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ABSTRACT

Some second language (L2) learners return from study-abroad experiences (SAEs) with seemingly no
change in their L2 ability. In this study we investigate whether a certain level of internal cognitive
resources is necessary in order for individuals to take full advantage of the SAE. Specifically, we
examine the role of working memory resources in lexical comprehension and production for learners
who had or had not studied abroad. Participants included native English learners of Spanish. Participants
completed a translation recognition task and a picture-naming task. The results suggest that individuals
who lack a certain threshold of working memory resources are unable to benefit from the study-abroad
context in terms of being able to produce accurately in the L2.

Adult second language (L2) acquisition in the United States often takes place
primarily in college classrooms, with only brief opportunities to spend time im-
mersed in the L2 in a study-abroad environment. It is commonly assumed that
a study-abroad experience (SAE) will enhance the L2 learning process (Freed,
1995). Indeed, many of the individuals who return from such SAEs appear more
fluent and confident in their L2. Yet, other individuals, even on the same study-
abroad program as their peers, appear to have little change in their L2 abilities.
Why might this be the case?

One possible explanation may be found in the internal cognitive resources an
individual brings to a SAE. We know that adult L2 acquisition is highly variable and
may be constrained by a wide range of individual differences such as age, aptitude,
learning style, motivation, and personality (e.g., see reviews by Segalowitz, 1997,
and Dornyei & Skehan, 2003). We also know that processing in the L2 makes
greater cognitive demands of an individual in terms of working memory (WM)
resources compared to processing in first language (L1; Hasegawa, Carpenter, &
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Just 2002). Therefore, one factor that may partly explain the differential success
of L2 learners could be differences in their ability to process and store information
(i.e., WM). WM capacity has been posited as a possible factor affecting both L1
(e.g., Daneman & Carpenter 1980; Just & Carpenter, 1992) and L2 processing
(e.g., Harrington & Sawyer, 1992; Kroll, Michael, Tokowicz, & Dufour, 2002;
Mackey, Philp, Egi, Fujii, & Tatsumi, 2002; Miyake & Friedman, 1998; Robinson,
2002; Tokowicz, Michael, & Kroll, 2004), although the results have not been as
consistent regarding the relationship between WM and performance in an L2 (e.g.,
Juffs, 2004).

The absence of a simple benefit following study abroad may lie in the in-
teractions between internal cognitive resources and information available in
the external environment. Indeed, a recent set of studies (Collentine & Freed,
2004; Diaz-Campos, 2004; Dewey, 2004; Freed, Segalowitz, & Dewey, 2004;
Segalowitz & Freed, 2004) provided rather consistent findings suggesting that
no one context of learning (at home, study abroad, or immersion) is “uniformly
superior to another for all students, at all levels of language learning, and for all lan-
guage skills” (Collentine & Freed, 2004, p. 164) and called for the development of
a “consistent research agenda that addresses the interaction of individual cognitive
abilities and the differential aspects of learning contexts (Collentine & Freed, 2004,
p. 165).

Accordingly, in this study we consider whether individual differences in in-
ternal resources and experiential factors jointly affect performance in L2 lexical
comprehension and production. We focus on lexical processing given the research
suggesting important relationships between vocabulary growth and SAE (e.g.,
DeKeyser, 1991). Specifically, we ask whether the benefit of learning context
varies across learners who come to the task of L2 study with different levels of
internal WM resources. Additionally, we investigate whether a critical level of
internal memory resources is necessary for individuals to take full advantage
of the SAE. We first review some of the recent empirical evidence exploring
the relationship between cognitive abilities and study abroad learning contexts.
We next consider the evidence for the role of WM in lexical processing. Finally,
we present our study.

THE EFFECTS OF STUDY-ABROAD LEARNING CONTEXTS

Only a few previous studies have explored the interaction between cognitive abil-
ities and different learning contexts. Segalowitz and Freed (2004) compared the
oral performance of L2 learners with varying cognitive processing abilities who
were either in a study-abroad context or classroom only. Their study considered
how initial pretest performance on a variety of cognitive measures in the L2,
including speed and automaticity of lexical access and speed and efficiency of
attention control, could predict which learners would be better able to take ad-
vantage of different learning contexts. Segalowitz and Freed (2004) hypothesized
that the speed and efficiency of L2-specific lexical access and attention control
may serve as “readiness factors” for gains in oral ability. In other words, an
individual’s performance on these L2 cognitive measures may indicate whether
they are able to process the input well. Below a certain threshold of readiness,
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Segalowitz and Freed argue that individuals may not see gains in oral perfor-
mance. In fact, they suggest that the demands of a study abroad environment for
those individuals with cognitive abilities beneath a certain threshold may be over-
whelming.

In their study they tested learners before and after their respective language-
learning experiences (either in the L2 context or in the classroom in the L1
context.). In the first week, the participants were given a pretest version of an Oral
Proficiency Interview (OPI) in Spanish as well as a set of online cognitive tests
of lexical access and attention control. Thirteen weeks later after the participants’
learning experiences, they repeated the posttest version of the same tasks. The
results suggest that overall gains in oral proficiency as measured by the OPI
were significantly related to L2 cognitive skills, although a specific threshold was
not pinpointed. In terms of oral fluency, as measured by temporal and hesitation
phenomena, the learners in the L2 context made greater gains than the classroom
learners on some, but not all, oral fluency measures. In some cases, individual
differences in cognitive processing abilities were negatively related to gains made
in oral fluency, particularly among those who were in the study-abroad context.
In other words, in some instances, individuals with higher cognitive processing
abilities were less fluent than those individuals with lower cognitive resources, as
measured in their L2.

