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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.
Keywords: attrition, BFLA (bilingual first language acquisition), fNIRS (functional near-infrared spectroscopy)
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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. Oi 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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Caan fNIRS stu
udy on biling
gual first langguage attrition
n disclose wh
hat conventionnal linguistic approach
cannoot reveal?

2. Meethod
2.1 Paarticipants
Thee one female participant
p
in th
his study was bborn and raised
d in the USA an
nd attended loccal American school
s
until
2010 w
when she turnned 16;02, finisshed G9 and rreturned to Jap
pan where for the first time iin her life she attended a
Japaneese school as a G10 student. During her staay in America,, her school lan
nguage was ent
ntirely English which was
also thhe sibling languuage between herself and her
er sister althoug
gh her Japanesee parents insistted on their addressing to
them iin Japanese at home.
h
They keept initially Engglish as their co
ommunication language backk in Japan with occasional
code-sswitching into Japanese. Thiss language choiice, however, had
h reversed by
y 2012 when thhey mostly useed Japanese
betweeen them exceppt for occasionaal code-switchinng into English
h.
In th
the fourth mont
nth after her retu
urn to Japan inn October 2010
0 (INC 0.04 yeaars), the first daata were colleccted. When
the seccond and thirdd data were colllected, she waas 17;06 (INC 1.04 years) an
nd 18;05 (INC 2.03 years), reespectively.
The Jaapanese schooll she goes to is unique in that iit shares the sam
me school site with an internaational school to
t create an
ideal eenvironment foor Japanese retu
urnees to mainttain their hard-w
won English. Being
B
placed inn the highest lev
vel English
class aat her own Japaanese school, she joins in the mainstream (IB
B) English classs at the internaational school while
w other
academ
mic subjects arre all taught in Japanese
J
at thee Japanese scho
ool, using textb
books screenedd by the Japanesse Ministry
of Eduucation.
Eacch year this parrticipant self-asssessed her Jappanese and Eng
glish proficienccy in the four sskills of readin
ng, writing,
listeninng, and speakiing in comparisson with NS w
with 1 being deefinitely inferiorr to NS, 3 equa
ual to NS, and 5 definitely
superiior to NS. Shee was also assked about herr strongest lan
nguage at the yearly experim
ments. These results are
summ
marized in Tablee 1.

Tablle 1. Language sellf-assessment

nce she has beeen exposed to authentic
a
Japannese and Engliish on an every
yday basis at scchool, it is pressumed that
Sinc
she iss capable of vaalidly self-evalluating her lannguage proficieency. Upon reeturn to Japan,, she judged her
h English
nterparts in the USA in all off the four skillss while she evaaluated her Jap
panese oral
proficiiency equivaleent to her coun
skills (speaking and listening) equ
ual but literary skills (reading and writing) inferior
i
to her counterparts in
n Japan. In
t she had ccaught up in her
h Japanese litterary skills eqquivalent to heer Japanese
2012, two years lateer, she found that
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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 Houwer'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://www.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 Verbal 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.

- 21 -

TAUR
RA, Hideyuki annd NAKANAN
N, Miho

Figurre 1. Blocked desiign for VFT in 2010, 2011, and 20112 and prompt lettters and words

