017), the predictive power of raw n-gram
frequency scores for L2 lexical proficiency remains unclear. This is because raw
frequency scores do not distinguish between semantically and structurally complete
sequences (e.g., “go” and “to”) and random co-occurrences of incomplete lexical items
(e.g., “go” and “he”).4 To capture the strength of meaningful associations (i.e., greater
than chance), a range of adjusted measures have been devised. In the current study,
Bigram Frequency was calculated based on the spoken subset of the Corpus of
Contemporary American English (COCA; Davies, 2010). Following Gablasova
et al.’s recommendation, a mutual information (MI) score was calculated by dividing
the bigram frequency scores by the frequency of the random co-occurrence of the two
words. The ratio value of all the two-word combinations was logarithmically trans-
formed for each text. MI bigram scores have been found to simulate native speakers’
recognition and production of formulaic sequences (Ellis et al., 2008) and native
speakers’ judgments of overall L2 oral proficiency (Saito & Liu, 2022; Tavakoli &
Uchihara, 2020). Further, more advanced L2 learners tend to combine words that are
less frequent, more abstract, andmore complex in their writing (Kyle & Crossley, 2016)
and speech (Kyle & Crossley, 2015). Here, higher MI scores represented higher L2
lexical proficiency.

Abstractness
This index refers to native speakers’ subjective judgments of word properties in relation
to the degree of abstractness. To this end, perceived concreteness (i.e., the degree to
which words are relevant to here-and-now concepts) was calculated from the MRC
psycholinguistics database (Coltheart, 1981) and two recently added databases
(Brysbaert et al., 2014; Kuperman et al., 2012). Total scores were calculated by dividing
the sum of the psycholinguistic norm scores by the number of words that were assigned
psycholinguistic norm scores. Lower scores corresponded to the use of less concrete
(i.e., more abstract) words per sample.

3All the examples in the “Methods” section derive from the transcripts analyzed in the current study.
4The data presented here was produced by TAALES. According to the manual, all the bigram/trigram

counts are normalized per million words: (actual frequency / number of words in sub-corpus)*1000000.
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Results
Attainers versus Japanese/English controls

The first objective of the statistical analyses was to explore what characterized
experienced Japanese learners’ (attainers) vocabulary use (appropriateness, fre-
quency, n-gram, and abstractness) relative to the inexperienced Japanese and English
controls. By comparing the Attainers and Japanese Controls, I aimed to illustrate how
much interlanguage development had taken place from the Attainers’ presumed
starting point (i.e., inexperienced Japanese learners’ performance). Further, I focused
on the differences between Attainers and English Controls to gauge the extent to
which the Attainers had reached nativelike L2 performance (i.e., high-level ultimate
attainment). Descriptive statistics of raw scores are summarized in Supporting
Information-C and -D.

It should be noted that the sample size of English Controls was small (n= 10) relative
to Japanese Controls (n = 40) and Japanese Attainers (n = 41). To detect statistical
significance, therefore, a set of conservative nonparametric tests (Mann–Whitney U
tests) were performed with four different lexical factors (Appropriateness, Frequency,
Specificity, Abstractness) as dependent variables, and group as the independent vari-
able with three levels (Japanese Controls, Attainers, English Controls), for each of the
two tasks (storytelling, interview). Because three comparisons weremade (i.e., Japanese
vs. English Controls, Japanese Controls vs. Attainers, Japanese Attainers vs. English
Controls), alpha was set to .0125 (Bonferroni corrected). The results of the analysis are
summarized in Table 1.

The results showed that Japanese and English Controls’ performance differed
significantly for all lexical dimensions in the storytelling task (p < .0125). Interestingly,
their n-gram performance was comparable in the interview task (p = .186). This
indicates whereas spoken L2 vocabulary learning can be generally characterized as
the more appropriate use of more infrequent and abstract words, the use of n-gram
could be task-specific and serve as a crucial predictor of nativelikeness in the more
formal and structured task (storytelling) but not in the more informal and less
structured task (interview).

