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Abstract

The present study aims to explore, using fNIRS, (1) whether L2 immersion experiences impact
brain activation in lexical translation processing when compared to L2 learners without
immersion, and (2) what regions of the frontal lobe is most affected by such experiences. 24
Japanese learners of L2 English participated in the timed L1/L2 translation tasks. The results
show (1) that overall activation is lowered in all of the three regions in the E-J condition, (2) that
as one's L2 improves, the level of activation in Broca's area stays the same but the middle region
becomes less activated and more activation takes place in the right region in the J-E condition,
and (3) the order of oxy-Hb flow level follows these patterns; [Broca < Right < Middle] in the
E-J task, but this order changes from [Middle < Broca = Right] to [Middle < Broca < Right] as
one's L2 progresses.
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Chapter 1 Introduction

1.1 Study abroad programme

Study abroad programmes abound in the world today reinforcing the view that
learning a foreign/second language is easier or quicker when immersed in the target language
environment. The effectiveness of such experiences has been extensively explored to date (see
Dufon and Churchill, 2006 for an overview). The literature, however, lacks in longitudinal
studies, with the majority of them examining programmes that span only for a few weeks to
months. The first aim of this study lies in investigating how effective such L2 language
experiences are when the programme lasts for over a year.

The focus of studies on study abroad programmes, have been predominantly
conducted from linguistic, sociocultural, and motivational perspectives (e.g., Dufon and
Churchill, 2006; Isabelli-Garcia, 2006; Yang, 2011; Yashima, 2002). No study using
neuroimaging has yet been carried out to look into the effectiveness of study abroad
programmes. This newly developed technique of neuroimaging is now used in the SLA
discipline, for instance, to identify which cerebral region is activated by L2 tasks. This data can
be compared to the region used when one engages in an L1 task, to see if it is differerent. This is
where our second aim of this study comes into play.

1.2 Neuroimaging studies on L2

One of the earliest works that looked into which part of the brain becomes the most
activated with the link to L2 proficiency in Japanese students, was undertaken by Ohishi (2006).
She used functional near-infrared spectroscopy (FNIRS, henceforth) to observe cerebral blood
flow in Warnicke's area, the angular gyrus, and the supramarginal gyrus when Japanese L2
learners of English engaged in English listening and reading comprehension tasks. The results
showed a U-shaped developmental change in brain activation—little activation in novice
learners, hyper-activation in intermediate learners, and selective (reduced) activation in
advanced learners. Ishikawa (2009), while criticizing this study for allowing so many variables,
focused on lexical and phonological aspects alone using a different type of brain neuroimaging
known as functional magnetic resonance imaging (fMRI, hereafter). Uchibori et al. (2009) also
found limitations in Ohishi's study for not covering the most linguistically important brain
area—Broca’s area, and conducted a 24-channelled fNIRS study looking at Broca's area in
intermediate Japanese learners of English for syntactic activation. Taking into consideration the
shortcomings of these studies, we placed our focus on the lexical aspect alone in terms of brain
activation and chose the frontal lobe covering Broca's area and its homologous stie in the right
hemisphere, and used a 42-channelled fNIRS for examination.

Differential cerebral activation between L1 and L2 has been discussed in
neuroimaging studies, with reference to onset age (OA) when the person was first exposed to a
language and the qualitatively dissimilar make-up of the language faculty in the brain (i.e.,
Kovelman et al., 2008; Paradis, 2003; Wartenburger et al's study in syntax, 2003; Weber-Fox
and Neville, 1996a). Additionally it has also been researched in terms of one's L2 proficiency
(i.e., Newman-Norlund et al., 2006; Perani et al., 1998; Wartenburger et al's study in sematics,
2003). Thus, research findings on differential cerebral activation are indeterminate as to whether
it is induced by onset age or proficiency. In order to explore if it is due to one's L2 proficiency,
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we compare two Japanese groups of English learners who are divided depending upon their L2
proficiency.

1.3 Brain imaging techniques

Among the variety of brain imaging techniques, the non-invasive functional
neuro-imaging method known as fNIRS is said to be easier to use and sensitive to detecting
small substance concentrations, with a high temporal resolution (Toga and Mzaaiotta, 2002). In
principle, fNIRS measures brain activation using changes in the intensity of light detected by
source and detector probes that are attached to the head with a harmless light penetrating the
brain. Other brain imaging techniques including fMRI, PET (positron emission tomography),
and MEG (magnetoencephalography) require large and bulky instruments which make it
difficult for small children to be examined. In comparison, fNIRS uses light via fiber optics
which can even allow babies to be examined (Miyai et al., 2001). In addition, fNIRS is sensitive
to a very low substance concentration using fluorescence methods and similar to PET scans
without the disadvantage of radioactive tracers. Temporal and spatial resolution differ vastly
from one brain imaging method to another: high temporal resolution is obtained using the MEG
eletrophysiological method (starting from 1 m.s.) while hemodynamics-based techniques such
as fMRI (starting from 1 mm) provide a greater spatial resolution. fNIRS offers a smaller, easier
to use option to monitor vascular, metabolic-cellular, and neuronal responses with a high
temporal resolution of about 1,000 m.s. despite its low spatial resolution of about 3 cm. It is also
known that fNIRS data are consistent with fMIR data in predicting hemispheric dominance in
linguistic tasks (e.g., Kennan et al., 2002). fNIRS has been widely used and proved to be useful
in various disciplines (see Kovelman et al., 2008 for summary).

1.4 Research questions

Research question 1: Does the experience of immersion in the L2 environment for
over a year have an impact on brain activation in lexical processing when compared to L2
learners without such an immersion?

Research question 2: If the answer to the first question is affirmative, which part
of the frontal lobe is affected the most in each proficiency group - Broca's area, its
homologous site in the right hemisphere or the middle of the prefrontal region?

Research question 3: Does fNIRS prove to be useful in the linguistic query to find
the answers to research questions 1 and 2?

