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ABSTRACT
Previous studies have shown that language learners have increased difficulty
speaking their native language (L1) when immersed in their second language (L2)
environment (Linck et al., 2009). This suggests that immersion is an effective language
learning technique precisely because access to the L1 is gradually lost, at least
temporarily. Inhibitory effects have also been seen more generally in picture naming
studies in which participants had to switch between naming in L1 and L2 (Misra et al.,
2012). Previous studies have been able to capture the neural signature of inhibition of the
L1 due to immediate consequences of using two languages, but little is known about the
neural signature of gradual loss of the L1 due to extended immersion in the L2. In the
present study we use Event Related Potentials (ERPs) to examine the neural
consequences of study abroad.
Here we test the same picture naming paradigm in learners before, during, and
after immersion and find that learners display this inhibitory effect in all phases of the
study. We also confirm that increased L2 proficiency comes at the cost of reduced access
to the native language. Critically, we find that these effects are modulated by the
duration of the study abroad experience with the greatest cost to the native language
occurring during the first few months of immersion. The implications of the modulation
in language activity found in this study are considered for the way in which the neural
networks for language processing are adjusted by context and experience.
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1

Introduction

Study abroad has experienced an explosion of interest in recent years. In 2010,
over 270,000 American students chose to study abroad representing a three-fold increase
in the past decade (Institute of International Education, 2013). Students who study
abroad may do so for a number of reasons, although one of the most common is to
improve proficiency in a second language. Immersion is often thought of the best way to
learn a new language, but little research has actually tested this. Given the high cost of
studying abroad, this sparked a debate in the New York Times on whether it is actually an
effective use of resources (Chin, 2013).
Although there are a number of reasons why a student may or may not choose to
study abroad, the purpose of this thesis will be to inform the debate on whether language
immersion increases second language (L2) proficiency and whether in the process, there
is a cost to the native language (L1). It first is important to note that adults are more
effective language learners than previously thought. In some cases learners have shown
sensitivity to words in a second language after just a few hours of instruction (Osterhout
et al., 2006). As proficiency in the L2 increases, it comes to affects the processing of
words in the L1 (Van Hell & Dijkstra, 2002). For this reason, L2 learners who become
somewhat proficient in the L1 can be considered late bilinguals. In reality, bilinguals
represent a diverse group of people who vary great in age of acquisition and relative
proficiency in the two languages. As such, this work will consider language learners in
light of recent advancements about multiple language use.
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1.1

Inhibitory Control Model
It has been found that when bilinguals speak even one of the two languages,

alternatives in both languages become active (Kroll, Bobb, & Wodniecka, 2006).
Evidence shows that this co-activation is dramatic and is not resolved until the point at
which the phonology of words is available (Hoshino & Kroll, 2008). According to the
Inhibitory Control (IC) Model, bilinguals are hypothesized to resolve this conflict by
inhibiting alternatives in the undesired language (Green, 1998). While the constant need
to use inhibition should seem to come at a mental cost, bilinguals have been shown to
have advantages in a number of cognitive domains that are language independent
(Bialystok, Craik, Green, & Gollan, 2009). Given that these advantages are thought to
arise from multiple language use, the present study will investigate whether language
learners begin to show these advantages with increased L2 proficiency.

1.2

Language Switching Studies
The primary means of testing the inhibitory control hypothesis is a picture-

naming paradigm in which participants must switch between their languages. Meuter and
Allport (1999) found that when bilinguals were asked to switch between naming digits in
their first language (L1) and their second language (L2) they were slower to name on
switch trials than on non-switch trials. Importantly, the cost of switching was asymmetric
with a greater latency occurring when switching into L1 than into their less proficient L2.
Because the native language requires more inhibition to suppress activation, it is logical it
should experience a greater cost when switching between languages.
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1.2.1

Areas of Language Control
In a recent functional Magnetic Resonance Imaging (fMRI) study, Guo et al.

(2011) sought to understand the scope of language inhibition. Chinese-English bilinguals
completed one block of naming in their L1 and one block of naming in their L2 followed
by two blocks of mixed naming in the L1 and the L2. Half of the bilinguals named the
initial blocks in L1 followed by L2 and the other half named the blocks in the opposite
language order. All bilinguals completed the experiment with mixed language naming.
The logic of the study was to ask whether different components of inhibitory control
might be associated with the longer term consequences of naming in the L1 following the
L2 in the blocked conditions, relative to the more immediate switch costs that are
incurred in the mixed naming conditions. Guo et al. found that different neural networks
were active on switches across trials and across blocks. On switches across trials that
they found that the dorsal anterior cingulate cortex and supplementary motor area became
activated. This inhibition of task-relevant lexical items is consistent with local control.
Conversely they found dorsal left frontal gyrus and parietal cortex were recruited on the
switch between blocks. The inhibition of the entire non-target lexicon is consistent with
global control.
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Figure 1-1 Language Switching Networks
(Reproduced from Guo et al.) shows the effect of language switching on brain regions for
speech production. Voxels highlighted in yellow achieved a significance of p<.001
1.2.2

Time Course of Inhibition
Misra et al. (2012) used a design similar to Guo et al. (2011) but with Event

Related Potentials (ERPs) to study the time course of inhibition on switches between
blocks. The study used a blocked naming design in which participants either named the
same pictures in L1 and then L2 or in L2 and then L1. Misra et al. were interested in
examining the effects of order on speech production. For participants in the L1-L2
condition, they found facilitation effects whereby participants were faster to name
pictures in their L2 after having previously named them in their L1. Conversely naming
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pictures in the L2 and then in the L1 resulted in inhibitory effects for the native language.

