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a b s t r a c t

Communicative speech is a type of language use that involves goal-directed action targeted at another
person based on social interactive knowledge. Previous studies regarding one's first language (L1) have
treated the theory of mind system, which is associated with understanding others, and the sensorimotor
system, which is associated with action simulation, as important contributors to communication.
However, little is known about the neural basis of communication in a second language (L2), which is
limited in terms of its use as a communication tool. In this fMRI study, we manipulated the type of
speech (i.e., communication vs. description) and the type of language (L1 vs. L2) to identify the specific
brain areas involved in L2 communication. We also attempted to examine how the cortical mechanisms
underlying L2 speech production are influenced by oral proficiency and anxiety regarding L2. Thirty
native Japanese speakers who had learned English as an L2, performed communicative and descriptive
speech-production tasks in both L1 and L2 while undergoing fMRI scanning. We found that the only the
L2 communication task recruited the left posterior supramarginal gyrus (pSMG), which may be asso-
ciated with the action simulation or prediction involved in generating goal-directed actions. Further-
more, the neural mechanisms underlying L2 communication, but not L2 description, were sensitive to
both oral proficiency and anxiety levels; a) activation in the left middle temporal gyrus (MTG) increased
as oral proficiency levels increased, and b) activation in the orbitofrontal cortex (OFC), including the left
insula, decreased as L2 anxiety levels increased. These results reflect the successful retrieval of lexical
information in a pragmatic context and an inability to monitor social behaviors due to anxiety. Taken
together, the present results suggest that L2 communication relies on social skills and is mediated by
anxiety and oral proficiency.

& 2016 Published by Elsevier Ltd.
1. Introduction

Communicative speech is a type of goal-directed language use
that is understood as contextualized action (Holtgraves, 2002). The
ability to communicate relies on social learning, which involves
participation in communication through observation, imitation, and
execution (Lieven and Tomasello, 2008). Because one's first language
(L1) has been acquired through social interactions with others since
early infancy, L1 communication is believed to be an effortless,
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spontaneous, and automatic process. This contrasts with most sec-
ond languages (L2), because L2 use is affected by various external and
internal factors, including the means by which L2 was learned (e.g.,
social interaction or grammatical translation), limited L2 proficiency,
lack of exposure to communicative contexts, and learners’ anxiety
about L2 use. For example, L2 linguistic knowledge learned through
traditional grammar instruction is not sufficiently available for use in
actual communication (Ellis et al., 2009; Segalowitz, 2010). Anxiety is
also an important contributor the quality and quantity of commu-
nication in L2 (Dewaele, 2013; Horwitz, 2010). Although many L2
researchers have emphasized that L2 communication should be ac-
quired through intensive practice in social interactive contexts (Bar-
dovi-Harlig and Bastos, 2011; Dekeyser, 2007; Segalowitz, 2010), little
is known about the neural basis of L2 communication.
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Most previous L2 neuroimaging studies have focused ex-
clusively on the linguistic aspects (e.g., syntactic construction,
lexical selection) of word- and sentence-level production (Abuta-
lebi, 2008; Golestani et al., 2006; Indefrey, 2007) and have not
devoted sufficient attention to language use as a social action.
These studies have reported greater involvement of the left in-
ferior prefrontal and left parietal areas, which are assumed to be
language-related regions, in L2 than in L1 production. The present
study aimed at investigating the cortical mechanisms involved in
the production of communicative speech in L2, comparing the
production of descriptive speech in L2 with that in L1 production.
It is true that both communicative and descriptive utterances are
produced using linguistic rules, such as those related to vocabulary
and grammar, but people generate communicative utterances
based on internal goals in certain contexts. Thus, communicative
speech involves knowledge and skill related to social interactions,
such as the ability to “read” others’ intentions and predict the
consequences of speech acts (Noordzij et al., 2010; Pulvermüller
et al., 2014). To consider possible candidate neural circuits for L2
communication, the following sections briefly review previous L1
communication studies focused on two key neural systems: the
theory-of-mind system that underpins the ability to “read” the
minds of others and the sensorimotor area involved in action
simulation.

Previous neuroimaging studies on L1 communication have
provided evidence that the theory-of-mind system, including the
medial prefrontal cortex (mPFC), the posterior superior temporal
sulcus (pSTS), the temporal pole (TP), and the precuneus, plays an
important role in understanding or generating communicative
messages by inferring and monitoring the intentions or beliefs of
others based on the social context (Noordzij et al., 2010; Sassa
et al., 2007; Willems et al., 2010). According to Sassa et al. (2007),
these theory-of-mind-related areas showed greater activation
when subjects communicated with others (i.e., during a commu-
nication task) than when they simply described to others what
was happening (i.e., during a description task). In their study, both
tasks involved speech production, but only the communicative
task involved an intentional communicative component in the
speech produced. Willems et al. (2010) also found that generating
communicative messages directed toward someone else was more
strongly associated with the mPFC than was the performance of
linguistically modulated tasks (i.e., semantic difficulty), and these
areas seemed to be less sensitive to linguistic difficulty and more
related to general social interactive knowledge (Noordzij et al.,
2010; Willems et al., 2010). Therefore, it is important to investigate
whether and how communication in L2 also relies on the theory-
of-mind system to generate appropriate communicative messages.