Table 1. Summary of nonparametric tests for three different group comparisons (Japanese vs. English
Controls, Japanese Controls vs. Attainers, and Japanese Attainers vs. English Controls)

A. Storytelling B. Interview

Z p z p

Japanese vs. English Controls Appropriateness –4.851 < .001* –4.309 < .001*
Frequency –2.838 .005* –2.003 .011*
N-gram –4.729 < .001* –1.323 .186
Abstractness –2.595 .009* –3.364 .001*

Japanese Controls vs. Attainers Appropriateness –6.919 < .001* –4.581 < .001*
Frequency –1.134 .257 –2.868 .004*
N-gram –7.085 < .001* –1.563 .118
Abstractness –5.923 < .001* –5.274 < .001*

English Controls vs. Attainers Appropriateness –4.152 < .001* –4.104 < .001*
Frequency –2.325 .020 –0.142 .887
N-gram –0.142 .887 –0.261 .794
Abstractness –1.851 .064 –0.664 .507

*p < .0125 (Bonferroni corrected).
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Next, I examined the extent to which Attainers could improve their spoken L2
vocabulary performance after years of immersion relative to Japanese Controls.
Whereas the two groups were distinguishable in terms of appropriateness and abstract-
ness in both tasks (p < .0125), more advanced L2 speakers appeared to use more
infrequent words than the control group only when they were induced to engage in
more conceptualization (in the interview task). Finally, the comparison of Japanese
Attainers versus English Controls revealed similarities in frequency, n-gram, and
abstractness (p = .020–.887) but significant differences in appropriateness (p < .001).

Taken together, the comparison analyses led to three overall observations:
(a) spoken L2 vocabulary development can be observed in terms of appropriateness,
frequency, and abstractness (Japanese vs. English Controls); (b) the appropriateness
and abstractness of spoken L2 vocabulary improves with increased immersion expe-
rience (Japanese Controls vs. Attainers); and (c) highly experienced L2 speakers may
attain nativelike abstractness but not appropriateness.5

Age of acquisition versus attainment

The next objective of the analyses was to examine the correlations between the attainers’
(n = 41) lexical performance and their age of arrival in the United States (varying
between 18 and 37 years). According to the results of Kolmogorov–Smirnov tests, the
participants’ lexical attainment scores (appropriateness) were normally distributed
without any outliers (p > .05). Similarly, Kolmogorov–Smirnov tests did not find their
age of arrival and length of residence profiles to significantly deviate from a normal
distribution (p > .05). Thus, Pearson correlation analysis was conducted to check the
significance and strength of the associations between the lexical proficiency scores
(appropriateness, frequency, n-gram, and abstractness) and AOA profiles, with alpha
set to .0125 (Bonferroni corrected). As shown in Figure 1, the participants’ lexical
appropriateness scores were significantly associated with AOA profiles in the interview
task (r = –.429, p = .005). Yet, the correlation between appropriateness and AOA was
weak in the storytelling task (r = –.284, p = .072). For frequency, n-gram, and
abstractness, however, the AOA-appropriateness functions were substantially far from
statistical significance (p > .1–.8).

Some scholars have argued that AOA effects could be confounded with a range of
experience factors (i.e., younger arrivals could practicemore thanolder arrivals; Flege et al.,
1995). Thus, to separate any influence of these factors from the effects ofAOA, I conducted
a series of partial correlation analyses controlling for the two confounding variables: length
of residence (the number of years in the United States) and daily L2 use (the frequency of
L2 English use). Like many L2 speech studies (e.g., Flege et al., 1995), participants’ self-
report scores (on a 6-point scale: 1= very infrequent, 6= very frequent) were used to index
the frequency of L2 use daily at the time of the project.With LOR and L2 use factored out,
the relationship between the attainers’ AOA and lexical appropriateness scores remained

5Notably, the mean age of testing among the attainer group (40.1 years for Japanese Attainers; 35.7 years
for Polish Attainers) was considerably higher than for the control groups (19.6 years for Japanese Control;
27.7 years for English Control). In age-related literature, although few studies have identified the predictive
power of chronological age for the phonological accuracy aspects of L2 speech attainment (e.g., Flege et al.,
1995), there is some evidence for a potential link between age of testing and L2 fluency attainment (Lahmann
et al., 2017). Future studies can further explore this topic by including a range of L2 learners and attainers with
a range of age profiles.
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B. Interview Task
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Figure 1. Spoken vocabulary proficiency scores plotted as a function of AOA.
* p < .0125.
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significant in the interview task (r = –.409, p = .010), and remained nonsignificant in the
storytelling task (r = –.269, p = .098).