Chapter 2 Methodology

2.1 Participants

A total of 24 university students divided into two groups, participated in this study.
They had all learned their L2 (English) in a formal school setting but some of them had the
additional experience of residing in and being immersed in L2 communities for one to eight
years (Group 1), Group 2 being the non-immersion students. The participants' demographic data
are summarized in Table 1. The two groups were matched in number (N=12) and age (mean age
of 22, 1(22)=1.84, p>.05). They were also matched in left or right handedness, which is one of
the most important attributes that has to be considered when conducting a brain-imaging study,
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as seen in the Edinburgh 'handedness inventory' (Oldfield, 1971. Appendix 1). In this study, 11
in each group were right-handed while one in both groups was left-handed.

Table 1. Participants' demographic data

Age L2 onset age LOR* in years
Group Demographics N M SD range M SD range M 5D range
1 immersion 12 22,73 1.07  21.03-24.09 14.33 6.49  3.09-21.00 3.00 249 1.00-8.00
2 formal learning 12 21.72 1.56  20.08-25.08 N/A N/A N/A N/A N/A N/A

*LOR: length of residence in L2 communities

We asked each participant to self-evaluate the level of their own four skills (speaking,
listening, reading and writing) in their L1 (Japanese) and L2 (English) out of three with '3' being
superior, 2" equal, and 1" inferior to monolinguals (Appendix 2). Table 2 summarizes the results.
There are no differences between the two groups in Japanese writing and listening skills or
English reading. Meanwhile, Group 1's opinion on their own L2 (English) writing, listening,
and speaking skills was statistically better than Group 2. Additionally, Group 2 also rated their
L1 (Japanese) speaking and reading skills as better than Group 1. Perhaps these two groups are
not matched when evaluating on their own skills in the L2, due to first group's L2 immersion

experience.

Table 2. Self-evaluation on four skills in L1 and L2

group N M SD  t-value df sig
Japanese writing 1 12 225 0.75 1.00 22.00 n.s
2 12 2.00 043
listening 1 12 208 0.7 036 2200 ns
2 12 200 043
ki 112 2 49
speaking 3 0 253 2200 p<05
2 12 1.92 0.29
reading 1 12 233 049 253 2200 p<05
212 192 029
English it 1 12 142 51
nglish  writing 0.5 280 2200 p<01
2 12 1.00 0.00
listening I 12 133 049
235 2200 p<05
2 12 1.00 0.00
speaking 1 12 142 0.1 2.80 2200 p<.0l1
2 12 1.00 0.00
reading 1 12 125 045 1.92 22.00 n.s
2 12 1.00 0.00

Prior to the experiment, a signed consent form was obtained from all 24 participants
(Appendix 3), which was approved by the institutional ethics committee of Ritsumeikan

University, Japan.

2.2 Stimuli

The stimuli was presented to the participants in five sets of 10 words, 50 in total, that
were taken from the easiest 2,000 words (Levels 1 and 2) of JACET 8,000 which is a list based
on 100 million words in the British National Corpus. It has been compiled to provide the

-34-



Effects of L2 Immersion Experiences on Translation Task Performance

so-called most important 8,000 words for Japanese learners of English to use for effective
communication in the current globalized world. In order to offset the translation sequence effect,
that is, whether translation is chosen from Japanese to English or from English to Japanese, two
sets of tasks were devised. Those participants who began their task in Japanese received (1) 10
Japanese words to read aloud, (2) 10 Japanese words to translate into English, (3) 10 English
words to read aloud, (4) 10 English words to translate into Japanese, and (5) 10 English words to
read aloud. On the other hand, those who started their task in English received (1) 10 English
words to read aloud, (2) 10 English words to translate into Japanese, (3) 10 Japanese words to
read aloud, (4) 10 Japanese words to translate into English, and (5) 10 Japanese words to read
aloud. In order to counter-balance the language sequence choice, six participants in each group
were given (without a choice) the Japanese-English sequence tasks while the rest were given the
English-Japanese sequence tasks. The words that were used for Japanese presentation (reading
aloud or translating into English) were translated from the original pool of 50 words taken from
the JACET 8,000 Level 1 and Level 2 lists.

2.3 Procedure

Participants were individually shown into a laboratory and seated in a comfortable
chair with their eyes approximately 30 cm away from the monitor (Apple MacBook Pro 17").
While a flexible cap with 27 fiber probes was being placed on their head, information was
gathered on their language background, handedness, and self-assessment of their four skills
(speaking, listening, writing, and reading) in the two languages. Once the cap was appropriately
placed and connected, photos were taken to record the position of the cap from three
angles—from the left, right and front. Then, a video clip was shown to inform them of what the
experiment involved including an explanation of what was expected. When participants were
made fully aware of the task in front of them, they were told that it was their right to stop it any
time they felt uncomfortable, and the experiment started. An instruction slide was followed by
five sets of 10 words. The explanation, for example, shown on one slide said 'read aloud the
animal', and this came before 10 English words were individually presented for the reading
aloud task. Similarly, the slide ‘translate house into Japanese', was shown before 10 English
words were presented on the computer as a translation task. Each word slide was projected onto
the monitor screen for 3 seconds. The task itself, had 50 task slides and 5 instruction slides, and
lasted about 3 minutes, during which time both video and audio data were collected for
performance accuracy analysis to be conducted afterwards. When the experiment was
completed, each participant was given an appropriate token of gratitude—a book voucher.

A blocked design of two language sequences are shown in Figure 1.

