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Abstract
Little research has been done on the effect of learning context on L2 listening development.
Motivated by DeKeyser’s (2015) skill acquisition theory of second language acquisition, this
study compares L2 listening development in study abroad (SA) and at home (AH) contexts from
both language knowledge and processing perspectives. One hundred forty-nine Chinese post-
graduates studying in either China or the United Kingdom participated in a battery of listening
tasks at the beginning and at the end of an academic year. These tasks measure auditory
vocabulary knowledge and listening processing efficiency (i.e., accuracy, speed, and stability
of processing) in word recognition, grammatical processing, and semantic analysis. Results show
that, provided equal starting levels, the SA learners made more progress than the AH learners in
speed of processing across the language processing tasks, with less clear results for vocabulary
acquisition. Studying abroad may be an effective intervention for L2 learning, especially in terms
of processing speed.
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INTRODUCTION

Second language (L2) learning contexts vary widely in quality and quantity of input,
output, and interaction, inevitably leading to different L2 development patterns and
attainments. Cross-context comparisons, for example, comparing study-abroad (SA)
contexts and at-home (AH) contexts, may help to reveal the unique characteristics of L2
development in different learning contexts (Kroll et al., 2018). L2 development can be
examined from two distinct perspectives, that is, language knowledge (e.g., vocabulary
and grammar) and processing skills (e.g., how rapidly or easily one can understand a
sentence). As argued by DeKeyser (2007, 2015) and Hulstijn et al. (2009), L2 learners
have to accumulate knowledge of the target language, as well as improve the efficiency
with which that knowledge can be processed. Previous studies (e.g., Collentine, 2004;
Freed et al., 2004; Håkansson & Norrby, 2010; Pliatsikas & Marinis, 2013a, 2013b;
Sasaki, 2007; Segalowitz & Freed, 2004) have investigated how learning context affects
the acquisition of both knowledge and processing aspects of language proficiency. For
instance, Collentine (2004) analyzed speech produced by American learners of Spanish
(in SA and regular-classroom settings) in an Oral Proficiency Interview before and after a
semester. All participants were university students with no previous contact with Spanish.
The results showed that formal education in an AH context facilitated development of
discrete grammatical and lexical knowledge (indicated by use of grammatically marked
forms and lexical frequencies, respectively), while the immersion in an SA context was
beneficial for the development of oral fluency, a form of processing ability in speaking.
However, studies of L2 learning contexts have rarely focused on listening comprehen-

sion, an important but often neglected area of second language acquisition. The few
listening studies that have investigated L2 learning contexts (e.g., Cubillos et al., 2008;
Llanes & Muñoz, 2009) have largely employed holistic measurement methods (e.g.,
spoken passage comprehension) to test listening proficiency. Consequently, our knowl-
edge of the effect of learning contexts on the finer components of listening comprehension
is rather limited. Therefore, it is not known whether SA learners will be able to recognize
more words, or whether they will be faster in recognizing a word, processing grammatical
information, and forming the semantic proposition of a sentence in listening comprehen-
sion than their AH peers. To fill this gap, this study takes a componential view of listening
proficiency, in terms of auditory vocabulary knowledge and listening processing effi-
ciency, and examines L2 listening development in SA and AH learning contexts for an
academic year. By comparing SA learners with their AH peers, we aim to investigate
whether and to what extent a shift of learning context from AH to SA is an effective
intervention for improving adult L2 learners’ listening proficiency.

STUDY-ABROAD VERSUS AT-HOME LEARNING CONTEXTS

Studying abroad is often considered as the best L2 learning context (Freed, 1995), as it
usually involves a language environment shift where learners have to inhibit the first
language and immerse themselves in the target language (Jacobs et al., 2016; Linck et al.,
2009). Studying in a country where students’ L2 is spoken as the native language
guarantees abundant native input, opportunities for output, informative feedback, and
interaction. Contrastively, even though nowadays it is relatively easy to have access to
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authentic L2 input through digital platforms (e.g., Netflix, Audible, andAppleNews), AH
contexts may be criticized for relatively inadequate L2 exposure, overreliance on rote
learning, and limited opportunities for interactive communication. The potential advan-
tages of SA contexts over AH contexts argue for the linguistic benefits of studying abroad.
In an ideal scenario where learners are fully immersed in their new environment, SA
contexts seem to solve the problems leading to generally low attainments of adult L2
learners in AH contexts. However, SA experiences are hardly ever ideal and immersion
degrees may sometimes be overestimated. Newcomers usually experience a gradual
process of socialization, starting with compatriots, then expanding to other international
students, and finally to locals (Coleman, 2013). As communication across linguistic and
cultural boundaries is challenging, the socialization process may stagnate at any stage, as
international students may tend to foreground their national identity against intercultural
identities during the intercultural experience (Maeder-Qian, 2018). It is not rare that same-
nationality students clutter in and out of class. Consequently, the linguistic impact of
studying abroad may be compromised due to integration problems.

During the past two decades, blooming international education has led to multiple SA
studies (e.g., Dwyer, 2004; Leong, 2007; Sasaki, 2011; Segalowitz & Freed, 2004;
Williams, 2005). These studies have been set up from various research angles, focusing
on issues such as language proficiency, cross-cultural competencies, personality changes,
and career growth. Varela (2017) performed a meta-analysis of 33 studies on language
development in SA learners, focusing on dependent variables such as general language
proficiency, written proficiency, vocabulary size, and speech rate. Varela reported a large
effect of studying abroad on enhancing L2 proficiency (d = 0.975). However, this meta-
analysis was largely limited to comparing pre- and posttest differences in the SA context.
By comparing with Plonsky’s (2011) meta-analysis on language learning in the AH
context (d = 0.55), Varela claimed that SA programs facilitated second language acqui-
sition. Note that this comparison is not direct. As for individual studies that directly
contrasted SA and AH contexts, some found that SA learners had greater gains in
knowledge of nativelike language usage (Foster et al., 2014), use of communication
strategies (Lafford, 2004), grammar (Marqués-Pascual, 2011; Pliatsikas & Marinis,
2013b), accent (Martinsen et al., 2014), pragmatic competence (Matsumura, 2001),
writing proficiency (Sasaki, 2011), and oral proficiency (Segalowitz & Freed, 2004),
but others reported marginal or no differences as a function of learning context in terms of
grammar (Isabelli-García, 2010; Pliatsikas & Marinis, 2013a), and pragmatic compre-
hension (Taguchi, 2011). Mixed outcomes may relate to the fact that different studies
focused on different aspects of language acquisition, which may not be equally sensitive
to the effect of learning context.

Furthermore, previous studies have investigated the effects of learning context on
fluency, accuracy, and complexity of L2 oral and written production. Learners’ oral
fluency, measured by speech rate and mean run length with no pause, usually improves
after studying abroad (Mora & Valls-Ferrer, 2012; Segalowitz and Freed, 2004). How-
ever, accuracy and complexity measures of oral production, such as frequency of errors,
length, and syntactic complexity of sentences, shows conflicting results across studies.
Some studies provided evidence that SA groups show gains in L2 grammatical complex-
ity and accuracy relative to AH groups (Håkansson & Norrby, 2010; Howard, 2001;
Llanes & Muñoz, 2013; Marqués-Pascual, 2011). Other studies, however, claimed that
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learners achieved better fluency only by using appropriate fillers, modifiers, formulae, and
compensation strategies, while their grammatical competence remained unchanged (see
Collentine, 2004; DeKeyser, 1991). Similarly, for written production, the benefits of
studying abroad have usually been reported to manifest on writing fluency but not
necessarily on measures of accuracy and complexity (see Knoch et al., 2015; Sasaki,
2007). These results together seem to suggest that learning contexts have differential
effects on different aspects of L2 production. Yet it remains unclear how and to what
extent studying abroad affects various aspects of L2 listening comprehension. We set out
to evaluate the impact of an SA context, in comparison to AH contexts, on L2 listening
development in terms of auditory vocabulary knowledge and processing efficiency.

