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Abstract

This study attempts to examine if functional near-infrared spectroscopy (fNIRS) can detect the phenomenon of
bilingual language attrition to an equal or superior degree to conventional linguistic approaches. For this purpose a
combination of a writing task and verbal fluency task (VFT) were used to collect linguistic and neuroimaging data
respectively, from an early Japanese-English bilingual over a period of three years. Special focus was placed on the
effect of her drastically reduced English after her return to Japan. The linguistic examination included writing skills,
accuracy, fluency, and lexical analyses based on collected writing samples while neuroimaging analyses were
conducted on oxygenated hemoglobin signals obtained during the VFT. The results revealed quite contrasted findings
- the linguistic approach detected little attrition other than a slight lexical density decline, whereas the neuroimaging
analyses in Broca's area indicated that English attrition was evident in the second year and the participant's
dominance of English had disappeared in the third year on the letter task.
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1. Introduction
1.1 Neurolinguistic research on bilingual attrition

Enquiry into the mechanism of bilingual language processing on how two languages are networked in the brain has
attracted a number of researchers. Ameel et al. (2009), for instance, looked into how semantic convergence is
manifested in the bilingual mental lexicon, using a conventional psycholinguistic method of labeling pictures. As a
branch of bilingual research, non-pathological language attrition has been explored over the past few decades as a
phenomenon of a decline or loss of ability or competence in one of the two languages bilinguals possess once they are
removed from a particular language environment (e.g. Francis, 2011; Guel, 2004; Kopke, 2004; Pradis, 2008; Scherag,
2004; Schmid et al., 2004; Taura, 2008).

With the recent advance of brain-imaging technology, linguists such as Rossi et al. (2012) had taken a
neurolinguistic approach to identifying where the language processes are taking place in the brain. Green and
Abutalebi (2008) and Marsh et al. (2008) share similar opinions in stating that the brain-imaging technique promises a
better understanding of language development in the brain. Bilingual language acquisition has also been explored
under the neurolinguistic discipline umbrella. Moreno et al. (2008) reviewed a large body of event-related potentials
(ERP) research covering from bilingual phonological, lexico-semantic, and morphosyntactic processes to
code-switching, then they suggested the potential direction ERP research should take to clarify the issues unsolved by
bilingualism researchers. A functional near-infrared spectroscopy (fNIRS, henceforth) has also been used in this line of
inquiry. Qi et al., (2010), for instance, examined Chinese-Japanese bilinguals and found that bilinguals suppress
semantic information in the left dorsolateral prefrontal cortex whereas the right homologous area directs attention to
the target language. Petitto et al. (2012), conducting an fNIRS experiment, put forward the ‘Perceptual Wedge
Hypothesis' to explain how bilingual experiences alter neural and language processing in an advantageous way for
bilinguals. It is true that there have been some clinical studies that looked at bilingual aphasic patients, using
neuroimaging techniques (e.g., Ansaldo et al., 2008). However, to the best of our knowledge, no non-pathological

attrition studies have taken a neuroimaging approach on bilinguals to date.

1.2 fNIRS use in language studies

Among the variety of brain imaging techniques, the non-invasive functional neuroimaging method known as
fNIRS has proved to be easier to use and sensitive to detecting small substance concentrations, with a high temporal
resolution (Toga and Mazziotta, 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 that penetrates the brain.
Other brain imaging techniques including fMRI (functional magnetic resonance imaging), 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 fibre 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 a
fluorescence method and the result is similar to a PET scan without the disadvantage of radioactive tracers. Temporal

and spatial resolution differ vastly from one brain imaging method to another: high temporal resolution is obtained
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using the MEG eletrophysiological method (starting from 1 millisecond) while hemodynamics-based techniques such
as fMRI (starting from 1 millimeter) 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
milliseconds, despite a low spatial resolution of about 3 cm. It is also recognized that fNIRS data are consistent with
the fMRI Blood Oxygenation Level Dependent signals to predict hemispheric dominance on linguistic tasks (e.g.,
Kennan et al., 2002).

fNIRS has been widely used and proved to be useful in various academic disciplines (see Ansaldo et al., 2012 for
summary). In the field of linguistics, fNIRS is superior to other functional neuroimaging techniques from the
participants' point of view in that it allows them to be seated in front of a computer screen without being placed in a
closed-in noisy tube-like machine as they do in an fMIR experiment, when they engage in a language task (for
overview see Gallagher et al., 2012 and Quaresima et al., 2012), particularly in children (e.g., newborns to adults in
Quaresima et al., 2012; pre-school children in Hidaka et al., 2012; elementary school children in Sugiura et al., 2011).
Such neuroimaging researchers as Ameel et al. (2009), Midgeley et al. (2009), Rossi et al. (2012), Sugiura et al.
(2011) successfully examined the first and second language network in the brain, which makes it a hopeful method for
fNIRS researchers to identify how early bilinguals' languages are processed.

In addition to monolingual language processing (e.g. Tupak et al., 2010; Quaresima et al., 2000), a number of
fNIRS studies have examined bilingual language processing (e.g., Kovelman et al., 2009; Midgeley et al., 2009; Oi et
al., 2010; Quaresima et al., 2010; Schrerer et al., 2012) using a verbal fluency task (VFT, henceforth) and found it to
be a useful tool. fNIRS studies using VFT also found that oxygenated hemoglobin (oxy-Hb) signals detected an
fNIRS increase in brain activation throughout a period of language stimulation and a subsiding at the end of the task
(Quaresima et al., 2012). In addition, a more advanced level of language meant that the speaker required less of an
effort to produce it and thus the language processing became more automatic, resulting in a decreased oxy-Hb level
(Saidi et al., 2013).

fNIRS has also been widely used in clinical settings to detect the language faculty (see Klumpp and Deldin, 2010
for overview) or how languages are processed, especially how words are retrieved, in the healthy ageing population by
researchers such as Heinzel et al. (2013) and Kahlaoui et al. (2012). The present enquiry into bilingual first language
attrition in young bilinguals is therefore a valid attempt to use a VFT and fNIRS equipment.

