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This study used functional magnetic resonance imaging (fMRI) to identify differences
in the neural processes underlying direct and semidirect interviews. We examined brain
activation patterns while 20 native speakers of Japanese participated in direct and
semidirect interviews in both Japanese (first language [L1]) and English (second lan-
guage [L2]). Significantly greater activation was observed in the regions involved in
social communication (the medial prefrontal cortex and the bilateral posterior supe-
rior temporal sulci) during the direct interview conducted in the L2 than during the
semidirect interview conducted in the L2. In contrast, both the direct and semidirect
interviews conducted in the L1 produced similar increases in activation in the same
brain areas as those observed during the L2 direct interview. These findings suggest
that the direct interview may have elicited L2 communicative ability to a greater degree
than the semidirect interview. Furthermore, during the L2 direct interview, activity in
the right superior temporal region, which is involved in the processing of paralinguis-
tic features (e.g., prosody and intonation), was positively correlated with increased L2
oral proficiency. Based on our findings, we conclude that the L2 direct interview may
elicit more balanced and varied aspects of communicative ability than the L2 semidirect
interview.

Keywords fMRI, social communication, speaking assessment, face-to-face interaction,
computer-based interaction OPI, SOPI

Introduction

The literature on the assessment of second language (L2) oral proficiency in-
cludes two widely used speaking test formats: a live (direct) format and a sim-
ulated, videotape-mediated (semidirect) format (Alderson & Banerjee, 2002;
O’Loughlin, 2001; Shohamy, 1994). The direct interview format for L2 oral
proficiency tests is generally conducted in real time and involves some form
of face-to-face interaction with an interviewer. In contrast, the semidirect in-
terview format removes the human interviewer to ensure that each respondent
receives the same test. Although each format has advantages and disadvan-
tages, the direct interview is thought to be more authentic than the semidirect
interview (Clark, 1979) because it reflects the social conditions of human com-
munication (i.e., face-to-face interaction). Real-time social interaction is a key
element of the direct interview. In an attempt to identify the neural processes
underlying direct and semidirect interviews conducted in the L2, we used func-
tional magnetic resonance imaging (fMRI). Before discussing our study, we
provide a brief review of the literature on direct and semidirect interviews in
L2 assessment, followed by an overview of recent neuroimaging research on
social cognition pertaining to the possible advantages of direct over semidirect
interviews.
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Direct and Semidirect Interviews: L2 Assessment Literature
Much of the previous research on direct and semidirect speaking test for-
mats has centered on the comparison of several versions of the Simulated
Oral Proficiency Interview (SOPI), a semidirect oral proficiency test developed
by the Center for Applied Linguistics (CAL), and the Oral Proficiency Inter-
view (OPI), a direct face-to-face oral proficiency test. Stansfield (1991) and
Stansfield and Kenyon (1992) reviewed a number of concurrent validity studies
conducted by CAL comparing various language versions of the SOPI and OPI.
The results consistently showed high correlations between test scores for the
two tests, which led Stansfield to conclude that the SOPI “has shown itself to
be a valid and reliable surrogate of the OPI” (p. 200).

However, Shohamy (1994) and O’Loughlin (2001) questioned this reliance
on correlations between test scores for the validation of semidirect speaking
tests. To move beyond the comparison of test scores only, Shohamy conducted
a detailed analysis of the content of the Hebrew version of the SOPI and OPI,
in addition to examining the oral output of test-takers. Although the test scores
for the Hebrew SOPI and OPI were also strongly correlated, the author found
significant differences in terms of the functions and topics of the elicitation
tasks. The test-takers’ output also showed significant differences across a num-
ber of features, including rhetorical functions and structure, prosodic features,
discourse functions, discourse markers, discourse strategies, speech moves, and
the lexical density of the output.

O’Loughlin (2001) pointed out that these discrepancies may be due not
only to the difference in interview formats (i.e., direct vs. semidirect) but also
to a range of methodological factors, such as differences in the characteristics
of the tasks, the degree of interactivity, and the preparation and response time
given to interviewees. To overcome this problem and to focus more clearly
on the differences inherent to the direct versus semidirect interview formats,
O’Loughlin attempted to control the above-mentioned methodological factors.
In his study he examined two versions of the Australian Assessment of Commu-
nicative English Skills (ACCESS) oral subtest: a direct interview version with
an interviewer present to elicit output from the interviewee and a semidirect
version relying on audio-taped stimuli for elicitation. Attempts were made to
make the two versions as similar as possible in terms of task type, topic, and the
degree of interaction, although a role-play task did require substantially more
interaction in the live version (O’Loughlin, 2001). Because of these efforts
to make the two versions similar, interviewee output did not differ greatly in
terms of many of the features in which Shohamy (1994) noticed differences
on the SOPI and OPI. However, differences in speech moves were noted in the
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interactive role-play task for the direct interview, and output on the direct
version also showed slightly more variation in terms of prosodic features. Sig-
nificant differences between the two versions were observed across tasks for
lexical density (O’Loughlin, 2001).