VOCABULARY KNOWLEDGE

As a type of declarative knowledge, L2 vocabulary knowledge can be acquired either
incidentally (i.e., through reading and listening activities aimed at communication and not
explicitly at vocabulary learning), or intentionally (i.e., through deliberate memorization
of lexical information to enlarge vocabulary size of a target language). Incidental learning
is widely held to be the major source for accumulating vocabulary knowledge in both L1
and L2 learners, whereas only a relatively small amount of vocabulary is acquired through
intentional learning (Hulstijn, 2003). Studies of incidental learning reported significant
vocabulary gains through extensive reading by L2 learners (Horst, 2005; Pellicer-S-
ánchez & Schmitt, 2010; Swanborn & De Glopper, 2002). However, L2 incidental
vocabulary learning has been associated with low retention rates, which is why some
studies (e.g., Horst et al., 1998; Waring & Takaki, 2003) have claimed that the role
incidental learning plays in L2 vocabulary acquisition may have been overestimated.
Intentional learning, however, has been found to be much more effective than incidental
learning in retaining lexical information, especially over a short period (e.g., Schmitt,
2008; Swanborn & De Glopper, 1999).
SA contexts may be superior to AH contexts in facilitating vocabulary acquisition for

several reasons. Firstly, the naturalistic exposure in SA contexts arguably guarantees
more opportunities for incidental vocabulary learning than AH contexts, with the latter
likely being explicitly geared to intentional learning by memorization. Secondly, inter-
action and negotiation ofmeaning have been found to facilitate L2 vocabulary acquisition
(Ellis et al., 1994; Long, 1996; Newton, 2013). Through negotiating meaning (e.g., by
rephrasing or asking for clarification), learners and their interlocutors overcome compre-
hension difficulties, which may then become learning opportunities. Immersion in SA
contexts allows learners to interact and negotiate in the target language, while regular
classroom settings in AH contexts are often criticized for limited opportunities for
interaction. Thirdly, according to Mayer’s (2009) Cognitive Theory of Multimedia
Learning, the brain integrates information from visual and auditory channels (e.g., words,
pictures, and auditory information) to create mental representations. If visual and auditory
channels provide congruent information, people learn better from both channels than only
from one channel. Learning words solely from reading, therefore, may not be as efficient
as in combination with their auditory form. L2 learners may vocalize words acquired
through reading in a deviant form, and consequently may not recognize them in the
correctly pronounced form in listening activities. Learners from AH contexts often suffer
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from the lack of auditory form because listening proficiency is not capitalized on in
educational settings, and this problem is supposed to be reduced to some degree for SA
learners immersed in their L2. The question as to whether SA contexts better facilitate
vocabulary acquisition than AH contexts boils down to whether and to what extent L2
learners can benefit from the incidental learning opportunities provided by an SA context.

Previous studies have compared vocabulary acquisition across different learning
contexts (DeKeyser, 1991; Dewey, 2008; Ife et al., 2000; Llanes & Muñoz, 2009;
Milton & Meara, 1995). Milton and Meara (1995), for instance, compared students’
half-yearly vocabulary growth before and after the onset of their 6-month SA program,
and found that the average growth rate in an SA context was four times bigger than that in
an AH context. However, Dewey (2008) compared vocabulary gains made by interme-
diate English learners of Japanese in three learning contexts during 9 to 13 weeks with
various vocabulary tests. Participants were either in a SA program, in an intensive
domestic immersion program, or in a formal classroom setting. Dewey (2008) found that
vocabulary gains in the SA context were not significantly different from those in the
intensive domestic immersion setting. This study suggested that the benefits of SA
contexts on vocabulary acquisition might stem only from the amount of language
exposure, rather than the difference in learning contexts. Note that most of the previously
mentioned studies tested vocabulary knowledge in reading. Our knowledge about the
relationship between learning contexts and auditory vocabulary, which is related to but
different from reading vocabulary, is rather limited. Therefore, this study compares
auditory vocabulary acquisition in SA, AH-regular classroom, and AH-intensive instruc-
tion settings to examine the relationship between auditory vocabulary acquisition and
learning context.

PROCESSING EFFICIENCY

According to DeKeyser’s (2015) skill acquisition theory of second language acquisition,
learners go through declarative, procedural, and automatic stages sequentially during the
acquisition process. Firstly, L2 learners start with explicitly learning declarative knowl-
edge (e.g., vocabulary and grammar). Secondly, learners develop procedural knowledge,
which is the knowledge exercised in the accomplishment of a task, after a few practice
trials. This proceduralization of knowledge is realized when the execution of a target
performance gets routinized or chunked (Anderson, 2007; Taatgen & Lee, 2003). This
procedural stage is not particularly time-consuming (DeKeyser, 1997). Finally, to use
language spontaneously or effortlessly, learners need a large amount of practice to
automatize the procedural knowledge acquired in the previous stage. During this slow
and gradual process of automatization, learners will comprehend and produce language in
a more rapid way, showing fewer errors and requiring less attention. As the automatiza-
tion of L2 processing is slow (DeKeyser, 2015; Lim & Godfroid, 2015), it is difficult to
observe rapid progress in regular foreign language classroom settings. However, the
dramatic environmental shift entailed by a SA experience may accelerate L2 automati-
zation, thus creating a situation to test hypotheses about the development of L2 processing
skills over a relatively short period. This study describes L2 processing skills during
listening comprehension in terms of processing efficiency to avoid the (related, but
theoretically charged) term “automaticity” (for a review on automaticity, see Segalowitz,
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2003, 2010). Processing efficiency is operationalized as a multidimensional construct
comprising accuracy, speed, and stability of processing.
Multiple previous studies of second language processing have compared L1 and L2

processing in word recognition, parsing, semantic, or phonological processing (for a
review, see Jiang, 2018). Rather than contrasting L1 and L2 processing, only a few studies
investigated the development of L2 processing in relation to language learning contexts.
For example, Segalowitz and Freed (2004) compared the performance of English (SA and
AH) learners of Spanish in a semantic classification task before and after one semester.
They reported no effect of learning context on lexical access (quantified as speed of
semantic classification decisions). As for studies on grammar acquisition, Isabelli-García
(2010) investigated gender acquisition (using grammaticality judgment tests) in interme-
diate English (SA and AH) learners of Spanish over 4 months, and Pliatsikas andMarinis
(2013a) studied the processing of past tense morphology in highly proficient Greek
learners of English (one group with more than a year of SA experience and another with
only regular AH classroom exposure) with a self-paced reading task. Both studies
reported no effect of learning context on grammar acquisition (i.e., gender agreement
and past tense, respectively). However, these studies all measure L2 processing capacities
in reading, an activity that is emphasized and well-practiced in AH learning contexts. It is
not clear how the various cognitive processing abilities in L2 listening comprehension
develop across learning contexts. This study investigates the effect of learning contexts on
processing abilities at three different levels of listening comprehension, that is, lexical,
morphosyntactic, and semantic levels. More specifically, a series of tasks have been
devised to measure L2 processing efficiency in lexical access (e.g., recognizing a spoken
word), grammatical processing (e.g., capturing a grammatical feature of an utterance), and
semantic processing (e.g., understanding the semantic meaning of an utterance). These
three processes are critical building blocks toward successful language comprehension
(for language comprehension models, see Anderson, 2015; Cutler and Clifton, 1999;
Goss, 1982).