Figure 1-2 Neural Consequences of Language Switching
(Reproduced from Misra et al. 2012) shows the electrical potential in microvolts (µV) at
three midline sites pre and post stimulus.
Inhibition was evidenced by the lack of facilitation in reaction times (RTs) and
enhancement of the N2 component in the ERP measures. An index of general control
processes, the N2 component has been associated with inhibition in language switching
studies (Christoffels, Firk, & Schiller, 2007). As clear in Figure 1-2, ERPs were less
negative following repetition when bilinguals named in L2 following L1 but more
negative in L1 after naming in L2. This disassociation between inhibition and facilitation
is consistent with predictions that made by the IC Model.
In another ERP study, Branzi et al. (2014) investigated the scope and time course
of L1 recovery after naming in the L2. In their study Catalan-Spanish bilinguals either
named pictures in an L1-L2-L1 or L2-L1-L2 blocked design. Notably the second and
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third blocks contained a mixture of old and new pictures to assess whether control
mechanisms are applied to both kinds of items. They predicted that inhibition would be
applied to the entire non-target lexicon similar to the global inhibition in Guo et al.
(2011). Like Misra et al., they found that naming latencies in the L1 increased after
previously naming in the L2. However unlike Misra et al., they observed increased
positivity in the P2 component that correlated with the naming latencies. They
hypothesized that was in fact due to a more effortful lexical retrieval. This suggests that
language control mechanisms may vary across different types of bilingual speakers.
Previous studies have not examined these control processes in language learners so the
present study will examine the results within both of these frameworks.

1.2.3

Differences in Monolingual and Bilingual Speech Production
These previous studies compared switching within a bilingual context. However

it is hypothesized that bilinguals differ from monolinguals even when naming in one
language context. In an fMRI study, Jones et al. (2012) compared monolinguals and
bilinguals on picture naming task in which they named objects in their L1 only. They
found that there was greater activation in bilinguals in five brain areas related to language
control even when naming in the native language: dorsal precentral gyrus, pars
triangularis, pars opercularis, superior temporal gyrus, and planum temporale.
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Figure 1-3 Differential Activation Between Bilinguals and Monolinguals
(Reproduced from Jones et al. 2012) shows voxels that achieved a difference of p<.001 in
activation between the two groups.
The authors attributed this activation to the fact that bilingual speech must be
more effortful since they must not only monitor errors within languages, but also between
languages. All in all, this suggests that bilingual speech production fundamentally differs
from monolingual speech production. Through the inclusion of an L1-only naming
paradigm, the present study will examine how speech in the native language changes with
proficiency in L2 learners.

1.2.4

Effects of Language Immersion
Context plays an important role in control processes governing language use.

Linck et al. (2009) tested the hypothesis that the immersion environment increases L2
proficiency by attenuating access to the native language. In the study immersed and non-
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immersed English learners of Spanish performed tasks of L1 and L2 comprehension and
production. They found that immersed students outperformed their non-immersed
counterparts on measures of L2 proficiency.

Figure 1-4 Verbal Fluency For Classroom and Immersed Learners
(Reproduced from Linck et al. 2009) shows the difference in number of exemplars
produced by classroom learners in the US (L1) and immersed learners in Spain (L2).
The immersed learners in the Linck et al. (2009) study also had reduced L1
fluency suggesting that increased L2 proficiency abroad results from reduced access to
the native language. Upon returning for follow-up testing in the L1 environment,
immersed learners remained more proficient although their L1 fluency returned to the
level of the non-immersed learners. This study seeks to replicate these results as well as
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to understand how L1 and L2 verbal fluency is modulated by the duration of immersion.

Figure 1-5 Verbal Fluency for Learners During and After Immersion in L2
(Reproduced from Linck et al. 2009) shows the difference in number of exemplars
produced by immersed learners in the initial test (L2) and retest environments (L1).
Increased L2 proficiency from studying abroad has also been found to result in
changes in brain structure. Using Voxel Based Morphometry (VBM) Stein et al. (2012)
investigated the effects of L2 learning in English-speaking learners of German. They
found that increased L2 proficiency correlated with increased gray matter density in the
left inferior frontal gyrus. Since this was not correlated with absolute values of gray
matter density in the region, the authors inferred that increased density was the result of
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language learning rather than a measure of absolute proficiency.

Figure 1-6 Structural Plasticity Related to Study Abroad
(Reproduced from Stein et al. 2012) shows two clusters that showed a corrected
significance of p<.05 correlation between second language proficiency and increased
gray matter density.
Given that a relatively short experience such as study abroad had an effect
dramatic enough to be observed in brain morphology, the current study expects to find
changes on the functional level that should be observable with ERPs.