O’Loughlin (2001) cautioned that the degree of interaction, rather than the
format itself, may be the most important determining factor for lexical density,
and, indeed, the largest differences in this parameter were observed in the role-
play task, which included significant amounts of interaction in the live version.
However, the author also noted that despite efforts to control the interviewers’
output on the other tasks, the mere presence of the interviewer “called into play
the candidate’s interactive competence in a sense that is absent from the tape
version” (O’Loughlin, 2001, p. 166). Interviewers and interviewees seemed to
use both verbal and nonverbal feedback during the process of interacting in the
live interview (O’Loughlin, 2001).

We argue that there may in fact be fundamental differences between direct
and semidirect interviews in terms of the social dimension of interaction. In
direct interviews that are conducted in real-time bidirectional settings with a
live interviewer, the interviewee knows that there is a live interviewer who is
listening to his/her answer. This is not the case for the semidirect interview.
This social dimension of interaction may affect cognitive processes underlying
L2 oral interviews. In the present study, we explored the neural processes
underlying direct and semidirect interviews carried out in the L2 from a social-
cognitive neuroscience perspective.

Social Communication: Neuroimaging Research
Language processing includes the processing of linguistic and paralinguistic
information (e.g., prosody and tone of voice). Neuroimaging research has pri-
marily focused on how linguistic information, such as syntax (Friederici & Kotz,
2003), semantics (Bookheimer, 2002; Gold et al., 2006), phonology (Hickok &
Poeppel, 2004), and pragmatics (Braun, Guillemin, Hosey, & Varga, 2001), are
processed at word, single-sentence, and discourse levels in the brain. The left
inferior frontal gyrus (IFG), generally known as Broca’s area, has been impli-
cated in the strategic, controlled, or executive aspects of processing linguistic
information, as reviewed in Indefrey (2006) and Skipper and Small (2005).1

The superior temporal gyrus (STG), which contains the primary auditory cortex
in the middle region and Wernicke’s area in the posterior region, is concerned
with the earliest stages of speech perception (Belin, Zatorre, & Ahad, 2002;
Binder et al., 2000) and narrative comprehension (Braun, Guillemin, Hosey,
& Varga, 2001; Xu, Kemeny, Park, Frattali, & Braun, 2005). The left inferior
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parietal regions, including the supramarginal gyrus and angular gyrus, play
a role in phonological analyses and the storage and manipulation of speech
stimuli (Paulesu, Frith, & Frackowiak, 1993; Ravizza, Delgado, Chein, Becker,
& Fiez, 2004). Numerous neuroimaging studies have shown that the above
fronto-temporal network, along with the Sylvian fissure (particularly in the left
hemisphere), plays an important role in language processing (see Gernsbacher
& Kaschak, 2003; Vigneau et al., 2006, for reviews). In contrast, the right
frontal temporal networks may exert a major influence in the processing of
paralinguistic features, such as prosody and tone of voice (see Lindell, 2006,
for a review).

Humans utilize both linguistic and paralinguistic information to understand
the pragmatic meanings of utterances, read the intentions of the speaker, and
infer what the speaker is thinking and feeling during communication. This
ability to infer the thoughts and feelings of others is referred to as theory of
mind or mentalizing (Baron-Cohen, 1991; Premack & Woodruff, 1978). The
ability to mentalize has been emphasized as a crucial factor in social commu-
nication (Bloom, 2000; Sperber & Wilson, 1995). According to neuroimaging
research on social cognition, the medial prefrontal cortex, posterior superior
temporal sulcus, and temporal pole underlie the mentalizing processes used
in human communication (see Frith & Frith, 2007; Saxe, 2006, for reviews).
For example, the medial prefrontal cortex is associated with thinking about the
mental states of self and others and understanding the intentions operating in
socially interactive contexts (Amodio & Frith, 2006; Kampe, Frith, & Frith,
2003; Walter et al., 2004). The temporal-parietal junction and the posterior su-
perior temporal sulcus are related to perspective taking, reading intentions, and
predicting intentions based on actions (Hamilton & Grafton, 2006; Saxe, Xiao,
Kovacs, Perrett, & Kanwisher, 2004). A recent neuroimaging study conducted
by Sassa et al. (2007) also demonstrated the involvement of these mentaliz-
ing networks in verbal communication. The authors found that the brain areas
used for mentalizing showed greater activation when the participants commu-
nicated with others than when they simply described what was happening to
others.

We assumed that the brain areas responsible for mentalizing are recruited
to a greater degree during the direct interview than the semidirect interview.
The direct interview involves some form of face-to-face interaction with an
interviewer, prompting interviewees to attribute their mental states to oth-
ers. In contrast, the semidirect interview is rather monologic in context; thus.
mentalizing processes may be suppressed. Our review of L2 assessment and
social-cognitive neuroscience research led us to the hypothesis that, compared
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to the semidirect interview, the direct interview may elicit active recruitment
of the cortical networks underlying social communication.