Recent neuroimaging studies have reported that the fronto–
parietal motor areas are important for processing communicative
speech because communicative speech is a goal-directed activity
targeted at another person and thus includes embodied action
sequences (Egorova et al., 2014; Pulvermüller et al., 2014; van
Ackeren et al., 2012). For example, Egorova et al. (2014) examined
how brain responses differed when the same message was uttered
in two different contexts (i.e., requesting vs. naming), which in-
duced different action sequences. They showed that the requesting
but not the naming condition activated the fronto–parietal sen-
sorimotor area after the onset of the speech act. van Ackeren et al.
(2012) also found that motor areas (including the inferior parietal
lobule) were involved in comprehending an indirect request (e.g.,
“It is hot in here,” conveying an indirect request that the hearer
open a window) compared with when the same message was
uttered as a descriptive sentence (e.g., “It is hot in here,” literally
meaning that the temperature is high). Although interpretations of
these findings differed slightly among these researchers, it is clear
that action simulation or predictions about efferent copies
generated by prior experience are activated in the sensorimotor
areas during communicative speech processing and thus facilitate
understanding and production of communicative utterances
(Glenberg and Gallese, 2012; Pickering and Garrod, 2013; Pulver-
müller et al., 2014). Processing simulations or predictions may be
important for the acquisition of pragmatic knowledge related to
typical action sequences, dialog schemas, or discourse conventions
in language development (Pickering and Garrod, 2013; Pulver-
müller et al., 2014). It has been suggested from a developmental
perspective that motor skills are important for acquiring com-
munication skills (McCleery et al., 2013; Oberman and Ra-
machandran, 2007). In a similar vein, behavioral L2 studies have
supported the notion that improved communicative ability in L2
requires that learners engage in interpersonal activities with
others using the target language (Bardovi-Harlig and Bastos, 2011).
Consistent with this reasoning, we hypothesized that the fronto–
parietal motor areas would be essential to the acquisition of L2
communicative skills and that these areas would exert greater
demands while individuals communicated in L2 than when they
did so in L1 due to differences in interactive experiences with
these two languages.

According to psycholinguistic models of speech production, a
speaker needs to pass through a number of processing stages,
including conceptual preparation and preverbal message gen-
eration, followed by linguistic formulation and morpho–phono-
logical and phonetic encoding (De Bot, 1992; Levelt, 1999). L1
communication requires controlled attention to planning pre-
verbal messages based on a speaker's factual knowledge about
the external world and his/her knowledge about the inter-
locutor's internal state of mind (theory of mind). However, the
rest of speech processing, such as the formulation of linguistic
information and actual articulation, can operate automatically, in
the absence of the speaker′s conscious monitoring (Levelt, 1999).
In contrast, L2 speech production generally requires controlled
processing during conceptualization, formulation, and articula-
tion due to limited L2 proficiency (De Bot, 1992; Segalowitz,
2010). De Bot (1992) also argued that even L2 speakers who seem
to engage in conceptual preparation with ease may not know
how to convey their intended messages due to their lack of L2
proficiency and relatively infrequent experiences using that lan-
guage in social contexts. Thus, L2 speakers need to strategically
formulate a preverbal message in a way that compensates for
their limited abilities and experiences using L2 for commu-
nicative purposes. Retrieving appropriate pragmatic knowledge
and expressions from one's mental lexicon involves greater cog-
nitive demands in L2 than in L1.

By manipulating the type of speech (communication vs. de-
scription) and the type of language (L1 vs. L2) in an experimental
setting, we attempted to investigate the brain areas sensitive to
communicative speech production irrespective of language type
and to identify those sensitive to language type irrespective of
speech type. We also aimed to determine the specific brain areas
associated with L2 communication by examining the interaction
between language type and speech type. These areas may serve as
an important neural circuit in the acquisition of communicative
skills (i.e., knowing how to use language as a social tool). We re-
cruited 30 Japanese native speakers who learned English as L2 and
had limited opportunities to use English outside the classroom.
They were asked to casually talk to an actor in a video (i.e., a
communication task) or describe an actor's situation (i.e., a de-
scription task) in both L1 and L2 while undergoing functional
magnetic resonance imaging (fMRI). We also examined how the
neural correlates of L2 speech production are influenced by L2 oral
proficiency and anxiety levels. We evaluated L2 communicative
ability by administering a validated oral proficiency test outside
the fMRI and measured the level of anxiety associated with daily



Fig. 1. Examples of a movie clip. Each movie clip lasted for 6 s. An actor or actress performed an everyday action using a tool or handled an object.
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communicative activities in L2 and L1 using an ad hoc ques-
tionnaire (Macintyre and Charos, 1996; Yashima, 2002).

Although no prior neuroimaging studies have addressed L2
language use as a goal-directed action in social contexts, the lit-
erature regarding communication and language processing in so-
cial contexts mentioned above led us to hypothesize possible brain
activation patterns during L2 communication. We predicted that
L2 communication would be modulated by the neural bases of
social interaction, eliciting differential engagement of (a) the
sensorimotor area associated with action simulation and (b) the
deliberative semantic processing area associated with lexical se-
lection as well as the theory-of-mind areas necessary for con-
ceptual generation in both L1 and L2 communication, allowing
subjects to compensate for limited communicative skills. The left
angular gyrus (AG) and middle and posterior temporal areas,
which are associated with lexical storage and semantic concepts
(Binder et al., 2009; Braun et al., 2001; Grande et al., 2012), may be
sensitive to oral proficiency levels during L2 communication.
Furthermore, the neural correlates of L2 communication, but not
of L2 description or L1 communication, would be sensitive to the
language-related anxiety of individuals. Although little is known
about the effect of anxiety on communication among healthy in-
dividuals, much neurological evidence has accumulated with re-
gard to patients with social anxiety disorder. These patients tend
to show hypo- or hyperactivation in the orbitofrontal cortex (OFC),
anterior insula, and anterior cingulate cortex as well as in the
amygdala during interpersonal tasks (Beer et al., 2006; Etkin and
Wager, 2007).
2. Materials and methods