1.3

The Present Study
This study seeks to examine second language acquisition within the framework of

previous picture-naming studies. In the current design study abroad students will be
tested before, during, and after their immersion experience. Although it was not possible
to have all the same participants in all three conditions, every effort was made to retest
participants when possible. To see if there is something unique about the intention to
study abroad, classroom learners were recruited that were matched in terms of
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proficiency to the pre-abroad group. Finally to examine how language learners change
with increased second language proficiency, monolinguals were recruited as controls.
The general design of the study is explained in the table below.
Table 1-1 Study Design
Spring 2013

Summer 2013

Fall 2013

Pre-Abroad

Abroad

Post-Abroad

L1-L2-L1

L1-L2-L1

L1-L2-L1

L1-L1-L1

L1-L1-L1

L1-L1-L1

Classroom Learners

None

Monolinguals

Immersed Students

Controls

L1-L2-L1

L1-L1-L1

L1-L1-L1
To ensure that groups were matched on cognitive parameters besides
demographics, a battery of individual difference measures was included to ensure that
groups were matched as closely as possible. A more detailed description will be
provided in the next section.
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2
2.1

Methods

Participants
One hundred and five university students in University Park, Pennsylvania and

Granada, Spain participated in this experiment. All participants had normal or correctedto-normal vision and were free of neurological disorders. They were divided into five
groups depending on their language knowledge and study abroad status. The groups
consisted of pre-immersed learners, immersed learners, post-immersed learners,
classroom learners, and monolinguals. All participants were native English speakers.
The first group, pre-immersed learners, consisted of twenty-two Spanish students
from the Penn State community. Pre-immersed was operationally defined as being 1) an
intermediate Spanish learner who had taken at least two courses in Spanish beyond the
high school level and 2) accepted into a study abroad program to a Spanish-speaking
country where the start date was within six months from the first test date. The immersed
learners, consisted of twenty-four native English speakers who had been living in
Granada, Spain for at least one month prior to test date. The participants tested in
Granada were from more geographically diverse locations, but all participants hailed
from either the United Kingdom or the United States. It was a requirement that
participants in Granada had taken a Spanish course at the university level before studying
abroad in order to be matched as closely as possible to the pre-immersed group tested in
University Park.
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Twenty-one post-immersed participated in the study and had similar
qualifications to the pre-immersed group in that they must have 1) taken at least two
courses in Spanish beyond the high school level before studying abroad and 2) returned
from a study abroad program to a Spanish-speaking country within six months from the
first test date. Twenty-four classroom learners with similar credentials were also
recruited to complete the study. They were matched on all the same cognitive and
demographic parameters as they immersed learners except they that they had no plans to
study abroad within the next year. Fourteen monolinguals also participated in the study
that matched the demographics of all the groups mentioned above except for foreign
language instruction. Monolinguals were required to have minimal knowledge of other
languages as defined as not having taken a foreign language class within the past year
and no intention of learning a foreign language in the near future.
Table 2-1 summarizes the profile of each group. Participants averaged 20.5 years
of age; all late bilinguals who began to learn Spanish at approximately age 12 or were
monolinguals who had minimal language learning experience. Since the current
experiment required a comparison between groups, we performed several analyses to
ensure that the five groups were closely matched on demographic variables and language
proficiency.
Table 2-1 Summary of Participant Demographics
Number
Age
Simon
Score
Pre-Abroad
22
19.7
33
Abroad
23
21.9
38
Post-Abroad
21
20.6
35
Classroom
24
19.6
43
Monolingual
14
20.7
45

Operation
Span
48
45
46
51
42

Spanish
Grammar
21
24
22
21
--
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A repeated measures ANOVA showed that there was no significant effect of
Simon Score (Inhibitory Control) F(3, 60)= 1.75, p <.5, ηp2= .005 or Spanish grammar
score F(3, 60)= 3.12, p =.327, ηp2= .056 between group. There was however a
significant effect of Operation-Span (Working Memory) F(3, 60)= 3.12, p =.03, ηp2=
.005 and age F(3, 60)= 7.703, p <.001, ηp2= .278 between groups. Given that there is
little actual variation in scores, it is doubtful that these difference have much contribution
to the difference between groups. More detailed explanation of task procedure and
significance is discussed in Section 2.2.3.
Listening, reading, writing, and speaking skills were assessed through a language
history questionnaire. Self-reported ratings on a 5-pt scale showed that they were
dominant in their L1 (English) and were matched in terms of L1 F(4, 83)= .566, p >.5
and L2 self-ratings F(3, 67)= 1.738, p >.150.
Table 2-2 Summary of L1 Self-Ratings
Listening
Reading
Pre-Abroad
4.9
4.9
Abroad
5.0
5.0
Post-Abroad
4.9
4.9
Classroom
4.9
4.9
Monolingual
4.8
4.7

Writing
4.8
4.9
4.7
4.8
4.7

Speaking
4.7
5.0
4.9
5.0
4.6

Table 2-3 Summary of L2 Self-Ratings
Listening
Reading
Pre-Abroad
2.9
3.4
Abroad
3.5
3.5
Post-Abroad
3.6
3.8
Classroom
3.0
3.6

Writing
3.1
3.5
3.6
3.4

Speaking
3.0
3.1
3.4
3.0
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2.2

Materials and Procedure
All participants completed the language history questionnaire and signed consent

forms prior to testing. Spanish language learners completed all the experimental tasks in
two sessions each lasting approximately 1.5 hours. Monolinguals completed the same
experimental tasks except those requiring knowledge of Spanish in a single 2-hour
session. The full listing of tasks is given in table 2-4 given below.
Given the a priori hypothesis of the effect of environment on language
comprehension and production, task order was held constant across all conditions as not
to avoid influencing this effect. Spanish learners completed the verbal fluency and the
lexical decision in English before completing the tasks again in Spanish. At the
beginning of the second session participants sat in the experiment chamber for
approximately 30 minutes during which the placement of electrodes took place. The only
language of conversation during the placement was English.