Furthermore, previous neuroimaging research has repeatedly shown that
increased efforts for L2 processing likely induce stronger activation in several
brain regions including the left IFG than those for first-language (L1) processing
(see Abutalebi, 2008; Indefrey, 2006, for a review; Jeong, Sugiura, Sassa, Haji
et al., 2007). To replicate these consistent findings obtained from word-level and
sentence-level processing, we attempted to examine how the type of language
(L1 vs. L2) would affect brain activation during communication activities such
as direct and semidirect interviews. To compare the effects of the L1 and
L2 interviews, we conducted direct and semidirect interviews with the same
participants in both languages and measured cortical activation during these
interviews. In this way, we attempted to explore how interview type (direct vs.
semidirect) and language type (L1 vs. L2) interacted. This study represents an
initial attempt to explore some of the issues emerging in L2 assessment in a
social-cognitive neuroscience context.

Methods

Participants
The sample consisted of 30 participants (20 men and 10 women), all of whom
were right-handed native speakers of Japanese and had learned English as
an L2. At the time of the experiment, all participants were undergraduate
or graduate students. The mean (±SD) age was 22.86 ± 3.31 years (range:
19−31 years). They had started learning English at a mean age of 11.80 ±
0.35 years. All participants had studied English as a foreign language primarily
in a classroom setting and had not lived outside Japan before the age of 10.
Eleven of the participants had visited English-speaking countries for various
personal reasons (e.g., learning English, sightseeing), with a mean length of
stay of 6.05 ± 7.85 months (range: 1−24 months).2

All participants were required to take a placement test produced by the
Society for Testing English Proficiency (STEP). This placement test provided
an approximation of the test-takers’ English ability in terms of the seven-
level main suite of the EIKEN tests produced by STEP. To be included in
the experiment, participants were required to demonstrate a minimum Grade-
2-level performance. Grade 2 is an intermediate level of ability used by the
Ministry of Education, Culture, Sports, Science, and Technology as a rec-
ommended benchmark for high school graduates in Japan. Written informed
consent was obtained from each participant. This study was approved by the
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institutional review board of the Tohoku University Graduate School of
Medicine, Sendai, Japan.

Two interviewers, a man and a woman, interviewed the 30 participants. The
interviewers were native speakers of Japanese. Both interviewers worked as
content specialists in the design and development of the EIKEN tests, and both
were certified speaking test examiners for the EIKEN interview tests.

Experimental Procedure
Thirty participants participated in direct and semidirect interviews during fMRI
scanning. We attempted to make all aspects of the two interview formats as
parallel as possible (e.g., interview content, interviewer, time to answer, visual
and audio information, and degree of interaction) to explore the differential
effects of interview type on cortical activation. The demands placed on par-
ticipants during the fMRI were identical between the direct and semidirect
conditions. The only difference between the two conditions was the presence
of a live interviewer in the direct condition versus a prerecorded interviewer
in the semidirect condition. In the direct condition, participants were informed
that live interviewers were listening to their answers, and the interviewers were
told not to respond to the participants.3

During both the direct and semidirect interviews, an interviewer appeared
on a video screen for 10 seconds to pose a question (see below for a sample) that
the participant was to answer within 40 seconds. The direct interview was con-
ducted in real time through a specially designed video system and dual-channel
noise-canceling fiber-optical microphone (see Figure 1), although interviewers

Figure 1 The experimental setup.
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and interviewees were not interacting linguistically (i.e., were not asking or
answering further questions). In contrast, during the semidirect interview,
50-second prerecorded videos were presented. The interviewer in this video
clip asked a question for 10 seconds and then remained motionless but visible
for the next 40 seconds. Thus, in both the direct and semidirect interviews, one
trial lasted for a 50-second block, including the listening period (approximately
9−10 seconds) and answering period (approximately 40 seconds).

The experiment was conducted in both L2 (English) and L1 (Japanese). L2
and L1 interviews were conducted separately during two different sessions. In
each language session, participants completed eight blocks consisting of four
semidirect and four direct interview blocks. A rest period of 16 seconds, during
which participants viewed a white cross mark on a black screen, was permitted
between blocks. Each session lasted 546 seconds, including 18 seconds of rest
at the beginning. The following four conditions were tested: L2 direct interview
(DE), L2 semidirect interview (SE), L1 direct interview (DJ), and L1 semidirect
interview (SJ). The order of interview type (direct or semidirect interview) and
language (L1 or L2) was counterbalanced across participants.

In each session, participants practiced the direct/semidirect interview inside
the MRI scanner to become accustomed to the experimental procedure and to
learn how to minimize head movements during speech. Participants met the
interviewer appearing in the direct condition outside the fMRI room and then
performed the practice task inside the fMRI room. This procedure ensured
that participants were aware that their interviews were being conducted in real
time. In the semidirect condition, participants performed the practice task with
the prerecorded movie. The gender of the examiners was varied between the
conditions for each participant. The two interviewers were counterbalanced
across participants and interview types. All answers were recorded with a dual-
channel noise-canceling microphone (Optoacoustics Ltd., Israel).

After the fMRI experiment, each participant took a version of the full
EIKEN Grade 2 face-to-face speaking test outside the MRI room. This speaking
test included all the tasks normally included in the live EIKEN Grade 2 speaking
test, including the read-aloud and narration tasks. Test scores from the full
EIKEN speaking test were used to conduct correlation analyses between L2
proficiency scores and brain activation during L2 oral proficiency interviews.