Abutalebi et al. (2009), after reviewing recent neuroimaging studies on bilinguals, suggested three future
directions which include (1) longitudinal studies to investigate the natural course of language acquisition, (2) studies
that focus on exposure rather than proficiency, and (3) cross-linguistic studies comparing linguistically distant
languages. In line with these suggestions, the present fNIRS study is a longitudinal case study examining how
language attrition occurs once language exposure is significantly reduced in an early bilingual whose languages,

alphabetical (English) and logographic (Japanese), are linguistically distant.

1.3 Research question

The literature review above led us to formulate the following research question:
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Can fNIRS study on bilingual first language attrition disclose what conventional linguistic approach
cannot reveal?

2. Method
2.1 Participants

The one female participant in this study was born and raised in the USA and attended local American school until
2010 when she turned 16;02, finished G9 and returned to Japan where for the first time in her life she attended a
Japanese school as a G10 student. During her stay in America, her school language was entirely English which was
also the sibling language between herself and her sister although her Japanese parents insisted on their addressing to
them in Japanese at home. They kept initially English as their communication language back: in Japan with occasional
code-switching into Japanese. This language choice, however, had reversed by 2012 when they mostly used Japanese
between them except for occasional code-switching into English.

In the fourth month after her return to Japan in October 2010 (INC 0.04 years), the first data were collected. When
the second and third data were collected, she was 17;06 (INC 1.04 years) and 18;05 (INC 2.03 years), respectively.
The Japanese school she goes to is unique in that it shares the same school site with an international school to create an
ideal environment for Japanese returnees to maintain their hard-won English. Being placed in the highest level English
class at her own Japanese school, she joins in the mainstream (1B) English class at the international school while other
academic subjects are all taught in Japanese at the Japanese school, using texthooks screened by the Japanese Ministry
of Education.

Each year this participant self-assessed her Japanese and English proficiency in the four skills of reading, writing,
listening, and speaking in comparison with NS with 1 being definitely inferior to NS, 3 equial to NS, and 5 definitely
superior to NS. She was also asked about her strongest language at the yearly experiments. These results are
summarized in Table 1.

Table 1. Language self-assessment

Strongest Japanese English
Year | Language | Reading Writing Listening Speaking | Reading Writing Listening Speaking
2010 [ English 2 2 3 3 3 3 3 3
2011 | English 2 2 3 3 2 -+ 3 2
2012 | English 3 3 3 3 3 5 5 3

Since she has been exposed to authentic Japanese and English on an everyday basis at school, it is presumed that
she is capable of validly self-evaluating her language proficiency. Upon return to Japan, she judged her English
proficiency equivalent to her counterparts in the USA in all of the four skills while she evaluated her Japanese oral
skills (speaking and listening) equal but literary skills (reading and writing) inferior to her counterparts in Japan. In
2012, two years later, she found that she had caught up in her Japanese literary skills equivalent to her Japanese
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classmates. In English, she found her writing and listening skills improving all the time in Japan to reach a higher
self-evaluated level than her English native-speaker friends. A post-hoc interview in 2013 revealed that she had
struggled in 2010 to catch up in Japanese since high school textbooks are full of new and difficult concepts and terms,
although by the end of the first year she had found herself not needing to make as much effort in Japanese as before.
Thus, her own judgement on her Japanese skills changed in a favourable manner from the second year.

Taking De Houwver's strict definition on bilingual first language acquisition (2009; 98) of (1) no time lag between
the baby's first hearing of Language A and Language B and (2) constant and regular exposure to the two languages,
we judged the participant in this study as an early simultaneous Japanese-English bilingual and decided to observe

English out the of her two first languages since her language environment changed from English to Japanese.

2.2 Tasks & data analysis
A writing test and a verbal fluency task are used in this study in an attempt to observe bilingual first language
attrition and retention from both linguistic and neuroimaging perspectives.

2.2.1 Writing task

To examine the participant's linguistic skills, written data in English were collected once a year over a three-year
period using the Test of Written Language (TOWL-3) by Hammill and Larsen (1996). The test simply asks the
participant to look at a prehistoric or futuristic picture, and create and write a story about it in 15 minutes. It employs
analytical and holistic measurements to examine three aspects of writing: (1) Conventional Component (CC) such as
punctuation, capitalization, and spelling, (2) Contextual Language (CL) such as syntactic, morphological, and
semantic elements, and (3) Story Construction (StC) such as logical and coherent story development and reader
impact. TOWL-3 also calculates an overall writing score by adding the three-subset scores and converting the sum
into a Quotient. Each writing sample was scored according to the scoring manual provided by TOWL-3 to first
produce raw scores for CC, CL, and StC and then to convert them into age-appropriate standard scores with 8-12
points indicating the native speaker average, which is set between 90 and 110 points in the overall writing scores of the
Quotient.

In addition to these TOWL-related scores, the writing samples underwent lexical, accuracy and fluency analysis.
The lexical analysis was carried out in terms of the number of different words (types) and the total number of words
(tokens) as well as the lexical density (TTR - type token ratio), using a software program the Complete Lexical Tutor
(http:/Avww.lextutor.ca/). The morphosyntactic accuracy analysis was based on Myers-Scotton's 4-M model (2002).