Study 2
To provide the conceptual setup for the current study, the first part of the analyses in
Study 1 examined the lexical characteristics of L2 attainers’ speech relative to those of L1
speakers and inexperienced L2 speakers. The overall findings (i.e., L2 attainers’ speech
being distinguishable especially by accuracy rather than richness) concurred with
Lindqvist et al. (2011) and Bartning et al. (2012). As the focus of the paper, the analysis
was then conducted on the mediating role of AOA in L2 spoken vocabulary attainment.
It was found that AOA was associated with appropriateness, a relatively difficult
dimension of spoken L2 vocabulary proficiency, when speech was elicited using a less
structured, complexity-driven task (i.e., interview). To examine the generalizability of
this key finding, the analysis was replicated with a different group of L2 attainers: n =
50 Polish speakers of English (AOA= 17–32 years; LOR= 6–19). Given that the primary
objective, novelty, and controversy of the paper lay in the AOA-acquisition link, Study
2 concerned only the analyses of late L2 attainers’ lexical performance in the interview
task in particular. It did not further pursue the replication of the baseline data
(L1 speakers, inexperienced L2 speakers) as the findings (L2 attainers vs. L1 and L2
Controls) were already in line with Lindqvist et al. (2011) and Bartning et al. (2012).

Participants

The speech data came from a larger project focused on collecting speaking samples from
500þ L2English speakerswith varied L1 backgrounds in London,UK. The current study
used spoken samples produced by a total of 50 Polish speakers (M age = 35.7 years). The
Polish participants engaged in a range of speaking tasks including the storytelling and
interview tasks used in Study 1. Given that the AOA-acquisition link was found only in
the interview, this task was chosen for further investigation. Interview data was tran-
scribed and submitted to the spoken vocabulary analyses. Speech data from the other
tasks (including storytelling) were not further analyzed. Given that one methodological
limitation of Study 1 was the unequal number of males and females in the attainer group
(n = 6 males, 35 females), efforts were made to reach a gender balance in the population
(n = 25 females, 25 males). These speakers were considered to be late L2 attainers given
that they met the same criteria adopted in Study 1: (a) they arrived in the United
Kingdom after puberty (M AOA= 23.1 years; Range= 17–32 years); (b) they had resided
in the United Kingdom for at least six years (M LOR = 11.9 years; Range = 6–19 years);
(c) their primary language of communication at work and/or at home was English; and
(d) they rated their perceived percentage of daily L2 English use as relatively frequent (M
= 73.7%: Range = 56–100%). The relationship between the phonological dimensions of
their L2 proficiency (assessed usingmultiple comprehension and production tasks) and a
range of individual difference factors (e.g., L2 use, aptitude, motivation, awareness) has
been reported in other publications (e.g., Saito et al., 2022).

Data-collection setup

Whereas the data in Study 1 was collected from 50 Japanese attainers using a video-
conferencing tool, the speech of the 50 Polish attainers in Study 2 was recorded in face-
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to-face settings. As such, the analyses allowed us to test the generalizability of findings
(i.e., age effects in L2 vocabulary attainment) across two different elicitation conditions
(online vs. face-to-face).

Speech stimuli

The same interview task and prompts in Study 1 were used to elicit the participants’
speech. The data collection took place individually in tandem with a trained research
assistant in a quiet room at a university in London. The speech was recorded with a
Roland-05 audio recorder, set at 44.1 kHz sampling rate and 16-bit quantization. The
speech tokens were transcribed using the same procedures as in Study 1 (M length =
551.5 words; Range = 248–1,242 words).

Appropriateness and richness analyses

A total of three native speakers of English (2 males, 1 female) were recruited in the
United Kingdom for the appropriateness analysis. All had obtained a university
degree in applied linguistics, had extensive experience in L2 English teaching (M =
6.5 years, Range = 1–15 years), and had conducted similar kinds of lexical analysis in
the past. As in Study 1, the raters assessed the 50 transcripts for lexical appropriate-
ness using the MATLAB-based software. According to the results of a postrating
questionnaire (9-point scale), all raters reported a very clear understanding of the
category (M = 9). Because the raters’ assessments demonstrated strong agreement
(Cronbach α= .95), ratings were averaged across raters to generate a single rating per
speaker.