Table 2-4 Summary of Experimental Tasks
Session 1
Language History Questionnaire

Session 2
Picture Naming (ERPs)

Verbal Fluency

L1-L2-L1

Operation Span

L1-L1-L1

AX-CPT

Homograph Relatedness

Simon

DELE Grammar Task
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2.2.1

Picture Naming
Each trial began with a fixation cross for 500 ms, and then a picture appeared

after a blank screen of 300 ms. Line drawing pictures from the International Picture
Naming Project (CRL-IPNP) were presented on a white background. The interval
between two trials was 3000 ms. The experiment was carried out in an isolated, quiet
room. Participants were instructed to name pictures aloud while moving as little as
possible and refraining from blinking during the presentation of pictures. A break was
provided between blocks. The entire session lasted approximately 1.5 h, including
electrode placement and removal.

2.2.2

Verbal Fluency
To measure L1 and L2 production abilities, we asked participants to perform a

semantic verbal-fluency task (e.g., Gollan, Montoya, & Werner, 2002) in English and
Spanish. In this task, a series of category names (e.g., animals, clothing, fruits) was
presented one at a time, and the participants were instructed to produce as many category
exemplars as possible in 30 s. To control for the effects of environment, language of
production was blocked such that participants completed the task for all categories in one
language before switching to the other language. All participants performed the verbalfluency task in the L1 first and the L2 second.

2.2.3

Cognitive Tasks
A set of cognitive tasks were used to ensure that groups were matched on

parameters such as working memory, inhibitory control, and executive function.
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2.2.3.1 Operation Span
In the operation-span task (e.g.,Turner & Engle, 1989) participants saw a series of
arithmetic equations and made judgments about whether the equation was correct.
Immediately following each judgment, a to-be-remembered word was briefly presented.
After two to six equation-word pairs were presented, participants had to recall the list of
to-be-remembered words from that sequence. Working memory span was measured as
the total number of successfully recalled to-be- remembered words across a series of
equation-word pairs.
2.2.3.2 Simon
In addition, participants performed the Simon task (eg., Simon & Small, 1967), as
a measure of individual differences in cognitive processing. In the Simon task,
participants viewed a series of colored boxes presented left or right of fixation and had to
make a left or right button press based on stimulus color (not location). In the critical
incongruent trials (when the location of the stimulus and the location of the response do
not match), responses are typically slower than on congruent trials (when stimulus and
response locations match) because of the need to inhibit the pre-potent tendency to
respond based on stimulus location. The degree of interference on incongruent trials
(termed the Simon effect) is taken as a measure of inhibitory control.
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2.2.3.3 AX-CPT
This task is a version of the Continuous Performance Task employed by Morales
et al. (2013). Specifically, we used the condition that included distractors as they showed
it to be more sensitive to individual differences in young healthy adults than other
versions of the task. The task procedure is described below in Figure 2-1.

Figure 2-1 AX-CPT Overview
(Reproduced from Morales et al. 2013) shows the proportion of different trial types and
the control processes that lead to errors on the task.
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In this procedure, participants were presented with a sequence of letters for 300
ms each in the center of a black screen. The letters were displayed on a cue-probe basis
so that 4900 ms elapsed between presentation of cue and probe. The inter-trial interval
was 1000 ms. Participants were instructed to maintain the cue in memory (which could
be either the letter ‘‘A’’ or some other letter but not ‘‘X’’, ‘‘K’’, or ‘‘Y’’, due to their
perceptual similarity with ‘‘X’’) until they saw the probe (which could be either the letter
‘‘X’’ or some other letter, but not ‘‘A’’, ‘‘K’’, or ‘‘Y’’). Whenever they saw the cue
‘‘A’’ followed by the probe ‘‘X’’, they were to respond by pressing the ‘‘yes’’ button. In
any other possible cue-probe combination participants were told to press the ‘‘no’’
button, as they were to respond to all probe letters. In the interval between each cue and
probe, presented in red, participants saw 3 distractor letters (which could be any letter
except ‘‘A’’, ‘‘X’’, ‘‘K’’, or ‘‘Y’’) presented in white. Distractors were presented each
for 300 ms with a 1000 ms interval between letters. Participants were instructed to
respond ‘‘no’’ to each cue and distractor.
The task consisted of 1 practice block composed by 10 practice trials including all
4 possible experimental conditions: AX (a cue ‘‘A’’ followed by a probe ‘‘X’’), BX (a
probe ‘‘X’’ preceded by a non-A-cue), AY (any probe but ‘‘X’’ preceded by a letter
‘‘A’’), and BY (any cue but ‘‘A’’ and any probe but ‘‘X’’). Participants were provided
with feedback on accuracy and RT after each practice trial. Completion of the practice
block was followed by the experimental block composed of 100 trials. In both practice
and experimental phases AX trials occurred for 70% of the trials and each of the
remaining experimental conditions appeared for 10% of the trials.
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2.2.3.4 Grammar Test
A standard grammar test was administered to all Spanish learners to ensure that
they were matched in terms of L2 knowledge. The test consisted of 50 multiple choice
questions from the DELE test of Spanish as a foreign language (Diploma De Español
Como Lengua Extranjerna).