Fluency was measured with the number of morphemes, types (different words), and sentences produced per minute.

2.2.2 \krbal fluency task
To obtain fNIRS data from our participant, a linguistic task called a verbal fluency task (VFT) was administered
each year. The VFT included four sub-tasks: two Japanese and English letter tasks and two Japanese and English

category tasks. The blocked design with time durations for each year is shown in Figure 1.
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2010 VFT
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Figure 1. Blocked design for VFT in 2010, 2011, and 2012 and prompt letters and words

The English letter task "A', for instance, meant that the participant had to produce as many words as possible
beginning with the prompt letter ‘A’ such as ‘apple’ and ‘acorn’ while the category task of ‘animals' was that she had to
say as many names as possible such as ‘dogs' and ‘cats’. The selection of the prompt letters and categories for the
present study was based on such previous research as Schecklmann et al. (2008) and Ehlis et al. (2007) for the English
tasks and Arai et al. (2006), Kameyama et al. (2004), and Murai et al. (2004) for the Japanese tasks.

The blocked design, rather than event-related method, was judged better suited to this study in that precise
activation data are obtainable by subtracting the preceding rest task (as an arbitrary unit of mMmm) from the data of
the individual verbal fluency tasks. \When a person reads a letter or word on a computer monitor and says it aloud, the
area of the brain that is activated first is the primary visual cortex, followed by Brodmann's areas numbered 19, 39, 37,
and 42, then Wernicke's area, and finally Broca's area. When a person performs a VFT, the brain undergoes the
identical activation as just mentioned, when accessing the mental lexicon and retrieving the words prompted by the
cue letters or words. Thus, the subtraction of the fNIRS data taken during the rest task from the VFT fNIRS data can
be verified as representing the lexical access and retrieval in a particular verbal fluency task.

As an example, in 2010 (Figure 2) our participant began the VFT by saying aloud ‘A, B, C, D, E' repeatedly for 30
seconds as a rest task then upon a signal began the English letter task where she had to say' aloud as many words as
possible starting with 'F' for the first 20 seconds, ‘A" words for the next 20 seconds, and ‘C' words for the last 20
seconds. The prompt letters and words in the VVFT were similar across the three years as can be seen in Figure 2.
Meanwhile, the time duration varied from 30 seconds in the first rest task in 2010 to 15 seconds in 2012 while the
English letter task lasted for 60 seconds in 2010 but only 30 seconds in 2011 and 2012. In order to make a yearly
comparison possible, it was decided to use the last 15 seconds of fNIRS data in the rest tasks and to use the first 15
seconds of fNIRS data for each verbal fluency task in 2011 and 2012. However, in 2010 each VVFT lasted for 60
seconds, which was double the length of time in the other two years, therefore the data showing the most brain activity
during 15 seconds were visually identified by referring to the trend graph provided by the fINIRS machine (Figure 3)
for both VVFT tasks and rests, and they were subtracted in the same way as 2011 and 2012.
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rest task
read aloud
(30 sec) A.B.C.DE
Japanese letter ¢ task
20 3 . rest tas
(20 sec x3) | kizshi=va read aloud (30 sec) | a,iu,e0
rest task animals
read aloud : Japanese category|
(30 sec) | @h&0 (20 sec x 3) sports
1
English letter rest task colours
(20 secx 3) | F2AC read aloud (30 sec) | aiu.eo0
food
rest task English OT s
read aloud |™AB G DE nglish category e
(30 sec) (20 sec x 3) 1
countries

Figure 2. VVFT slides on the PC screen in 2010 (letter tasks on the left and category tasks on the right)

b 4

LI W

I—) second

Figure 3. Trend graph showing15 seconds identified with the most activation

The actual subtraction proceeded in the following manner. The fNIRS data taken from the channels identified as
Broca's area (channels 17, 25, and 34 in Table 2) and its homologous area in the right brain were converted into
z-scores, which is a first step to make the data comparable among samples derived from other tasks and years. Then,
the z-scores were divided into the five rest tasks and four VFTs, judged by the time indices. Thirdly, the z-scores of
three channels identified as Broca's area were averaged out. Lastly, from the z-scores of certain VFTs, those of the rest
task preceding the task were subtracted. In so doing, the fNIRS data identified as the values taken from the most
activated 15-second in each task and rest were used. For instance, the bold z-scores in the middle row labeled as
oxy-Hb in the first rest task in Table 3 were subtracted from the bold z-scores in the far right row labeled as oxy-Hb in
the English letter task. The same procedure was repeated for all the tasks in each year. The subtracted z-scores were
the fNIRS data used for the statistical analyses.
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Table 2. Examples of fNRS raw scores in Broca's area (left) and their z-scores (right)

ch-17 ch-25 ch-34 ch-17 ch-25 ch-34
Time(sec) oxyHb oxyHb oxyHb Time(sec) oxyHb oxyHb oxyHb
0 0 0 0 0 -0.663240013  0.260681015  0.23114553