For the richness analyses, the participants’ transcripts were analyzed for frequency
(SUBTLEX frequency), n-gram (Bigram MI), and abstractness (MRC concreteness
ratings) using TAALES (Kyle & Crossley, 2015).

Results
Descriptive statistics of the participants’ spoken L2 vocabulary scores (appropriateness,
frequency, n-gram, and abstractness) are presented in Supporting Information-E.
According to the results of the normality tests (Kolmogorov–Smirnov), the richness
scores (frequency, n-gram, and abstractness) did not significantly differ from a normal
distribution (D =.056–.105 p = .596–.994). Yet, significant deviation was observed for
the appropriateness scores (D = .236, p = .006). Participants’ AOA and LOR profiles
followed normal distribution (D = .112, .105, p = .511, .598). Thus, to examine the
AOA-proficiency link, Pearson correlation analysis was performed for frequency,
n-gram, and abstractness scores, while Spearman correlation analysis was performed
for appropriateness. Alpha level was set to .0125 (Bonferroni corrected). As visually
summarized in Figure 2, AOA was not significantly associated with frequency (r =
–.185, p = .199), n-gram (r = –.135, p = .348), or abstractness (r = .258, p = .071).
Conversely, a significant link was found between participants’ AOA and appropriate-
ness (r= –.406, p= .003). To check for the presence of any confounding effects based on
immersion experience, a partial correlation analysis was performed on participants’
ranked AOA and appropriateness scores while controlling for LOR and percentage of
reported L2 use. The results showed that AOA remained a significant predictor of
appropriateness (r = –.416, p = .003).
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Discussion
Building on the extensive literature addressing the effects of AOA on the phonological
proficiency of late bilinguals (e.g., Derwing&Munro, 2013), the current study set out to
examine whether AOA influences the lexical aspects of L2 speech attainment. Phono-
logical factors were controlled for by transcribing and comparing the spontaneous
speech of 41 experienced Japanese speakers (AOA 18–37 years; LOR= 6–34 years) and
50 experienced Polish speakers (AOA = 17–32 years; LOR = 6–19) elicited using more
and less structured tasks (storytelling, oral interview). Drawing on Crossley’s compu-
tationalmodeling of spoken L2 lexical proficiency, the transcripts were analyzed for two
major dimensions: appropriateness (the accurate use of words in contexts) and richness
(the use of more infrequent, collocational, and abstract words).

Overall, the results showed (a) that experienced learners demonstrated nativelike
attainment in the richness dimension of their spoken L2 vocabulary use (frequency,
n-gram, and abstractness); (b) that their appropriateness was subject to a great deal of
individual variation; and (c) that the incidence of high-level L2 speech (appropriateness
and richness) was determined by AOA profiles (18–37 years for Japanese; 17–32 years
for Polish). The strength of the correlation coefficients in the current study (r= –.429 in
Study 1; r = –.406 in Study 2) were comparable to the previous findings in L2
morphosyntax and phonology (i.e., moderate effect size). According to Qureshi’s
(2016) meta-analysis of L2 morphosyntax attainment research (n = 20 primary stud-
ies), the overall effects of AOA on early and late L2 learners’ grammaticality judgment
outcomes were Zr = –0.40 (i.e., r = –.038). Similar association strengths were found in
various areas of L2 phonological attainment (Saito, 2015 for –.3 to –.4 among n= 88 late
L2 attainers).
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Figure 2. Spoken vocabulary proficiency scores plotted as a function of AOA.
*p < .0125.
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The findings regarding AOA and the different aspects of lexical proficiency
(i.e., significant age effects for accuracy rather than richness) can be interpreted with
reference to two contrastive views on the role of age in late L2 speech learning,
summarized again here. On the one hand, the findings are not compatible with the
strong version of the maturational account of SLA that assumes that postpubertal L2
learning is unrelated to AOA. On the other hand, the findings align with the non-
maturational account, which predicts that a significant AOA-acquisition link remains
present in late L2 vocabulary attainment.