2.1. Subjects

The sample consisted of 30 healthy right-handed native speakers of Japanese
(11 females) who had learned English as a L2 and were, at the time of the ex-
periment, undergraduate or graduate students. All participants had normal vision
and no history of neurological illness. Handedness was evaluated using the Edin-
burgh Handedness Inventory (Oldfield, 1971). Participants' mean age7SD at the
time of the study was 23.3573.0 years (range: 19–31 years), and they had started
learning English at a mean age7SD of 11.5070.5 years. All subjects had studied
English primarily in classroom settings and had not lived outside Japan before the
age of 10. Fourteen subjects had visited English-speaking countries for various
personal reasons (e.g., to learn English, to do sightseeing) with a mean length of
stay of 12.778.3 months (range: 1–30 months). All subjects were required to take
a placement test developed by the Society for Testing English Proficiency (STEP).
This placement test provided an approximation of the test-takers' English ability.
To be included in the experiment, subjects needed to achieve at least a grade
2-level performance. Grade 2, which reflects an intermediate level of ability, is
recommended by the Ministry of Education, Culture, Sports, Science and Technol-
ogy (MEXT) for use as a standard for high school graduates in Japan. Written in-
formed consent was obtained from each subject, and this study was approved by
the Institutional Review Board of the Graduate School of Medicine of Tohoku
University, Japan.

2.2. Oral proficiency and anxiety

Following the fMRI experiment, two professional STEP interviewers assessed
participants’ oral proficiency in English using the full version of an oral proficiency
test developed by STEP. The test consisted of several oral tasks, such as describing a
series of pictures, answering questions about a given situation, or expressing opi-
nions about a given topic in response to an interviewer. The participants were
evaluated with respect to their responses to each task and their attitudes toward
active engagement in L2 communication. We used this score to explore the effect of
L2 oral proficiency on the brain during L2 speech production. Anxiety related to
language use was evaluated for L2 and L1 using the questionnaire developed by
Macintyre and Charos (1996) and its Japanese translation (Yashima, 2002). The
questionnaire asked participants to rate the percentage of time they would feel
nervous in each situation/with each receiver using a scale from 0 (“I would never
feel nervous”) to 100 (“I would always feel nervous”). Items referenced the same
four communication contexts (public speaking, talking in a meeting, talking in
small groups, and talking in dyads) and focused on three types of receivers
(strangers, acquaintances, and friends). We used this index to explore the effect of
anxiety on the brain during L2 speech production.

2.3. Stimuli

We created 6-s video clips of daily actions in which an actor was using a tool or
handling an object (e.g., a man is playing the guitar; see Fig. 1). Two males and two
females participated as actors. Each acted alone in various situations based on
predetermined scenarios. In each video clip, an actor looked at the camera for
nearly 3 s, as if he/she were gazing at the viewer, which naturally facilitated spoken
communication. Additionally, we presented a white cross mark at the top of videos
after clip for 2.5 s to indicate that subjects should start speaking. To create video
clips in which subjects could easily speak to an actor even in L2, we initially
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selected 70 basic verbs from middle school English textbooks used in Japan. Based
on these verbs, we created a total of 90 video clips of familiar daily actions that
involved the use of various tools and objects. A pretest with 10 volunteers similar to
the population targeted in this fMRI experiment was used to select the appropriate
video clips. Volunteers were asked to use a five-point scale to rate the ease of
speaking to a person performing an action portrayed in the video clips. We selected
the 48 of the 90 clips that attracted the highest ratings for perceived ease of
communication (ratings of 4 and 5).

2.4. Tasks

The participants were asked to engage in two separate experimental sessions in
L2 (English) and L1 (Japanese). We used two sets of video stimuli in L2 and L1 ses-
sions, counterbalancing them between sessions. L2 and L1 sessions were conducted
separately using different sets of video stimuli. Each session consisted of three tasks:
communication (COM), description (DES), and object naming (OBJ). The COM task
required participants to talk to an actor with whom they usually spoke in daily life
(e.g., “What kind of music are you playing?”). The DES task required subjects to de-
scribe what an actor was doing with an object (i.e., “He is playing the guitar now”)
and not to direct their speech to the actor in the video clip. Both COM and DES tasks
involved speech production, but only the COM task involved an intentionally com-
municative component of speech production. During the OBJ task, subjects were
required to say the name of an object three times (e.g., “guitar, guitar, guitar”). The OBJ
task was used as a baseline to control differences in lexical knowledge and articu-
latory motor processing between L1 and L2. We thus focused on differences across
tasks at the sentence level. In all three tasks, subjects were instructed to start to speak
when they saw an actor or actress gaze at the camera or a white cross mark appear
for nearly 3 s after the video presentation. A total of six conditions were created:
communication tasks in English (ECOM) and in Japanese (JCOM); description tasks in
English (EDES) and in Japanese (JDES); and object naming tasks in English (EOBJ) and
in Japanese (JOBJ). This experiment used a block design consisting of the aforemen-
tioned tasks (COM, DES, and OBJ). Each block consisted of four trials that lasted for
28 s each. In each trial, the video clips were presented for 6 s, followed by the cross
mark for 1 s. A set of three blocks of the three tasks (COM, DES, and OBJ), separated by
a 17-s eye-fixation rest, was repeated six times for each subject. During the final 3 s of
the eye-fixation rest period, instructions for the subsequent block were presented.
Subjects were instructed to look at the central cross mark during the rest period. The
order of blocks was counterbalanced across subjects, and one session included a total
72 trials covering three tasks and lasted for 825 s. The same design was used under
the L2 and L1 conditions. The session order was counterbalanced across subjects. All
subjects were provided with specific instructions about minimizing head motion
during fMRI scanning. In each session, participants performed five practice trials of
each task inside the MRI scanner to become accustomed to the experimental pro-
cedure and to learn how to minimize head movement during speech. The subjects’
head was also secured using a foam rubber pad and head-restraining belt to limit
head movement. This pre-scanning training reduced gross head movement during
overt speech to the extent that is observed during covert speech (Huang et al., 2008).
We recorded subjects' utterances using a dual-channel noise-canceling microphone
(Optoacoustics Ltd., Moshav Mazor, Israel), which records subjects’ voices while they
hold a microphone relatively close to their lips. Recorded utterances were analyzed in
terms of number of words.