Materials
A total of 16 questions were prepared and split across the four conditions (i.e.,
direct vs. semidirect interviews in L1 and L2). All 16 questions were based
on questions used in past EIKEN speaking tests, which meant that a large
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amount of data was available in terms of difficulty. All questions were reviewed
internally by a project team at STEP to ensure that they were equivalent in
terms of difficulty, level of familiarity of the topics for typical Grade 2 test-
takers, degree of sophistication of the topics, and appropriateness for eliciting
oral responses from Grade-2-level test-takers. Typical examples of questions
included “Some people say that young people’s manners today are getting
worse; what do you think about that?” or “Some people say that we are not
doing enough to recycle things; what do you think about that?” The content of
interview questions was counterbalanced between (a) interview type (direct or
semidirect) and (b) language type (L2 or L1) across participants.

Data Acquisition
Scanning was performed using a 1.5-tesla Siemens Symphony system
(Erlangen, Germany). Functional images were acquired using gradient echo
planar image sequences with the following parameters: echo time = 50 ms, flip
angle = 90◦, slice thickness = 3 mm, slice gap = 0.99 mm, field of view =
192 mm, 64 × 64 matrix, and 3 × 3 × 3-mm voxels.4 Thirty-three 3-mm-thick
axial slices spanning the entire brain were obtained every 3 seconds. Excluding
three dummy volumes for stabilization of the T1 saturation effect, 182 volumes
were acquired for each participant in each session.5 During functional imag-
ing, the participant’s head was secured using a foam rubber pad to minimize
artifacts due to movement. In addition, T1-weighted anatomical images (thick-
ness = 1 mm; field of view = 256 mm; 192 × 224 matrix; repetition time =
1,900 ms; echo time = 3.93 ms) were obtained from each participant to serve
as a reference for anatomical correlates. For the sake of anatomical localization
of hemodynamic activation effects, fMRI maps were superimposed on a mean
image of the normalized T1-weighted anatomical images of all participants.

fMRI Analysis
Functional images were analyzed using the Statistical Parametric Mapping
(SPM) software package, version 5 (see http://www.fil.ion.ucl.ac.uk/spm/), op-
erating on a MATLAB platform. The fMRI analyses included (a) preprocess-
ing of the data and (b) statistical analyses within participants and between
participants.

Preprocessing6

First, functional images of each participant were corrected for differences in
slice acquisition timing by resampling all slices in time to match the first slice
(slice timing adjustment) and were realigned to the first volume to correct for

683 Language Learning 61:3, September 2011, pp. 675–699



Jeong et al. L2 Oral Proficiency and Social Neuroscience

head movement between volumes (realignment). Based on movement parame-
ter estimates from the realignment procedure, we excluded participants who ex-
ceeded 3 mm translation from further analyses. Second, realigned functional im-
ages were coregistered to the T1 anatomical image from that participant. Third,
the T1 images were spatially normalized to the standard Montreal Neurological
Institute (MNI) brain template (available in the statistical parametric mapping
software SPM5, see Friston, Ashburner, Kiebel, Nichols, & Penny, 2007) with
the obtained transformation matrix applied to the coregistered functional image
to allow for comparison across participants. These normalized functional im-
ages were spatially smoothed with a 9-mm Gaussian kernel (full width at half-
maximum) to account for small variations in the localization of activation across
participants.

Statistical Analysis
Ten members of the original pool of 30 participants were excluded. Six were
excluded because the data revealed that head motion exceeded 3 mm (see Pre-
processing subsection). The other four participants were excluded because they
could not provide a sufficient answer for at least 1 of the 16 interview questions.
Thus, the data obtained from 20 participants were analyzed to identify voxels
in the image (i.e., brain regions) that were significantly activated during each
interview.

Conventional first-level (within-subject) and second-level (between-
subjects) analyses were performed using SPM5. In the first-level analysis,
the degree of activation was estimated based on a voxel-by-voxel (i.e., each
and every voxel in the image) multiple regression analysis of the time courses
(Friston, Worsley, Frackowiak, Mazziotta, & Evans, 1995). A general linear
model was constructed for each participant to analyze the hemodynamic re-
sponse captured by functional images.

The predicted time course of the MRI signal was generated with consider-
ation for the delay in the hemodynamic response (i.e., hemodynamic response
function). Four separate regressors were used to model the hemodynamic re-
sponse during each interview condition (DE, SE, DJ, and SJ). Because the
involvement of cognitive processes may change dynamically during the inter-
view period, we estimated the average degree of involvement over the entire
interview period in each condition.7 Contrast images between conditions were
also generated for each participant.