0.13 0.011344 -0.002009 0.000586 0.13 -0.036020973  0.188197325  0.255885474
0.26 0.004413 -0.014085  -0.006937 0.26 -0.419241633  -0.247498566 -0.061723049
0.39 -0.004333 -0.012881 -0.0138 0.39 -0.902815127 -0.204058863 -0.351467471
0.52 0.001216 -0.007986 -0.005589 0.52 -0.596006378 -0,027449772  -0.004812735
0.65 0.026323 -0.013102  -0.015813 0.65 0.792180189  -0.212032429 -0.436452976
0.78 -0.014617 -0.011248 -0.015886 0.78 -1.471425899  -0.14514106  -0.439534915
0.91 -0.023567  -D.020701 -0.014068 0.91 -1.96627872  -0.486200454 0362781985
1.04 -0.00413 -0.009603  -0.010069 1.04 -0.891591091  -0.085790303 -0.193950869
1.17 0.009241 -0.007194  -0.005297 1.17 -0.152297564  0.001125182  0.007515018

X3 -0.004045  -D.O11603  -0.007364 1.3 -0.886891371  -0.157949278 -0.079750277
1.43 -0.006188 -0.00467 -0.00456 1.43 -1.005379594  0.092189809  0.03862993
1.56 0.006896 -0.014902 -0.012554 1.5¢ -0.281954552  -0.276975507 -0.298863428
30.03 -0.002165  -0D.024994  -0.032122 30.03 -0.782944634  -0.641089694 -1.124991777
30.16 0.001356 -0.042944 -0.034617 30.16 -0.588265663 -1.288716494  -1.230326518
30.29 -0.008967  -D.018412  -0.024404 30.29 -1.159032778  -0.403614508 -0.799150679
30.42 0.000916 -D.017887 -0.023822 30.42 0.612593623  -0.384672777 -0.774579609
30.55 -0.016483 -0.022826  -0.026929 30.55 -1.574598566  -0.562869365 -0.905751971
30.68 -0.012043 -0.024671 -0.02833 30.68 -1.329107334  -0.62943602  -0.964899856
30.81 -0.017631 -0.025916  -0.034395 30.81 -1.638072425  -0.674354981 -1.220954048
30.94 -0.012206 -0.03563 -0.033729 30.94 -1.338119737  -1.0248311223  -1.192836638
31.07 0.007393 -0.027184  -0.023767 31.07 -0.254474995  -0.720103772  -0.772257601
31.2 -0.006264 -0.027765 -0.025787 31.2 -1.009581697  -0.741065954 -0.857538634
31.33 -0.008557 -0.025142 -0.022727 31.33 -1.136363542  -0.646429458  -0.728350534
3146 0.005373 -0.026619 -0.0311 31.46 -0.366162448 -0.699718861  -1.08184464
31.59 -0.019516  -D.025295  -0.030907 31.59 -1.742295616  -0.65194962  -1.073696501

Table 3. Average of fNIRS data in Broca's area: the first rest task (left) and English letter task (right)

First rest task English letter task
ch-17 ch-25 ch-34 oxyHb ch-17 ch-25 ch-34 oxyHb
Time(sec) oxyHb oxyHb oxyHb Ave oxyHb oxyHb oxyHb Ave

0 -0.663240013  0.260681015 0.23114553  -0.05714 -0.782944634 -0.641089694 -1.124991777  -0.84968
0.13 -0.036020973  0.188197325  0.255885474  0.13602 -0.588265663 -1.288716494 -1.230326518  -1.03577
0.26 -0.419241633  -0.247498566 -0.061723049 -0.24282 -1.159032778 -0.403614508 -0.799150679  -0.78727
0.39 -0.902815127 -0.204058863 -0.351467471 -0.48611 -0.612593623  -0.384672777 -0.774579609  -0.59062
0.52 -0.596006378 -0.027449772 -0.004812735 -0.20942 -1.574598566 -0.562869365 -0.905751971 -1.01441
0.65 0.792180189  -0.212032429 -0.436452976  0.0479 -1.329107334  -0.62943602  -0.964899856  -0.97448
0.78 -1.471425899  -0.14514106  -0.439534915  -0.68537 -1.638072425 -0.674354981 -1.220954048  -1.17779
0.91 -1.96627872  -0.486200454 -0.362781985 -0.93842 -1.338119737 -1.024831123 -1.192836638  -1.18526
1.04 -0.891591091  -0.085790303  -0.193950869 -0.39044 -0.254474995  -0.720103772 .0.772257601  -0.58228
1.17 -0.152297564 0.001125182  0.007515018  -0.04789 -1.009581697 -0.741065954 -0.857538634  -0.8694
1.3 -0.886891371  -0.157949278  -0.079750277 -0.37486 -1.136363542  -0.646429458 -0.728350534  -0.83705
1.43 -1.005379594  0.092189809  0.03862993  -0.29152 -0.366162448 -0.699718861 -1.08184464  -0.71591
1.56 -0.281954532  -0.276975507 -0.298863428 -0.28593 -1.742295616  -0.65194962  -1.073696501  -1.15598

2.2.3 The fNIRS machine and data analysis

A multichannel continuous wave optical imager (Shimadzu FOIRE-3000), which uses three wavelengths of
harmless near-infrared light (780+4nm, 805+5nm, 830+5nm), was employed to record the hemodynamic response.
This non-invasive device has 13 emitters and 14 recepters three centimeters apart from each other, detecting three
types of parameters - oxygenated hemoglobin (oxy-Hb), deoxygenated hemoglobin (deoxy-Hb), and total
hemoglobin (total-Hb) in 42 areas (channels). While the tasks are on-going, the FOIRE-3000 machine produces a
trend graph which concurrently shows how three types of hemoglobin data increase, decrease, or level off (Figure 3).
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This graph also helps the researcher to discard any data from particular channels that show the involvement of artifacts
due to jerking movements of the participant, or probes popping out of the holder sockets. Out of the three hemoglobin
data types, this study focuses solely on the oxy-Hb, following such previous neurolinguistic studies as Guo et al.
(2011) and Moriai-1zawa et al. (2012).