2.5. Data acquisition and preprocessing

Scanning was performed using a 1.5-Tesla Siemens Symphony system (Erlan-
gen, Germany). Functional images were acquired using gradient-echo planer image
sequences with the following parameters: echo time¼50 ms, flip angle¼90°, slice
thickness¼3 mm, slice gap¼0.99 mm, field of view¼192 mm, 64�64 matrix.
Thirty-three axial slices spanning the entire brain were obtained every 3 s. After
excluding three dummy volumes for stabilization of the T1 saturation effect, 272
volumes were acquired for each participant in each session. Additionally, T1-
weighted anatomical images (thickness¼1 mm; field of view¼256 mm; 192�224
matrix; repetition time¼1900 ms; echo time¼3.93 ms) were obtained from each
participant to serve as a reference for anatomical correlates. For the sake of the
anatomical localization of the hemodynamic activation effects, fMRI maps were
superimposed on a mean image of the normalized T1-weighted anatomical images
of all subjects. The following preprocessing procedures were performed using
Statistical Parametric Mapping (SPM5) software (Wellcome Department of Imaging
Neuroscience, London, UK) and MATLAB (MathWorks, Natick, MA, USA): adjust-
ment of acquisition timing across slices, correction for head motion, co-registration
to the anatomical image, spatial normalization using the anatomical image and the
MNI template, and smoothing using a Gaussian kernel with a full-width at a half-
maximum of 8 mm. Imaging data that showed more than 3 mm of excessive mo-
tion within the scanner were excluded from the statistical analysis. The imaging
data of 27 out of 30 subjects were included in the final analyzes. The average head
movement during scanning was minimal, below 1 voxel. The average maximum
translation and average maximum rotation for all subjects were 1.32 mm (70.53)
and 1.29° (70.44°), respectively, in the L1 session and 1.39 mm (70.42) and 1.43°
(70.52°), respectively, in the L2 session.
2.6. fMRI analysis

A conventional two-level approach for event-related fMRI data was adopted
using SPM5. In the first-level analysis, the degree of activation was estimated based
on a voxel-by-voxel multiple regression analysis of the time courses. A general
linear model was constructed for each subject to analyze the hemodynamic re-
sponse captured by the functional images. The predicted time course of the MRI
signal was generated in consideration of the delay in the hemodynamic response.
Six separate regressors were used to model the hemodynamic response under each
condition (ECOM, EDES, EOBJ, JCOM, JDES, and JOBJ). Contrast images showing each
condition versus the control condition in each section were generated for each
subject. These contrasts (ECOM – EOBJ, EDES – EOBJ, JCOM – JOBJ, and JDES – JOBJ)
were then used in the second-level analysis including a full factorial analysis of
variance (ANOVA), which was performed with SPM5. The average number of words
obtained from each subject's recorded utterances was entered as a covariate to
control for phenomena such as the articulation and selection of words, which may
have been caused by differences in the number of utterances. The statistical
parameter map of the t-values threshold was set at po0.05, corrected cluster level
(height threshold po0.001, uncorrected). A masking procedure was applied to
limit the analysis of the main contrast to the areas showing significant activation in
the mask contrast at a liberal statistical threshold (height threshold po0.05,
uncorrected).

In the second-level (random-effects) group analysis, we evaluated the main
effects of task type and language type and their interactions by submitting in-
dividual subject contrasts under the four conditions [(ECOM – EOBJ) as L2COM,
(EDES – EOBJ) as L2DES, (JCOM – JOBJ) as L1COM, and (JDES – JOBJ) as L1DES] to a 2
(task type: COM vs. DES)�2 (language type: L2 vs. L1) repeated-measures ANOVA
using SPM5. First, the main effect of language type was determined by comparing
brain activity under the L2 (L2COMþL2DES) and the L1 (L1COMþL1DES) condi-
tions. This contrast was masked inclusively by (L2COM – L1COM) and (L2DES –

L1DES) for the main effect of L2 and by (L1COM – L2COM) and (L1DES – L2DES) for
the main effect of L1. To examine the main effect of task type, we compared brain
activation during the COM (L2COMþL1COM) conditions with that observed during
the DES (L2DESþL1DES) conditions. This contrast was masked inclusively by
(L2COM – L2DES) and (L1COM – L1DES) for the main effect of COM and by (L2DES –

L2COM) and (L1DES – L1COM) for the main effect of DES. Second, the interaction
effect between task type and language type was determined using the contrast
(L2COM – L2DES) – (L1COM – L1DES) with the inclusive mask of L2COM (i.e., ECOM
– EOBJ). This contrast and mask procedure enabled us to identify brain areas that
showed greater differences between COM and DES in L2 than in L1 and to limit
brain areas that showed higher activation under ECOM than EOBJ. To illustrate the
pattern of activation across conditions, we plotted the mean effect size for each
condition relative to the control condition using parametric estimates of the acti-
vation peak of observed brain areas.

2.7. Effect of L2 anxiety

To examine the effect of anxiety on brain activity during speech-production
tasks, we performed a voxel-wise multiple regression analysis using the L2 and L1
anxiety scales. In the regression analysis, the results of each L2 and L1 anxiety scale
were entered as explanatory variables with the ECOM, EDES, JCOM, or JDES contrast
images. Additionally, the mean numbers of words produced by subjects during
each task were entered as additional covariates to control for differences in the
number of utterances.