Several studies have emerged as a result of the Segalowitz and Freed (2004)
study discussed above. O’Brien, Segalowitz, Freed, and Collentine (2007) in-
vestigated the role of phonological memory in L2 fluency at home and abroad.
Previous research in the laboratory (Papagno & Vallar, 1995; Papagno, Valen-
tine, & Baddeley, 1991) and in classroom settings (Cheung, 1996; Service,
1992, Service & Kohonen, 1995) suggests that phonological WM correlates
with L2 vocabulary acquisition. Those individuals with greater phonological
memory capacity acquire words more easily that individuals with a more lim-
ited capacity. O’Brien et al. (2007) extend the conclusions from these previous
studies to include an important role for phonological memory and L2 oral flu-
ency development. However, they found that the role of phonological memory
in language learning is independent of the learning context (i.e., at home or
abroad). Their results suggest that those individuals with better phonological
memory skills will outperform those with more limited skills in terms of L2
fluency development, regardless of the L2 environment. Along a similar vein,
O’Brien, Segalowitz, Collentine, and Freed (2006) found that phonological mem-
ory plays a more important role in narrative development at early stages of L2
learning compared to later stages. Indeed, the studies discussed above highlight
the complex interaction between what an individual brings to the learning con-
text cognitively and experientially and the contribution of the learning context
itself.

Further evidence for a context-learner interaction was reported by Tokowicz
et al. (2004) in a study that examined the effects of SAE and WM capacity in the
L1 on the types of errors made during single-word translation. They found that
learners with high WM and SAE made more meaning-based errors (as opposed to
nonresponse errors) when translating into their L2. Tokowicz et al. (2004) argued
that learners with increased WM resources were better able to take advantage
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of communicative strategies when immersed in the study-abroad context. Over-
all, there is limited evidence regarding the relationship between L1 internal and
external variables in L2 processing, particularly in both comprehension and pro-
ductions tasks.

INTERNAL RESOURCES: WM

WM is understood to be a system for storing and processing information. Several
studies have looked at the role of WM in L2 lexical acquisition and development.
For example, Daneman and Green (1986) examined the role of WM in vocabu-
lary acquisition. In one of the studies, participants read a passage containing an
unknown word and were asked to infer the meaning. The learners with higher
memory span were better able to infer meaning from context. In a second study,
they found that WM was correlated with the ability to produce sentences and
synonyms from given words. The results of these two studies suggested that WM
span is highly correlated with a learner’s ability to acquire vocabulary and with
verbal fluency (the ability to produce L2 words).

Kroll et al. (2002) compared performance on a word-naming task and translation
task for a group of beginning language learners studying French or Spanish. All
participants completed a memory-span test and were divided into groups according
to their relative span score. They found that higher span participants were faster
than the lower span participants to translate in both directions. However, this was
only true for words that were noncognates. When translating cognates, the higher
span learners were slower to translate cognates than the lower span learners. Kroll
et al. (2002) argued that the higher span learners were able to use their additional
memory resources to avoid being fooled by false cognates, but as a consequence,
they suffered a processing cost in this task. In a sense this result parallels Segalowitz
and Freed’s (2004) findings with respect to oral fluency, such that having higher
cognitive resources resulted in less fluent speech. In a word-naming task, Kroll et
al. (2002) found a trend toward faster performance for the higher span participants
in naming words in L2, but not in L1. Overall, the results of this study suggest
that at the level of the lexicon, WM resources affect translation performance and,
in particular, the strategies that L2 learners adopt to map new L2 words to their
respective meanings.

The results of studies investigating the role of WM in L2 lexical processing
suggest that those learners with more available WM resources may be better
equipped to process different information simultaneously. At times, this may
be helpful for higher memory-span individuals (in terms of increased speed of
processing), and at other times it may be appear to be a hindrance (when aspects
of form might otherwise facilitate processing). Overall, WM resources represent,
at a minimum, an internal cognitive factor that affects language processing in both
the L1 and L2.

Why might WM resources be a critical factor in the study abroad context? In an
immersion setting, an individual is visually and auditorily surrounded by the L2. To
be able to understand and produce in the L2, there must be some attenuation of the
L1. One possibility is that the attenuation of L1 occurs naturally, as a consequence
of the increased presence of L2. Another alternative is that the individual must
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“shut off” to a certain extent the dominant L1 (for a review of inhibitory processes
in bilinguals, see Meuter, 2005). WM resources then may play a role in allowing
an individual to store and process information in the L2, while at the same time
suppress the L1.

THE PRESENT STUDY

The goal of the present study was to investigate the role of WM resources in
lexical comprehension and production for learners with and without SAE. Based
on the limited research exploring the intersection between internal and external
factor in lexical processing, we considered four alternative hypotheses. First,
the internal resource hypothesis proposes a relationship between the internal L1
cognitive resources in terms of memory that individuals possess and their ability
to comprehend and produce in the L2. We predict that individuals with greater
WM resources will be faster and more accurate to both comprehend and produce
in the L.2. Second, the external cue hypothesis proposes a relationship between the
external context of learning (e.g., the study abroad context) and an individual’s
ability to comprehend and produce in the L2. We predict that individuals with SAE
will be able to comprehend and produce more quickly and accurately than those
individuals without SAE. Third, the interaction hypothesis assumes that learner
outcomes reflect a mix of external and internal factors, with individual differences
in cognitive resources modulating the influence of external influences. Specifically,
this hypothesis assumes that as internal resources increase, an individual will
increasingly be able to benefit more from the SAE. Fourth and finally, the threshold
hypothesis assumes that the benefits afforded by an immersion context during study
abroad might not hold for all individuals. Specifically, the hypothesis assumes that
learners above an internal resource threshold may be better able to exploit the
information in the study abroad context than low span learners and will see an
added benefit of SAE. Conversely, learners lacking a sufficient quantity of internal
memory resources may not be able to benefit from SAE.