2.3

Behavioral data analysis
Only correct trials were included in the behavioral data analyses. Since the

present study did not pre-train subjects on picture names, relatively liberal criteria were
used to judge whether a picture was named correctly. Specifically, items named correctly,
items for which the name was somewhat imprecise but correct (e.g., ‘‘clothes’’ for
‘‘blouse’’), pronunciation errors in L2, and repetitions (which were correct) were
identified as correct answers. RTs for correct naming trials below 300 ms and above 3000
ms were excluded as outliers, and a secondary trimming step was used to exclude naming
latencies 2.5 standard deviations above or below each individual’s mean value.
A series of 5 (language status: pre-abroad, abroad, post-abroad, classroom,
monolingual) X 2 (condition: L1-L2-L1/L1-L1-L1) ANOVAs evaluated how the order of
the language of naming impacted performance in the blocked naming conditions for both
RTs and error rates. For the first set of analyses, the differences between the initial
language of naming and the subsequent language of naming were compared for the first
and second presentation of each picture (i.e., the first time the picture was presented in
each language). In the second set of analyses, the first and second presentations were
compared to determine whether any effects observed in the first set of analyses persisted.
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Recall that pictures when presented for the second time differed in the language in which
they were previously named (L1 for the English only condition and L2 for the Mixed
language condition). For these comparisons, language was a within-subject factor, while
task order was a between-subject factor.

2.4

EEG data acquisition and analysis
The electroencephalogram (EEG) was recorded from a Quik cap (Neuroscan Inc.)

including electrodes at the following International 10–20 locations: O1/OZ/O2, P3/PZ/
P4, CP3/CPZ/CP4, TP7/TP8, C3/CZ/C4, T7/T8, FC3/FCZ/FC4, FT7/FT8, F3/FZ/F4,
F7/F8, FP1/FP2. All electrodes were referenced to the right mastoid during recording and
re-referenced offline to linked mastoids. Bipolar horizontal and vertical electrooculographic (EOG) activity was recorded for artifact rejection purposes. Vertical EOG
was recorded from two electrodes placed above and below the left eye. Horizontal EOG
was measured by two electrodes placed at the outer canthus of each eye. Electrode
impedances were kept below 5 kilo-Ohms (kΩ). The EEG signals were continuously
recorded with a band-pass from 0.05 to 100 Hertz (Hz) with a sampling rate of 500 Hz.
ERPs were digitally filtered at a low-pass of 30 Hz (24 dB setting).
Using the criteria described above, only correct, artifact-free trials were included
in the ERP analyses. To allow for adequate signal-to-noise ratio, the minimum number of
trials for computing average ERPs for each condition in each participant was 30. Average
ERPs were computed for each condition using a pre- stimulus baseline of 150 ms and an
epoch duration of 650 ms post stimulus onset (where the stimulus is the presentation of
the picture, not the fixation). On the basis of visual inspection, components were selected
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for statistical analyses as described in the results section below. Only results including the
factors of language of naming or task order as main effects or interactions between these
factors and electrode site and/or hemisphere are reported, since general topographic
differences in electrode site and/or hemisphere per se are to be expected and are not of
primary interest in this study.
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3
3.1

Results

Picture Naming Results
As predicted, reaction times and accuracies varied significantly between groups

and across conditions. Evidence of inhibition can be seen both behaviorally and with
ERPs. The significance of these findings is discussed below an in relation to the IC model
in the following sections.