t produce as many words as
a possible
Thhe English lettter task 'A', forr instance, meaant that the paarticipant had to
beginnning with the prompt
p
letter ‘A
A’ such as 'applle' and 'acorn' while
w the catego
ory task of 'aniimals' was thatt she had to
say ass many names as possible su
uch as 'dogs' aand 'cats'. The selection of th
he prompt letteers and categorries for the
presennt study was baased on such prrevious researchh as Schecklm
mann et al. (2008
8) and Ehlis et al. (2007) for the
t English
tasks aand Arai et al. (2006),
(
Kamey
yama et al. (20004), and Muraii et al. (2004) fo
or the Japanesee tasks.
Thhe blocked design, rather th
han event-relateed method, was
w judged bettter suited to th
this study in th
hat precise
activat
ation data are obbtainable by su
ubtracting the ppreceding rest task
t (as an arbitrary unit of m
mMmm) from the data of
the inddividual verball fluency tasks. When a persoon reads a letterr or word on a computer monnitor and says itt aloud, the
area oof the brain thatt is activated firrst is the primarry visual cortex
x, followed by Brodmann's arreas numbered 19, 39, 37,
and 422, then Werniccke's area, and
d finally Brocaa's area. When
n a person performs a VFT, the brain und
dergoes the
identiccal activation as
a just mention
ned, when acceessing the men
ntal lexicon and
d retrieving thee words promp
pted by the
cue lettters or words. Thus, the subttraction of the ffNIRS data tak
ken during the rest task from the VFT fNIR
RS data can
be verrified as represeenting the lexiccal access and rretrieval in a paarticular verbal fluency task.
Ass an example, in
i 2010 (Figuree 2) our particippant began the VFT by saying
g aloud 'A, B, C
C, D, E' repeattedly for 30
secondds as a rest taskk then upon a signal began th
the English lettter task where she had to sayy aloud as many
y words as
possibble starting witth 'F' for the fiirst 20 secondss, 'A' words fo
or the next 20 seconds, and 'C' words for the last 20
secondds. The promppt letters and words
w
in the V
VFT were simillar across the three
t
years as can be seen in
n Figure 2.
Meanw
while, the timee duration variied from 30 sec
econds in the first
fi rest task in
n 2010 to 15 seeconds in 2012
2 while the
Englissh letter task laasted for 60 seeconds in 20100 but only 30 seconds
s
in 201
11 and 2012. Inn order to mak
ke a yearly
compaarison possiblee, it was decideed to use the laast 15 seconds of fNIRS dataa in the rest tassks and to use the first 15
secondds of fNIRS data
d for each verbal
v
fluency ttask in 2011 and
a 2012. How
wever, in 20100 each VFT lassted for 60
secondds, which was double the leng
gth of time in th
the other two yeears, therefore the data showin
ing the most brrain activity
duringg 15 seconds were
w visually id
dentified by refferring to the trrend graph prov
vided by the fN
NIRS machinee (Figure 3)
for bot
oth VFT tasks and
a rests, and th
hey were subtraacted in the sam
me way as 2011
1 and 2012.
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Figure 2. VFT slides on the PC screen in 2010 (letter tasks on the left and category tasks on the right)

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. Exampples of fNRS raw scores in Broca's area (left) and theeir z-scores (right)

RS data in Broca'ss area: the first resst task (left) and En
nglish letter task (rright)
Table 33. Average of fNIR

The fNIRS macchine and data analysis
2.2.3 T
A multichannel continuous wave
w
optical im
mager (Shimad
dzu FOIRE-30
000), which usses three waveelengths of
4nm、805±5nm
m、830±5nm)), was employeed to record thee hemodynamicc response.
harmleess near-infrareed light (780±4
This nnon-invasive device
d
has 13 emitters
e
and 144 recepters thrree centimeterss apart from eaach other, deteecting three
types of parameterrs - oxygenatted hemoglobbin (oxy-Hb), deoxygenated
d hemoglobinn (deoxy-Hb), and total
hemogglobin (total-H
Hb) in 42 areass (channels). W
While the taskss are on-going, the FOIRE-30000 machine produces
p
a
trend ggraph which cooncurrently sho
ows how threee types of hemo
oglobin data in
ncrease, decreasse, or level off (Figure 3).
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This ggraph also helpss the researcherr to discard anyy data from parrticular channels that show the
he involvement of artifacts
due too jerking movem
ments of the paarticipant, or prrobes popping out of the hold
der sockets. Out
ut of the three hemoglobin
h
data tyypes, this studdy focuses soleely on the oxyy-Hb, following
g such previou
us neurolinguisstic studies as Guo et al.
(2011)) and Moriai-Izzawa et al. (201
12).
In the first two years,
y
all of the 27 fiber probees were used to
o collect data frrom the entire ffrontal lobe (Fiigure 4). In
t 18 probes ((Figure 5) sincce this study on
nly wanted to focus on the left
l inferior
2012, however, this was reduced to
frontal
al gyrus (Broca’’s area) and its homologous arrea in the right hemisphere, ass previous studdies (e.g. Quareesima et al.,
2012; Herrmann et al., 2005; Kam
meyama et al.., 2004) and our
o own researrch (Taura et aal. 2010 and 2011)
2
have
discovvered the most activation in th
hese areas for liinguistic tasks.

Figure 4.. 27 probes/42 chaannels (2010 & 20011)

Figure 5. 18 pro
obes/24 channels ((2012)

Figurre 6. Internationall 10/20 system

Foollowing the Innternational 10
0/20 system foor placement on
o the head (Jaasper, 1958), a flexible brain
n cap with
emitteers and recepteers was put on
n the participannt's head to co
over her frontaal cortex, with the lowest pro
obes being
positiooned along thee T3-Fp1-Fz-Fp
p2-T4 line (Fiigure 6). After measuring thee length betweeen her nasion and inion,
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recepter hole #8 was placed on the Fpz location (the central position of the T3-Fp1-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 Quuotient (overalll writing scoress), scores of beetween 90 and 110 are within
n the NS averag
age and over 11
10 is above
averagge.