To test the above hypotheses, native English-speaking learners of Spanish with
or without SAE performed a series of on-line psycholinguistic tasks measuring
their speed of processing and accuracy. Support for the above hypotheses with
respect to the benefit provided by internal and external resources would be reflected
in faster reaction times (RTs) in milliseconds and higher accuracy scores. A
complete description of the experimental method follows.

METHOD
General Procedure

The L2 learners were tested individually in a laboratory and paid for their partici-
pation. They completed a set of computer-based tasks measuring WM resources,
language comprehension, and language production. Following the on-line tasks,
each participant completed a language history questionnaire. Below we describe
the participants as well as each measure, the materials used, and the specific
procedure and scoring for each measure.
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Table 1. Language learner characteristics

Learners

Without SAE With SAE

(N =34) (N=14)

Age (years) 20.4 (0.8) 20.9 (0.9)
Time studied Spanish

High school (years) 4.0 (0.7) 3.8(0.1)

College (semesters) 4.7 (0.9) 4.7 (0.9)
Proficiency rating

L2 59 (.1) 6.6 (1.0)

L1 9.6 (0.6) 9.4 (0.5)
Time studied abroad (months) 0.0 (0.0) 3.8(24)
Memory span (number of words recalled) 40.3 (11.5) 33.0 (13.5)

Note: Mean self-rating scales range from 1 (low ability) to 10 (high ability).
Standard deviations are in parentheses. SAE, study-abroad experience; L2,
second language; L1, first language.

Participants

There were 48 participants in the study. All were native English speakers recruited
from Spanish language classes at a large university in the United States. The
participants were all Spanish majors who had very similar amounts of classroom
time studying Spanish, but some of them had participated in a study-abroad
program. They completed a language history questionnaire reporting their 1.2
experience and rating their proficiency in both English and Spanish on a scale
from 1 to 10, from least to most proficient. Table 1 provides a summary of the
participant characteristics.

The L2 learners differed only with respect to their experiences studying abroad.
Of the 48 participants, 34 had not studied abroad, but 14 had. The average time an
individual studied abroad was approximately 3.8 months, with a minimum study
abroad time of 2 months and a maximum of 10 months. There were no significant
differences between the two groups based on their age, time spent studying Spanish
(in either high school or college), or their self-ratings in Spanish or English. As
such, and based on these measures, these two groups were similar, except with
respect to their SAE. Most of the participants had spent the previous academic
semester and/or summer abroad and then were tested in the early fall. Thus, the
average time that had elapsed between the SAE and testing was approximately
12.8 weeks (SD = 3.3 weeks). All participants also performed a reading span task
to assess their WM capacity.

Reading span task

The span task was adapted from a reading span measure designed by Waters
and Caplan (1996). Participants viewed a series of 80 sentences on a computer
screen and judged the semantic plausibility of the sentences. For example, they
would read a sentence such as “The audience laughed at the joke that told the
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puppet.” If the sentence made sense, the participant pressed a button labeled yes.
If a sentence did not make sense, the participant pressed a button labeled no. They
were instructed to make the plausibility judgment as quickly and as accurately as
possible. The 80 sentences were grouped into 20 sets. There were 4 sets of each
of 2,3, 4,5, and 6 sentences. Half of the sentences were plausible and half were
implausible. The number of words per sentence was matched so that it did not vary
significantly across plausible versus implausible sentences or across the sentences
in the 5 different set sizes. In addition, Waters and Caplan controlled for a number
of characteristics of the words to be recalled; the words were matched on word
length, frequency, familiarity, concreteness, and imageability.

After a set of two to six sentences, participants were instructed to recall as
many of the last words of the sentences in that set as possible. They had a small
booklet that contained a separate page for each set of sentences so that they were
unable to see the words they had written in previous sets. There were six lines
on each page of the booklet in order to eliminate any cue to how many sentences
would be in each set. Each trial in each set proceeded as follows: a fixation point
was presented on the screen for 300 ms, followed by a sentence that remained on
the screen until the participant made a key press response. Each set ended with
a screen with the word RECALL. The participants then wrote their responses in
the booklet and when they were ready to proceed, they pressed a key to start the
next trial. Following the scoring protocol of Kroll et al. (2002), the span score was
based on the total number of words the participant could recall only on trials for
which the plausibility judgment was correct. If the participant did not judge the
sentence correctly but recalled the final word, this word was not included in the
total number of items recalled. The span measure could range from O to 80.

Reading span results

The learners who had not studied abroad had an overall higher span (recalling on
average 40 items) compared to those who had studied abroad (recalling on average
33 items); however, this difference was only marginally significant, F' (1, 46) =
3.65, p = .06, and can be seen in Table 1. Overall, in terms of age, time spent
studying Spanish, self-ratings in Spanish, and internal resources, the two groups
were closely matched. In the discussion we later consider the consequences of
other factors, such as motivation and proficiency, which were not controlled in the
matching procedure.