1. Japanese to English sequence
rest task task rest task task rest task

read aloud in Japanese translate into English read aloud in English translate into Japanese read aloud in English

10 Japanese words x 3 sec 10 Japanese words x 3 sec 10 English words x 3 sec 10 English words x 3 sec 10 English words x 3 sec

2. English to Japanese sequence
rest task task rest task task rest task

read aloud in English translate into Japanese read aloud in Japanese translate into English read aloud in Japanese

10 English words x 3 sec 10 English words x 3 sec 10 Japanese words x 3 sec 10 Japanese words x 3 sec 10 Japanese words x 3 sec

Figure 1. Blocked design for the experiment
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2.4 The fNIRS instrument

A multichannel continuous wave optical imager (Shimadzu FOIRE-3000) was used.
This device has 13 emitters and 14 receivers, 3 centimeters apart from each other to detect 42
areas (channels). The fNIRS machine uses three wavelengths of near-infrared light (780+5nm,
805+5nm, 830+5nm). According to the International 10/20 system (Jasper, 1958), emitters and
receivers of fNIRS were placed bilaterally over the frontal lobe, including Broca's area in the left
inferior frontal cortex, with the lowest probes being positioned along the T3-Fp1-Fz-Fp2-T4 line
(Figure 2). Receivers #8 and #7 were aligned with the Cz-Nz (right above the nose over the
Frontal, Parietal, and Occipital lobes) line.

Our decision to examine the frontal lobe in both hemispheres is based on findings from
Just et al. (1996) and Yamadori (1998) that in a language task, not only the left laterosuperior
temporal cortex (Wernicke's area) and the left inferior frontal gyrus (Broca's area) but also their
homologous right-hemisphere areas are found to be activated, though the right areas had much
smaller volumes of activation.
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Figure 2. Flexible brain cap with probes placed on head
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2.5 Data analysis

Data from the fNIRS were processed using Shimadzu FOIRE (a functional optical
imagery software for research) and PASW SPSS software. The first stage involved identifying
in the individual participants, the three distinct areas of the brain for this study, namely, Broca's
area, its homologous area in the right hemisphere, and the middle region of the prefrontal lobe
(forehead region). Video and still-photo data were carefully examined to identify these three
areas, together with the field notes taken during the experiment by the researcher. Diagrams
displaying changes in oxyhemoglobin (oxy-Hb), deoxyhemoglobin (deoxy-Hb), and total
hemoglobin (total-Hb) using the FOIRE software (Figure 3) were produced, in order to discard
any data at particular channels that showed the involvement of artefacts which may have been
due to a jerking movement of the participant or probes popping out of the holder sockets.
Despite its excellent temporal resolution, fNIRS lacks spatial resolution (Toga and Marital,
2002), so we needed to include 3 to 5 channels of data to cover the designated three regions of
the brain. Broca's area included channels 17, 25, and 34 while its right hemispheric counterpart
included channels 9, 18, and 26. The five channels of 21, 22, 30, 38, and 39 covered the mid
pre-frontal region.

FOIRE-3000 shows three different fNIRS parameters (oxy-Hb as the red line in Figure
3, deoxy-Hb as the blue line, and total-Hb as the green line). Based on the findings that fNIRS
oxy-Hb exhibits a high correlation with the blood oxygeneration level dependent (BOLD) signal
used in fMRI (e.g., Ryo et al., 2008; Shimoyama et al., 2006; Toronov et al., 2007), and the data
produced may therefore be used to represent all three parameters (Fukuda, 2009), this study
focuses solely on oxy-Hb. The oxy-Hb change in Figure 3, for instance, can be interpreted in the
following way: (1) that the oxy-Hb red line stays stable for the first 33 seconds (one instruction
plus ten stimuli slides, each lasting for 3 seconds) of simply reading aloud L2 words, (2) in the
next 33 seconds it goes up in the L2-L1 translation task, (3) in the next 33 seconds it gradually
goes down when the task is to simply read aloud L1 words, and (4) in the final 33 seconds when
the task is to translate L1 words into L2 it goes up again but declines towards the end of the task,
which continues into the rest task at the end.
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0.200-

-0.200-
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-0.400 -
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Figure 3. Trend diagram of oxy-Hb, deoxy-Hb, and total-Hb (the x-axis representing
seconds and the y-axis showing fNIRS mM-mm data)
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For the second stage of analysis, the fNIRS data during the translation task were
subtracted from the fNIRS data in the preceding (reading-aloud) rest-task, which was originally
devised by Peterson et al. (1988) using PET scanning and has since been widely used in
neuroimaging studies. In this way the precise difference in fNIRS between the reading-aloud
and translation tasks could be pinpointed. This is based on the premise that everything else in
speech production is the same, that is, visually recognizing a stimulus item, accessing one's
mental lexicon for the meaning, seeking a translation equivalent either in L1 or L2 (mostly
observed in the inferior frontal gyrus in the left hemisphere of the brain; 19, 39, 37, 42, 22, and
40 on the Brodmann map of the brain), and verbally articulating it (BA 19, 39 and 44).

For an example, the fNIRS data from a 30-second task of translating 10 Japanese
words into English were subtracted from the fNIRS data taken from a 30-second task to simply
read aloud 10 Japanese words and were identified as Data 1. In other words, the difference
between the two tasks in fNIRS data was calculated. Data 2 were obtained in exactly the same
way but using a reverse translation sequence: the fNIRS data from a 30-second task of
translating 10 English words into Japanese were subtracted from the data from a 30-second task
of reading out 10 English words. Data 1 therefore represented what it cost the brain to translate
L1 Japanese into L2 English whereas Data 2 signified what the brain required to translate L2
English into L1 Japanese. A comparison of these two sets of data in three different regions of the
brain was carried out (repeated measures in general linear models using PASW SPSS software)
to reveal if there was any obvious impact on the brain in attempting L1-L2 tasks, from
participants' immersion experiences in L2 environments.

Chapter 3 Results

3.1 Behavioural data

Table 3 shows the number of words that were correctly responded to during the
experiment, and these were compared between the two groups for each task, resulting in no
statistical differences at all.