3.1.1

Behavioral Results

Figure 3-1 Reaction Block Order Effects
Shows the mean naming latency in milliseconds between when the stimulus was
presented and the participant correctly named the picture.
When comparing across groups, all participants showed similar behavioral results
so the averages are collapsed across language conditions in Figure 3-1 above.
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Participants in the L1 only condition showed a facilitation effect whereby reaction times
decreased across blocks. This can be considered a classical priming effect, as reaction
times were faster for pictures that had been previously presented. Conversely
participants in the mixed language condition showed an inhibitory effect across blocks.
A repeated measures ANOVA was preformed to assess the difference in reaction times
across block. There was a significant main effect of block F(2, 97)= 150.72, p <.001,
ηp2= .609, condition F(1, 97)= 83.36, p <.001, ηp2= .462, and block*condition
interaction F(2, 97)= 169.60, p <.001, ηp2= .636. Given the a priori hypothesis of the
effect of language switching, a one-tailed t-test was performed on Block 3 reaction times.
Participants in the mixed language condition M=697.94 were significantly slower to
respond than those in the mixed language condition M=809.18 t (97)=4.4687, p <. 001.
As expected, reaction times in the L2 were much slower than the L1 consistent
with the idea that it requires more effortful production. The cost of language switching
can be seen in Block 3 wherein reaction times are slightly slower than Block 1. As in the
L1 only condition, all items were previously in either Block 1 or Block 2. This is critical
as it shows that the language switching eliminates the facilitation effect across blocks. A
further breakdown of reaction times in Block 3 is presented in Figure 3-2 below.
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Figure 3-2 Reaction Time Block Order Effect
Mean naming latencies are presented in milliseconds for the two categories of items
presented in Block 3.
Notably results from the L1 only condition are consistent with priming whereby
reaction times for items previously named in Block 2 are faster than the items previously
named in Block 1 as they were seen more recently. Results from the dual language
condition show the opposite effect whereby items from Block 1 are named more quickly
despite the fact they were named less recently. Reaction times from Block 3 were
submitted to a Condition X Newness Repeated Measures ANOVA. There was a main
effect of newness M (Old Block 1)= 753.75 vs M (Old Block 2)=741.08 F (1,97)=7.25, p
=. 008, ηp2= .070, and Condition*Newness interaction whereby participants in the mixed
language condition were faster to name pictures presented in Block 1 M=807.38 vs
M=811.12 whereas participants in the L1 only condition were faster name pictures
previously presented in Block 2 M=685.04 vs. M=710.85 F (1,97)=13.01, p <. 001, ηp2=
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.118. These effects are again consistent with the idea of inhibition that naming of items
in the L2 requires inhibition of the alternatives in L1. Further evidence of inhibition is
considered in the next section.
It is also notable that learners in the dual language condition were also slower to
name in English in Block 1. The difference in Block 1 between the single and dual
language conditions may be attributable to a group difference that was not otherwise
apparent in the measures used to match groups. Alternatively, learners may become more
cautious when they anticipate that they will also have to later speak the L2. What is
critical is that in Block 3, there is no evidence for repetition priming in the dual language
condition. Typically, performance that is slower is more susceptible to priming following
repetition, yet the opposite pattern was observed here, consistent with the hypothesis that
speaking the L1 following the L2 requires inhibition of the L1.
3.1.1.1 Effect of Immersion on L2 Production
The results of this study provide supporting evidence for the hypothesis that the
immersion environment enhances L2 production. Increased L2 proficiency can most
notably be seen in the reaction times in Block 2 of the L1-L2-L1 condition.
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Figure 3-3 L2 Naming Reaction Times
Mean naming latencies are presented in milliseconds for items presented in Block 2 of
the L1-L2-L1 condition.
Immersed learners outperform their non-immersed counterparts on L2 production.
Upon returning, some of the facility with Spanish is lost as seen by increased reactions.
Block 2 reaction times of participants in the mixed language condition were submitted to
a univariate analysis of variance. There was a main effect of language condition M (Preabroad)= 1460.78, M (Abroad)= 1034.17, M (Post-abroad)=1197.79 F (2,31)=13.104, p
<. 001, ηp2= .458. A Tukey’s post-hoc pairwise analysis was performed to determine the
directionality of the variation. Critically pre-abroad participants were significantly
slower than abroad participants p< .001 and post-abroad p= .012. Notably the difference
between abroad and post-abroad students did not reach significance p= .141 suggesting
that post-abroad students were more closely matched to the abroad students than their
pre-immersed selves.
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3.1.2

ERP Results
Classroom learners, abroad learners, and monolinguals exhibited priming in the

L1 as shown in Figure 3-4. However, the groups differed in the extent to which priming
was present.

Figure 3-4 Blocked Naming Effects L1-Only
Electrical potentials are three midline electrodes are presented before and after stimulus
onset in the L1-L1-L1 condition.
Monolinguals showed the greatest sensitivity to the repetition of pictures as
shown by the decreased negativity in Block 3. The two learner groups also showed
priming in Block 3 in the form of decreased negativity, but to a smaller extent than the
monolinguals. These data are in line with the behavioral results which show decreasing
reaction times across blocks. Additionally they are further supported by the fact that
monolinguals are the fastest across all conditions. Taken together these results suggest
that L2 learners begin to differ from monolinguals even when they are required only to
speak in the L1.
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The two learner groups demonstrated different patterns of speech planning in the
L1-L2-L1 condition as shown in Figure 3-5. The classroom learners showed decreased
negativity across blocks consistent with facilitation while the abroad learners remained
more negative consistent with inhibition.

Figure 3-5 Blocked Naming Effects Mixed Language
Electrical potentials are three midline electrodes are presented before and after stimulus
onset in the L1-L2-L1 condition.
In the mixed language condition, participants are aware that they must switch into
the L2 following Block 1. This anticipation of having to speak the L2 is likely what
caused the increased negativity in classroom learners relative to abroad learners who are
more skilled at switching between languages. Looking at the recovery in Block 3, this
then explains the decrease in negativity compared to abroad learners. Given that abroad
learners had a smaller increase in RTs in Block 3, these results are consistent with the
idea that language learners develop more efficient language switching strategies abroad.