Comprehension measure

The comprehension measure consisted of a translation recognition task.! In this
task, participants were asked to decide if two words were translation equivalents
of each other. The words were always presented so that the L2 (Spanish) word
appeared first and was followed by the L1 (English) word. For example, the
Spanish word ““cara,” meaning face, might be presented followed by the English
word “card.” The second word, in this example “card” remained on the screen
until the participant pressed either the “yes” or the “no” button. In this exaxmple,
participants would be expected to respond “no” because “cara” and “card” are not
translation equivalents. They were instructed to make their responses as quickly
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and accurately as possible. The RT was recorded to the nearest millisecond from
the onset of the presentation of the second word. The presentation order of the
word pairs was randomized for each participant by the PsyScope program (Cohen,
MacWhinney, Flatt, & Provost, 1993). Ten practice trials were given prior to the
start of the experiment. The materials for the translation recognition task consisted
of 192 word pairs, 96 pairs that were accurate translation equivalents, and 96 pairs
that were inaccurate.

Only correct responses were included in the RT analyses; the accuracy analyses
included data from all trials. Accuracy was coded as either correct or error. RTs
faster than 300 ms or slower than 3000 ms were removed from the analyses and
treated as outliers. Means for the yes and the no trials were calculated separately
for each participant. Based on these values, RTs that were 2.5 SD above or below
the participant’s mean RT for each of the overall conditions were excluded from
the analyses and treated as outliers. Data trimming was done in this way because
it is typically thought that extremely fast scores reflect anticipatory processes
while extremely slow scores are because of lapses in attention or other processing
strategies, and therefore do not reflect the processes of interest (Ratcliff, 1993).
Less than 1% of the data were excluded as outliers.

Production measure

The production measure was a picture-naming task.? Participants were presented
with 120 different pictures taken from the Snodgrass and Vanderwart (1980)
picture norms. Only pictures that had at least 80% name agreement in both Span-
ish and English as determined by Sanfeliu and Fernandez (1996) were used in
the experiment. The task was to name the picture as quickly as possible. All
participants were tested individually and were given verbal instructions by the
experimenter. A practice block of 10 pictures was given prior to the start of the
experiment. Participants were presented with the randomized pictures one at a
time at the center of the computer screen. A fixation point preceded each picture.
The fixation remained on the screen until the participant pressed a button. It was
replaced by a line drawing of an object. Participants were instructed to respond by
speaking the picture’s name aloud. The picture was replaced with a fixation point
after registering a response from the participant.

Responses were tape recorded and later coded for accuracy. The speed and
accuracy of naming were the dependent measures. Only correct responses were
included in the RT analyses; the accuracy analyses included data from all trials.
RTs faster than 300 ms or slower than 3000 ms were removed from the analyses
and treated as outliers. Based on these values, RTs that were 2.5 SD above or below
the participant’s mean RT for each of the overall conditions were also excluded
from the analyses and treated as outliers. Approximately 6% of the data were
excluded as outliers.

RESULTS
Descriptive data

The goal of the present study was to examine the effects of external cues (SAE)
and internal resources (WM) on comprehension and production performance.
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Table 2. Overall performance on comprehension and production tasks

Comprehension Production
RT Accuracy RT Accuracy
Learners (ms) (%) (ms) (%)

Without SAE (N = 34) 980 (297) 87 (14) 1660 (601) 31 (24)
With SAE (N = 14) 920 (194) 93 (10) 1489 (436) 50 (26)

Note: Standard deviations are in parentheses. RT, reaction time; SAE, study-abroad
experience.

However, as a point of departure, we first present in Table 2 a descriptive summary?
of the performance of the learners with and without SAE on the comprehension and
production task in terms of their RTs and percentage accuracy when responding
in the L2 Spanish.

The learners with SAE were faster and more accurate than the learners without
SAE in both comprehension and production. In comprehension, the learners with
SAE were on average 60 ms faster and 5% points more accurate; in production the
same individuals were 171 ms faster and 19% points more accurate. The impact
of SAE is more striking in the production performance.

Data analysis

Pooling procedure. Within both the comprehension and the production tasks,
there were a number of different experimental conditions. For example, the con-
ditions for the comprehension experiment were type of response (yes/no) and,
among the “no” responses, additional conditions included lexical relations (form
type 1/form type 2/semantic), grammatical class (matched/unmatched), and re-
latedness (related/unrelated). The conditions for the production experiment were
the cognate status of the picture’s name (cognate/noncognate) and the type of
block presentation (mixed/pure Spanish). For the purpose of the current study,
we pooled participants’ performance across all of the experimental conditions in
each task (the comprehension and production task separately) and then statisti-
cally controlled for those conditions. In other words, we counted participants’
performance on any given individual condition as an independent observation.
For example, when we combined the data for our 48 participants across each
of the combinations of conditions, our final unit of analysis was the participant-
condition and resulted in 624 (48 subjects x 13 conditions) and 240 (48 subjects x
5 conditions) observations for comprehension and production, respectively. Pool-
ing the data across each of the experimental condition allowed us to increase the
number of observations that we had for each participant and thus increased the
statistical power of the present analysis. However, combining data in this manner
resulted in each participant’s responses not being statistically independent across
each of the combinations of conditions. To account for this statistical dependence,
we estimated each of the following regression models with robust standard errors
clustered within subject (Huber, 1967; White, 1980; Williams, 2000). In other
words, we accounted for the fact that these multiple observations were coming
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from the same individual. In addition, and as we further discuss below, we also
included a series of control variables in our regression models to account for the
various conditions described above that were in the experiments.