We then performed statistical inferences on the contrasts of parameter
estimates with a second-level between-subjects (random effects) model, using
one-sample t tests. First, we compared brain activation during the L1 interview
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and L2 interview, irrespective of the type of interview (direct vs. semidirect).
Second, we compared the brain activation patterns observed during the direct
and semidirect interview conditions in the L1 (DJ relative to SJ), and then the
same comparison was conducted for the L2 (DE relative to SE). The statistical
threshold in the voxel-by-voxel analysis, assuming a search area of the whole
brain, was set at p < .001 for height (i.e., t value of each voxel) and corrected
to p < .05 for multiple comparisons using cluster size (i.e., number of voxels
in the activated area).8

If there were interactions between interview type and language type, the
activation profile at each activation peak was examined via two-way repeated-
measures analysis of variance (ANOVA). Alpha was set at p < .05.

Finally, to identify the brain areas concerned with L2 oral communicative
skills, we entered the contrast image (DE, SE, or DE-SE) resulting from the
first-level analysis into the second-level simple regression analysis, using the
L2 oral proficiency score (as determined in a face-to-face speaking test) as a
predictor variable. The slope of the regression line relating L2 oral proficiency
scores to brain activation was calculated at each voxel, and the t-map testing
the difference of these parameter estimates from zero was thresholded at p <

.005 for height and corrected to p < .05 for multiple comparisons using cluster
size.

Results

Behavioral Results
The duration of speech for each interview condition was as follows: 31.87 ±
5.92 s for DE, 31.66 ± 5.47 s for SE, 32.16 ± 6.51 s for DJ, and 30.73 ± 6.38
s for SJ. Two-way repeated measures ANOVA was used to detect significant
differences among these four conditions. However, no significant quantitative
difference was observed between direct and semidirect interviews in terms of
speech duration, F(1, 19) = 0.95, p = .34.9

Imaging Results
We observed significant activation in the left IFG and left inferior parietal
gyrus under the L2 interview condition compared to the L1 interview con-
dition (Table 1 and Figure 2).10 Furthermore, no brain area showed greater
activation for the L1 interview condition than for the L2 interview condition.
Significantly increased activation during the L2 direct interview condition (DE)
compared to the L2 semidirect interview condition (SE) was observed in the
medial prefrontal cortex, superior frontal gyrus, right posterior superior tem-
poral sulcus, right IFG, left superior temporal sulcus, and cuneus (Table 2). In
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Table 1 Brain areas showing greater activation during L2 versus L1 interviews

Brain region Coordinates (x, y, z) t Cluster size

Left inferior frontal gyrus −50, 6, 22 5.61 370
−48, 14, 26 5.15

Left inferior parietal gyrus −24, −58, 38 7.47 232
−30, −48, 38 4.44

Note. Coordinates (MNI space), t values of peak activation, and cluster size (number of
voxels) are shown for each activated area.

Figure 2 Brain images showing significantly greater activation during the L2 versus
L1 interview. The upper image shows a glass brain representation of activation in the
sagittal and coronal planes. In the lower images, activation in (a) the left inferior frontal
gyrus and (b) the left inferior parietal gyrus are superimposed on sagittal sections of
the mean image for the normalized T1-weighted anatomical images of all participants.
Activation was thresholded at p < .001 in the L2-L1 contrast and corrected to p < .05
for multiple comparisons using cluster size.

contrast, no significant difference in activation was detected in any brain area
when we compared the L1 direct (DJ) and L1 semidirect (SJ) conditions. The
activation profiles for each of the four conditions (Figure 3) revealed significant
interactions between type of interview and type of language in the following
areas: the medial prefrontal cortex, F(1, 19) = 20.79, p < .001; the superior
frontal gyrus, F(1, 19) = 13.52, p < .01; the left posterior superior temporal
sulcus, F(1, 19) = 20.74, p < .001; the right posterior superior temporal sulcus,
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Table 2 Brain areas showing greater activation during the direct versus semidirect
interview in the L2 condition

Brain region Coordinates (x, y, z) t Cluster size

Medial frontal cortex 14, 56, 14 7.01 2,090
−12, 32, 16 6.26
10, 24, 60 6.98 736

Superior frontal gyrus −6, 6, 56 5.58 609
24, 0, 56 5.50

Right posterior superior temporal sulcus 58, −38, 8 7.46 1,285
58, −48, 8 6.63

Left posterior superior temporal sulcus −58, −42, 8 6.42 1,472
−46, −68, 14 5.56

Right inferior frontal gyrus 32, 18, 28 5.57 878
Cuneus −6, −74, 26 6.33 1,261

Note. Coordinates (MNI space), t values of peak activation, and cluster size (number of
voxels) are shown for each activated area.

F(1, 19) = 11.77, p < .001; and the right IFG, F(1, 19) = 12.91, p < .002. Post
hoc paired-sample t tests revealed significantly greater activation in the medial
prefrontal cortex and bilateral superior temporal sulci during the DE, DJ, and
SJ conditions than during the SE condition (p < .05). No significant differences
in the activation patterns observed in the aforementioned areas were found (a)
between the DJ and SJ conditions or (b) between the DE and DJ conditions.

The simple regression analyses revealed a significant positive correlation
between the right superior temporal regions in the DE condition and scores on
the L2 face-to-face speaking tests (Table 3 and Figure 4). However, no such
significant correlation emerged in the SE and DE–SE contrasts.