30

3.2

Executive Function Results
The participants tested were matched in terms of Simon and O-Span measures of

individual differences in cognitive processing. This allowed for the comparison across
groups in the AX-CPT measure of executive function.
Table 3-1 Summary of AX-CPT Results
AX
Pre-Abroad
Abroad
Post-Abroad
Classroom
Monolingual

AY

BX

BY

RT (ms)

Errors

RT (ms)

Errors

RT (ms)

Errors

RT (ms)

Errors

280

8.07

398

24.71

219

21.76

241

21.76

312

8.64

442

29.09

243

17.27

269

15.00

271

8.64

384

29.09

190

17.27

216

15.00

283

9.17

370

20.00

207

15.00

216

11.67

328

14.00

433

24.67

293

12.67

262

16.67

All groups showed a performance consistent with previous studies. Notably
groups varied greatly on their to the critical AY condition. Because inhibition cannot be
applied to the last moment in this condition, it shows the greatest reaction time and
highest percentage of errors. The difference between AY and BY conditions can be
taken as a measure of executive function as show to what extent the participant’s
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responses are dependent on the environment.

Figure 3-6 Differences In Executive Function Across Groups
Differences in reaction time between the AY and BY conditions are presented in
milliseconds for each of the five participant groups.
Abroad M=172.91 and post-abroad M=168.42 groups showed the greatest
dependence on environmental cues. Monolinguals M=170.27 showed similar results as
these two groups while pre-abroad M=156.92 and classroom learners M=153.89 showed
the smallest difference between conditions. Differences in reaction times between
groups in the AY-BY condition were submitted to a univariate ANOVA. Results did not
significance F (4,89)=0.116, p >. 5, ηp2= .005 but may qualitatively suggest different
control strategies between language groups.
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3.3

Verbal Fluency Results
The groups also varied on their performance of L1 and L2 verbal fluency. The

most profound effects were seen between the pre, post, and abroad groups.

Figure 3-7 Summary of Verbal Fluency Results
The mean number of exemplars produced in the L1 and the L2 are presented for the three
groups of study abroad students.
All groups were more fluent in their L1 than their L2. However abroad students M= 7.65
produced more exemplars in their L2 than non-immersed students. As in the picture
naming, post-abroad students were less fluent in the L2 upon return M=6.27, but
remained more fluent than the pre-abroad students M=5.57. The effect of immersion on
L2 production was highly significant F (2,46)=7.96, p =. 001, ηp2= .257 as measured by
a univariate ANOVA. Notably there was also an effect of immersion on L2 production.
Abroad students produced fewer exemplars in L1 M=13.08 compared to pre-abroad
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M=14.29 and post-abroad M=14.77 students. A univariate ANOVA revealed nearsignificant effects of immersion on English Verbal Fluency F (2,51)=2.66, p =. 079, ηp2=
.095.

3.3.1

Verbal Fluency and Duration of Study Abroad Experience
Participants sampled varied greatly in terms of the duration of their study abroad

experience. The post-hoc analysis below shows the effect of duration on L1 and L2
speech production.

Figure 3-8 Summary of Verbal Fluency By Immersion Duration
Mean number of exemplars produced in the L1 and L2 are presented for the three
subgroups of the immersed language learners.
In this analysis, the participants immersed for the shortest time, summer only, had
the lowest L1 M=12.33 and L2 M=6.73 verbal fluency. Interestingly, fluency in both
languages increased with increased duration in the one semester long L1 M=12.78, L2
M=7.78 and two semester long L1 M=15.17, L2 M=9.21 students. However these results
did not reach significance as measured by separate English Verbal Fluency F
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(2,20)=0.25, p <. 5, ηp2= .025 and Spanish Verbal Fluency F (2,20)=2.09, p =. 150, ηp2=
.173 univariate ANOVAs . The effect of immersion on L1 and L2 production is
considered in the next section.
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4
4.1

Discussion

Significance Of Findings
The present study found a significant effect of study abroad on cognitive and

language processing. Critically, abroad and post-abroad students showed increased
second language proficiency relative to the other learner groups. Additionally the abroad
and post-abroad students showed different performance a test of executive function
possibly reflecting different strategies of language control. All learner groups also
differed significantly from monolinguals in L1 processing suggesting that the L2 begins
to affect the native language early on the second language acquisition process. Taken
together, these results support the IC model of multiple language knowledge. The
significance of findings from specific tasks is discussed in the section below.

4.1.1

Picture Naming Behavioral Results
Like previous blocked naming studies, the present study found significant effects

within and across blocks. These effects were modulated mostly strongly by condition
wherein participants either named in the L1 only or switched between languages. As
expected, language learners were significantly slower to name in the L2 relative to the
L1. Critically, these effects carried over into the Block 3 when all participants were
naming in the L1. Participants who previously named in L2 were significantly slower
those named who previously named in the L1 suggesting the presence of inhibition.
Further breakdown of the items in Block 3 revealed different results for participants
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between the two conditions. Participants in the L1 only condition showed effects of
facilitation whereby items previously named in Block 2 were named more quickly than
items previously named in Block 1 since they were seen more recently. Participants in
the mixed language condition showed the opposite effect whereby items presented
previously in Block 1 were named more quickly than items presented previously in Block
2 since they were named in the native language. The dissociation between inhibition and
facilitation across conditions provides support for the IC Model. Results in the L2 were
strongly affected by immersion status. Immersed students had the fastest reaction times
of all three study abroad groups. Upon returning, post-abroad students were slower than
the immersed students. However they remained faster than their pre-immersed students
suggesting positive and lasting benefits of study abroad.