Regression analyses. We used ordinary least squares (OLS) regression to test
our hypotheses. We used multivariate regression analyses for several reasons.
Regression analysis allowed WM to be treated as a continuous variable. In the
past, studies examining WM have split participants into groups of high and low
span. Previous research (Waters & Caplan, 2004) has called this practice into
question. Moreover, WM is conceptualized as a continuous distribution of cogni-
tive resources that an individual possesses, not necessarily as a discrete resource
that an individual either possesses or not. Therefore, we were able to estimate
the effect of a one-unit change in span on RTs and accuracy. In other words, we
were able to observe how performance for both comprehension and production
are affected by increases in WM resources. Most importantly, with respect to the
interaction hypothesis, using regression in conjunction with a continuous measure
of memory span, we could estimate the precise level at which internal resources
may or may not have consequences for performance.

Given that both of our dependent variables (RT and accuracy) were continuous
ratio-level variables, we employed standard OLS multivariate regression. First,
to test the external cue and internal resources hypotheses, we estimated additive
models that included variables for SAE and WM resources. In each of the following
tables we refer to these additive models of SAE and WM as Model 1. Second,
to test the interaction hypothesis we also estimated multiplicative models that
included variables for SAE and WM as well as an interaction variable. In each of
the following tables we refer to these multiplicative models as Model 2. For ease
of interpretation, we present these models side by side in each of the tables below.
In addition, for each of the regression models that we estimated we also included
a series of control variables to account for differences in both response RTs and
accuracy across the unique conditions of the experiments described above. For the
comprehension models, reported in Table 3, we included four control variables and
for the production models reported in Table 4, we included two control variables.
In each of the tables, the controls that had significant effects on RT and accuracy all
were in the expected directions. Third, to test the threshold hypothesis of internal
resources we employed the Brambor, Clark, and Golder (2006) technique in which
we plot the estimated effect of SAE versus no SAE on RTs and accuracy for a given
level of memory span with 95% confidence levels plotted around the relationship
to determine whether there is a specific point at which internal resources become
a critical factor.

Comprehension

RTs. In Table 3 we first turn our attention to the individual unstandardized
coefficients on SAE in Model 1. This analysis shows that the benefit of SAE
versus no SAE results in an average increased processing speed of 118 ms. This
suggests that SAE has an independent effect (controlling for the presence of other
variables) on the speed of comprehension. If we turn to the individual coefficients

https://doi.org/10.1017/50142716408090048 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716408090048

ssa.d Alssanun sbprique) Ag auljuo paysiiand 8700608079121 L0S/£L0L0L/BI0 10p//:sd1y

Table 3. Ordinary least squares regression models for comprehension

Reaction Time Accuracy
Model 1 Model 2 Model 1 Model 2
Variable B SE B SE B SE B SE

SAE —118.63** 58.40 —272.20* 162.90 6.40%** 1.73 9.42% 5.19

WM —8.09%%: 2.11 —9.60%:* 2.76 0.16%* 0.07 0.19% 0.10

SAE x WM interaction — — 4.32 4.26 — — —0.08 0.11

Controls
Lexical relation —-9.48 13.15 —-9.48 13.16 0.39 0.96 0.39 0.96
Grammatical —11.67 —11.67 —4.69%:%* —4.69%*

Class 13.17 13.18 0.89 0.89
Relatedness 45,23 %% 10.26 45,23 %% 10.27 —5.56%:%* 0.79 —5.56%%* 0.79
Response 117.89%*: 21.24 117.89%*3* 21.26 8.85% 1.27 8.85%** 1.27

Constant 1184.94 %3 98.50 1245.99%3#:% 124.74 77.76%%:* 3.30 76.56%%* 4.64

R? 0.160 0.168 0.163 0.164

F value (df) 11.65 (6, 47)%*** 10.22 (7, 47)*** 31.66 (6, 47)*** 29.07 (7, 47)***

Number of
Observations 624 624 624 624
Subjects 48 48 48 48

Note: Observations are participant-conditions. Standard errors are clustered on participant. SAE, study-abroad experience; WM, working

memory.
*p < .10. ¥*¥p < .05. ¥**¥p < .01.
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Table 4. Ordinary least squares regression models for production

Reaction Time Accuracy
Model 1 Model 2 Model 1 Model 2
Variable B SE B SE B SE B SE

SAE —213.96%* 99.30 153.22 342.01 21.68%*** 4.02 0.75 14.54
WM —-5.93 4.38 —2.30 5.62 0.35% 0.20 0.14 0.23
SAE x WM interaction — — —10.34 8.68 — — 0.59* 0.34
Controls

Cognate —19.34 63.57 —19.34 63.70 19.02%*** 2.43 19.02%** 2.43

Mixed 138.97%** 56.10 138.97%** 56.10 3.90 3.30 3.90 3.30
Constant 1823.03*** 192.9 1677.06%*** 246.49 7.11 8.98 15.43 10.11
R? 0.050 0.061 0.261 0.277
F value (df) 2.81 (4, 47)** 2.61 (5, 47)** 27.14 (4, 47)*** 25.79 (5, 47)***
Number of

Observations 240 240 240 240

Subjects 48 48 48 48

Note: Observations are participant-conditions. Standard errors are clustered on participant. SAE, study-abroad experience; WM, working

memory.