2.8. Effect of L2 oral proficiency

The oral proficiency scores obtained after fMRI scanning were entered as an
explanatory variable with the ECOM, EDES, and (ECOM – EDES) contrast images.
The mean number of words uttered by each subject was also entered in the ana-
lysis, with the ECOM and EDES contrasts as control variables.
3. Results

3.1. Behavioral results

Subjects' recorded utterances were transcribed and analyzed in
terms of the number of words in each trial. To determine whether
there were quantitative differences between COM and DES con-
ditions, we counted the number of words subjects produced in
each task. This analysis included both content and function words.
The mean number of words under each condition was as follows:
ECOM, 4.9170.93; EDES, 4.7970.59; JCOM, 5.8271.47; and JDES,
5.7871.34. We separately assessed differences between the two



Fig. 2. Brain areas showing greater activation during COM tasks (L2COM and
L1COM conditions) than during DES tasks (L2DES and L1DES conditions). The
threshold was uncorrected po0.001, corrected to po0.05 using cluster size. ACC:
Anterior cingulate cortex; mPFC: medial prefrontal cortex; AG: Angular gyrus;
pSTS: posterior superior temporal sulcus; aSTG: anterior superior temporal gyrus;
TP: temporal pole.

Table 1
Brain areas associated with the main effect of task type.

Structure x, y, z T-value Cluster size

COM (L2COMþL1COM)4des (L2DESþL1DES) masked by (L2COM – L2DES)
and (L1COM – L1DES)

Left angular gyrus �54, �58, 24 10.02 36,632
Left anterior superior temporal
gyrus

�56, 4, �18 9.78
�50, 14, �14 7.88

Left middle temporal gyrus �54, �22,
�6

8.46

Left temporal Pole �46, 22, �28 7.83
Left orbital part of inferior
frontal gyrus

�44, 30, �16 7.89

Left insula �30, 14, �8 7.30
Anterior cingulate cortex 6, 28, 14 9.01
Medial prefrontal cortex �8, 46, 42 8.56

10, 48, 34 8.00
Right superior temporal gyrus 50, �18, �8 8.80
Right middle temporal gyrus 56, �28, �2 6.98
Right medial temporal Pole 48, 16, �26 8.18
Right posterior superior tem-
poral sulcus

62, �56, 22 6.73

Right orbital part of inferior
frontal gyrus

50, 26, �14 7.11

Right insula 32, 16, �14 6.89
Precuneus �8, �50, 36 7.32 1728

For each area, the coordinates (x, y, z) of the activation peak in MNI space, peak T-
value, and size of the activated cluster in number (k) of voxels (2�2�2 mm3) are
shown for all subjects (n¼27). The threshold was uncorrected po0.001 and cor-
rected to po0.05 using cluster size.
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tasks according to language due to differences in the linguistic
properties of English and Japanese (e.g., morphology and pho-
nology). Paired t-tests revealed no significant difference between
COM and DES tasks in either English (L2) (t(52)¼�0.52, p¼0.6) or
Japanese (L1) (t(52)¼�0.09, p¼0.92).

3.2. Image results

3.2.1. Main effects of task type and language type
The comparison between COM and DES conditions revealed

differences in the activation of several brain areas. The following
areas produced greater activation under the COM than under the
DES condition: the mPFC, bilateral anterior superior temporal
gyrus (aSTG), bilateral middle temporal gyrus (MTG), bilateral or-
bital part of the inferior frontal gyrus (IFG), bilateral TP, bilateral
insula, left AG, right pSTS, and precuneus (Fig. 2, Table 1). No areas
were significantly more activated under the DES than under the
COM condition. A main effect of language type was observed; L2
speech-production tasks elicited greater activation in the inferior
parietal gyrus, middle frontal gyrus, precentral gyrus, and oper-
cular part of the IFG in the left hemisphere than did the L1 speech-
production tasks (Fig. 3, Table 2).

3.2.2. Interaction between language and task type
The two-factor ANOVA revealed significant activation in the left

posterior supramarginal gyrus (pSMG) during the L2 commu-
nication task. The activation profile showed significantly greater
activity in this area under the L2COM than under the L2DES,
L1COM, and L1DES conditions (Fig. 4, Table 3).

3.2.3. Effect of L2-related anxiety
The correlation analysis revealed an effect of L2-related anxiety

on brain activity under the ECOM, but not the EDES, condition.
Activation in the OFC, including the left insula, was negatively
correlated with the L2 anxiety scale under the ECOM condition
(Fig. 5, Table 4). We found no correlation between the L1 anxiety
scale and brain activation under the JCOM and JDES conditions.

3.2.4. Effect of L2 oral proficiency
Multiple regressions of a whole-brain-based analysis revealed

that neither the ECOM nor the EDES contrast was significantly
correlated. However, we found a significant positive correlation
between L2 oral proficiency scores and activation in the left
middle temporal gyrus (MTG) in the contrast [ECOM – EDES], with
a height threshold at uncorrected po0.005, but a corrected cluster
level at po0.05 ( Fig. 6, Table 5).
4. Discussion

In this study, we attempted to identify the cortical mechanisms
involved in L2 communication and the specific brain areas that are
influenced by both communicative and linguistic demands. To this
end, we manipulated the type of speech (i.e., communication vs.
description) and the type of language (L1 vs. L2). Our results il-
luminate the neural correlates of language use in a social context,
particularly in the case of L2, with which speakers have limited
proficiency and experience. Consistent with our assumption, the
L2 communication task recruited the sensorimotor areas, such as
the left posterior SMG. Furthermore, the neural mechanisms un-
derlying L2 communication were sensitive to both oral proficiency
and anxiety levels. Activation in the left MTG was modulated by L2
proficiency levels. Subjects with higher L2 anxiety levels also
showed suppressed activation in the OFC and left insula during the
L2 communication tasks. These results suggest that the network
for L2 communication is associated with proficiency and anxiety
about the use of L2 in social and interactive contexts. Finally,
consistent with previous studies regarding communication (Sassa
et al., 2007; Willems et al., 2010), our results confirmed the gen-
eral importance of theory-of-mind areas for the generation of
communicative speech in both L1 and L2. The following sections
discuss these findings in detail.