CURRENT STUDY

We hypothesize that advanced English learners who study abroad and have experi-
enced a shift of language environment from an English as a Foreign Language (EFL)
country (China) to an English as a Native Language (ENL) country (the United
Kingdom) will make more progress than their domestic counterparts in terms of both
vocabulary size and language processing efficiency. To test this hypothesis, we
invited Chinese international non-English-major postgraduates studying in the United
Kingdom (SA group, with no previous SA experience), Chinese domestic English-
major postgraduates (AH-intensive group) and domestic non-English-major post-
graduates (AH-regular group) to participate in a series of English tests at the beginning
of their postgraduate program and again after one academic year.
With respect to baseline proficiency, the SA group can be expected to be similar to the

AH-regular group because both groups were majoring in non-English subjects. At the
same time, the SA group had done intensive preparation, including intensive English
learning, to qualify for studying abroad. Consequently, their baseline proficiency may
also turn out to be more similar to that of the AH-intensive group. As baseline language
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proficiency has been shown to relate to size of language learning gains over time
(Brecht & Robinson, 1995; Davidson, 2010), both AH groups were included as reference
groups for the SA group, to provide a more complete comparison between SA and AH
learning contexts.

The pretest and posttest design allows us to compare L2 listening proficiency improve-
ment, in terms of processing efficiency and auditory vocabulary size, across different
learning contexts. To investigate the effect of learning contexts on L2 listening develop-
ment, this study sets out to answer the following questions:

1. Does the SA group showmore improvement in auditory vocabulary size than the twoAH groups
over the course of an academic year?

2. Does the SA group show more improvement in language processing efficiency (i.e., accuracy,
speed, and stability of processing) than the two AH groups over the course of an academic year?
And if so, is the group difference in improvement constrained to specific linguistic abilities
(i.e., lexical access, grammatical processing, and semantic processing)?

METHODOLOGY

PARTICIPANTS

One hundred forty-nine Chinese postgraduates studying abroad or domestically took the
pretest and posttest with an interval of 7months. Among them, there were 47 non-English
majors studying in the United Kingdom (SA group), 53 non-English majors studying in
China (AH-regular group), and 49 English majors studying in China (AH-intensive
group). All the participants finished bachelor education in China, with no previous SA
experience before the pretest. The SA group is the target group representing a rapidly
increasing population of L2 learners who start learning English as an FL at home and later
on move to an English-speaking country as an adult to participate in an SA program. The
two AH groups are both control groups to be compared with the SA group to compare
English proficiency improvement across different learning contexts.

Before our pretest, the English courses of the AH-intensive group included Compre-
hensive English, Oral English, Listening Comprehension, Intensive Reading, Extensive
Reading, Writing, Literature, Linguistics (around 1,620 hours in total prescribed by their
bachelor programs). The AH-regular group and SA group only had a College English
class once per week (around 144 hours prescribed by their bachelor program). According
to their standardized test scores (see Table 1), at some point during their bachelor
program, the AH-regular and the SA groups did not differ in L2 proficiency, while the
AH-intensive group had significantly higher language proficiency than the AH-regular
and the SA group. Afterward, the SA group, nevertheless, was expected to have learned
English (mainly out of class) more than the AH-regular group because they had to prepare
for studying abroad. Therefore, we estimated that the baseline language proficiency of the
SA group at pretest may be somewhere between that of the AH-regular (non-English-
major) and AH-intensive (English-major) group.

Between our pre- and posttest, the AH-intensive group had English-medium courses
(given by Chinese teachers), which included Literature, Linguistics, Translation, Inter-
pretation, and Methodology (around 468 hours in total), but no basic language learning
courses. The SA group also had English-medium courses (around 420 hours in total) but no
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basic language learning course. The AH-regular group had a 2-hour college English class
every week (around 72 hours in total). Therefore, though the SA group was not majoring in
English, both the SA and theAH-intensive groupwould haveEnglish-medium education in
the coming academic year. Contrastively, only the AH-regular group would mainly have
Chinese-medium education.

MATERIALS

The testing materials include a lexical access task, a grammatical processing task, a
semantic processing task, and the Peabody Picture Vocabulary Test Fourth Edition
(PPVT™-4).
The first three tasks were timed decision tasks used to measure language processing

efficiency at the lexical, morphosyntactic, and semantic level, respectively. Measures of
these tasks were accuracy, reaction time (RT), and coefficient of variation (CV), indicating
accuracy, speed, and stability of processing, respectively. These tasks are designed to focus
on how efficiently learners can process their L2 (e.g., how rapidly they can recognize aword,
how easily they process a certain grammatical structure, or how fast they can understand an
utterance), in addition to their accuracy in performing these tasks. We specifically aimed to
minimize the effects of limited vocabulary or grammar knowledge when performing
language processing tasks. L2 listening tests often involve holistic measurement methods
like spoken passage comprehension. Scores thereof are used as a general indicator of
listening proficiency, but reflect little about listening effort or about different components
of the listening process. Test stimuli in our tasks are carefully manipulated to allow for
detecting the subtle nuances in language processing that are not easily identifiable by existing

TABLE 1. Background information of these participant groups: AH-regular group
(N = 53), AH-intensive group (N = 49), and SA group (N = 47)

Group
Mean
age (SD)1 Major

Hours of English
instruction during
bachelor program
(before pretest)2

Hour of English
instruction during master
program (between
pre- and posttest)2

Mean
standardized
test score (SD)3

AH-regular 23.2 (1.0) Non-English 144 hours 72 hours 542 (32.6)
AH-intensive 23.4 (1.4) English 1620 hours 468 hours 563 (38.8)
SA 23.3 (1.1) Non-English 144 hours 420 hours 528 (54.7)

1All participants reported their age in the posttest questionnaire, while this information was not complete in the
pretest questionnaire. The means and SDs of Age hereof were therefore calculated based on the posttest
questionnaire for the sake of data completeness.
2Hours of instruction were calculated based on the credits required by each educational program.
3Not all nonnative participants reported their CET-6 (i.e., a national standardized English test) score. The means
and SDs for this variable are therefore based on smaller sample sizes (i.e., 147 out of 165). An ANOVA test
shows that the AH-regular and the SA group did not differ significantly (p = .221), while the AH-intensive group
significantly outperformed the AH-regular (p = .03) and the SA (p = .0003) group in CET-6. However, these
results have to be interpreted with caution because participants took the CET-6 test up to 3 years before the
pretest, and hence maybe well before the SA group started to prepare for studying abroad.
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standardized tests. Therefore, the use of these speeded-response tasks will allow us to
investigate the effect of learning context on the development of L2 processing skills.

The (untimed) PPVT™-4 was used to measure auditory vocabulary size, a form of
declarative knowledge. Themeasure of this task was a score for the number of vocabulary
items correctly identified, functioning as an approximation of auditory vocabulary size.
The PPVT is designed to measure receptive (auditory) vocabulary size of English native
speakers aged from 2:6 to more than 90 years. The test’s vocabulary items are not
restricted to the vocabulary of any specific purpose or discipline. This test is not subject
to ceiling effects, either. This format of the test (i.e., choosing a picture that matched the
word participants had heard) is more intuitive and straightforward than the commonly
used multiple-choice format that involves choosing among synonyms or descriptions.

Lexical Access Task

The lexical access task measured how well participants could recognize words with
simultaneous presentation of auditory and visual stimuli. In each trial, participants saw a
(line drawing) picture and heard a word simultaneously. They were asked to judge as fast
as possible whether the picture and word matched or not by pressing correspondent
buttons on a button box. If a picture and a word did not match, their referents shared
phonetic similarities (e.g., “kite” and “cat”), fell into the same semantic field (e.g., “apple”
and “orange”), or were unrelated (e.g., “frog” and “doctor”). Note that a trial would end
and the next trial would start automatically if no response was given within 4 seconds.