Table 3. Behavioural data

Task type group N M SD | t-value df p
Reading aloud 10 1 12 9917 0.289 | 0.979 22 0.338
2 12 9500 1.446
1 12 9.667 0.779 | 0.000 22 1.000
words into English 2 12 9.667 0.651
Reading aloud 10 1 12 9.667 0.492 |-0.920 22 0.368

2
1
2

Japanese words

Translating 10 Japanese

12 9.833 0.389
12 9417 0900 | 0.579 22 0.568
12 9.167 1.193

English words

Translating 10 English

words into Japanese
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Participants in both groups read out or translated the printed words with over 90% of
accuracy, irrespective of the task sequence. This performance is rather impressive, considering
the time constraint imposed on participants with each stimulus word shown on the computer
screen for only 3 seconds at a time. This equally high performance, suggests the same level of
task difficulty for both groups, eliminating the possibility that any difference in brain activation
Is caused by the task itself.

A repeated measures of ANOVA was also carried out to examine any accuracy
differences on the four tasks between the two groups. The results revealed neither a main effect
(F(3, 20)=2.516, p>.05, partial eta squared=.274) nor an interaction effect (F(3, 20)=.519, p>.05,
partial eta squared=.072). This denotes that there were no task differences between the groups in
terms of accuracy.

3.2 fNIRS data
3.2.1 An overall trend

The descriptive data (see an example of fNIRS data from a participant in Appendix 4)
are summarized in Table 4.

A GLM (mixed between-within subjects ANOVA) revealed statistically significant
main effects among task types (F(5, 500)=1470.22, p<.01, partial eta squared=.936). This
signifies that when both groups' fNIRS data were examined, the following result became
apparent. First, the J-E (L1-L2) translation task in the right region of the brain required the most
hemoglobin flow. This was followed by the J-E (L1-L2) task in the left region, the E-J (L2-L1)
task in the middle region, the J-E (L1-L2) task in the middle region, the E-J (L2-L1) task in the
right region, and the E-J (L2L1) task in the left region as displayed in Figure 4. In other words,
the English into Japanese (L2-L1) translation task required a much lower amount of cerebral
blood flow than the Japanese into English (L1-L2) task in the left and right regions of the brain
whereas the opposite tendency was the case with the middle brain region.

Table 4. fNIRS descriptive data

brain region in  translation
the frontal lobe  sequence group N M SD
1 253 0.00810 0.00419

JE 2 253 0.00910 0.00729

LEFT 1 253 -0.01210 0.00507
E-J 2 253 -0.00260 0.00565

1 253 -0.00020 0.00283

JE 2 253 0.00350 0.00315

MIDDLE 1 253 0.00280 0.00520
E-J 2 253 0.00870 0.00531

1 253 0.01110 0.00438

JE 2 253 0.00930 0.00643

RIGHT 1 253 -0.00720 0.00297
E-J 2 253 0.00060 0.00575
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Interaction effects (tasks-groups) were also observed (F(5, 500)=72.76, p<.01, partial
eta squared=.421). A post-hoc Tukey revealed no statistical differences in fNIRS data between
the middle and right regions of the brain (Figure 5). This signifies that Broca's area is the least
activated when compared with the middle and right regions where no statistical differences to
one other were observed.

These results are based on the data taken from both Group 1 and Group 2 in their
translation tasks and in order to examine the fNIRS data in more depth, within-group and
between-group analyses were carried out as described below.

0.012
0.01

0.008 -
0.006 A
0.004 -
0.002 ~
0 7 T - T T

-0.002
-0.004
-0.006
-0.008

-0.01

Figure 4. fNIRS data (mM-mm) among tasks
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Left Middle Right

Figure 5. fNIRS data in three brain regions

3.2.2 Within-group analysis
3.2.2.1Group 1

Group 1 includes 12 participants with the experience of being immersed in the L2
milieu for over one year. Repeated measures of ANOVA showed significant differences in the
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three brain-regions when subjects undertook the two translation tasks: F(5, 248)=2153.89, p<.01,
partial eta squared=.978. A post-hoc Bonferroni found statistical differences among all six
fNIRS data—the greatest being the J-E task (the right region of the brain > the left region),
followed by the middle region (E-J task > the J-E task), then the E-J task (the right region > the
left) as shown in Figure 6.

0.01500
0.01110
0.01000 0.00810
0.00500 0.00280 . l
Left E-J RjghtE-] MidJ-E MidE-J Left I-E RightJ-E
-0.00500
-0.01000 . -0.00720

Figure 6. G1 within-group analysis

A few distinct features can be seen in the Bonferroni analyis. First, the right
hemisphere displays more activation than Broca's area, irrespective of the type of translation.
The task of translating Japanese words into English (J-E or L1-L2) requires more hemoglobin
flow than the reverse translation task (E-J or L2-L1) in both regions of the brain. A completely
opposite tendency was observed, however, in the middle of the frontal lobe where the L2-L1
(E-J) translation task requires more cerebral blood flow than the L1-L2 (J-E) task.

3.2.2.2 Group 2

Group 2 includes 12 participants with the experience of immersion in the L2
environment for less than a few months or none at all. Repeated measures of ANOVA showed
significant differences among the three brain regions and two translation tasks: F(5,
248)=490.69, p<.01, partial eta squared=.908. A post-hoc Bonferroni revealed no statistical
differences among the following three tasks of the J-E task in the left region, the E-J task in the
middle region, and the J-E task in the right region in fNIRS. The above three tasks, however,
required more brain activation than the E-J task in the left and right regions along with the J-E
task in the middle brain region. In addition, the J-E task in the middle region needed more
hemoglobin flow than the E-J task in the right region which in turn needed more hemoglobin
flow than the E-J task in the left region (Figure 7).

Three distinct features were observed in the results: (1) higher fNIRS data were
recorded in the J-E translation task than in the E-J translation task in both hemispheres, which
signifies that L2 production costs more energy than L1 production, (2) the middle region in the
pre-frontal lobe is affected differently by the translation tasks, than Broca's area and its right
hemispheric counterpart. In other words, in the middle brain region when observed on the E-J
translation task, requires more hemoglobin flow than the J-E translation task, and (3) the E-J
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translation task in the middle brain region produced the same level of oxy-Hb as J-E tasks in
Broca and its right hemispheric counterpart in G2, whereas in G1 the fNIRS data in the J-E task
in the middle region was significantly lower than the results from the J-E task from both sides of
the brain.