The presence of age effects for the appropriateness (but not richness) dimension of
spoken lexical proficiency is worth further scrutiny. These effects could be related to the
differential learning difficulty inherent to the three dimensions. Notably, developing
lexical appropriateness is thought to be more difficult than developing richness,
especially with tasks that push participants to attend to complexity rather than accuracy
(interview; Skehan, 1998). This was borne out in the current study, where most of our
experienced participants were able to reach nativelike proficiency for collocational and
abstract word use (i.e., no group differences between Japanese Attainers and English
Controls) but not for appropriateness (i.e., significant gaps between Japanese Attainers
and English Controls).

There is ample evidence that L2 learners have more difficulty developing appropri-
ateness than richness. Many L2 learners’ lexical repertoires grow to a great degree after
they have experienced short-term immersion (Salsbury et al., 2011) and/or long-term
foreign language education (Saito, 2019), and somemay reach nativelike vocabulary size
and depth of word knowledge (Hellman, 2011). Despite ample exposure experience,
however, few L2 speakers can attain the ability to chooseword combinations in not only a
contextually appropriate but also a nativelike fashion, especially when these words are
embedded in more extemporaneous, paragraph-length texts (e.g., Foster et al., 2014).
Indeed, expert raters’ judgments of advanced L2 spoken vocabulary proficiency ismainly
determined by appropriateness rather than richness (Crossley et al., 2015).

Taken together, it can be tentatively stated that AOA is a significant predictor of the
acquisition of relatively difficult aspects of L2 lexical attainment (i.e., appropriateness)
under complexity-driven (rather than accuracy-driven) task conditions. This “diffi-
culty argument” has also been made in the L2 pronunciation literature. For example,
Saito (2013) found that many of the late Japanese attainers could achieve nativelike
proficiency of English /r/ by redeploying already existing articulatory configurations in
their L1 phonetic systems (i.e., degree and rate of tongue retraction). However, age
effects were particularly strong for the acquisition of new articulatory parameters
specific to the L2 English phonetic system (i.e., labial, alveolar, and pharyngeal
constrictions). This argument also finds support at a broader level, as many studies
have shown that late L2 learners can attain advanced-level and nativelike L2 fluency
(Trofimovich & Baker, 2006), but that AOA matters for the reduction of foreign
accentedness (Flege et al., 2006), and the development of segmental and prosodic
accuracy—relatively difficult aspects of L2 oral proficiency development (Saito, 2015).

It is important to note that three similar studies failed to find that AOA played a
significant role in late L2 attainers’ lexical proficiency (i.e., Abrahamsson &
Hyltenstam, 2009; Granena & Long, 2013; Spadaro, 2013; but see Hellman, 2011).
These conflicting findings could be ascribed to the different foci of the analyses. These
three studies highlighted participants’ lexical comprehension proficiency, using a range
of word and collocation judgment tasks. The current study explored the use of
vocabulary in L2 attainers’ spontaneous speech production. This raises the possibility
that AOA effects can be more clearly observed when attainers are asked to produce
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(rather than comprehend) language. This interpretation might provide support for
Birdsong’s (2006) arguments about the age-related decline in motor abilities and
working memory and their impact on L2 attainment. To further examine this topic,
future studies can not only measure late L2 attainers’ lexical comprehension and
production abilities but also their motor sequence abilities (e.g., Thompson et al.,
2015 for aging effects in audio-motor integration).

Future directions
The presence of a significant AOA-acquisition link in late L2 vocabulary attainment
supports the nonmaturation view that AOA similarly determines the degree of success
in both early and late L2 acquisition. One crucial theoretical implication of this
perspective is that late learners could continue to learn a new language by drawing
on the same mechanisms used in successful L1 acquisition, as long as they use their L2
on a daily basis. Here, it is important to point out that scholars have extensively
discussed precisely what kinds of bilingual, perceptual-cognitive, and sociopsycholog-
ical factors underlie such lifelong age constraints in both early and late bilingualism (see
Mayberry & Kluender, 2018 for a comprehensive overview).