This test contained 6 training trials and 60 experimental trials. Cronbach’s alpha indices
for the accuracymeasures were .6 (pretest) and .58 (posttest), while those for the RTswere
.97 (pretest) and .96 (posttest). The lower alphas for accuracy are due to the (intended)
relative ease of the tasks so that enough valid RTs could be collected.

Grammatical Processing Task

The grammatical processing task, including 6 training trials and 60 experimental trials,
tapped into the processing of particular grammatical properties. Participants listened to a
sentence, saw two pictures simultaneously, and were asked to quickly choose (within
8 seconds) the picture that matched the sentence they had heard by pressing a correspond-
ing button on a button box. To make the correct choice, participants had to capture a
grammatical cue of that sentence. These grammatical cues could be put into two
categories: morpho-syntactic cues and function words. Morpho-syntactic cues included
plural “-s,” third-person singular “-s,” tense, aspect, dative, passive and cleft construc-
tions, and relative clause. For example, participants heard the sentence “the sheep eats”
and saw two pictures. In the first picture, therewere three sheep eating, while in the second
one there was only one sheep eating. The morpheme “-s” in the sentence was the key
information leading to the correct picture. For another example, participants heard the
sentence “It is the dog that the pig follows” and saw two pictures (onewith a dog following
a pig, while in the other one there was a pig following a dog). The cleft sentence structure
was the syntactic cue in this case. As for function words, this category of sentences
contained word-level cues, for example, prepositions and conjunctions. For example, the
participants heard the sentence “The children are marching along the sidewalk” and saw
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two pictures: In the first one the children were marching across the sidewalk, and in the
second one they were marching along the sidewalk. The preposition “along” in the
sentence was the function-word cue indicating the correct picture. The function-word
category (20 items out of the total of 60 items) was later excluded for analysis so that this
task could better qualify as an indicator of grammatical/morpho-syntactic processing.
The sentence and picture stimuli of this task were partly taken from Kersten (2010),

Waters et al. (1995), and Weist (2002). We adapted these stimuli into a time-constrained
sentence-picture matching test format. Cronbach’s alpha indices for the accuracy mea-
sures were .57 (pretest) and .55 (posttest), while those for the RTs were .88 (pretest) and
.89 (posttest).

Semantic Processing Task

The semantic processing task measured how efficiently participants could form a seman-
tic interpretation of a sentence. Participants were asked to quickly indicate whether a
sentence they were listening to was plausible or not. If a sentence was implausible, it
violated either obvious factual knowledge (e.g., “A horse is an animal that can fly”) or
logic (e.g., “If you eat too much, you can get too thin”). The maximum reaction time for
each stimulus was set to 8 seconds from audio onset. This task, containing 6 practice trials
and 50 experiment trials, originated from Lim and Godfroid (2015). Cronbach’s alpha
indices for the accuracy measures were .82 (pretest) and .79 (posttest), while those for the
RTs were .95 (pretest) and .95 (posttest).

Vocabulary Size Test

The PPVT™-4 (Dunn & Dunn, 2007) was used to measure auditory vocabulary size.
Participants heard a word and saw four pictures on a computer screen, and were asked to
choose a picture that matched the word they had just heard. A total of 228 test items are
grouped into 19 sets of 12 words, which are arranged of increasing difficulty. Test adminis-
tration (20 minutes on average) ended automatically if participants had made more than eight
errors in one set. Unlike the first three tasks, the vocabulary size test is not timed. Participants
could listen to a word multiple times if necessary. Due to the adaptiveness of the test,
participants were administered different subsets of items, which prevented us from computing
Cronbach’s alpha. The PPVT has a reported reliability of .97 (Dunn & Dunn, 2007).

PROCEDURES

Data Collection

The location of data collection was Southeast University at Nanjing, China (for the two
AH groups) and Birkbeck, University of London and University College London in the
United Kingdom (for the SA group). Background questionnaires were sent out before-
hand to screen participants for their eligibility. Eligible participants were invited to take
the pretest and the posttest at the beginning and end of an academic year, respectively.
After each round of data collection, participants received a small financial reward for their
participation.
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Data Cleaning

Firstly, six items from the grammatical processing and three items from the semantic
processing task were excluded as ambiguous items. Items were excluded if they elicited
accuracy rates below 80% in native-speaker participants of a previous study (Yu et al.,
2020). Secondly, two participants from the AH-intensive group were excluded due to
either a lower than 50% accuracy rate on any speeded-response test or because their
vocabulary score was not within three standard deviations of the group mean. Thirdly,
only RTs of valid (i.e., correct) responses were analyzed. In addition, RTs below 250 ms
(measured from audio onset) were removed as invalid responses.

Statistical Analysis

Data analysis was conducted in R version 3.5.1 (R Core Team, 2018). The glmer and lmer
functions in the package lme4 (Bates et al., 2015) were used to fit logistic and linear
mixed-effects regression models (LMMs), with the optimizer bobyqa. P values were
calculated and added into linear regression model outputs with the package lmerTest
(Kuznetsova et al., 2017).

Mixed-effects regressionmodels were fitted to predict accuracy (in logit), speed, and
stability of responses in the language processing tasks. RTs were log-transformed
before model fitting to normalize their distribution. All models took Time, Group, and
Task as fixed-effects predictors, and included maximal by-time, by-participant, and
by-item random intercepts and slopes whenever applicable on the premise of model
convergence. As the audio duration of test stimuli and trial number may affect
participants’ reaction times, these two factors were also entered in the RT model as
fixed-effect control variables. Because CVs were calculated as an aggregated measure
on task level (i.e., CV = SDRT/MeanRT), the CV model did not have any item-level
random-effect variable. Finally, a linear mixed-effects regression model, with Time
and Group as fixed-effect factors and by-participant random effects, was fitted to
predict vocabulary size. For all the models, we sum-coded Group and Task variables
to compare the main effects of these variables. However, the Time variable was
dummy-coded, with pretest performance being mapped on the reference level, to
examine group and task effects at pretest. Note that the use of mixed-effects regression
models allows us to compare between-group differences in terms of their progress over
the academic year while statistically controlling for preexisting between-group differ-
ences at pretest.

RESULTS

Table 2 displays the descriptive statistics of the task performances of the participant
groups in the pre- and posttests. The rest of this section gives a detailed description of the
statistical results of the accuracy, RT,CV, and vocabulary sizemodels. For the description
of the model results, Group and Task effects at pretest will be presented before effects
concerning the Time variable (i.e., the difference between the pretest and the posttest),
such as the main effect of Time, two-way interactions between Time and Group, and
three-way interactions between Time, Group, and Task. The interactions between Time
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and Group, and the interactions between Time, Group, and Task are most critical for
answering the research questions of this study.