Discussion

Differential Brain Activation During Direct and Semidirect
Interviews in the L2
This study showed that the L2 direct interview produced significantly greater
activation than the L2 semidirect interview in the following brain regions:
the medial prefrontal cortex, the bilateral posterior superior temporal sulci,
and the right frontal gyrus. The greater degree of activation in these areas
during the direct interview compared to the semidirect L2 interview may be
related to social communication in two ways.11 First, participants knew that a
live interviewer was listening during the direct interview; indeed, whether the

687 Language Learning 61:3, September 2011, pp. 675–699



Jeong et al. L2 Oral Proficiency and Social Neuroscience

Figure 3 Brain images showing a significantly greater degree of activation in specific
brain areas during the L2 interview under direct versus semidirect interview conditions.
Activation profiles of peak activation in (a) the right posterior superior temporal sulcus
(x, y, z: 58, −38, 8), (b) the left posterior superior temporal sulcus (x, y, z: −58, −42,
8), and (c) the medial prefrontal cortex (x, y, z: 14, 56, 14) are shown. The activation
profile of each area represents the parameter estimates in each condition (DE, SE, DJ,
and SJ). Error bars indicate standard error of the mean. ∗p < .05.
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Table 3 Brain area showing correlation between brain activation in the L2 direct inter-
view condition and L2 oral proficiency scores

Brain region Coordinates (x, y, z) t Cluster size

Right superior temporal cortex 68, −8, 12 4.86 526
66, −14, 22 4.21
58, −26, 8 4.09

Figure 4 Results of correlation analyses for brain activation in the DE condition and
oral proficiency scores determined by the EIKEN face-to-face interview. Image (a)
shows significant activation in the right superior temporal cortex. Image (b) shows a
positive correlation between the mean parameter estimates of peak voxels in this area
for the DE condition and L2 oral proficiency scores.

interview was conducted in a real-time bidirectional setting represented the
only difference between the direct and semidirect interviews. This awareness
may have elicited interpersonal awareness in the direct interview. Consistent
with this assumption, it has been suggested that the medial prefrontal cortex
is involved in understanding communicative intention in socially interactive
contexts (Kampe et al., 2003; Rilling, Sanfey, Aronson, Nystrom, & Cohen,
2004; Sassa et al., 2007; Walter et al., 2004). For example, Rilling et al. (2004)
made their participants believe that they were playing real-time interactive
games with a human partner. Greater activation was found in these brain areas,
which are related to mentalizing, when participants believed that they played
games with a human partner than when the partner was a computer (see also
McCabe, Houser, Ryan, Smith, & Trouard, 2001).

Second, the participants in the direct interview condition may have been
sensitive to social signals, such as facial expression and eye gaze, and may
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have engaged in the mentalizing processes underlying social communication
because they knew that the interviewer was actually present. Greater activation
in the posterior superior temporal sulcus has been implicated in the processing
of stimuli that elicit mentalizing with regard to both language and social signals
(see Redcay, 2008, for a review). Activity in this brain region increased when
the participants were engaged in comprehension and production of discourse
or narratives (Braun et al., 2001; Sassa et al., 2007; Wilson, Molnar-Szakacs,
& Iacoboni, 2008). Furthermore, activation of the posterior superior temporal
sulcus has been demonstrated during the processing of facial expressions (Kilts,
Egan, Gideon, Ely, & Hoffman, 2003), the processing of eye movements or eye
gaze (Calder et al., 2002), the observation of the actions of others, and the
reading of intentions from the actions of others (Saxe et al., 2004). In a study
by Spiers and Maguire (2006), participants were requested to think about their
own thoughts and those of others during a virtual reality game, and the right
posterior superior temporal sulcus played a role in such mentalizing.

It should be noted that the L2 direct interview activated the right frontal
cortex to a significantly greater degree than did the L2 semidirect interview.
Although the role of this area remains open to speculation, it may be involved in
the processing of pitch or accent patterns (Gandour et al., 2004; Geiser, Zaehle,
Jancke, & Meyer, 2008). Activation of the right frontal area during the direct
interview may reflect the controlled processing of voice tones (e.g., pitch or
stress) because of the increased awareness accompanying the presence of a live
interviewer.

Consistent with this reasoning, the L2 direct interview, which represents
face-to-face interaction more authentically than the semidirect interview, may
have involved mentalizing for participants to process paralinguistic features.
Our findings indicate that the direct interview may have elicited L2 commu-
nicative language ability to a greater degree than did the semidirect interview.