4.1. L2 communication-specific area: the left posterior SMG

In this study, the left posterior SMG, which is located in the
ventral part of parietal cortex, was activated only during the L2
communication tasks, which required subjects to produce an in-
tentionally communicative message using a language in which
they were less fluent than they were in their native language (i.e.,
Japanese). Activation in this area is not likely to be explained by
the linguistic difficulty of L2, because the L2 description task was
associated with reduced activation in this area. Furthermore, a
main effect of L2 was found in the dorsal part of the parietal
cortex, reflecting the demands of linguistic difficulty. Rather,



Fig. 3. Brain areas showing greater activation during L2 tasks (L2COM and L2DES conditions) than L1 tasks (L1DES and L1COM conditions). The threshold was uncorrected
po0.001, corrected to po0.05 using cluster size. The contrasted parameter estimates of each task vs. control task (JDES – JOBJ for L1DES, JCOM – JOBJ for L1COM, EDES –

EOBJ for L2DES, and ECOM – EOBJ for L2COM) at peak voxel in each activated area were plotted. Error bars indicate standard errors of the mean (SEM).

Table 2
Brain areas associated with the main effect of language type.

Structure x, y, z T-value Cluster size

L2 (L2COMþL2DES)4L1 (L1COMþL1DES) masked by (L2COM – L1COM), and (L2DES – L1DES)
Left inferior parietal lobule �34, �44, 38 5.79 570

�20, �60, 44 4.42
Left middle frontal gyrus �28, �2, 52 5.05 636
Left precentral gyrus �44, �2, 34 3.77
Left opercular part of inferior frontal gyrus �44, 4, 24 3.35

Details are the same as in Table 1.
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activation in the posterior SMG may be associated with the si-
mulation or prediction associated with generating goal-directed
and contextualized actions.

It is widely accepted that the ventral part of the inferior parietal
cortex, known as a multimodal area, plays a role in integrating the
action and semantic knowledge required for the skillful use of
tools, generation of gestures, and the production of sign language
and speech when humans plan to execute targeted actions (Carota
et al., 2010; Desmurget et al., 2009; Frey, 2008; Johnson-Frey et al.,
2005; Scott et al., 2009; Stout and Chaminade, 2012). Specifically,
the posterior SMG showed increased activity when subjects
planned communicative gestures and the use of complex tools,
both of which require sensorimotor adjustments based on con-
ceptual information (Johnson-Frey et al., 2005; Schippers et al.,
2009). Neurophysiological studies also support that the left pos-
terior SMG is related to monitoring signals related to intending to
talk and planning the speech act (Carota et al., 2010; Desmurget
et al., 2009). For example, Desmurget et al. (2009) used electrical
stimulation while a patient underwent brain surgery in a waking
state and found that stimulating the left SMG provoked the con-
scious intention to speak, although the patient did not actually
speak out loud. Frey (2008) argued that the left posterior SMG is
probably involved in goal-directed actions that require forward
simulation and adaptation of action control based on semantic
knowledge about tools, the agent′s intentions, or contextual in-
formation (Stout and Chaminade, 2012).

It should be noted that any communicative speech act is
characterized as a goal-directed action when one person directs
language toward another. In this regard, the functional specificity
of the left posterior SMG described above may be critical for
planning communicative speech acts, as it is with regard to other
goal-directed actions described above. This possibility is supported
by recent theories of adapted action simulation and the relation-
ship between action control and language communication (Glen-
berg and Gallese, 2012; Pickering and Garrod, 2013; Pulvermüller
et al., 2014). Pickering and Garrod (2013) argued that speakers
routinely predict (simulate) what they want to say and that these
predictions are based on an efferent copy of the speech command.



Fig. 4. An interaction effect between task type and language type was found in the left SMG. The L2COM induced greater activation in this area than did the other three tasks
(L2DES, L1COM, and L1DES conditions). The threshold was uncorrected po0.001, corrected to po0.05 using cluster size. The activation profile represents the parameter
estimates under each condition relative to those under the control condition (JDES – JOBJ, JCOM – JOBJ, EDES – EOBJ, and ECOM – EOBJ). Error bars indicate standard errors of
the mean (SEM).

Table 3
Brain areas showing activation specific to the L2 COM task.

Structure x, y, z T-value Cluster size

(L2COM –L2DES)4(L1COM – L1DES) masked by ECOM – EOBJ
Left posterior supramarginal gyrus �56, �48, 38 4.40 244

�52, �62, 28 3.65

Details are the same as in Table 1.

Table 4
Brain areas showing a negative correlation between brain activation during the L2
communication task and the L2 anxiety scale.

Structure x, y, z T-value Cluster size

Left insula �32, 26, �6 5.40 413
Orbitofrontal cortex �16, 44, �12 5.03

Details are the same as in Table 1.
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They also argued that speech commands are messages that a
speaker wishes to convey and that such messages include in-
formation about communicative force (interrogative), pragmatic
context, and a nonlinguistic situation. This simulation or predic-
tion may be important for the acquisition of the pragmatic
knowledge related to typical action sequences, dialog schemas, or
discourse conventions in language development (Glenberg and
Gallese, 2012; Pulvermüller et al., 2014).

In the present study, the cognitive processes involved in the
Fig. 5. Brain areas showing a negative correlation between activation and the L2 anxiety
to po0.05 using cluster size. The parameter estimates under the ECOM condition relativ
cortex (�16, 44, �12) were extracted and plotted against the L2 anxiety scale.
simulation for planning communicatively acceptable speech in L2
must have been more demanding than that involved in planning
such speech in L1 due to the subjects’ limited proficiency and
experience in L2. While communicating in L1, speakers may use
pre-established discourse conventions or dialog schemas that have
been acquired through intensive experiences with social interac-
tion. This explanation is supported by L2 behavioral studies. Færch
and Kasper (1983) suggested that L2 learners use conscious
planning to reach a particular communicative goal. Even if L2
scale under the ECOM condition. The threshold was uncorrected po0.001, corrected
e to baseline in the peak voxel in the left insula (�32, 26, �6) and the orbitofrontal



Fig. 6. Brain areas showing a positive correlation between activation and the L2 anxiety scale in the ECOM-EDES contrast. The threshold was uncorrected po0.005,
corrected to po0.05 using cluster size. The parameter estimates under the ECOM – EDES contrast in the two peak voxels in the left MTG (x, y, z: �58, �32, 4 and �56, �54,
22) were extracted and plotted against the L2 oral proficiency score.