0.01 00087 0.0091 0.0093

0.008
0.006
0.0035
0.004
0.002 0.0006 I
0 L |

Left l RightE-J MidJ-E MidE-J] LeftJ-E RightJ-E

-0.002

-0.004 -0.0026

Figure 7. G2 within-group analysis

3.2.3 Between-group analysis

The fNIRS data of G1 and G2 are compared in the three brain regions on two types of
translation tasks by carrying out six independent-samples t-tests. The results are presented in
Table 5 and Figures 8 to 10.

Table 5. Between-group comparison in each task and brain region

region task group N M SD t-value df P

Japanese to English ; iii 38821 88335 -1.942 504 p>.05

LEFT 1 253 0.0121 0.0051
English to Japanese e ' -19914 504 p <0l

2 253 -0.0026 0.0057

1 2 -0.0002 10028
Japanese to English 5 22 0 8(());)5 g 0032 -13.968 504 p <01

MIDDLE 1 253 0'0028 0.0052
English to Japanese ' ’ -12.677 504 p<.01

2 253 0.0087  0.0053

. 1 253 0.0111  0.0044
Japanese to English 2 253 0.0003  0.0064 3.622 504 p<.01

RIGHT 1 253 0- 0072 0.0030
English to Japanese e : -19.266 504 p<.01

2 253 0.0006  0.0058

An overall trend shows that more brain activation was seen in G2 than in G1 with two
exceptions. The first exception involved no difference between the groups in the translation task
of Japanese into English in Broca's area (Left J-E G1 = G2 in Figure 8). The second exception
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concerned a higher amount of cerebral blood flow in G1 than G2 on the task of translating
Japanese words into English in the right region (Right J-E G1 > G2 in Figure 8).

0015

0.0111

0.0091
0-01 0.0081

0.005 0.0033

" -0.0002

L FEG] L TEGE il W JEGMd TEEMIEJGIMIEIG Rt E RightTE
31 GZ GZ

£.005 -0.0026

-0.0072
-0.01

-0.0121

0.015

Figure 8. A comparison of two groups on all tasks and brain regions

»
- 10 ¥

Figure 9. A comparison of oxy-Hb fNIRS data between G1 (left) and G2 (right) with the top
colour patch being the middle region, the left being Broca's area, and the right its homologous
site in the right hemisphere on the English (L2) into Japanese (L1) task (red indicating the most
activated area and dark blue the least activated)
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Figure 10. A comparison of oxy-Hb fNIRS data between G1 (left) and G2 (right)
in the Japanese (L1) into English (L2) task

Chapter 4 Discussion

While behavioural results showed a comparable performance in terms of accuracy
rates between the two groups, the fNIRS data showed both similarities and differences between
the two groups examined (Figure 9). For both Group 1 with the L2 immersion experience for
over a year and Group 2 with less than a few months immersion experience, the fNIRS results in
Broca's area and its right hemispheric counterpart were identical in both groups where increased
cerebral blood oxygenation patterns were observed in the J-E (L1-L2) task when compared to
the E-J (L2-L1) task. The two groups were also similar in the greater amount of activation in the
middle region of the frontal lobe during the E-J (L2-L1) task than the activation seen during the
J-E task. An additional similarity revealed itself in the fNIRS data: the J-E task > Mid J-E >
Right E-J > Left E-J. The last similarity shared by the two groups was the degree of fNIRS data
in the L2-L1 translation task—the middle frontal lobe showed the highest oxy-Hb flow,
followed by the right hemisphere and then Broca's area.

Four differences between the two groups arose as well. The first difference was that
increased oxy-Hb was detected more often in Group 2 than Group 1 with two exceptions: (1)
there were no group differences in the J-E task in Broca's area (Left J-E G1 and Left J-E G2 in
Figure 11) and (2) there was more brain activation in Group 1 (Right J-E G1) than Group 2 in
the J-E task in the right hemisphere (Right J-E G2). The second difference appeared in the
fNIRS data in the J-E task where Broca's area (Left J-E G1) needed less oxy-Hb than its right
hemispheric counterpart in Group 1 (Right J-E G1) while there was no difference between the
hemispheres in Group 2 (Left J-E G2 and Right J-E G2). The third difference was that for
Group 1 during the E-J task, the middle pre-frontal lobe (Mid E-J G1) was less activated than
during the J-E task in Broca's area (Left J-E G1) whereas there was no such difference in Group
2 (Mid E-J G2 and Left J-E G2). Fourthly, compared to Group 2, the group with a longer L2
immersion period needed less activation energy in all the three regions of the brain during E-J
(L2-L1) conditions.
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Figure11. Rearrangement of fNIRS data in Figure 8

If we take the stance that Group 1 with its longer L2 immersion experience, is the more
advanced L2 learners' group it is possible to interpret the above results from a developmental
perspective in the following manner. Initially, L2 learners (Group 2) find the task of translating
an L2 (English) word into L1 (Japanese) easier than the reverse. During the relatively easier E-J
task, the activation level is the lowest in Broca's area, followed by the right hemispheric region
and then the middle region (highest activation). Meanwhile, in undertaking the more demanding
task of L1-L2 (J-E) translation, the activation of Broca's area is equivalent to that of its right
hemispheric counterpart, both results being statistically higher than that of the middle region
(Broca = right > middle). After being immersed in an L2 environment for more than a year, L2
learners from Group 1 still find the E-J task easier than the J-E task and the comparative
activation level order remains the same as before: middle > right > Broca's area. Despite the
activation order remaining the same, the actual fNIRS data showed a significant decrease in all
of the three regions of the brain on the E-J task. This signals that the three brain regions needed
less oxy-Hb in an easy E-J translation task as the L2 improves. Meanwhile, in the more
demanding task of translating Japanese into English, the activation level order changes from
[Middle < Broca = Right] to [Middle < Broca < Right] as one's L2 skill progresses. A careful
look at the fNIRS data discloses a decrease of activation in the middle regions, no change in
Broca's area, and an increase in the right region.