VOCABULARY SIZE

As Table 3 and Figure 1 show, the AH-intensive group outperformed the SA group (β =
15.97, SE = 4.69, t = 3.40, p < .001), who in turn outperformed the AH-regular group (β =
�15.12, SE = 4.58, t =�3.30, p < .001) in terms of vocabulary in the pretest. In general,
participants’ vocabulary size in the posttest was significantly larger than in the pretest (β =
4.56, SE = 1.11, t = 4.10, p < .001). The SA group made more progress than the
AH-intensive group (β = �6.09, SE = 2.77, t = �2.20, p = .030), but there was no

TABLE 2. Descriptive statistics of task performance in the pre- and posttests for AH
non-English majors (AH-regular, N = 53), AH English majors (AH-intensive, N = 49),

and the SA group (SA, N = 47)

Task Measure Group

Pretest Posttest

Mean (SD) Mean (SD)

Lexical access task Accuracy AH-regular .83 (.06) .83 (.05)
AH-intensive .87 (.05) .88 (.05)
SA .88 (.04) .89 (.04)

RT AH-regular 1,284 (291) 1,038 (194)
AH-intensive 1,188 (265) 1,080 (223)
SA 1,137 (250) 981 (190)

CV AH-regular .36 (.09) .31 (.09)
AH-intensive .34 (.09) .33 (.08)
SA .33 (.08) .29 (.09)

Grammatical processing task Accuracy AH-regular .83 (.08) .85 (.08)
AH-intensive .86 (.06) .88 (.06)
SA .86 (.07) .88 (.05)

RT AH-regular 3,375 (452) 3,008 (458)
AH-intensive 3,248 (436) 2,936 (371)
SA 3,289 (424) 2,871 (379)

CV AH-regular .38 (.05) .38 (.05)
AH-intensive .39 (.06) .39 (.05)
SA .38 (.05) .39 (.06)

Semantic processing task Accuracy AH-regular .84 (.12) .87 (.11)
AH-intensive .93 (.05) .95 (.04)
SA .93 (.07) .94 (.05)

RT AH-regular 3,596 (669) 3,061 (567)
AH-intensive 3,011 (347) 2,737 (308)
SA 3,049 (447) 2,691 (441)

CV AH-regular .29 (.06) .25 (.05)
AH-intensive .28 (.06) .26 (.05)
SA .26 (.05) .23 (.06)

Vocabulary size test Vocabulary size score AH-regular 116 (28) 121 (27)
AH-intensive 148 (17) 149 (17)
SA 132 (23) 139 (22)

Note: The values of Accuracy are proportions and RT values are in milliseconds.
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significant difference between vocabulary improvement of the SA and the AH-regular
groups (β = �2.58, SE = 2.71, t = �0.95, p = .342). Furthermore, we split the data by
group (see Appendix Table A1) and found that both the SA group (β = 7.45, SE = 1.80, t =
4.14, p < .001) and the AH-regular group (β = 4.87, SE = 2.29, t = 2.13, p = .038) made
significant improvement in vocabulary over time but theAH-intensive group (β= 1.35, SE
= 1.49, t = 0.91, p = .369) did not.

PROCESSING ACCURACY

As shown in Table 4 and Figure 2, the SA group outperformed the AH-regular group (β=
�0.80, SE = 0.13, z = �6.37, p < .001), but did not differ from the AH-intensive group
(β=�0.16, SE = 0.13, z =�1.19, p = .233) in terms of processing accuracy in the pretest.
Accuracy performance in the pretest did not differ across tasks (β = �0.52, SE = 0.30,
z = �1.73, p = .084; β = 0.10, SE = 0.31, z = 0.32, p = .748). However, the difference

TABLE 3. Estimates of performance of participant groups in the vocabulary size test

Β SE t P

(Intercept) 131.86 1.88 70.09 < .001
TimeT2vsT1 4.56 1.11 4.10 < .001
GroupAH-regularvsSA �15.12 4.58 �3.30 < .001
GroupAH-intensivevsSA 15.97 4.69 3.40 < .001
TimeT2vsT1:GroupAH-regularvsSA �2.58 2.71 �0.95 0.342
TimeT2vsT1:GroupAH-intensivevsSA �6.09 2.77 �2.20 0.030

Note: Model specification: lmer(Vocab ~ Time * Group + (1|Subject)).
T1 and T2 refer to the pretest and posttest, respectively.

FIGURE 1. Interaction between Time and Group effects in the vocabulary size model. Y-axis does not start
from zero. Error bars represent standard errors.
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between theAH-regular and SAgroups in the lexical access taskwas larger than that in the
grammatical processing task (β = 0.44, SE = 0.17, z = 2.55, p = .011), but was slightly
smaller than that in the semantic processing task (β = �0.40, SE = 0.21, z = �1.94,
p = .053).
As for the accuracy difference between pretest and posttest, participants had higher

accuracy in the posttest than in the pretest across tasks (β = 0.23, SE = 0.04, z = 5.15, p <
.001). The general accuracy improvement did not differ across either task (β = 0.15,

TABLE 4. Fixed-effect estimates of accuracy performance of participant groups in the
three processing tasks

Β SE z p

(Intercept) 2.74 0.13 20.56 < .001
TimeT2vsT1 0.23 0.04 5.15 < .001
GroupAH-regularvsSA �0.80 0.13 �6.37 < .001
GroupAH-intensivevsSA �0.16 0.13 �1.19 .233
Task2vs1 �0.52 0.30 �1.73 .084
Task3vs1 0.10 0.31 0.32 .748
TimeT2vsT1:GroupAH-regularvsSA �0.09 0.08 �1.11 .269
TimeT2vsT1:GroupAH-intensivevsSA 0.05 0.09 0.58 .565
TimeT2vsT1:Task2vs1 0.15 0.10 1.46 .146
TimeT2vsT1:Task3vs1 0.09 0.11 0.80 .424
GroupAH-regularvsSA:Task2vs1 0.44 0.17 2.55 .011
GroupAH-intensivevsSA:Task2vs1 0.24 0.18 1.34 .180
GroupAH-regularvsSA:Task3vs1 �0.40 0.21 �1.94 .053
GroupAH-intensivevsSA:Task3vs1 0.19 0.22 0.88 .381
TimeT2vsT1:GroupAH-regularvsSA:Task2vs1 0.18 0.18 0.98 .326
TimeT2vsT1:GroupAH-intensivevsSA:Task2vs1 0.07 0.19 0.34 .736
TimeT2vsT1:GroupAH-regularvsSA:Task3vs1 0.33 0.21 1.56 .118
TimeT2vsT1:GroupAH-intensivevsSA:Task3vs1 0.24 0.23 1.04 .300

Notes: Model specification:
glmer(Accuracy ~ Time * Group * Task + (1 + Time + Group|Item_number) + (1 + Time + Task|SubjectNo)).
Tasks 1, 2, and 3 refer to the lexical access, grammatical processing, and semantic processing task, respectively;
T1 and T2 refer to the pretest and the posttest, respectively.

FIGURE 2. Interaction between Time, Group, and Task effects in the processing accuracy model with
performance on different linguistic tasks in different panels. Y-axis does not start from zero.
Error bars represent standard errors.
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SE = 0.10, z = 1.46, p = .146; β = 0.09, SE = 0.11, z = 0.80, p = .424) or group (β=�0.09,
SE = 0.08, z =�1.11, p = .269; β = 0.05, SE = 0.09, z = 0.58, p = .565). None of the three-
way interactions was significant.

PROCESSING SPEED

As Table 5 and Figure 3 show, at the pretest, similar to the accuracy model, the SA group
outperformed the AH-regular group (β = 0.10, SE = 0.02, t = 4.30, p < .001), but did not
differ significantly from the AH-intensive group (β = 0.00, SE = 0.03, t = 0.16, p = .876) in
terms of processing speed. RT performance at the pretest differed across tasks (β = 0.29,
SE= 0.08, t= 3.58, p< .001; β= 0.21, SE= 0.09, t= 2.39, p= .018), whichwas expected as
the stimuli duration differs across the tasks. Furthermore, the difference between the
AH-regular and SA groups in the lexical access task was also larger than that in the
grammatical processing task (β=�0.08, SE = 0.03, t =�3.15, p = .002) and did not differ
significantly from that of the semantic processing task (β = 0.04, SE = 0.03, t = 1.36, p =
.174). Similarly, the difference between the AH-intensive and SA group in the lexical
access task was larger than that in the grammatical processing task (β=�0.06, SE = 0.03,
t = �2.17, p = .031), but did not differ significantly from that of the semantic processing
task (β = �0.06, SE = 0.03, t = �1.95, p = .053).