Table 5
Brain areas showing a positive correlation between brain activation in ECOM-EDES
and L2 oral proficiency scores.

Structure x, y, z T-value Cluster size

Contrast in ECOM-EDES
Left middle temporal gyrus �58, �32, 4 5.35 757
Left posterior middle temporal gyrus �56, �54, 22 4.41

In this correlation analysis, the threshold was set at uncorrected po0.005 and
corrected to po0.05 using cluster size.
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speakers freely generate messages at the conceptual level, they
may not know how to convey the intended message due to their
limited L2 proficiency and lack of experience in the target lan-
guage (De Bot, 1992). Therefore, L2 speakers must strategically
formulate the preverbal message in a way that overcomes their
linguistic limitations (Segalowitz, 2010). The subjects in the pre-
sent study may have recruited the left posterior SMG area to si-
mulate and adjust communicative speech, thereby compensating
for their lack of communicative skills in L2.

Our interpretation is supported by several previous studies
suggesting that the sensorimotor area, including the left posterior
SMG, is shaped by past experience and practice (Iacoboni and
Dapretto, 2006; Valyear et al., 2012). Compared with L1, which is
acquired through socially interactive experiences in the long term,
L2 is learned primarily in classroom settings in the short term.
Therefore, the subjects had limited opportunities to use L2 for
communicative purposes and thus showed less communicative
fluency. In this sense, performing L2 speech acts may be similar to
using a complex tool, particularly when L2 is underdeveloped and
is not skillfully used to communicate with others. This explanation
is consistent with that offered by L2-acquisition researchers who
emphasize that L2 communication should be acquired as a social
skill in real-life situations through intensive practice and experi-
ence (Bardovi-Harlig and Bastos, 2011; Dekeyser, 2007; Segalo-
witz, 2010).

It is also important to note that the SMG may be important for
acquiring language and communicative skills in social contexts.
Jeong et al. (2010) demonstrated involvement of the SMG in ob-
servational learning of L2 in communicative situations. They in-
vestigated the effects of two types of learning on word retrieval.
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Translation-based learning relies on memorization of word-by-
word associations, whereas the context-based learning relies on
observation in social interactions in which target words are used
appropriately in real communications. Research undertaken from
a developmental perspective has also found that the structure of
the left SMG is sensitive to an increase in verbal fluency (Lee et al.,
2007; Mechelli et al., 2004; Richardson et al., 2010). Balanced bi-
lingual people, who can speak two languages equally fluently,
show greater gray matter density in this area than do mono-
linguals, who can speak only one language (Mechelli et al., 2004).
Further research is needed to understand the precise neural
changes involved in the acquisition of communicative fluency in
L2.

4.2. The left middle temporal gyrus and oral proficiency in L2

As L2 oral proficiency increased, the left MTG showed increased
activation during the L2 communication task compared with
during the L2 description task. The acquisition of a higher level of
oral proficiency means that L2 leaners can more fluently retrieve
appropriate words, formulaic sequences, and expressions in the
communicative context. Many functional imaging studies have
shown that the posterior temporal area is associated with tools,
verbs, actions, and event words that are related to action concepts
(Bedny et al., 2013; Kable et al., 2005; Martin et al., 1995; Nop-
peney and Price, 2004). For example, Bedny et al. (2013) demon-
strated that the left MTG showed greater activation while pro-
cessing event verbs (e.g., running) and event nouns (e.g., concert)
than while processing object nouns (e.g., strawberry). The role of
the left MTG is also considered to involve semantic control be-
cause this area was activated in semantic tasks that required ef-
ficient semantic retrieval (Gennari et al., 2007; Grande et al.,
2012). Grande et al. (2012) found that the left MTG was more
strongly associated with successful lexical retrieval during con-
tinuous spontaneous language production compared with during
unsuccessful retrieval. In the present study, the left MTG may have
been associated with the successful retrieval of words or expres-
sions used appropriately in pragmatic contexts.

4.3. Effect of anxiety on L2 communication

The operation of the neural network involved in communication
was influenced by subjects' levels of anxiety during L2 commu-
nication. The present study found that subjects with higher L2-re-
lated anxiety levels showed suppressed activation in the left OFC
and insula during the L2 communication but not during the L2
description tasks. It has also been reported that the OFC plays a role
in integrating self-monitoring and emotion in interpersonal situa-
tions (Beer et al., 2006). Patients with damage in this area also show
impaired interpersonal behavior due to lack of self-monitoring
(Beer et al., 2003; Prigatano, 1991). Previous studies have reported
that activity in the anterior insula increased under a condition that
included errors, negative feedback, and conflict, which are related
to negative emotion during action monitoring (Koban and Pourtois,
2014; Ullsperger et al., 2010). In the social context, this area is be-
lieved to be involved in anticipation of an aversive outcome per-
petrated by others (Liljeholm et al., 2014). Furthermore, activation
in this area increases or decreases depending on social anxiety le-
vels related to a risk-taking task, reflecting its sensitivity to anxiety
(Etkin and Wager, 2007; Tang et al., 2012). Anticipation of another
person's reaction and self-monitoring are fundamental cognitive
processes during communication, because speakers have to pro-
duce their utterances in a way that avoids aversive (negative) re-
sponses from others. In the case of L2, with which they have limited
proficiency and experience, speakers have to carefully produce their
utterances so that another person can understand what they want
to say in a particular situation. Anecdotally, many learners tend to
experience difficulty making themselves understood by another
person in L2 due to inappropriate or incorrect expressions. We in-
terpret the findings of this study as showing that the subjects with
lower levels of L2-related anxiety may have recruited both the left
insula and the OFC to anticipate responses and monitor whether
their communicative utterances were appropriate as interpersonal
social behaviors. Therefore, the current study adds to the neural
evidence showing that language-related anxiety inhibits appro-
priate neural responses while learners communicate in L2. Our
findings are consistent with those of behavioral L2 and multilingual
studies (Dewaele, 2013; Sheen, 2008; Thompson, 2013; Thompson
and Lee, 2013). For example, Sheen (2008) showed that language-
related anxiety interfered with L2 learning because it inhibited
learners’ capacity to monitor and produce utterances. Furthermore,
there is a growing body of research showing that multilingual
learning experiences impact affective factors (i.e. Thompson and
Lee, 2013) and cognitive factors (i.e. Thompson, 2013). Future re-
search should thus address the effects of various individual differ-
ence factors such as aptitude, emotion, and multilingual learning
experiences on neural bases of L2 communication.