Automatic Processing of the L1 and Controlled Processing of the L2
Our analyses revealed a differential effect according to interview type in the
L2 interview but not in the L1 interview. This differential effect may be ex-
plained by differences in automaticity between L1 and L2 processing. In this
study, we observed significantly greater activation in the brain areas associ-
ated with social communication during the L2 direct interview than during
the L2 semidirect interview. Because of their limited proficiency levels in the
L2 (i.e., controlled processing), the interviewees’ cognitive capacity may have
been recruited mainly for linguistic processing (e.g., grammatical, lexical, and
phonological processing), leaving fewer cognitive resources for mentalizing.
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However, the mere presence of a live interviewer in the direct interview con-
dition may have prompted activity related to social communication in the L2
interview (O’Loughlin, 2001). During both the L1 direct and semidirect in-
terviews, brain activity in the medial prefrontal cortex and bilateral posterior
superior temporal sulci, which are thought to be responsible for social commu-
nication, increased (Figure 3). L1 linguistic processing is relatively automatic,
thus freeing up the interviewee’s cognitive resources for mentalizing. There-
fore, brain activation patterns may not have been significantly affected by the
type of interview during L1 speech.

This explanation is compatible with those offered in previous L2 stud-
ies (see Kormos, 2006, for a review). For example, Holtgraves (2007, 2008)
demonstrated that L1 speakers automatically recognized speech acts (e.g., com-
plaining, requesting, and agreeing) when reading conversational utterances,
whereas L2 speakers did not demonstrate such recognition. Thus, this fMRI
study indicates that the type of interview (i.e., direct vs. semidirect) may signif-
icantly affect the processes necessary for social communication depending on
the degree of automaticity (i.e., L1 linguistic processing is relatively automatic,
whereas L2 linguistic processing is relatively controlled).

Oral Proficiency in the L2 and the Right Hemisphere
During the L2 direct interview, participants with greater L2 oral proficiency
tended to show greater engagement of the right superior temporal region.12 This
finding implies that participants with higher L2 oral proficiency levels may have
employed prosodic features, such as intonation, pitch, stress, and rhythm, to
communicate more effectively. In addition, they may have also utilized moni-
toring systems for speech generation to a greater extent than participants with
lower L2 oral proficiency levels. Many previous neuroimaging studies support
this interpretation. For example, the right hemisphere, including the superior
temporal region, plays a pivotal role in processing the prosodic and paralin-
guistic aspects of speech (see Lindell, 2006, for a review; Meyer, Steinhauer,
Alter, Friederici, & von Cramon, 2004). In particular, the right superior tem-
poral region is associated with paralinguistic vocal information (Belin et al.,
2002), generation of prosodic aspects of language (Dogil et al., 2002), and
verbal self-monitoring during speech production (Fu et al., 2006). In previ-
ous studies, patients with right hemisphere damage were incapable of using
prosodic features of speech (Pell, 1999) and were unable to appropriately or-
ganize discourse information (Weylman, Brownell, Roman, & Gardner, 1992).
Additional neuroimaging research is needed to clarify the relationships between
cortical mechanisms and the development of L2 communicative skills.
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Concluding Remarks

This study provides neuroimaging evidence that the L2 direct interview involves
a greater number of brain regions concerned with social communication than
does the L2 semidirect interview. Furthermore, activity in the right superior
temporal region, which is involved in processing paralinguistic features, is
positively correlated with increased L2 oral proficiency during the L2 direct
interview. These findings indicate that a real, face-to-face, L2 direct interview
differs from a semidirect interview, at least at the cortical level. Given that social
communication networks are activated during the L1 direct and semidirect
conditions and the L2 direct condition, the L2 direct interview may be more
appropriate than the L2 semidirect interview for eliciting L2 communicative
ability.

To generalize these findings, further studies are required to examine those
who have achieved advanced proficiency in L2 and those who have been ex-
posed to L2 in real life on a daily basis. The participants in this study showed
intermediate proficiency in English, had learned it as a foreign language, and
tended to have very limited opportunities to speak it outside of the classroom.
In addition, the L2 assessment literature includes various types of direct and
semidirect interviews, as reviewed in McNamara and Roever (2006), but we
used only one type of oral proficiency interview in this experiment. Therefore,
additional studies are needed to examine the effect of various interview types
on cortical activation. Furthermore, we treated brain activation while listening
to and answering questions as an interview activity. Future studies are required
to determine how the various parts of an interview (e.g., listening to questions
vs. answering them) affect brain activation. Logistic problems inherent to con-
ducting interviews inside the fMRI apparatus include the limited number of
trials possible for each interview condition (due to fatigue), severe restrictions
on head movement, and difficulty controlling the content of participants’ re-
sponses (due to “natural” language production). Due to these limitations, our
behavioral analyses were restricted to only the effect of the condition on speech
duration. Future neuroimaging research in collaboration with L2 researchers is
needed to investigate whether the qualitative aspects of the examinees’ speech
output in the direct and semidirect conditions (e.g., fluency, complexity, lexical
density) reflect differences in neurological involvement. We believe that this
study serves as a valuable first step in the investigation of the brain mechanisms
underlying performance in L2 oral proficiency interviews.

Revised version accepted 19 January 2010
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Notes

1 The IFG has multiple functions. The anterior and posterior parts of the IFG are
related to syntactic processing (Embick, Marantz, Miyashita, O’Neil, & Sakai,
2000; Opitz & Friederici, 2007) and phonological processing (Poldrack et al.,
1999), whereas the ventral part is associated with semantic processing (Wagner,
Koutstaal, Maril, Schacter, & Buckner, 2000). The IFG also has important roles in
acquiring the grammatical rules of a new language (Musso et al., 2003) and
processing L2 linguistic information for those with late L2 onset or lower L2
proficiency (Indefrey, 2006).