In the first two years, all of the 27 fiber probes were used to collect data from the entire frontal lobe (Figure 4). In
2012, however, this was reduced to 18 probes (Figure 5) since this study only wanted to focus on the left inferior
frontal gyrus (Broca’s area) and its homologous area in the right hemisphere, as previous studies (e.g. Quaresima et al.,
2012; Herrmann et al., 2005; Kameyama et al., 2004) and our own research (Taura et al. 2010 and 2011) have
discovered the most activation in these areas for linguistic tasks.

20%

Preaurical
point

Figure 6. International 10/20 system
Following the International 10/20 system for placement on the head (Jasper, 1958), a flexible brain cap with

emitters and recepters was put on the participants head to cover her frontal cortex, with the lowest probes being
positioned along the T3-Fpl-Fz-Fp2-T4 line (Figure 6). After measuring the length between her nasion and inion,
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recepter hole #8 was placed on the Fpz location (the central position of the T3-Fpl-Fz-Fp2-T4 line). Then both
Broca’s area and its homologous area in the right hemisphere were visually identified according to the instructions
provided by Fukuda (2009; 16).

The logistics of how the fNIRS machine works is roughly (1) to detect the near-infrared rays that are first released
from the emitters, penetrate the skull into the cerebral cortex, and return to the recepters, and (2) to estimate how much
hemoglobin is concentrated in a particular area of the brain. This is possible since brain activation requires hemoglobin
that in turn absorbs the near-infrared rays in the cortex, which means that less rays return to the recepters when coming
through the areas where intensive brain activation is taking place. Changes in oxy-Hb, deoxy-Hb, and total-Hb from
130 miliseconds earlier are estimated based on a modified version of Lambert-Beer Law (Seiyama et al., 1988; Wray
at al., 1988) which is used as an arbitrary scale unit, fNIRS value of mMmm - molar-concentration multiplied by the
unknown length of the optical path since the machine cannot measure optical path length (Hoshi, 2003).

2.3 Procedure

Our participant was shown into a laboratory and seated in a chair with her eyes approximately 30 cm away from
the monitor (Panasonic Let's Note CF-F9). First, her head measurements were taken to allow the flexible cap to be
placed correctly on her head according to the International 10/20 system (Jasper, 1958). While the cap was being put
into place about ten minutes, information was gathered on her language background, right or left-handedness, and
self-assessment of the four skills (speaking, listening, writing, and reading) in Japanese and English. Once the cap was
ready and the optical fibers from the fNIRS machine were connected up, photos were taken to record the position of
the cap at three angles—from the left, right and front. Then, a video clip was shown to inform the participant of what
the experiment (VFT) involved. When she was made fully aware of the task, she was told that it was her right to stop
the procedure at any time if she felt uncomfortable. Upon completion of the VFT, a three-minute semi-structured
interview was conducted to ask her opinions on the task, while the cap and fibers were removed and then she was
asked to write the essay for the TOWL-3 analysis for 15 minutes. At the end of the experiment, a token of gratitude
(book voucher) was given to her. Prior to the experiment, a consent form (approved by the Ethics Committee at

Ritsumeikan University, Appendix 1) was signed by her parents each year to allow her to participate in this study.

3. Results & discussion
3.1 Linguistic aspects
3.1.1 Writing skills

The participant's writing sample from 2010 and a score sheet are included in Appendix 2. The TOWL-3 scores
over the three years are summarized in Table 4.

Age-adjusted scores of between 8 and 12 for the CC (contextual conventions: basic English writing rules such as
punctuation), CL (contextual language: vocabulary and grammar), and StC (story development) are within the

average NS average range while scores over 12 are regarded as above the NS average in TOWL-3. When looking at
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the Quotient (overall writing scores), scores of between 90 and 110 are within the NS average and over 110 is above

average.

Table 4. TOWL-3 age-adjusted scores

CC CL StC Quotient
sessions basic rules  vocabulary/morphosyntax storv development  overall
2010 (16;06) 13 15 15 128
2011 (17;06) 13 16 14 128
2012 (18;05) 14 18 14 134

The TOWL-3 scores clearly show (1) that our participant's writing skills were above the NS average, scoring over
12 in CC, CL, and StC and 110 for the Quotient upon return to Japan in 2010, and (2) that her advanced English
writing proficiency did not decline for the three years after her return to Japan, which is noteworthy considering the
fact that her NS counterparts are only using English at high school where cognitively and intellectually demanding
subjects are taught and a more sophisticated style of academic writing is introduced. This suggests that she improved
her writing skills over the three years back in Japan and kept abreast of her counterparts who were continuously

progressing in their academic writing, too.
3.1.2 Lexical analysis
Levels 1 to 4 words (L1 words being the first thousand words most frequently used by NS) account for over 95%

of the tokens used in the writing samples over the three years as shown in Table 5.