For example, one view is that the attainment of early bilinguals becomes more
nativelike because they are less affected by the interaction between the L1 and L2
systems. In other words, the earlier a learner arrives, the less the L1 is developed, and the
more targetlike their L2 ability becomes (i.e., bilingual effects; Best & Tyler, 2007; Flege,
2018). Another explanation relates to perceptual-cognitive aging. From this perspec-
tive, late L2 learning takes place in a common linguistic space, wherein the L1 system is
fully developed, and is subject to age-related changes in cognitive functioning caused by
decreased brain size, working memory, processing speed, and attentional control
(i.e., cognitive effects; Birdsong, 2005, 2006; Hakuta et al., 2003). Similarly, there is
emerging evidence that precise perceptual acuity gradually declines throughout adult-
hood, and that this ability determines the extent to which L2 learners canmake themost
of each opportunity for input (see Saito et al., 2020 for auditory perception effects).
Finally, it has been reported that the quantity and quality of L2 input which late
bilinguals are able to access is relatively limited (Bialystok, 1997, for sociopsychological
effects). Differing from early bilinguals, who are immersed in the target language
community from the onset of L2 learning, late bilinguals can choose whether to have
more interaction opportunities in their L1 or L2 (Derwing &Munro, 2013); or their L2
use may be limited to certain contexts (e.g., the home; Jia & Aaronson, 2003).

Onepromising future direction concerns the inclusionofmultiple individual difference
measures to further disentanglewhy an earlierAOAbenefits late L2 speech acquisition. To
this end, such future studies are strongly encouraged to (a) inspect not only L2 but also L1
performance to reveal the degree of L1-L2 attrition (e.g., Baker et al., 2008); (b) scrutinize
the perceptual-cognitive profiles of participants in various age groups (i.e., e.g., Darcy et al.,
2016 for executive functions; Saito et al., 2020, for auditory perception; Linck et al., 2013 for
working memory); and (c) survey participants’ motivation, personality, and communi-
cative orientations toward L1/L2 use and the target language community (e.g., Derwing &
Munro, 2013).Oncemore evidence becomes available, wewill have a better picture of how
bilingual, perceptual-cognitive, and sociopsychological factors differentially impact lan-
guage acquisition at different stages of life.

Another important future direction is concernedwith the reexamination of this study’s
methodological decisions and their potential impact on the findings. Drawing on
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Crossley’s computational modeling of spoken L2 vocabulary use, appropriateness was
operationalized using a holistic, rater-evaluated measure based on a myriad of various
assumptions or dimensions of transcribed oral narratives that are perceptible to raters.
Richness was operationalized using a set of corpus-based measures based on individual
words and word combinations used by speakers. Although AOA was significantly
associated with appropriateness rather than richness, we have yet to know precisely
(a) what aspects of vocabulary use the raters attended to during their appropriateness
judgments and (b) how and why such lexical elements could be amenable to age-related
decline. Here, I call for further research to examine the linguistic correlates of raters’
“lexical appropriateness” judgments especially when they assess the quality of highly
experienced L2 speakers’ speech transcripts. To this end, we may need to wait for future
empirical studies to develop and validate more objective, specific, and fine-grained
measures of lexical appropriateness at different ability levels (cf. Saito & Liu, 2022 for
the use of collocational association [MI] to distinguish between low-to-intermediate L2
speakers’ lexical appropriateness).

Conclusion
The results of current study suggest that (a) L2 learners can substantially improve
various dimensions of their L2 lexical proficiency (appropriateness, richness) as a
function of increased L2 experience; (b) L2 learners can demonstrate nativelike
proficiency for relatively easy lexical dimensions of speech (i.e., richness); and
(c) AOA plays a key role in high-level L2 lexical attainment, especially when it comes
to difficult dimensions withmuch room for improvement (i.e., appropriateness). These
findings echo the nonmaturational position of SLA, which holds that AOA-related
differences can be observed not only in the phonological but also in the lexical
dimensions of L2 speech attainment throughout the life span. The current study adds
that extensive experience with the L2may allow learners to produce abstract words in a
manner indistinguishable from native speakers. In the long run, however, AOA may
still determine the extent to which L2 learners can attain high-level proficiency in both
lexical appropriateness and richness.
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