This summary highlights a sharp contrast in brain activation, depending on which
translation type we look at. When the focus is placed on the task of translating L2 words into L1,
a better L2 leads to a lower overall level of activation in all three regions of the brain, leaving the
activation level order unchanged, that is [Broca < Right < Middle]. Meanwhile, as L2 skills
progress, under the J-E translation task the activation level order undergoes a slight change from
[Middle < Broca = Right] to [Middle < Broca < Right]. This is due to the differential
involvement in the J-E task by the three brain regions, that is, there is more right hemispheric
involvement, less in the middle area and no change in Broca's area. Simply put, as one's L2
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improves, Broca's area’s level of activation stays the same but the middle region becomes less
activated and more activation takes place in the right region in the J-E condition whereas overall
activation is lowered in all of the three regions in the E-J condition. The order of oxy-Hb flow
level stays at [Broca < Right < Middle] in the E-J task, but in the J-E task the order changes from
[Middle < Broca = Right] to [Middle < Broca < Right] as one's L2 progresses.

So far this research has examined group averages, but in the second language
acquisition and attrition field huge individual differences exist among L2 learners (i.e., De Bot,
2005, and Skehan, 1989). In order to address this issue, one participant in the supposedly more
advanced group (Group 1) has been chosen in an attempt to compare his results with the Group
2 average - Group 2 being composed of L2 learners without extensive exposure to L2 in an
immersion situation. We chose an extreme case (participant) whose onset age (OA) for L2 was
the earliest and the length spent in the L2 environment (LOR) the longest, in an attempt to
explore whether more advanced developmental traits were observed in this participant in
relation to the Group 1 and Group 2 averages. Figure 12 summarizes the comparison in the J-E
task.

O@G2 average 51 average B G participant

0.0300

Broca Right

-0.0300

Figure 12. Comparison of a G1 participant with G1/G2 averages

Figure 12 shows that in the middle region of the brain, there is less developmental
activity in the fNIRS result in Group 2 (less advanced L2 learner group) than in Group 1 (more
advanced group) similarly reflected in the more advanced L2 learner's fNIRS data from Group 1.
A similar developmental change is also seen in the right region of the brain, though the trend is
in an increasing direction. However, Broca's area, which is linguistically recognized to be the
most crucial area, did not show the same activation level in both groups, nor a similar
developmental change as exhibited by the other two regions. In short, this individual case
represented a similar trend observed to Group 1 and Group 2 averages and was this further
supported by the data from the middle and right regions of the brain, but was not the same in
Broca's area. This calls for studies involving more advanced L2 learners to confirm our results. It
also draws our attention towards individual differences as opposed to group averages.
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Another issue to be further investigated is the role played by the middle region of the
brain. Our data in this study (Figure 11) are inconclusive in deciding whether this region of the
brain serves some linguistic function or not. This is partly because the middle region displayed a
developmental trend similar to Broca's area and its right hemispheric counterpart. This trend was
shown in a decreased oxy-Hb flow in the more advanced L2 learners on a relatively easier E-J
(L2-L1) task. Additionally the middle region showed brain activation levels in both tasks
completely different to those in the other two brain regions: the J-E (L1-L2) task required more
oxy-Hb flow than during the E-J (L2-L1) task on both sides of the brain while the fNIRS data in
the middle region was in the order of the E-J task (more flow) and J-E, irrespective of the L2
proficiency. In order to clarify the inconsistency revealed in this study, we need to perform both
linguistic and non-linguistic tasks on the same participants to collect data in the middle region of
the frontal lobe. At the same time, the results of a task that involve only one language may
provide some clues on this matter, since Dehaene et al. (1997) report in their fMIR study that the
anterior cingulate region (a slightly deeper area of the brain than the middle region we
examined) is active only in foreign language processing, suggesting the conscious use of
metalinguistic knowledge by L2 learners.

Chapter 5 Conclusion

This study demonstrates that the impact L2 immersion exerts on translation task
performance varies, depending on what aspect of the performance we examine. When
performance accuracy comes into focus, the L2 immersion experience makes virtually no
impact at all. However, when the focus is shifted to the amount of brain activation, such
experience contributes to significantly less energy being expended in all brain regions observed
in the translation task of L2 English to L1 Japanese. This suggests that immersion in the L2
region for over a year leads to the automatization of translating L2 words into L1. This positive
impact, however, gains only partial support from the results of the L1-L2 (J-E) translation task
where the brain is less activated in the middle region alone. Broca's area and its homologous site
in the right hemisphere, however, show the same amount of activation or sometimes a
heightened amount. Thus, our answers to the first two research questions are not
straightforward:

Research Question 1: Does the experience of immersion in the L2 environment for over
a year have an impact on brain activation in lexical processing when compared to L2
learners without such an immersion?  Performance accuracy is not affected by
immersion.

Research question 2: If the answer to the first question is affirmative, which part of the
frontal lobe is affected the most in each proficiency group - Broca's area, its homologous
site in the right hemisphere or the middle of the prefrontal region?  All three regions in
the brain in the L2-L1 task as well as the middle region alone in the L1-L.2 task are
affected positively and were activated more easily. Broca's area and the right hemispheric
area displayed little effect from L2 immersion experiences in the L1-L2 task.
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In the query into L2 immersion effects on brain activation, a few incidental findings
were made. The first involves the relative easiness of the L2-L1 over the L1-L2 translation task.
The second finding concerns the relation of the task type and activation level in different brain
regions: in the L2-L1 task, brain activation is the highest in the middle region followed by the
right and left hemispheric regions for all L2 learners in this experiment, while in the J-E task the
order changes from [Middle < Broca = Right] to [Middle < Broca < Right] as one's L2
progresses. This leads to the third finding that in the linguistic task of translation, not only
Broca's area but also the right hemisphere and the middle brain area play some role. This does
not imply that each region’s involvement is similar to each other in quality because the activation
of the middle region is the highest on the relatively easier task of translating L2 into L1 but the
lowest in the more demanding L1-L2 task, while the right hemispheric activation is either equal
to or more than that of Broca's area which is central to human speech control.