2 Various factors, such as the age at first exposure to L2 (Perani et al., 2003), L2
proficiency level (Perani et al., 1998), and crosslinguistic influence (Jeong, Sugiura,
Sassa, Haji et al., 2007; Jeong, Sugiura, Sassa, Yokoyama et al., 2007), are thought
to influence cortical activation during L2 processing. In this study, the length of
stay in English-speaking countries and L2 oral proficiency were taken into
consideration. The length of stay in English-speaking countries was not correlated
with brain activation pattern in the direct or semidirect interview in L2. See the
Results and Discussion sections for the effect of L2 proficiency level on brain
activation patterns.

3 Although we controlled the linguistic behaviors of the interviewers, the
interviewers may have responded to participants in a nonlinguistic manner (e.g.,
facial expressions and nodding), which cannot be avoided in a live interview.
However, this likely did not affect our findings, because we did not find any
significant difference in brain activation between the L1 direct and semidirect
conditions. Nonetheless, we acknowledge L2 behavioral research that has
demonstrated that the nonlinguistic responses affect speech output (see Wolf,
2008). Therefore, these nonlinguistic factors in the L2 direct interview should be
taken into account in further experiments.

4 Echo planar image is a rapid imaging technique for brain functional MRI that is
sensitive to the local inhomogeneity of magnetic susceptibility, including that
induced by the deoxy-hemoglobin (i.e., neural-activity-dependent metabolic
change). A voxel is a basic sampling unit of the MRI image (see Jezzard, Matthews,
& Smith, 2003 for the details).

5 The MRI signal is affected by two major time constants of the relaxation of
magnetization, T1 and T2. T1 and T2 denote the time constants for longitudinal
and transversal relaxation, respectively (see Jezzard et al., 2003, for the details).

6 The purpose of preprocessing is to remove various artifacts in the data, maximize
the sensitivity of later statistical analyses, and increase statistical validity (Smith,
2004). We followed a standard pre-processing procedure in SPM (see Friston et al.,
2007, for details).

7 Although dynamic changes in the involved cognitive processes may have increased
the number of discrepancies between the model and observed time course of
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activity, the subsequent increase in variation was not statistically significant in the
second-level analysis.

8 In fMRI analysis, performing a statistical test at each voxel generates an enormous
false positive rate when using unadjusted thresholds to detect significant activity.
To avoid Type I errors, correction for multiple comparisons is necessary. Because
functional imaging data are usually not spatially independent (i.e., data in one voxel
are correlated with data from neighboring voxels), the Bonferroni correction may
make the p threshold too conservative. To solve this problem, we used Gaussian
random field (GRF) theory to threshold the image data. This method takes into
account the spatial smoothness of the statistical map (i.e., the number of
statistically independent voxels is lower; Friston, Worsley, Frackowiak, Mazziotta,
& Evans, 1994). Thus, the corrected threshold under a GRF is much lower than
when the Bonferroni correction is used. Finally, using GRF theory it is also
possible to use cluster-based thresholding for inference. In cluster-level inference,
clusters of voxels are created based on initial thresholding and then each cluster is
assigned a p-value, which may or may not pass the final significance test (Friston
et al., 2007; Smith, 2004).

9 For the purpose of this experiment, we could not avoid overt speech during
scanning. Previous studies have reported that overt speech may produce
susceptibility artifacts (e.g., signal drop out) in the fMRI signal (Kemeny, Ye, Birn,
& Braun, 2005). Even if speech-related artifacts did play substantial roles in this
experiment, no difference was observed among the four conditions in terms of
duration of speech. Therefore, the influence may have been equivalent among the
four conditions and comparisons of activity across direct and semidirect conditions
may be valid.

10 These results are consistent with previous neuroimaging studies (Golestani et al.,
2006; Indefrey, 2006; Jeong, Sugiura, Sassa, Haji et al., 2007): Increased efforts for
L2 learners (particularly late learners) to process L2 linguistic information induce
strong activation in these regions.

11 As an anonymous reviewer pointed out, activation in the right STG may be
associated with task difficulty (Hasson, Nusbaum, & Small, 2007; Xu et al., 2005).
Although we attempted to make the direct and semidirect interview conditions as
similar as possible, task difficulty for the L2 direct condition may have been higher
than for the L2 semidirect condition. However, the activation of several brain areas,
such as the medial prefrontal gyrus and bilateral STGs, during the L2 direct
condition was similar to that during the L1 condition (direct and semidirect).
Considering that L1 interviews were easier than L2 interviews for our participants,
task difficulty may not be sufficient to explain the greater activation in the
above-mentioned brain areas (including the right STG) during both the L1 and L2
direct interviews.

12 No correlation was found between brain activation during the L2 semidirect
interview and L2 oral proficiency. The contrasting findings between the direct and
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semidirect interviews are interpreted as the effect of the presence of the interviewer
during the direct interview on prompting brain activity related to social
communication.
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