4.1.2

Picture Naming ERP Results
Similar results were found in comparisons of Block 1 and Block 3 with ERPs.

Classroom students, abroad students, and monolinguals all showed priming in the form of
increased positivity between 200-600ms. Monolinguals showed slightly different
waveforms however reflecting a different time course of speech production. These
results show similar findings to Jones et al. (2012) that language learners differ from
monolinguals even early on in the language acquisition process. The lack of difference
between L1 only naming between classroom learners and abroad suggests that production
in a monolingual context is not affected by immersion. However there were significant
differences between classroom learners and abroad learners in the mixed language
condition. Classroom learners showed effects of priming in Block 3 during the 200-
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600ms interval similar to classroom learners in the L1 only condition. Abroad learners
however showed increased negativity in the N400 region. This increased negativity and
lack of priming suggests the presence of inhibition. These results are at odds with the
behavioral results that show that classroom leaners experience a greater latency between
naming in Block 3 and Block 1. These results may suggest that immersed students may
have more efficient control mechanisms that limit the effects observable on the
behavioral level.

4.1.3

Executive Function Results
Groups varied on their performance on AX-CPT although the actual levels did not

reach significance. Importantly the difference in reaction times was greatest between AY
and BY trials. This difference is taken to be the extent to which participant’s responses
are dependent on context (Morales et al. 2013). Here there was an increased difference
between the two condition for abroad students, post-abroad students, and monolinguals
relative to pre-abroad students and classroom learners. Contrary to the hypothesis that
immersion would increase executive function, the present study found that there was an
increased difference between critical conditions. These results suggest that initially
second language learning may result in increased executive function as seen by the
enhanced performance on AY trials in classroom and pre-abroad learners relative to
monolinguals. Increased second language proficiency abroad may then result from a
different process by which is more dependent on environmental monitoring.
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4.1.4

Verbal Fluency Results
The present study found near-significant effects of immersion on L1 and L2

verbal fluency. Abroad students showed a significant increase in L2 verbal fluency
compared to the pre-abroad and post-abroad groups. After returning from the immersion
experience, post-abroad students produced fewer exemplars in the L2 but remained more
proficient than the pre-abroad students. Given that follow-up testing took place between
1-6 months after the immersion experience, this can be taken as evidence of positive and
lasting benefits of study abroad on L2 proficiency.
Like Linck et al. (2009), this study also found an effect of immersion on L1
verbal fluency. Abroad students showed reduced fluency compared to pre-abroad
students that then increased upon return from study-abroad. To further test these results,
the present study examined the effects of length of immersion on production. Critically
students who had immersed more recently showed reduced L1 and L2 fluency compared
to students who had been immersed for longer periods of time. The increased L2 fluency
can logically be explained by the fact that the students increased in proficiency with
increased immersion duration. The increasing L1 fluency seems to suggest that the cost
to the native language occurs during the first few months of study abroad after which it
gradually recovers. These results are significant because they suggest that increased
second language proficiency is accompanied by a change to the native language. Study
abroad may be such an effective language learning technique because access to the L1 is
lost, at least temporarily.
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4.2

Study Limitations
A relative strength of this study is the large number of students sampled from

different language learning or non-learning populations. Although groups appeared to be
relatively matched in terms of demographics, it is impossible to rule out the explanation
that the groups may have differed on some other factor not considered here. The ideal
design would feature a within-subject design wherein the same participants were tested in
the before, during, and after conditions. Due to the expensive nature of study abroad
programs it is not possible to assign a group to this condition, but rather must observe the
variation that naturally exists. A small portion of the students in the pre-abroad group
completed retesting after returning from abroad although the sample lacked statistical
power for analysis. A review of the general trends showed trends to the between group
comparison.
Another limitation to the study was with the materials themselves. In the present
design all pictures in Block 3 had already been presented in Block 1 or Block 2. Thus it
was not possible to asses how participants would respond to new pictures after returning
to speaking the L1. Should reaction times for new items in Block 3 show an increase
compared to new items in Block 1, this would provide even stronger evidence for
inhibition in Block 2. Given the fact that these results are in line with previous
behavioral and ERP results (Misra et al. 2012, Branzi et al. 2013) we can be reasonably
assured that the increase in reaction times is in fact due to inhibition.
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4.3

Future Directions
Future studies could address the concern of the between subjects design by

identifying a cohort of individuals and testing them during each phase of the immersion
experience. Additionally the study could have time-matched classroom learners to
compare how immersed and non-immersed learners change in proficiency over time.
Another interesting direction would be to use a similar paradigm with fMRI to investigate
the brain areas that are involved with speech production abroad. Such a design might
also have successive blocks after the language switch block to assess the time period of
which the L1 recovers between groups. Many of these aforementioned studies are
already in preparation and hold great potential for maximizing the benefit of L2 learning
abroad.
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