Despite these findings, the current study is not without shortcomings. Considering the
fact that the middle region in the brain is relatively less explored in the literature (i.e., De Groot,
2011; Hagoot, 2005) and that our fNIRS data in the middle region did not show the same
consistency as the data from the left and right hemispheres, it is possible that the middle region
of the brain plays a qualitatively different role to the other areas of the brain that we looked at.
This implies that data from the middle region should perhaps not be used in a comparison to
Broca's area data, for instance. Secondly, some neuroimaging (both fNIRS and fMRI) studies
such as Buchweitz et al. (2009), Dehaene et al. (1997), Kovelman et al. (2008), Ryo et al.
(2008), Tan et al. (2001) report right hemispheric involvement in linguistic processing of
various degrees in bilinguals as well as monolinguals using logographic languages such as
Chinese and Japanese. These findings should be scrutinized further to help explain the query
generated in this study—why more advanced L2 learners display an enhanced activation in the
right hemisphere in the L1-L2 translation task. Thirdly, in order to reach a firmer conclusion, we
need to test an additional group of more advanced participants whose onset age is earlier and
length of time spent in the L2 environment longer. If such participants were to show a decrease
rather than an increase in oxy-Hb in the right brain region as we observed in Group 1,
(remembering that the oxy-Hb shows a U shape from the novice to intermediate and advanced
L2 learners), it could be interpreted in the following way. Before automatization, the brain
activation in intermediate L2 learners may become even more heightened than in L2 novice or
advanced learners as reported by Ohishi (2006) and Ishikawa (2009). The fourth shortcoming to
consider is that the indicators of participants' L2 proficiency such as TOEFL scores should be
obtained in addition to the participants' self-evaluations used in this study, so that target groups
could be more easily identified as novice, intermediate, or advanced L2 learners for a higher
validity. Lastly concerned is the research design: the present study used a cross-sectional design
by comparing groups, but perhaps an extended longitudinal investigation addressing the course
of L2 acquisition is also necessary to reveal real-life mechanisms through different the fields of
psycholinguistics and neuro-psycholinguistics.

Thus, in answer the third research question of whether or not fNIRS proves to be
useful in the linguistic query to find the answers to research questions 1 and 2—the present study
illustrates the validity of how fNIRS, a brain-imaging technique, can be utilized in exploring a
linguistic query from a different perspective. fNIRS is therefore a particularly promising tool for
linguists in that it can be more easily used with young children whose language and cognitive
development are still underway, as a safe, non-invasive alternative which still allows participants
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to be able to move (unlike other brain scannning techniques) as seen in fNIRS experiments on
infants (e.g., Meek et al., 1998; Pena et al, 2003; Taga et al., 2003; Watanabe et al., 2010).
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Appendix 2 An example of the language background questionnaire
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Appendix 3 Letter to parents and assent form

Seeking volunteers to participate in brain-language research project
Hideyuki Taura, Ph.D
Ritsumeikan University
Sep 1, 2010
To the parents of  XXXOXXXXXHXXXKXX

LEIS (Language Education and Information Science post-graduate course at Ritsumeikan University, Kyoto)
has been awarded an intra-university research grant to undertake a new project to explore the bilingual language
acquisition mechanism using newly developed brain technology - near-infrared spectroscopy (we have been granted
permission for this research project by Review Committee for Research Ethics Involving Human Subjects,
Ritsumeikan University).

This project is unique in that it is the first of its kind in the world to explore bilingual language acquisition
using NIRS. NIRS has already been utilized in Japan on over 1,000 monolingual Japanese children attending local
Tokyo elementary schools. The research findings at XXX and XXX would no doubt contribute to the field of
bilingual language acquisition along with providing feedback to your institution in terms of effective language
learning.

Both headmasters - Messrs. XXXXXXXXX - have agreed to conduct this research at XXXXX as long as
parents' consent is granted. It would be greatly appreciated if your children who have been exposed to two languages
from early on, i.e. before the age of 10 (G1 to G12 at XXX, or either returnee or international marriage bilingual
students at XXX) could participate in this project.

If your children are willing to volunteer, please fill in the separate assent form and drop it into a box at the
information centre by 4pm Sep 10 (Fri), 2010. We will contact you to notify the exact time and date of your
appointment. We are looking forward to seeing as many children as possible from XXXXX.

[research]

<place> XXXXX (Room 101, used to be called SSC)

<experiment> Approximately 1 hour in length
1. Questionnaire on child's language background and right or left handedness
2. Language dominance test (5 minutes)
3. NIRS experiment (a 10-minute long word association game with probes on)

*NIRS is the safest brain scanning device which observes blood flow by projecting  totally harmless
near-infrared light onto one's head, and research has been even done with newly-born babies with no side effects
whatsoever.

4. We'llimmediately stop the experiment if your child feels uncomfortable. In case of

anything unforeseen arising on the way to school or during the experiment, we will cover insurance costs for
each child.
<time>2010.9.13 - 2010.10.3 (2 weeks) & 2010.10.23 - 2010.10.31(except for Oct 30)
<token of gratitude> 5,000 yen worth of book vouchers (including transportation)
<privacy> Collected data are publicized as group averages, never in a form of a particular  individual being
identified.
[contact] Any questions or queries may be directly addressed to Prof. Hideyuki Taura.

Language Education and Information Science, Ritsumeikan University.

E-mail: htaura@fc.ritsumei.ac.jp
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Assent form (Please give this to your homeroom teacher before Sep 10, 2010)
I agree that my child(ren) may participate) in the brain imaging research.

Please circle in red (D, @), and @ to show three choices of day/time.
(In case preference times overlap, we'll contact you before finalizing the time.)