Table 5. Lexical level coverage

types tokens token coverage

word level | 2010 2011 2012|2010 2011 2012 2010 2011 2012
Level 1 91 102 82 [ 141 193 166 84.9% 83.9% 84.3%
Level 2 9 20 7 10 25 13 91.0% 94.8% 90.9%
Level 3 6 2 4 8 2 4 95.8% 95.7% 92.9%
Level 4 3 1 4 4 1 5 98.2% 96.1% 95.4%
Level 5 0 0 0 0 0 0 98.2% 98.3% 95.4%
Level 6 0 1 0 0 3 0 98.2% 99.6% 95.4%
Level 7 0 0 1 0 0 1 98.2% 99.6% 95.9%
Level 8 0 0 0 0 0 0 98.2% 99.6% 95.9%
Level 9 0 0 0 0 0 0 98.2% 99.6% 95.9%
Level 10 1 0 0 1 0 0 98.8% 99.6% 95.9%
Level 11 0 0 0 0 0 0 98.8% 99.6% 95.9%
Level 12 0 0 1 0 0 1 98.8% 99.6% 96.5%

others 1 1 2 1 3 2 0.6% 0.1% 0.5%

off list 2 1 5 2 1 7 1.2% 0.4% 3.6%
total 112 130 104 | 166 230 197 | 100.0% 100.0% 100.0%
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The words with a frequency level of use over 5 were in 2010 a Level 10 word ‘crater’ used once and in 2011 a
Level 6 word 'tribe" used three times while a Level 7 word ‘quest' and Level 12 word 'Martian' were used once each in
2012. This signifies that there was virtually no change in the choice of words - neither an increase or decrease in the
number of high level words. A glance at the total number of types and tokens from 2010 through 2012 shows that they
both underwent similar change over the three years with a pattern of fluctuation of increases and decreases. On the
other hand, lexical density attrition was revealed in the decrease in type-token ration (TTR) from 0.65 in 2010 to 0.57
in 2011 to an even lower 0.53 score in 2012. Thus, while the majority of lexical analyses indicate language retention,

lexical density was the sole exception which where attrition occurred.

3.1.3 Accuracy analysis

A 4-M model-based accuracy analysis was conducted and the results are summarized in Table 6. In 2010, there
were only two spelling mistakes (‘ailiens' for aliens and ‘friendliiness' for friendliness) and no morpheme errors at all.
In 2011 there were two morpheme errors: one was the wrong choice of preposition 'before me' instead of 'in front of
me" and the other was a combined auxiliary verb/spelling error ‘wringed in my ears' instead of 'rang in my ears', which
are content morpheme and early system morpheme errors, respectively. In 2011 two errors occurred - a content
morpheme (preposition) error of ‘rumors going on' rather than 'rumors going around' and an outsider late system
morpheme (auxiliary verb) error of 'he was left' instead of 'he had left.’ Thus, the number and rate of errors underwent
virtually no change from 0 (0%) to 2 (0.7%) to 2 (0.8%), although the total number of morphemes fluctuated from
197 in 2010 to 273 in 2011 and 238 in 2012.

Table 6. Morpheme count and accuracy rate based on the 4-M model

correct error accuracy (%
content morphemes 2010 2011 2012 2010 2011 2012 2010 2011 2012
noun/pronoun 56 68 65 0 0 0 100 100 100
verb 21 36 23 0 0 0 100 100 100
auxiliary verb 3 0 5 0 0 0 100 N/A 100
adjective/adverb 24 36 30 0 0 0 100 100 97
demonstrative 0 0 0 0 0 0 [ NA NA NA
conjunction 7 7 15 0 0 0 100 100 100
relative 3 5 0 0 0 0 100 100 N/A
preposition 12 22 14 0 1 1 100 9 93
interjection etc. 0 0 0 0 0 0 [ NA NA 100
total 126 174 152 0 1 1 100 99 9
(continues)
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(continued)
correct error accuracy (%)

early system morphemes 2010 2011 2012 2010 2011 2012 2010 2011 2012
article 5 21 9 0 0 0 100 100 100
intensifer 0 0 0 0 0 0 | NJ/A N/A N/A
possessive pronoun 7 5 1 0 0 0 100 100 100
determiner: demonstrative 7 0 0 0 0 0 100 N/A N/A
determiner: demonstrative modifiers 8 4 10 0 0 0 100 100 100
plural "s" 3 14 6 0 0 0 100 100 100
present participle 2 2 3 0 0 0 100 100 100
past participle 0 1 0 0 1 0 | NJA 50 N/A
verb phrase 8 3 2 0 0 0 100 100 100
infinitive (nominal usage) 1 3 1 0 0 0 | 100 100 100
total 41 53 32 0 1 0 100 98 100

bridge late system morphemes 2010 2011 2012 2010 2011 2012 2010 2011 2012

possessive "of" 1 2 3 0 0 0 100 100 100
possessive "s" 2 0 0 0 0 0 100 N/A N/A
formulaic article 3 2 1 0 0 0 100 100 100
formal subject: it/there 2 3 4 0 0 0 100 100 100
copula "be" 5 3 6 0 0 0 100 100 100
parataxis "and" 0 1 0 0 0 0 | NJA 100 N/A
infinitive (adjective usage) 0 0 0 0 0 0 | NJA N/A N/A
total 13 11 14 0 0 0 100 100 100

outside late system morphemes 2010 2011 2012 2010 2011 2012 2010 2011 2012

third person singular 0 0 1 0 0 0 N/A N/A 100
regular past tense 6 6 6 0 0 0 100 100 100
irregular past tense 4 8 9 0 0 0 100 100 100
"be" verb past tense 4 11 11 0 0 0 100 100 100
auxiliary verb: be/have/do 2 9 10 0 0 1 | 100 100 91

clitics affixes 1 1 0 0 0 100 N/A 100
infinitive (adverbial usage) 0 1 2 0 0 0 N/A 100 100
total 17 35 40 0 0 1 100 100 98
TOTAL 197 273 238 0 2 2 100 99 99