Table 4. TOWL
L-3 age-adjusted scores
s

Thhe TOWL-3 sccores clearly sh
how (1) that our
ur participant's writing
w
skills were
w above the N
NS average, sccoring over
12 in CC, CL, and StC and 110 for
f the Quotiennt upon return to Japan in 20
010, and (2) thhat her advanced English
writing
ng proficiency did
d not declinee for the three yyears after herr return to Japaan, which is nooteworthy conssidering the
fact thhat her NS couunterparts are only
o using Engglish at high scchool where co
ognitively and intellectually demanding
d
subjeccts are taught and
a a more sop
phisticated stylee of academic writing
w
is introduced. This suuggests that shee improved
her w
writing skills ovver the three years
y
back in JJapan and keptt abreast of heer counterpartss who were co
ontinuously
progreessing in their academic
a
writin
ng, too.
3.1.2 L
Lexical analysiis
Leevels 1 to 4 woords (L1 words being the firstt thousand word
rds most frequeently used by N
NS) account forr over 95%
of the tokens used inn the writing sam
mples over the three years as shown in Tablee 5.

Table 5. Leexical level coveraage
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Thhe words with a frequency leevel of use oveer 5 were in 20
010 a Level 10
0 word 'crater' used once and
d in 2011 a
Level 6 word 'tribe' used
u three timees while a Leveel 7 word 'quesst' and Level 12
2 word 'Martiann' were used on
nce each in
2012. This signifies that there was virtually no chhange in the ch
hoice of words - neither an inncrease or decrrease in the
numbeer of high levell words. A glan
nce at the total nnumber of typees and tokens from
fr 2010 throuugh 2012 show
ws that they
both uunderwent sim
milar change ov
ver the three yeears with a patt
ttern of fluctuattion of increase
ses and decreasses. On the
other hhand, lexical density
d
attrition was revealed iin the decreasee in type-token ration (TTR) ffrom 0.65 in 20
010 to 0.57
in 20111 to an even loower 0.53 scorre in 2012. Thuus, while the majority
m
of lexiccal analyses inddicate languagee retention,
lexical
al density was thhe sole exceptio
on which wherre attrition occu
urred.
Accuracy analyysis
3.1.3 A
A 44-M model-bassed accuracy analysis
a
was coonducted and the
t results are summarized inn Table 6. In 2010,
2
there
were oonly two spelliing mistakes ('aailiens' for alienns and 'friendliiiness' for frien
ndliness) and noo morpheme errors
e
at all.
In 20111 there were two
t morphemee errors: one w
was the wrong choice
c
of prepo
osition 'before m
me' instead of 'in front of
me' annd the other waas a combined auxiliary
a
verb//spelling error 'w
wringed in my
y ears' instead oof 'rang in my ears',
e which
are coontent morphem
me and early system morphheme errors, reespectively. In 2011 two errrors occurred - a content
morphheme (preposittion) error of 'rumors
'
going on' rather than
n 'rumors goin
ng around' andd an outsider late
l system
morphheme (auxiliaryy verb) error off 'he was left' innstead of 'he haad left.' Thus, th
he number andd rate of errors underwent
virtuallly no change from 0 (0%) to
o 2 (0.7%) to 2 (0.8%), altho
ough the total number
n
of moorphemes fluctu
uated from
197 inn 2010 to 273 inn 2011 and 238
8 in 2012.

Table 6. Morphheme count and acccuracy rate basedd on the 4-M mod
del

(contin
nues)
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(continued)

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 Neeurolinguistic aspects
3.2.1 V
VFT behaviourral data
Thee number of words
w
produced
d during the VF
FT (verbal flueency task) is su
ummarized in FFigure 7. In 2010 the task
duratioon was doublee the time (60 seconds) of the length of time in the followin
ng two years (330 seconds), th
herefore the
numbeer shown in 20010 has been halved
h
for an eeasier compariison. No linearr increase or deecrease on any
y tasks was
observved, although 2011
2
saw a hig
gher number oof words uttereed in three out of four tasks in comparison to the data
from 22010 and 20122.