TABLE 5. Fixed-effect estimates of RT performance of participant groups in the three
processing tasks

Β SE t p

(Intercept) 3.20 0.45 7.07 < .001
TimeT2vsT1 �0.12 0.00 �49.89 < .001
GroupAH-regularvsSA 0.10 0.02 4.30 < .001
GroupAH-intensivevsSA 0.00 0.03 0.16 .876
Task2vs1 0.29 0.08 3.58 < .001
Task3vs1 0.21 0.09 2.39 .018
log(audio_duration) 0.64 0.06 10.03 < .001
Trial_number �0.00 0.00 �11.03 < .001
TimeT2vsT1:GroupAH-regularvsSA �0.03 0.01 �4.55 < .001
TimeT2vsT1:GroupAH-intensivevsSA 0.03 0.01 4.98 < .001
TimeT2vsT1:Task2vs1 0.01 0.01 1.70 .089
TimeT2vsT1:Task3vs1 0.01 0.01 1.48 .139
GroupAH-regularvsSA:Task2vs1 �0.08 0.03 �3.15 .002
GroupAH-intensivevsSA:Task2vs1 �0.06 0.03 �2.17 .031
GroupAH-regularvsSA:Task3vs1 0.04 0.03 1.36 .174
GroupAH-intensivevsSA:Task3vs1 �0.06 0.03 �1.95 .053
TimeT2vsT1:GroupAH-regularvsSA:Task2vs1 0.09 0.01 6.55 < .001
TimeT2vsT1:GroupAH-intensivevsSA:Task2vs1 0.02 0.01 1.28 .201
TimeT2vsT1:GroupAH-regularvsSA:Task3vs1 0.04 0.01 2.94 .003
TimeT2vsT1:GroupAH-intensivevsSA:Task3vs1 0.01 0.01 0.45 .655

Note: Model specification:
lmer(log_RT ~Time *Group * Task + log_audio_duration +Trial_number + (1 +Task|SubjectNo) + (1+Group|
Item_number)). Tasks 1, 2, and 3 refer to the lexical access, grammatical processing, and semantic processing
task, respectively; T1 and T2 refer to the pretest and the posttest, respectively.
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As for the RT difference between pretest and posttest, participants generally responded
faster in the posttest than in the pretest (β =�0.12, SE = 0.00, t =�49.89, p < .001). The
progress that participants made in RT did not differ significantly across tasks (β = 0.01, SE
= 0.01, t = 1.70, p = .089; β = 0.01, SE = 0.01, t = 1.48, p = .139). The AH-regular group
made more progress in processing speed than the SA group (β = �0.03, SE = 0.01, t =
�4.55, p < .001), who in turn made more progress than the AH-intensive group (β = 0.03,
SE = 0.01, t = 4.98, p < .001). The degree of progress made by the groups in RT was
affected by tasks. More specifically, the difference between the SA and the AH-regular
group, in terms of progress in RT performance, in the lexical access task was significantly
different from that in the grammatical processing (β = 0.09, SE = 0.01, t = 6.55, p < .001)
and semantic processing tasks (β = 0.04, SE = 0.01, t = 2.94, p < .01). To clarify the three-
way interactions between Time, Group, and Task effects, we split the dataset by task and
then fitted models for each task dataset (see Appendix Table A2). The AH-regular group
mademore progress than the SA group in the lexical access task (β =�0.07, SE = 0.01, t =
�7.02, p < .001), which was also observed in the semantic processing task but with a
smaller effect size (β = �0.03, SE = 0.01, t = �3.04, p = .002). However, the reverse
pattern for the same group comparison was found in the grammatical processing task (β =
0.02, SE = 0.01, t = 1.97, p = .049).

PROCESSING STABILITY

As is shown in Table 6 and Figure 4, the three participant groups did not differ
significantly in processing stability in the pretest (β = 0.01, SE = 0.01, t = 1.56, p =
.121; β = 0.01, SE = 0.01, t = 1.29, p = .198). RTs in the lexical access task were more
stable than those in the grammatical processing task (β = 0.04, SE = 0.01, t = 6.40, p <
.001), and less stable than those in the semantic processing task (β=�0.07, SE = 0.01, t =
�10.78, p < .001). Moreover, the difference between the AH-regular and SA groups on
the lexical access task was significantly different from that on the grammatical processing
task (β =�0.03, SE = 0.02, t =�2.09, p = .037), but did not differ significantly from that
of the semantic processing task (β = 0.00, SE = 0.02, t = 0.27, p = .789).
As for the CV difference between pretest and posttest, participants’RTswere generally

more stable in the posttest than in the pretest (β =�0.02, SE = 0.00, t =�5.30, p < .001).

FIGURE 3. Interaction between Time, Group, and Task effects in the processing speed model with perfor-
mance on different linguistic tasks in different panels. Y-axis does not start from zero. Error bars
represent standard errors.
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The progress participants made in the lexical access task did not differ significantly from
that in the semantic processing task (β = 0.01, SE = 0.01, t = 0.64, p = .526), but was larger
than that in the grammatical processing (β = 0.04, SE = 0.01, t = 4.02, p < .001). The
stability difference between the pretest and posttest was not modulated by group (β =
�0.00, SE = 0.01, t =�0.18, p = .854; β = 0.01, SE = 0.01, t = 1.00, p = .317). This model
had no significant three-way interaction between Time, Group, and Task effects.

In summary, with regard to baseline proficiency, the AH-intensive group had the
largest vocabulary size at the pretest, followed by the SA group who in turn outperformed

TABLE 6. Fixed-effect estimates of CV performance of the participant groups in the
three processing tasks

Β SE t p

(Intercept) 0.33 0.00 91.41 < .001
TimeT2vsT1 �0.02 0.00 �5.30 < .001
GroupAH-regularvsSA 0.01 0.01 1.56 .121
GroupAH-intensivevsSA 0.01 0.01 1.29 .198
Task2vs1 0.04 0.01 6.40 < .001
Task3vs1 �0.07 0.01 �10.78 < .001
TimeT2vsT1:GroupAH-regularvsSA �0.00 0.01 �0.18 .854
TimeT2vsT1:GroupAH-intensivevsSA 0.01 0.01 1.00 .317
TimeT2vsT1:Task2vs1 0.04 0.01 4.02 < .001
TimeT2vsT1:Task3vs1 0.01 0.01 0.64 .526
GroupAH-regularvsSA:Task2vs1 �0.03 0.02 �2.09 .037
GroupAH-intensivevsSA:Task2vs1 0.00 0.02 0.27 .790
GroupAH-regularvsSA:Task3vs1 0.00 0.02 0.27 .789
GroupAH-intensivevsSA:Task3vs1 0.02 0.02 1.01 .313
TimeT2vsT1:GroupAH-regularvsSA:Task2vs1 0.00 0.02 0.21 .835
TimeT2vsT1:GroupAH-intensivevsSA:Task2vs1 �0.04 0.02 �1.85 .065
TimeT2vsT1:GroupAH-regularvsSA:Task3vs1 0.00 0.02 0.15 .882
TimeT2vsT1:GroupAH-intensivevsSA:Task3vs1 �0.02 0.02 �1.04 .298

Note: Model specification:
lmer(CV_pp ~ Time * Group * Task +(1 + Time|SubjectNo)).Tasks 1, 2, and 3 refer to the lexical access,
grammatical processing, and semantic processing task, respectively; T1 and T2 refer to the pretest and the
posttest, respectively.

