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Abstract

The development of functional neuroimaging
technologies has deepened our knowledge on second
language (L2) acquisition and brought about a great
deal of data and analyses. However, the studies have
been conducted in different areas with different
methods, and we have a need to consider what are
common and what are distinct of the findings we have
obtained and the opinions that exist. Researchers who
have been applying varied research methods (i.e.,
functional magnetic resonance imaging, magneto-
encephalography, event-related potential,
psycholinguistic approaches, and methods used in
applied linguistics and teaching English as a second
language) to the study of L2 acquisition and education
participate in this workshop. They report the results of
their recent researches and discuss whether the
different standpoints can favorably influence each
other or can even be developed toward a unified one.
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i » — FE T & 5 ERP (eventrelated
potential, FREHINEN) & M 7z L2 EHEHF
Fix, WA TIEIB LD TIE R8> TEY,
B < OMAPEH SN TV S lEOHFFIL,
N O L2 ABRIZ 5B 2 2R & LT, L2 B0
BG4 (age of acquisition, AOA) & L2 ¥ 2

% (L2 proficiency) OB EM A L T\ 5 [1].
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1 Revised Hierarchical Model

Kroll & Stewart (1994)

5.2. JEATHISE

fMRI IZ L2552 SO EWAE Y v & AT
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MRV, BEAEOENCLY, EORRIHETIC
EDOEALIRIE L T DN EENDH T LT
ERANAN

PERDOBFE TR ST & 7= EEG I X 2 ki
(ERPs) DIE CIXZEMDHREIZH V, SO

RRTELZBIETE VWS EHFIR b T, it,
fMRI T X B #FZ8 13 8 220 iR BE 2 FF o 28,
WMOEEIZ D &V D B L, R eI K
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ZRIREICARDE L, HLEEF, E@hiy, SEETFOIEHE
Z R - 22RO FIRFICBIZR T 2 2 & AV ATRE
5.

[8] 1 MEG % MW TXEIZRIT 5 HEERR &



201200 0000000020000

word pair (23 2 BEERRREICBW T2 T
FAMIUR->TWDHAELEZ ) TRVWEE LD
AT > 7o fE R, SCE L HFETIL 300ms 76
500ms D D N400 R NERICED LR L &
R L7,

5.3. WFFED 5k
5.3.1. EBRT Y1
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SDFEF A, MEG (MBEFHAIER) PN CRENE S
TITo7c. ETEGEOHREZ LT H4EEE L
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RIS EMS ZNET 2E TH L. BT D55
BUTIEHEE 100 35 (%) 50 - /LW 50), JEHGE
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5.4.1. {TE) T —X

T8V T — &% Ofpr [12] <TIx, FEFHIWRE,
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T, BRT 7B A0OHEHEEEZLND
N400 PRS2 4T+ 272012 16, 7] FiZZ2H 0
100ms-300ms & 300ms-500ms DX A L7
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SIPTRIGITINZ T2, FEEHIBRRE O iR & L
T 100ms-300ms DX A L7 4 > R TEYERD
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6. Do Variations in L2 Speaking
Performance Correspond to Detectable
Differences in  Brain Activity?
(Emmanue| Manalo)
6.1. Introduction

Speaking is generally considered as the
most salient indicator of the extent to which an
L2 learner has developed skills in the target
language. Understanding the  processes
underlying L2 speech acquisition and exploring
ways to more effectively facilitate this
acquisition are therefore important. A number
of studies have already examined how various
affect L2

Where

factors students’  speaking

performance. Japanese students’

English speaking performance is concerned, for
example, the relationships with factors such as
L2 study experiences and practices, vocabulary
development, personality, and state anxiety
have been investigated [14, 15].

With recent advances in brain imaging
technology, researchers have begun examining
what happens in the brain when various tasks
requiring L2 use are carried out. For example,
differences in brain activation have been found
between fluent and non-fluent L2 learners
when they listen to L2 sentences and read L2
words [16, 8]. The development of a statistical
model of the relationship between L2 sentence
reading performance and brain activation has
also been initiated [17]. In the area of medical
science, some brain imaging studies like these
have led to the development of biological
evidence-based methods for addressing issues
of human performance, such as the debilitating
effects of dementia [18].

To date,

however, only a very limited

number of brain imaging studies have
examined L2 speech, and none of these have
directly examined the connection between brain
activity and indices of L2 speech proficiency. To
establish this connection therefore became the

main objective of the present study.