20
16
12
8
4
0

Jletter

Eletter

Jcategory

Ecategory

2010
2

8

6.5

12

14

2011
2

10

10

16

19

2012
2

9

7

16

15

Figure 7. VFT behaviourall data

3.2.2 V
VFT fNIRS datta
A sseries of Analyysis of Variance (ANOVA) w
with post-hoc Bonferroni
B
pro
ocedures at thee alpha level of 5% were
carriedd out on the z-sscores converteed from the fNIIRS raw data and
an the results are
a summarizedd in Figure 8 an
nd Tables 7
and 8.
Figuure 8 shows thhat in 2010 therre was significaantly more braain activation in
n Broca's area tthan its homollogous area
in the right hemisphhere for all of th
he four verbal fluency tasks (this
( tendency was more or leess the same in
n 2011 and
2012 aas well). We innterpreted this as
a indicative thhat the participaant's main langu
uage faculty w
was in the left hemisphere.
h
The E
Edinburgh hanndedness test revealed
r
that sshe was 100%
% right-handed
d, which also lent support to her left
hemisp
sphere dominannce in languagee processing. T
Thus, to make the
t discussion simpler,
s
our maain focus has been
b placed
on thee fNIRS data froom Broca's areea when syntheesizing the resu
ults.
Prevvious researchh (e.g., Kubotaa et al., 2005;; Ehlis et al, 2007)
2
indicatees that letter taasks involve more
m brain
activat
ation than categgory tasks due to
t the neuronal
al network in th
he mental lexicon where lexiccal items are seemantically
conneected: 'brother' and
a 'sister' are more
m easily asssociated or acceessed when an umbrella
u
wordd 'family' is pressented than
when a prompt letteer 'b' or 's' is prresented. In fN
NIRS terms, mo
ore oxy-Hb acttivation is obseerved on letterr tasks than
categoory tasks. Our data in 2011 and
a 2012 follow
w this argumen
nt but not the 2010
2
data. How
wever, in the participant's
p
first yeear back in Jappan more effort was needed foor the category tasks than letteer tasks in bothh Japanese and English
E
for
some reason. This tendency
t
was reversed in thhe second yearr and stayed th
he same in thee third year. There
T
is no
h
knowiing exactly whhat triggered thee change in the second year beecause brain acctivation tells us only what is happening,
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not whhy it is happeniing.
Wee attempted to look for any other
o
oxy-Hb cchanges in thee second or thirrd year and dis
iscovered severral. First, a
changge was noticedd in the third year
y (2012) fo
for the English
h letter task. In
n 2010 and 20011, the task resulted in
signifi
ficantly lower concentration
c
of the oxy-Hb inn Broca's area than for the Jap
panese letter taask, whereas in
n 2012 both
tasks sshowed an equual amount of oxy-Hb (Tablee 7). The Engllish letter task required moree oxy-Hb in 20
012 than in
2010 aand that the Jappanese letter tassk required equual amounts off oxy-Hb in 2010 and 2012. T
This cold be intterpreted as
showiing that the parrticipant's dom
minant English language was beginning to attrite
a
to the exxtent that she needed
n
the
same level of energyy for English as
a when she waas using her in
nferior Japanesee on the letter ttask. Thus, thee third year
changge appears to im
mply attrition in
n the participantt's dominant lan
nguage of English.

Figure 8. 2010 fNIRS (mMmm) on eighht tasks

Tablle 7. Yearly fNIRS
S data from both hemispheres
h
on taask differences

Tablle 8. Yearly differeences in each hem
misphere
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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.

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 bilingual 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 mostly
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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Appen
ndix 2: 2010 w
writing sample and TOWL-3
3 score sheet
[2010 writing samplee]
e
ten yeaars since my sp
pace team and
d I left on a jouurney to outer space. Our
Deecember 21, 30010: It’s been exactly
missioon was to go too Mars and look
k for life, whenn we discovereed there was a civilization
c
alreeady developin
ng in one of
the m
many craters onn Mars. No hum
mans were theere; just ailienss that wandered
d around speakking their own
n language.
From that day on, wee decided to staay there and livve with them.
ng very differeent compared to
t ours: meals two times a dday and nuts made
m out of
Thheir civilizationn was somethin
sand. S
Something verry unusual was their cooperatition and friendlliiness towards other people. D
Despite the imm
mmense size
of theiir community they all respeccted others. Thi
his realization iss what broughtt us to the ideaa that we could
d bring this
spirit oof cooperation to Earth.
Noow, ten years have
h passed fro
om this day, and
nd we’ve finally
y found the tru
ue meaning of rrespect. Soon, we will go
back tto planet Earth, hoping for a better
b
future.

[scorre sheet]
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