FIGURE 4. Interaction between Time, Group, and Task effects in the processing stability model with
performance on different linguistic tasks in different panels. Y-axis does not start from zero.
Error bars represent standard errors.
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the AH-regular group. Moreover, the AH-intensive and SA groups did not differ from
each other but outperformed the AH-regular group in terms of processing efficiency at the
pretest. As for the performance difference between the pretest and the posttest, the SA and
AH-regular groups made comparable progress in vocabulary size, but the AH-intensive
group did not make any significant progress. Meanwhile, the AH-regular group made
more progress in processing speed than the SA groups, who made more progress than the
AH-intensive group. However, the progress in accuracy and stability of processing was
not significantly different among these three learner groups.

DISCUSSION

THE EFFECT OF LEARNING CONTEXTS ON VOCABULARY SIZE

Our first research question was whether the improvement in auditory vocabulary over
the course of an academic year is conditioned by learning context. We found that the SA
and AH-regular groups made comparable progress in vocabulary size, and their pro-
gress was larger than that of the AH-intensive group. Post-hoc analyses on vocabulary
improvement in each of the separate groups showed that the AH-intensive group did not
make significant progress but both the SA and AH-regular groups did. These results can
be broken down into two SA-AH comparisons. First, although the SA group made
significantly more progress than the AH-intensive group, the significance may be driven
either by the fact that the AH-intensive group did not improve, or by the advantageous
effects of the SA context on vocabulary acquisition as compared to theAH context. Note
that even at posttest, the mean vocabulary scores of the AH-intensive group were still
numerically higher than those of the SA group. Thus, it cannot be concluded that the SA
context was more effective in facilitating vocabulary acquisition, based on the com-
parison between the SA and the AH-intensive groups. Second, vocabulary improve-
ment of the SA group over an academic year abroad did not differ significantly from that
of the AH-regular group. However, it is unclear whether this similar improvement
pattern for these two groups should be attributed (partly) to differences in baseline
vocabulary size.
Taken together, these results do not provide clear evidence to support our initial

hypothesis about the facilitative role of the SA context in vocabulary acquisition relative
to the AH context. Therefore, even though adult L2 learners may benefit more from the
extra incidental learning opportunities provided by SA context relative to the AH
context, the magnitude of the learning-context advantage on vocabulary improvement
seems small or nonexistent. One possible reason is that SA learners may have faced
problems with social integration, leading to a low degree of immersion (see Coleman,
2013 for a model of socialization while abroad). That is, the supposedly rich input,
output, and interaction in the SA context may turn out to be shallow due to integration
problems, which may make learning advanced vocabulary difficult. However, it is
conceivable that the SA groupmay have acquired more vocabulary used in their specific
discipline (e.g., architecture, chemistry of philosophy) during class and more vocabu-
lary relevant to their immediate living experience (e.g., names of grocery items or
cooking utensils) out of class than their AH peers, but such vocabulary gains may not be
effectively detected by the PPVT™-4.
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The present study complements studies on the impact of learning contexts on vocab-
ulary acquisition in reading, writing, and speaking activities (e.g., Briggs, 2015; DeKey-
ser, 1991; Dewey, 2004, 2008; Ife et al., 2000; Llanes &Muñoz, 2009; Milton &Meara,
1995). These studies also present a mixed picture of SA effects, especially on reading
vocabulary development. More specifically, some studies reported substantially greater
gains in reading vocabulary in SA contexts compared to AH contexts (e.g., Milton &
Meara, 1995), whereas others found no significant difference between intensive domestic
instruction and SA contexts (e.g., Dewey, 2004, 2008; Serrano et al., 2011). As for
productive vocabulary used in speaking and writing, no significant advantage of SA over
AH contexts was found concerning the acquisition of newwords (Collentine, 2004; Freed
et al., 2003).

In contrast to Dewey (2008) and Serrano et al. (2011), who reported comparable
vocabulary development in intensive domestic immersion and SA contexts, the improve-
ment patterns of the AH-intensive and SA groups in the present study seem to suggest that
the intensive domestic programmay not be effective in enhancing listening vocabulary for
relatively advanced learners. In other words, the fact that there was no significant
difference in vocabulary size of the AH-intensive group between pretest and posttest
could mean that this group had reached a plateau in auditory vocabulary acquisition.
However, because the average vocabulary score of the AH-intensive group is far from the
ceiling performance according to the PPVT™-4 manual, there should be plenty of room
for vocabulary growth. Therefore, the lack of improvement of auditory vocabulary in the
AH context is unexpected. Previous studies (e.g., Han, 2013; Han & Odlin, 2006;
Selinker, 1972) have speculated on a stabilization or fossilization phenomenon where
L2 language proficiency stops improving regardless of abundant target-language expo-
sure. However, these studies have mostly been carried out in study/residence abroad
contexts in which learners are immersed in their L2.We speculate that learners could also
reach a point of stabilization in auditory vocabulary acquisition in AH contexts with
generally impoverished target language exposure, but note that measurement at two time
points does not allow a firm conclusion about stabilization.

THE EFFECT OF LEARNING CONTEXTS ON PROCESSING EFFICIENCY

Our second research question addressed the question of whether the SA and the AH
learning contexts differed in facilitating the development of L2 listening processing skills.
Participant groups all improved in terms of accuracy and stability of processing, but there
were no significant group differences in the amount of improvement for these two
measures. As for the speed of processing, the SA group made more progress than the
AH-intensive group and less improvement than the AH-regular group. We interpret these
results as follows. Firstly, the comparison between the SA group and the AH-intensive
group suggests that the SA learners improved their speed of processing more rapidly than
their AH peers. As processing efficiency of these two groups did not differ at the pretest, it
is likely the observed effects are not due to baseline confounds, but rather should be
explained by the effect of learning context. Secondly, the fact that the SA group showed
less improvement than the AH-regular group in the speed of processing seems to
contradict our hypothesis that the SA context would facilitate processing efficiency better
than the AH context. However, steep learning curves for low-proficiency participants in
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reaction time were commonly observed in previous studies (e.g., van den Bosch et al.,
2019). Because the AH-regular group had lower proficiency than the AH-intensive and
the SA group at pretest, it can be argued that the AH-regular group improved relatively
fast due to their lower starting level at the beginning of the academic year. Therefore, the
effect of learning context, substantiated by the comparison between SA and AH-regular
groups, should be considered in light of baseline proficiency.
Therefore, provided equal starting levels, studying abroad is more beneficial for

enhancing L2 processing speed over remaining at home. This agrees with our initial
hypothesis about the facilitative effect of SA learning contexts on processing efficiency.
The findings of the present study complement, though not always align with, those of
previous studies on fluency (e.g., Freed et al., 2004; Sasaki, 2007; Segalowitz & Freed,
2004), another aspect of language processing. Previous studies have usually associated
greater gains in fluency with SA contexts relative to AH contexts. Freed et al. (2004)
compared oral fluency development (L1 English, L2 French) in AH, SA, and domestic
immersion contexts over one semester, and found that the SA group improved more than
the AH group but less than the domestic immersion group. Note, however, that the
questionnaires of that study revealed that the domestic immersion group surprisingly used
the target L2 French more than the SA group. In contrast, Sasaki (2007) compared
changes in the writing of SA learners and domestic English majors (L1 Japanese, L2
English) during 1 year and found that the SA group improved their English writing
fluency but the AH group did not. The present study provides evidence that similar to
fluency development in oral and written production, the speed of L2 processing in
listening comprehension develops more rapidly in an SA context than an AH context.
This suggests that the development of L2 processing skills is subject to the effect of
learning contexts.
Furthermore, the advantage of the SA group over the AH-intensive group in facilitating