3.1.4 Fluency analysis

The number of morphemes, types, and sentences were (197, 112, and 10) in 2010, (273, 130, and 12) in 2011, and
(238, 104, and 14) in 2012. The average number for each constituent produced per minute was calculated by dividing
by 15, resulting in 3 yearly changes of 13.1 to 18.2 to 15.9 morphemes, 7.5 to 8.7 to 6.9 types, and 0.7 to 0.8 to 0.9
sentences. The results showed little fluency change over the three-year period.
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3.2 Neurolinguistic aspects
3.2.1 VFT behavioural data

The number of words produced during the VFT (verbal fluency task) is summarized in Figure 7. In 2010 the task
duration was double the time (60 seconds) of the length of time in the following two years (30 seconds), therefore the
number shown in 2010 has been halved for an easier comparison. No linear increase or decrease on any tasks was
observed, although 2011 saw a higher number of words uttered in three out of four tasks in comparison to the data
from 2010 and 2012.

20
16
12

| .
8
4
0

Jletter Eletter | Jcategory | Ecategory
12010 8 6.5 12 14
m2011 10 10 16 19
m2012 9 7 16 15

Figure 7. VFT behavioural data

3.2.2 VFTNIRS data

A series of Analysis of Variance (ANOVA) with post-hoc Bonferroni procedures at the alpha level of 5% were
carried out on the z-scores converted from the fNIRS raw data and the results are summarized in Figure 8 and Tables 7
and 8.

Figure 8 shows that in 2010 there was significantly more brain activation in Broca's area than its homologous area
in the right hemisphere for all of the four verbal fluency tasks (this tendency was more or less the same in 2011 and
2012 as well). We interpreted this as indicative that the participant's main language faculty was in the left hemisphere.
The Edinburgh handedness test revealed that she was 100% right-handed, which also lent support to her left
hemisphere dominance in language processing. Thus, to make the discussion simpler, our main focus has been placed
on the fNIRS data from Broca's area when synthesizing the results.

Previous research (e.g., Kubota et al., 2005; Ehlis et al, 2007) indicates that letter tasks involve more brain
activation than category tasks due to the neuronal network in the mental lexicon where lexical items are semantically
connected: 'brother' and 'sister' are more easily associated or accessed when an umbrella word ‘family is presented than
when a prompt letter 'b' or 's' is presented. In fNIRS terms, more oxy-Hb activation is observed on letter tasks than
category tasks. Our data in 2011 and 2012 follow this argument but not the 2010 data. Howvever, in the participant's
first year back in Japan more effort was needed for the category tasks than letter tasks in both Japanese and English for
some reason. This tendency was reversed in the second year and stayed the same in the third year. There is no

knowing exactly what triggered the change in the second year because brain activation tells us only what is happening,
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not why it is happening.

We attempted to look for any other oxy-Hb changes in the second or third year and discovered several. First, a
change was noticed in the third year (2012) for the English letter task. In 2010 and 2011, the task resulted in
significantly lower concentration of the oxy-Hb in Broca's area than for the Japanese letter task, whereas in 2012 both
tasks showed an equal amount of oxy-Hb (Table 7). The English letter task required more oxy-Hb in 2012 than in
2010 and that the Japanese letter task required equal amounts of oxy-Hb in 2010 and 2012. This cold be interpreted as
showing that the participant's dominant English language was beginning to attrite to the extent that she needed the
same level of energy for English as when she was using her inferior Japanese on the letter task. Thus, the third year

change appears to imply attrition in the participant's dominant language of English.

JlettterLeft JletterRight EletterLeft EletterRight JcatLeft JcatRight EcatLeft EcatRight

-0.8

Figure 8. 2010 fNIRS (mMmm) on eight tasks

Table 7. Yearly fNIRS data from both hemispheres on task differences

Fvalue
year Broca Right fNIRS order in Broca's area fNIRS order in right hemisphere
2010 [F(3,143)= 93.448 51.789 |Eletter<Jletter=Jcategory<Ecategory |Eletter<Jletter<Ecategory=Jcategory
2011 |F(3,143)= 73.763  67.623 |Ecategory=Jcategory<Eletter<Jletter |Ecategory<Eletter=Jcategory<lletter
2012 |F(3,143)= 129.379 119917 |Ecategory=Jcategory<Jletter=Eletter |Jcategory<Eletter=Ecategory<Jletter
(p=.05)

Table 8. Yearly differences in each hemisphere

F value
task Broca  Right | fNIRS order in Broca's area | fNIRS order in right hemisphere
Jletter | F(2,435)= 16.189 65.024 2010=2012<2011 2010<2012=2011
Eletter | F(2,435)= 47.836 81.257 2010<2012=2011 2010<2012=2011
Jcategory | F(2,435)= 17.213 20.607 2012<2011<2010 2012<2010=2011
Ecategory | F(2,435)= 73.471 9.068 2012<2011<2010 2011=2010=2012

(p=.01)
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Secondly, the English letter tasks required significantly more oxy-Hb from the second year and this trend remained
the same in the third year as shown in Figure 9 where red indicates a greater amount of brain activation and dark blue
shows less activation. A larger amount of oxy-Hb was needed in 2011 and 2012 for the same letter task as in 2010 and

this might signal English language attrition.

g"/r' . . » \. f{,-"' \ -0100
& R, \ A -0050

-0000
F s *)& i
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Figure 9. Oxy-Hb in Broca's area during English letter task (left 2010 < middle 2011 = right 2012)

Thirdly, a second year change was revealed on the category tasks. In the first year, the Japanese category task
resulted in statistically more oxy-Hb than for the English category task, which mirrors the participant's self-assessment
of 3 for English and 2.5 for Japanese as shown in Table 1. However, this tendency was no longer observable from the
second year on, when both Japanese and English category tasks required an equal amount of brain activation. This
statistically supports the notion that the same amount of brain activation that was required for the Japanese and English
category tasks show no dominance of English over Japanese. This identical change is revealed in Table 8 as well in
that Japanese and English category tasks required less brain activation in 2011 than in 2010. The table further shows a
significantly less activation in 2012 than in 2011. Thus, brain activation gradually decreased from 2010 to 2012, which
indicates that, for the participant, category tasks became increasingly easier each year during the three years. What
triggered this sudden change in brain activation cannot be answered with the fNRIS data.