*p < .10. ¥*p < .05. ***¥p < .01.
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on WM in Model 1, we see that an increase in memory resources resulted in faster
times as well, with each additional 10-unit increment on the memory span measure
leading to an 80 ms increase in processing speed. This suggests that, controlling
for the presence of the other variable, internal cognitive resources affected the
speed of comprehension. As seen in Table 3, the interaction for SAE and WM
was not significant (p = .38). Additionally, there was no support for the threshold
hypothesis when the Brambor et al. (2006) technique was utilized.

Accuracy. In examining Model 1 in comprehension accuracy, we see a similar
pattern; both internal and external resources affect accuracy. With respect to the
coefficients, individuals who had studied abroad had an average increased accuracy
of approximately six percentage points. With respect to WM, every additional 10-
unit increment increase in WM resources increased an individual’s accuracy by
an average of 1.6 percentage points. These results suggest that each of these
internal and external variables have independent effects when controlling for the
presence of the other. With respect to the interaction hypothesis, in Model 2 in
comprehension accuracy we again see evidence that these two variables do not
interact (p = .44). In addition, there was no support for the threshold hypothesis
when the Brambor et al. (2006) technique was utilized.

In sum, the results of comprehension performance suggest that SAE and WM
resources independently affected the speed and accuracy of lexical comprehension.
Thus, both the internal resource and external cue hypothesis are supported. How-
ever, the interaction hypothesis and the threshold hypothesis are not supported.

Production

RTs. InTable 4 we examine the coefficients in Model 1 but now for performance
in the picture naming production task.

With respect to production RTs, Model 1 suggests that only external resources
are significant. Those individuals who had studied abroad were 214 ms faster
compared to a learner who has not studied abroad. WM resources had no inde-
pendent effect (p = .18). In Model 2 for production RTs, one can see that there
is no evidence that the two variables interact (p = .24). Moreover, there was no
support for the threshold hypothesis when the Brambor et al. (2006) technique
was utilized.

Accuracy. In Model 1, the learners with SAE had on average a 21.6 percentage
point increase in accuracy compared to those who did not study abroad. The
effects of WM were marginally significant and suggest that with each 10-point
increment in WM resources an individual gained an average of 3.5 percentage
points in accuracy. In Model 2, there is an interaction effect, providing some
evidence that one’s internal resources may mediate the benefits of SA experience.
The coefficient for the interaction term is positive and marginally significant at
p = .09, suggesting that individuals with higher WM may benefit more from SA
experience. However, given the marginal significance of the interaction, we cannot
claim that increases in internal resources uniformly interact with SAE.
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Figure 1. The effects of study-abroad experience (SAE) on working memory resources in
second language production accuracy.

There was support, however, for the threshold hypothesis when the Brambor
et al. (2006) technique was utilized. In using this technique, we plotted the esti-
mated effect of SAE on production accuracy for a given level of memory span with
95% confidence levels plotted around this relationship.* In these figures, when the
95% confidence bands did not straddle zero (the x axis) the effect of SAE on
production accuracy was significant for a given level of span; when the bands
straddled the x axis, the effect was essentially zero for that level of span (Brambor
et al., 2006). By conducting this test we were able to see at what point the interac-
tion between WM and SAE was significant at the p < .05 level. Figure 1 illustrates
the effects of SAE on WM resources in L2 production accuracy. Put another way, it
displays, on average, the expected change in accuracy for an individual with SAE
compared to an individual with no SAE across different levels of memory span. For
a complete description of the mathematical equations used to create Figure 1, see
Note 4.

Figure 1 shows that when WM scores were below approximately 24 words re-
called (the point at which the bands straddle the x axis), there was no effect of SAE
on production accuracy. This means that among those learners who had sufficiently
low internal resources, SAE resulted in an estimated effect on production accuracy
that was not different than zero. In other words, it was as if these individuals had not
studied abroad. However, above this level of internal resources, the figure reveals
a different story. Above a span score of approximately 24 words recalled (where
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the bands did not straddle the x axis) the effect of SAE was statistically significant
(p < .05) and positively influenced accuracy in production. This figure addresses
the question as to how much benefit an individual would get by studying abroad.
The answer is that it depends on the individual’s memory span. An individual
with a memory span of below 24 will not see any benefit in terms of produc-
tion accuracy. For individuals with memory span scores of 40, for example,
they would expect to have a 20 percentage point increase on their production
accuracy.’

In sum, there was little support for the internal resource hypothesis in the
production data. In terms of production, having high internal resources was simply
not enough to affect the speed and to some extent the accuracy of lexical processing.
The external cue hypothesis however was supported. Those individuals with SAE
were faster and more accurate in producing in the L2. The interaction hypothesis
was only marginally supported, perhaps suggesting a relationship between internal
and external factors. Indeed, we see the exact relationship between those factors
in the test for the threshold hypothesis that is supported by the data. Without an
adequate level of internal resources, or a minimum threshold of WM, the benefits
of SAE, in terms of production accuracy at the word level, are lost on these learners.
It is as if these individuals had not spent several additional months receiving input
in the study abroad context. It must be noted that the benefits of SAE that we are
discussing here are in terms of accuracy in production, and that of course these
individuals may have benefited from other aspects of the SAE. Interestingly, only
by using regression, and specifically plotting the estimated means, were we able
to examine the precise nature of the interaction between cognitive resources and
external experience.