6.2. Previous Research in 1.2 Brain Imaging

The few neuroimaging studies that have
examined L2 speech production have, until
recently, only required very limited, basic
speech responses such as in naming tasks,
syllable production, and production of
constrained sentences. In a more recent study
[19], however, comparisons were made of brain
activity during direct interviews (with a live
interviewer) and semi-direct interviews (with a

video-recorded interviewer) in both L1 and L2.
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Hence, speech produced was more natural and
longer. In this study, greater activation in parts
of the brain involved in social communication
(.e., in the medial prefrontal cortex and the
bilateral posterior superior temporal sulci) was
found during L2 direct interviews. However,
individual differences in L2 proficiency were
not examined, so the study provided no insights
into how L2 proficiency might relate to activity

in the brain.

6.3. Previous Research in Measurement of L2
Proficiency

Many studies have been conducted to measure
and numerically index the quality of L.2 speech,
as well as to identify some of the behavioral and
psychological correlates of such indices. The
most commonly used measurements pertain to
L2 speech complexity (e.g., mean length of
utterance, or the average number of
morphemes in sentences uttered), accuracy (e.g.,
the proportion of correct verbs or clauses used
in utterances), and fluency (e.g., speech rate,
such as the total number of words or syllables
divided by the total speaking time). These
indices together are often referred to as CAF
measurements.

Despite the number of CAF-related studies in
the applied linguistics research literature,
there had been no investigations into biological
evidence to verify the indices that have been
commonly used. In other words, we did not
know for example if (or how) the activity in the
brain of a person who is fluent in L2 might

differ from that of another who is less fluent.

6.4. Challenges that Had to Be Overcome
Aside from designing tasks and associated
indexing methods to represent various qualities

of .2 speech in ways that are ecologically valid

and detectable through current brain
neuroimaging techniques, the other challenges
that had to be dealt with included the
treatment of “noise” in the data arising from
facial (speaking) and eye movements.
Additionally, it was subsequently decided as
necessary to also gather brain activity data
while participants spoke in their first language
(L1) so that intra-subject analysis could be
undertaken between L2 and L1 conditions to
identify L2 related speaking process activation

in the brain.

6.5. Hypotheses

The main hypothesis was that there would
be significant correlations between
measurements of L2 speech proficiency and
activity in various parts of the brain. More
specifically, it was hypothesized that: (i) brain
areas involved in procedural memory would be
linked to L2 speech complexity; (ii) areas
involved in the supervision of word retrieval,
and in morphosyntactic processing, would be
linked to L2 accuracy; and (iii) areas associated
with semantic memory and lexical knowledge

would be linked to L2 fluency.

6.6. Method

The participants were 58 university students
who were native Japanese speakers and for
whom English was an L2.

administered a

fMRI

The participants were

description task while (functional
magnetic resonance imaging) scans were taken
of their brain. The description task required
them to describe 31 randomly presented
pictures during the 30-second period that each
picture was shown. An event-related design
was used whereby the participants were first

provided a visual warning signal (2 seconds)
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prior to the stimulus picture then being
presented (during which the participant was
asked to describe what they saw using complete
sentences as much as possible); this was
followed by a 4-second rest period (during
which nothing was shown); then the sequence
was repeated until all 31 pictures had been
presented.

Each participant was required to complete
the description task in both L1 and L2.
Equivalent (but not the same) pictures were

used in the L1 and L2 trials.

6.7. Expected Results

At the time of writing this paper for the
conference workshop, data collection - but not
analyses - had been completed. It was
expected that connections would be detected
between L2 speaking competence and activity
in different parts of the brain. More specifically,
the expectations were that:
- Complexity scores would correlate with
activity in the left inferior frontal gyrus, which
is part of the procedural memory circuit [8, 20].
-Accuracy scores would correlate with activity
in the right prefrontal cortex, an area
previously found to relate to naming accuracy
[21].
- Accuracy scores may also correlate with
activity in the sub-regions of he inferior frontal
gyrus which have previously been found to
relate to morphosyntactic processing [22].
- Fluency and vocabulary fluency would
correlate with activity in the left middle
associated with

temporal usually

gyrus,
semantic memory and lexical knowledge [17].

Actual findings from completed analyses are
planned to be reported and discussed during

the JCSS workshop presentation of this study.
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