2010.9.20 (public holiday) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30

9.21 (Tue) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.22 (Wed) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.23 (public holiday) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.24 (Fri) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.25 (Sat) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.26 (Sun) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.27 (Mon) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.28 (Tue) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.29 (Wed) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
9.30 (Thur) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.1 (Fri) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.2 (Sat) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.3 (Sun) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.4 (H) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.19 (Tue) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.20 (Wed) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.21 (Thur) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.22 (Fri) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.23 (Sat) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.24 (Sun) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.25 (Mon) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.26 (Tue) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.27 (Wed) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.28 (Thur) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.29 (Fri) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.30 (Sat) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
10.31 (Sun) 9:00, 10:30, 12:00, 1:30, 3:00, 4:30
Student's grade and name : Gr( ) Name ( )
Parent's name (block letter): @ or signature
Contact phone number: e-mail:
Date:
for you to keep
First choice : time day
Second choice : time day
Third choice :  time day

Contact info
Prof. Hideyuki Taura, Ritsumeikan University (E-mail: htaura@fc.ritsumei.ac.jp)
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(only the first 5.2 seconds' worth of data out of 33 seconds)

Extraction from J-E to  Extraction fromE-J to  Extraction from J-E to  Extraction fromE-J to Extraction from J-E to  Extraction fromE-J to

J-J read-aloud tasks

E-E read-aloud tasks

J-J read-aloud tasks

E-E read-aloud tasks

J-J read-aloud tasks

E-E read-aloud tasks

Time Left Left Middle Middle Right Right
(sec) J-E translation E-J translation J-E translation E-J translation J-E translation E-J translation
0 0.009807865 -0.060551921 -0.022522718 0.010569554 0.002915233 0.028980493
0.13 0.008924802 -0.067424536 -0.026840347 0.011009609 0.004488478 0.02685531
0.26 0.020128211 -0.06556791 -0.022435201 0.008385384 0.011712909 0.032869717
0.39 0.023180624 -0.060336987 -0.01115213 0.005151862 0.020547311 0.026325405
0.52 0.024147351 -0.05850178 -0.009952032 0.008158458 0.03401351 0.029020369
0.65 0.014879167 -0.061526855 -0.014007348 0.005977577 0.025706639 0.048824747
0.78 0.010368049 -0.072603344 -0.020117957 -0.0010091 0.008420179 0.027578036
0.91 0.006550968 -0.075327595 -0.021907383 -0.003454071 0.013210594 0.030745804
1.04 0.018231551 -0.082930565 -0.01975494 -0.000780523 0.005569756 0.015670121
1.17 0.015572428 -0.058856388 -0.015147489 0.009219056 0.022550464 0.011997799
1.3 0.02017202 -0.076597909 -0.013192522 0.012968122 0.026386986 0.037428776
1.43 0.018485785 -0.073680123 -0.013409025 -0.001296389 0.020348738 0.019222796
1.56 0.009935975 -0.08020254 -0.023854345 -0.002090621 0.007066489 0.030211051
1.69 0.007852634 -0.084587157 -0.029072678 -0.009257693 0.001464963 0.00832653
1.82 0.009583235 -0.067657768 -0.024950206 0.001216226 0.003205786 0.009999414
1.95 0.015550554 -0.063676477 -0.018864561 0.014115626 0.020314475 0.036666811
2.08 0.026711801 -0.079620222 -0.016060346 0.008967621 0.026128898 0.028535247
2.21 0.013168494 -0.078737438 -0.022848308 -0.007634002 0.033154031 0.023965378
2.34 0.01557082 -0.084241371 -0.032369864 -0.016683733 0.025997311 0.017321289
2.47 0.018204669 -0.066943984 -0.033099345 -0.008474189 0.007752637 0.015528619
2.6 0.02212741 -0.066670319 -0.02513833 0.005356628 0.003525983 0.03819704
2.73 0.029122572 -0.076050937 -0.02126838 -0.007265258 0.018035879 0.036709467
2.86 0.021369477 -0.084034741 -0.01734528 -0.007776886 0.018855711 0.012181957
2.99 0.024100939 -0.09015741 -0.01726461 -0.008083177 0.024730037 0.019069671
3.12 0.00676626 -0.070609053 -0.02265454 -0.000508339 0.021043947 0.010589381
3.25 0.002570728 -0.062771161 -0.032011962 0.003049505 0.014423878 0.03520453
3.38 0.009423336 -0.063462932 -0.02579695 0.006048507 0.007180621 0.048151652
3.51 0.002561847 -0.06917874 -0.025769907 -0.010650623 0.027057877 0.025049051
3.64 0.010032813 -0.079617779 -0.021911454 -0.009566861 0.018434316 0.023052514
3.77 0.004527867 -0.061709504 -0.023576915 0.002211523 0.019900223 0.033922534
3.9 0.016567528 -0.054867784 -0.017844129 0.002781749 0.015111019 0.049258014
4.03 0.004167776 -0.06808267 -0.030219668 0.008264953 0.020961801 0.041861335
4.16 0.013025582 -0.074683805 -0.024316323 -0.009742421 0.014095138 0.023745776
4.29 0.010945718 -0.066933036 -0.020398229 -0.010627573 0.01603049 0.025237799
4.42 0.013731698 -0.056008776 -0.020645243 0.002382684 0.016060959 0.042895615
4.55 0.011992276 -0.05717061 -0.020035219 0.00200575 0.019686848 0.044825952
4.68 0.011036277 -0.062199612 -0.018352807 0.007891864 0.02073893 0.047751009
4.81 0.007449269 -0.078625321 -0.027564955 -0.001747119 0.011767487 0.025819321
4.94 -0.001784146 -0.068601429 -0.023262941 0.000292624 0.016712815 0.027137776
5.07 -0.00215425 -0.070002715 -0.022469866 0.010278195 0.014527808 0.046437402
52 0.004973531 -0.068645378 -0.018980986 0.003190864 0.015865494 0.04010282
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