DISCUSSION

The goal of the present study was to investigate the relationship between internal
cognitive resources and external experience in L2 processing. Specifically, we in-
vestigated the role of WM resources and SAE in both lexical comprehension and
production. We considered four hypotheses: the internal resource hypothesis, the
external cue hypothesis, the interaction hypothesis, and the threshold hypothesis.
The internal resource hypothesis proposed that the ability to both comprehend
and produce quickly and accurately in the L2 is dependent on WM resources,
regardless of a learner’s external environment. The external cue hypothesis pro-
posed that information salient in the L2 environment would provide learners with
increased opportunities to more directly process L2 in a way that is not possible
in the classroom, thus resulting in faster and more accurate comprehension and
production, regardless of a learner’s cognitive abilities. The interaction hypothesis
proposed that learner outcomes reflect a mix of external and internal factors, with
individual differences in cognitive resources modulating the influence of external
influences. Finally, the threshold hypothesis proposed that the benefits afforded
by an immersion context during study abroad might not be expected to contribute
an additional benefit to all individuals. It was hypothesized that higher internal
resources may allow learners to better take advantage of the SAE, whereas a
lack of internal resources may explain why some learners return from studying
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abroad with little effect on their L2 ability. We discuss the results separately for
comprehension and production.

In comprehension, the regression analyses suggest that both internal and exter-
nal resources make independent contributions to processing speed and accuracy.
Learners with high span were faster and more accurate than their low span counter-
parts regardless of learning context. Learners who had studied abroad were faster
and more accurate than those individuals who had not studied abroad, regardless
of internal resources. The interaction hypothesis in comprehension was not sup-
ported, indicating that the effects of WM resources and SAE had independent
effects on language processing. The absence of an interaction stands in contrast to
recent findings (Linck, 2005) that demonstrate that high span individuals without
immersion experience are able to perform as well on comprehension-based mea-
sures as low span individuals who are currently immersed in the L2. However, it
is important to note that the individuals in the current study were not immersed
at the time of testing. Finally, there was no support in the comprehension data for
any threshold effects of internal resources.

The pattern of results for the production data was quite different. There was
no support for the internal resources hypothesis in terms of processing speed
and only marginal support in terms of accuracy. WM resources alone were not
sufficient to affect L2 production as they were in comprehension. This result differs
from O’Brien et al. (2007) who found that phonological memory affected L2 oral
fluency regardless of context. However, it is unclear whether phonological memory
measures and WM measures are tapping into distinct or common processes. There
was, however, support for the external cue hypothesis both in speed and accuracy
of producing in the L2. The conclusions about production are qualified by a
marginally significant interaction between internal and external factors. These
data suggest that those individuals with greater internal resources were better able
to take advantage of the benefits of SAE. These findings parallel those reported
by Tokowicz et al. (2004). In both studies, individuals with both greater cognitive
resources and SAE were better able to produce, or at least attempt to produce,
more accurately in the L2.

Perhaps the most striking result emerged as a consequence of modeling WM
as a continuous variable and plotting the effects of SAE on production accuracy
for a range of WM. In doing so, we revealed that if an individual did not have
sufficient internal resources, then the benefits of SAE were not realized for this
individual. This “threshold effect” reflects the level of internal resources that a
learner must possess in order to be able to exploit the effects of being immersed
in the L2, at least in terms of L2 production accuracy. Although Segalowitz and
Freed (2004) hypothesized that a threshold might exist, they did not in fact test this
notion explicitly as we have done here. They found that gains in oral production
were significantly related to initial L2 cognitive abilities, but did not indicate a
threshold, but a more continuous relationship.

In considering the threshold effect, we must consider why someone with limited
WM resources would not be able to take advantage of SAE. In a study-abroad
context an individual is literally surrounded by the L2. As a consequence of the
increased exposure to the L2, the L1 may be naturally, or passively inhibited. In
other words, L1 activation may be reduced without requiring the use of internal
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resources to direct attention selectively to suppress the L1. However, if there is
a requirement to actively inhibit the L1, then WM resources could play a more
central role. Having higher WM abilities may allow an individual to attend to a
greater number of factors simultaneously (i.e., suppressing the L1 while attending
to the L2). Thus, only individuals with adequate WM resources may be able
to negotiate this required suppression. Perhaps, for those individuals with lower
internal cognitive resources managing the cross-linguistic competition in the im-
mersion environment becomes too challenging of a task and the individual simply
reverts to speaking L1 or suffers other costs to language processing. In future
research this alternative can be evaluated by examining the relative consequences
of internal versus external factors for language processing in both the L1 and
L2. An interesting hypothesis is that high span learners who are able to exploit
immersion learning may suffer greater costs to their L1 than low span learners.
Furthermore, it will be of interest to examine the performance of L2 learners
enrolled in domestic immersion programs in which they are actively prohibited
from using their L1. If the problem for low span learners is to effectively allocate
cognitive resources to inhibit the L1, then the prohibition on L1 use in the domestic
immersion context may compensate for the lack of internal resources.

As we consider the relationship between WM and SAE, we find that both factors
are highly dependent on the nature of the task. In comparing the role of WM and
SAE in comprehension and production, we see that WM plays a more critical
role in comprehension than in production. In production, SAE was the salient
factor affecting L2 performance, not WM. A possible interpretation that must
be considered is that SAE is reflecting a gain in proficiency. However, given the
threshold effect found in the production accuracy data, we know that proficiency
alone cannot be the only explanation. An additional point to consider is why the
threshold effect only emerged in the production accuracy data. We argue that
being able to accurately select and produce a word in the L2 is by far the more
difficult task compared to comprehension. Thus, the effects of SA and WM are
most apparent in this condition.