4. Conclusion

In order to explore how a hilingual first language is retained and attrited from linguistic and neuroimaging
perspectives, we undertook a three-year longitudinal study on a Japanese returnee who was born and raised in the
USA for over 16 years. Writing analyses revealed that the participant's writing skills, as assessed by TOWL-3,
improved, matching her NS counterparts. Lexical analysis revealed that her English vocabulary remained maostly
intact except for the lexical density aspect. With regard to accuracy, she suffered from no attrition in any of the four
types of morphemes since her writing accuracy was marked as 99% during the three years. No-attrition was revealed
in the writing fluency, either. Thus, for the majority of linguistic variables examined including the writing skills,
accuracy, fluency, and vocabulary, language retention was apparent with only a slight decline in lexical density. This
might be due to the fact that the participant had undergone her entire formal education in English until she returned to

Japan at age 16;06. This is supported by Taura's study (2008), where he examined 64 Japanese-English bilingual
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returnee children and revealed that the language medium of instruction at school in one's first four years of formal
education anchors itself robustly enough to resist attrition from setting in for several years after the language use
discontinues.

Meanwhile, the neuroimaging analyses in Broca's area indicated that English attrition became evident in the second
year and the dominance of English disappeared in the third year in the letter task, whereas the category task in both
English and Japanese began to require the same level of brain activation from the second year on. Therefore, attrition
seems to have begun from the second year.

Synthesizing the results from the two lines of enquiry into how a bilingual first language is affected when the
linguistic environment drastically changes, the results are very similar to each other in the sense that almost no attrition
was observed. However, while the linguistic enquiry only revealed a slight attrition in lexical density, the
brain-imaging approach was able to identify significant attrition that took place from the second year onwards in the
language centre, Broca's area. Thus, the results seem to indicate the usefulness of using the neuroimaging approach or
combining the conventional and neurolinguistic approaches in disclosing the process of language attrition.

This study linguistically examined one participant's writing samples from a variety of angles to a though degree and
also rigorously analyzed a vast amount of fNIRS data. However in the future, further research should include multiple
participants and the deoxy-Hb and total-Hb brain activation levels for further data analysis.
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- A-2012-4 ‘ e - sz ‘

‘ B

FOAE M R B oM F
20124F 8 H 30 H
SEBB TR
B Wi HE o
SEARERE A LR
NExI%R & T HM MR AR RS
ZRA K ¥ L=
PAUFORBBEIZOWT, FAERSR AWMz LET,
LSHROFHEIIOETEL UL, FReD LBy T ZREOLET,
Gl
O[S iE S JURVFC KD S REER A ) = R LRI SRER G AR - TR
1. S Bk 78 43 5 —fi%
HiF 5 31 1 201144 1H  ~ 2017T4E3A31H
PiE |24 K4
EsS
2 WHRE | ntemR iz il
O (1) % R KERES KA — A—2012—4]
(2)  GelrbaR
3. AR (3) ZHEOREE
(4) ® K R
(5) 3 & X4
4. BIEHEA FEEZESITR)
- BERI(2) (3) 1ToWTIE, REBOAHE LT, BIFOEE#FT>T 2EV,
- SHOFHEXIT, BHIO 70 —F v— b &2 TBRIIEEN,
5. fii#&
AIlEISAAAGR (2012.8.3) 1281 5 TRl BB ST RICK L, 2012458 A 28 A f+ D[EE 2 CHIFEEHEOIEE
MRSz, EKRE LET,
7272, BERERSUCRE W THEEE BARD5HNH - 72 2 LW NCRIICE SR HETH D Z b,
UUFD LB AERAR~OWEEITR D T L 2T LET,
1) 201343H : 7 Study in Language Science” vol. 3aEIZ4Bill S AL7=3TIESC
2) 20154E3H :  OBFFERGE (Z—7) (803720, @S DHEEHC DUV TORZRMERER,
@t MHEHRRMEOA I ONT, ZFCk L EheRE S L)

_38-



Bilingual First Language Attrition from Linguistic and Nleuroimaging Perspectives

Appendix 2: 2010 writing sample and TOWL-3 score sheet

[2010 writing sample]

December 21, 3010: It’s been exactly ten years since my space team and | left on a journey to outer space. Our
mission was to go to Mars and look for life, when we discovered there was a civilization already developing in one of
the many craters on Mars. No humans were there; just ailiens that wandered around speaking their own language.
From that day on, we decided to stay there and live with them.

Their civilization was something very different compared to ours: meals two times a day and nuts made out of
sand. Something very unusual was their cooperation and friendliiness towards other people. Despite the immense size
of their community they all respected others. This realization is what brought us to the idea that we could bring this
spirit of cooperation to Earth.

Now, ten years have passed from this day, and we’ve finally found the true meaning of respect. Soon, we will go

back to planet Earth, hoping for a better future.
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Appendix 3: Letter to participants' parents
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