4.4. Brain areas associated with linguistic difficulty in speech
production

The activation pattern in the dorsal part of left inferior parietal
cortex, left middle frontal gyrus, and opercular part of the left IFG
increased similarly during both the description and communica-
tion tasks in L2. In the L2 tasks, the subjects were likely to produce
syntactic and phonological constructions that differed from their
L1 constructions. According to previous research, these areas are
sensitive to the linguistic difficulty associated with complex syntax
and phonology (Abutalebi, 2008; Golestani et al., 2006). Alter-
natively, the left middle frontal gyrus has been associated with
verbal working memory for sentence processing (Fedorenko et al.,
2011). The left inferior parietal area is considered to play a critical
role in phonological working memory (Ravizza et al., 2004). Fur-
thermore, many previous studies have reported that these areas
are more involved in producing and in limited comprehension of
L2 (Abutalebi, 2008; Indefrey, 2007; Jeong et al., 2007). The find-
ings of the present experiment are consistent with those of pre-
vious studies showing that these areas are more sensitive to lin-
guistic difficulty and the phonological demands of L2 than to
communicative demands per se (Willems et al., 2010).

4.5. Brain networks for the generation of communicative speech in
both L1 and L2

Several brain networks known to be involved in the theory-of-
mind system (e.g., the mPFC, ACC, aSTG, pSTS, AG, and TP) were
found to be recruited for speech generation in both L1 and L2 based
on subjects' communicative intention. Consistent with those of
previous studies (Ciaramidaro et al., 2007; Noordzij et al., 2010;
Sassa et al., 2007; Willems et al., 2010), our findings confirm the
general importance of these areas for communication. In the present
study, communicative speech production may have included con-
tinuous mentalizing in which subjects monitored their under-
standing, intentions, desires, and feelings related to the target per-
son. Furthermore, communication likely required demanding con-
ceptualization to create preverbal messages based on feelings and
communicative intentions. The right and left pSTS have been im-
plicated in the prediction of the intentions of another person
(Noordzij et al., 2010) and in the recognition of communicative in-
tentions (Ciaramidaro et al., 2007). Activation in the left AG has been
frequently reported in tasks that require concept retrieval and con-
ceptual integration, such as narrative and discourse processing
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(Binder et al., 2009; Braun et al., 2001; Seghier, 2013). Given that the
orbital part of the left IFG and the left MTG showed greater activa-
tion during the communication than the description tasks, these
areas may be associated with semantic retrieval during the gen-
eration of messages (Binder et al., 2009; Wagner et al., 2001). Fur-
thermore, none of the brain areas mentioned above showed sig-
nificantly higher activation during L2 than during L1 tasks, although
L2 production is more demanding than is L1 production. Thus, our
results suggest that the aforementioned brain areas are less sensitive
to linguistic difficulty, at least under a condition in which speakers
attempt to accomplish simple communicative speech acts. Thus,
future studies are needed to clarify how linguistic and commu-
nicative strategies interact in more complex social situations such as
interactive dialogs and debate in L2.
5. Conclusion

The present study revealed a new finding: that the brain me-
chanisms underlying L2 speech production are influenced by whe-
ther speakers produce their utterances with communicative intent.
The brain networks associated with L2 communication were also
sensitive to L2-related anxiety levels and oral proficiency levels. L2
communication tasks recruited the left posterior SMG, which may
be associated with goal-directed action planning. We speculate that
this area may be an important area for the flexible manipulation of
language as a social tool. Furthermore, the increased activation in
the left MTG associated with successful retrieval of a lexicon as a
result of improved L2 fluency supports our interpretation. These two
areas may be key contributors to communicative skills in L2.

To examine the precise neural mechanisms underpinning L2
communication, future studies need to analyze the content of each
speech act (on a trial-by trial basis) according to various measures
(e.g., fluency, accuracy, and prosody) and examine how speech
content is related to the neural correlates of L2 communication.
Unfortunately, this was not possible in the current study due to
methodological limitations such as the block design and small
number of trails. It is also important to note that although we did
not avoid overt speech during scanning to create a natural setting
for the subjects, we attempted to reduce speech-related artifacts
by training our participants not to move their heads during
scanning. Furthermore, no differences were observed among
conditions in terms of the number of words uttered by the sub-
jects. Even if speech-related artifacts may have influenced some of
the findings of this experiment, we believe that such influences
were probably equivalent among conditions, rendering compar-
isons of activities across conditions valid.

The ultimate aim of most L2 learners is to attain a high level of
fluency in the target language so as to efficiently communicate
with other persons using L2. Our results support the notion that L2
communication skills should be acquired as a social skill in various
contexts and situations through speaking in L2. The pedagogical
implications of this study include that learners should learn L2 as
they learn L1: through communicating with others. Consistent
with common sense, reducing learner anxiety during and through
communicative activities is an important approach to improving
L2 communicative abilities.
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