CONCLUSION

The present study investigated whether individual differences in WM resources
and SAE may explain the differential success in lexical processing among L2
learners. The results suggest that although both cognitive resources and L2 learning
experience affect L2 processing, the interactive effects of both are strongest in L2
production. In particular, data from the production tasks suggest that individuals
who lack a certain threshold of resources are unable to benefit from the study
abroad context in terms of being able to produce accurately in the L2. Conversely,
individuals with greater WM resources were better able to benefit from the SAE.
Although the present study investigated the notion of a threshold of cognitive
resources necessary to take advantage of an immersion experience, future research
will want to model SAE continuously and, using the methods outlined here,
determine whether there is a threshold of immersion experience needed to see
gains in L2 comprehension and production. Overall, the results of this study
provide support for Collentine and Freed’s (2004) call that theories of bilingual
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language processing must take into account the roles of the context of learning
and individual differences in cognitive abilities during the L2 acquisition process.
Future work examining immersion experiences will enable us to better understand
the complex interaction between internal and external variables in second language
acquisition.
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NOTES

1. Sunderman and Kroll (2006) include the data reported here together with a larger
data set of learner performance on the comprehension measures. That paper does not
address SAE or individual differences but rather developmental changes over a greater
range of L2 experience than the present paper. It also examines issues of lexical form,
meaning, and grammatical class relations in L2 processing that are not the focus of the
present report.

2. Sunderman (2002) includes the data reported here together with a larger set of learner
performance on the production measure. That paper does not address SAE but instead
investigates the role of cognate status and language switching in L2 production.

3. The means reported in Table 2 are unconditional means that do not take into account
additional control variables. The means in Tables 3 and 4 are slightly different because
they are estimated conditional means (i.e., the estimated mean based upon a regression
with controls being held constant.)

4. To test our proposition that a learner’s memory span modulates the effect of SAE on
production accuracy, we estimate multiplicative regression models in which production
accuracy is a function of the interaction between study abroad and memory span. This
hypothesis can be specified in an econometric regression model of accuracy as follows:

production accuracy = By + B; study abroad + B, memory span

+ S5 (study abroad)(memory span) + > 8,Z; + ¢,

where Z; is a set of exogenous control variables and ¢ is the disturbance term. This
suggests that to evaluate our interaction and threshold hypotheses in a regression
context we must estimate the marginal effect of SAE on accuracy and RT. (Note that
the term “marginal effect” refers to the standard econometric definition of the change
in the dependent variable that follows a unit change in the independent variable of
interest, or, in mathematical terms, the first derivative. The word “marginal” in this
term in no way connotes “unsubstantial” or “unimportant” but rather the expected
change in Y given a 1-unit change in x.) For example, the marginal effect of SAE on
production accuracy, or the expected change in accuracy for a unit shift from no SAE
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to SAE is found by taking the first derivative of the above regression equation with

respect to SAE. This yields a marginal effect of

d(production accuracy)
d(SAE)

= B, + B3 memory span,

where 8, and B3 are the estimated regression coefficients. This equation reveals the
precise manner in which memory span conditions SAE’s effect on production accuracy.
For a memory span score of zero the effect of SAE on production accuracy is simply 8,
For increasingly higher memory span scores the effect of SAE on production accuracy
is B1 + B3 (memory span), with the nature of the effect being determined by the sign
and magnitude of the B coefficient. The statistical significance of this marginal effect,
however, is determined by its standard error. However, unlike additive models, in
multiplicative models, the standard error of the marginal effect also varies across the
level of conditioning variable, or in our case, memory span. In the above regression
equation, if we denote SAE as SAE and memory span as MEM, then the conditional
standard error of the marginal effect of SAE across values of MEM is given as

conditional SE of SAE = /var(B,) + var(B;)MEM? + 2 cov(B; B;)MEM,

where var(B,) represents the variance of the relevant regression coefficient and
cov(B,B3) represents the covariance between the SAE and the interaction term. To
determine the statistical significance of the marginal effect of SAE we then proceed as
we would in a typical regression context. Except here we plot the marginal effect of
SAE on production with its 95% confidence bands plotted around it. The confidence
bands are calculated by taking estimated standard error of the marginal effect of SAE
for a given level of MEM and multiplying it by 1.96. We then take this resulting width
and add and subtract it to the estimated marginal effect. The result is a figure that
displays the 95% confidence interval plotted around the marginal effect.

5. An anonymous reviewer pointed out that for span scores between 24 and 40, the
difference from zero seems to get larger and larger and inquired whether there was an
effect that continues to be in play after the “threshold” of the 24 span score is reached.
To investigate this question, we split the file above 24 to see if the interaction between
SAE and WM was significant. The logic being that if the interactive relationship
continues above the 24 threshold, then we should observe a significant interaction
between SAE and WM. If the interaction were not significant, then it would simply
suggest a threshold effect. In conducting the additional analyses, we found that above
the threshold, there was no significant interaction (p = .835). When we ran an additive
model with just SAE and WM for those above 24, SAE was significant on its own
(p <.001) and was positive with a coefficient of 26.2, which means that on average
when individuals had a memory span score of higher than 24, they were 26% points
higher on production accuracy. Thus, whether someone had a memory span score of 25
or 30 or 40, they all received a similar 26% accuracy boost. The apparent continuation
of the SAE in Figure 1 is merely because of random error; SAE does not continue
to have an increasingly higher benefit as memory span scores increases beyond the
threshold of 24.
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