the development of L2 processing efficiency was not constrained to specific linguistic
processes. This means that the effect of learning contexts on improving L2 processing
efficiency manifests in all three linguistic processes studied (i.e., lexical access, gram-
matical processing, and semantic interpretation). Previous studies on the effect of learning
context on either lexical access or grammatical processing, however, seem to present a
different picture. Segalowitz and Freed (2004) tested SA and AH learners with a semantic
classification task in a pretest and a posttest and found no differential gains in lexical
access as a function of learning contexts. Similarly, Isabelli-García (2010) and Pliatsikas
and Marinis (2013a) also reported no difference between these two contexts in grammar
acquisition, such as the acquisition of gender agreement and past tense. The present study
contradicts with these studies in that we found learning-context effects on language
processing at lexical, morphosyntactic, and semantic levels. However, the previously
mentioned studies all measured L2 processing in reading, while the present study targeted
that in listening. The inconsistent findings between the previous studies and the present
study suggest that the SA context may have differential effects on L2 processing in
listening and reading activities. This may be related to the fact that formal instruction in
AH contexts usually focuses on reading rather than listening. Thus, when learnersmove to
an SA context, their L2 listening ability is likely to develop more rapidly than their
reading. In addition, comparing task performance at the pretest and the posttest, we found
the grammatical processing task to show the least difference between the participant
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groups. This aligns with and reconfirms Yu et al. (2020) argument that, compared to
lexical access and semantic processing, grammar sensitivity is the area that least distin-
guished the proficiency of nonnative groups. However, though between-group differ-
ences in L2 processing were enlarged for specific linguistic tasks at both testing times,
performance on the different linguistic tasks developed similarly over time. One possible
reason is that the improvement in L2 processing over one academic year may not be big
enough to show the finer differences in the development of linguistics processes, or that
the measurement used in the present study may not be sensitive enough to show such
differences.

IMPLICATIONS, LIMITATIONS, AND FUTURE DIRECTIONS

This study has pedagogical implications for language learning in both SA and AH
contexts.
1. Compared to the domestic non-English-major postgraduates and SA learners, the domestic

English-major postgraduates made the least progress in both vocabulary knowledge and
processing efficiency. Therefore, the AH context seems to be less effective for L2 listening
development of relatively high-proficiency learners. The curriculum of domestic English
majors, especially for postgraduates, may need to incorporate more opportunities for interactive
language practice. Otherwise, a sojourn abroad might be conducive to further progress.

2. The fact that the SA group did not differ from the AH-regular group in vocabulary improvement
supports the view that the role of incidental vocabulary learning may be limited. SA learners
ought to seek systematic vocabulary learning activities to achieve greater learning outcomes.

3. We recommend including language processing tests in L2 learning and teaching practice. Such
tests offer an accurate measurement of L2 processing efficiency that reveals learners’ L2
strengths and weaknesses from a skill acquisition perspective, thus providing learners, teachers,
and researchers more insight on SLA.

This study has certain limitations. Firstly, vocabulary knowledge of participant groups
differed from each other at the pretest, whichmay confound the effect of learning contexts
to some degree. As it is difficult to manipulate baseline proficiency levels of students in
natural learning contexts, previous studies often tend to ignore the effect of baseline
proficiency level and directly compare SA and AH learners. Our study addresses this
problem by using proper statistical analysis methods (i.e., LMMs) and taking baseline
proficiency differences into account when interpreting our results. Note that these
analytical methods are a statistical control of baseline proficiency differences, but do
not account for other potential differences between the groups. To investigate whether our
vocabulary developmental pattern results should indeed be attributed to baseline profi-
ciency differences, replication with participant groups matched on baseline vocabulary
knowledge is recommended. Secondly, it should be noted that performance on the
processing tasks is sensitive to repetition such that the general progress participants made
may be influenced by test-retest effects. However, it is the relative between-group
difference in progress that is the major concern of this study, instead of the absolute
amount of progress.

To our knowledge, this is the first study to examine the effect of SA and AH learning
contexts on the development of L2 listening proficiency from both language knowledge
and language processing perspective. Future studies are encouraged to further this
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investigation in other learning contexts, such as heritage language learning, residence
abroad, domestic immersion, and computer-assisted learning contexts, to shed more light
on the relation between L2 listening development and learning contexts. Moreover, the
linguistic benefits of the SA context may be affected by the duration of an SA experience.
The effect of SA duration, especially the contrast between long- and short-term study
abroad, should be addressed by future research.

CONCLUSIONS

We found that, in terms of vocabulary gains, the SA group made more progress than the
AH-intensive group, but did not differ significantly from theAH-regular group. However,
it is difficult to tell whether this differential vocabulary growth should be attributed to the
learning context, or may be due to different starting levels. At the same time, the SA group
made more progress than the AH-intensive group but less progress than the AH-regular
group in speed of lexical, morphosyntactic, and semantic processing. Because the SA and
AH-intensive groups started off with equal processing efficiency levels at pretest while
the SA and AH-regular groups did not, we argue that the difference between the SA and
AH-intensive groups in terms of processing efficiency improvement should be attributed
to the effect of learning context. More specifically, this suggests that the SA context
facilitates the acquisition of processing skills (processing speed in particular) better than
the AH context. To sum up, this study demonstrates that study abroad is an effective
intervention for developing L2 processing efficiency with less clear effects on vocabulary
acquisition.
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APPENDIX

TABLE A2. Fixed-effect estimates of RT models (split by tasks)

β SE t p

Lexical access task
(Intercept) 5.91 1.12 5.27 <.001
TimeT2vsT1 �0.12 0.00 �29.97 <.001
GroupAH-regularvsSA 0.12 0.03 3.60 <.001
GroupAH-intensivevsSA 0.04 0.03 1.21 .228
log_audio_duration 0.18 0.18 1.00 .321
Trial_number 0.00 0.00 0.92 .359
TimeT2vsT1:GroupAH-regularvsSA �0.07 0.01 �7.02 <.001
TimeT2vsT1:GroupAH-intensivevsSA 0.02 0.01 1.99 .047
Grammatical processing task
(Intercept) 2.56 0.61 4.19 <.001
TimeT2vsT1 �0.11 0.00 �27.25 <.001
GroupAH-regularvsSA 0.04 0.02 1.50 .136
GroupAH-intensivevsSA �0.02 0.02 �0.69 .492
log_audio_duration 0.75 0.08 9.09 <.001
Trial_number �0.00 0.00 �14.13 <.001
TimeT2vsT1:GroupAH-regularvsSA 0.02 0.01 1.97 .049
TimeT2vsT1:GroupAH-intensivevsSA 0.04 0.01 3.78 <.001
Semantic processing task
(Intercept) 4.29 0.87 4.93 <.001
TimeT2vsT1 �0.11 0.00 �31.00 <.001
GroupAH-regularvsSA 0.16 0.03 6.01 <.001
GroupAH-intensivevsSA �0.01 0.03 �0.48 .629
log_audio_duration 0.50 0.12 4.33 <.001
Trial_number �0.00 0.00 �7.08 <.001
TimeT2vsT1:GroupAH-regularvsSA �0.03 0.01 �3.04 .002
TimeT2vsT1:GroupAH-intensivevsSA 0.03 0.01 3.08 .002

Note: Model specification in lmer(log_RT ~ Time * Group + log_audio_duration + Trial_number + (1|
SubjectNo) + (1+Group|Item_number).

TABLE A1. Fixed-effect estimates of vocab models (split by groups)

β SE t p

AH-regular group
(Intercept) 116.45 3.77 30.91 <.001
TimeT2vsT1 4.87 2.29 2.13 .038
AH-intensive group
(Intercept) 147.54 2.45 60.31 <.001
TimeT2vsT1 1.35 1.49 0.91 .369
SA group
(Intercept) 131.57 3.27 40.24 <.001
TimeT2vsT1 7.45 1.80 4.14 <.001

Note: Model specification in lmer(Vocab ~ Time + (1|SubjectNo)).
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