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Abstract
Self-focused attention (SFA) and other-focused attention (OFA) are central maintenance factors of social anxiety. Tomita
et al., Cognitive Therapy and Research 44:511–525, 2020 investigated brain activities when manipulating SFA and OFA
during speech tasks, after controlling for social anxiety, using near-infrared spectroscopy (NIRS) and eye-tracking. Compared
with the control condition, the SFA condition demonstrated greater activity in the right frontopolar area (rFPA) and right
dorsolateral prefrontal cortex. In the OFA condition, relative to controls, activity was greater in the left superior temporal
gyrus. We investigated whether the activity in these brain areas increased in healthy individuals in proportion to their social
anxiety tendency without manipulating SFA and OFA. Thirty-nine participants performed speech tasks under a no attentional
manipulation (no-instruction) condition and a control (looking at various places) condition. Brain activity was measured
using NIRS (oxy-Hb responses), and eye movements were tracked. We found that higher social anxiety was associated with
higher rFPA activity in the no-instruction condition compared to the control condition and that higher subjective SFA during the no-instruction condition with higher social anxiety was associated with increased rFPA between the no-instruction
and control conditions. These results suggest that greater activity in the rFPA is a useful objective measure of SFA related
to social anxiety during speech tasks.
Keywords Social anxiety · Attention · Social situation · Brain activity · Eye-tracking

Introduction
Background
Social anxiety disorder (SAD) is characterized by a marked
fear and avoidance of social and performance situations
(American Psychiatric Association, 2013). SAD is one
of the most common psychiatric disorders, with an estimated lifetime prevalence of 10.7% (Kessler et al., 2012).
Researchers on social anxiety have highlighted two critical
attentional biases as central maintenance factors of SAD: 1)
self-focused attention (SFA), in which attention is focused
on negative inner cues such as thoughts, self-imagery, and
bodily sensations, and 2) other-focused attention (OFA), in
which attention is focused on environmental threats such as
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evaluations by others (Clark et al, 1995; Rapee & Heimberg,
1997).
A number of studies have shown that highly socially anxious individuals and patients with SAD have higher levels of
self-reported SFA than do participants with low social anxiety (Daly et al., 1989; Hackmann et al., 1998; Mellings &
Alden, 2000). Researchers have identified the observer perspective as an important component of SFA, which is when
individuals mentally picture themselves, they perceive themselves from another person’s viewpoint (Clark et al, 1995).
Experimental manipulations of SFA (e.g., with mirrors,
video cameras, or instructions for self-focus and observer
perspective) caused anticipated anxiety about a social situation, public self-awareness, state anxiety, frequent negative
thoughts, safety behaviors, and low self-evaluation of performance (Bögels & Lamers, 2002; George & Stopa, 2008;
Squrr & Stopa, 2003; Woody & Rodriguez, 2000).
Higher OFA was also found in highly socially anxious
individuals and in SAD patients, indicated in cognitive tasks
using facial stimuli and eye-tracking tasks (Amir et al., 2003;
Gamble & Rapee, 2010; Lazarov et al., 2016). In contrast,
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other research findings suggested an external attention bias
that is not OFA with selective attention for threat but attentional avoidance of salient social stimuli such as eye contact and negative face (Howell et al., 2016; Wermes et al.,
2018; see for review: Chen et al., 2020). Such mixed findings
prompted the development of a vigilance-avoidance model
in which anxious people are initially vigilant for threat and
subsequently avoid it, and the findings have been supported
in several studies (Mogg et al., 2004; Wieser et al., 2009).
A systematic review suggested that the pattern of external
attention bias was influenced by severity of social anxiety, type of social situation, and developmental stages (age
group) (Chen et al., 2020).
Because the experimental paradigms used for SFA and
OFA were completely different, researchers have examined
SFA and OFA in relative isolation, and few have investigated
the relationship between the two and their relative importance in the attentional processes of social anxiety (Choi
et al., 2016; Schultz & Heimberg, 2008). Researchers have
developed probe-detection paradigms to investigate the balance between SFA and OFA in which the external probe
was superimposed on pictures of emotion faces or household objects that were presented on a computer screen and
the internal probe was a pulse to the finger (Mansell et al.,
2003). In addition, researchers have investigated brain activity during the probe-detection paradigm with event-related
brain potentials (Kanai et al., 2012) and functional magnetic
resonance imaging (fMRI) (Choi et al., 2016).
Boehme et al. (2015) manipulated SFA and OFA during a simulated social situation displayed on a screen and
compared the neural activity associated with SFA with OFA
using fMRI. Then, Pujol et al. (2013) compared brain activity using fMRI under a self-condition (participants watching
a video about themselves) and an other-condition (watching
a video about an unknown person) between participants with
SAD and control participants. In these studies, activation in
the medial prefrontal cortex (mPFC), temporo-parietal junction, temporal pole, and primary visual cortex and deactivation in the dorsal frontoparietal cortex were related to SFA
(Boehme et al., 2015; Pujol et al., 2013).
Some researchers proposed that direct measurement of
SFA and OFA in social situations is necessary to clarify
the process of attentional focus in social anxiety (Schultz &
Heimberg, 2008). Although fMRI provides valuable information on neural activity, it is highly sensitive to motion
artifacts and as such requires that participants to remain as
still as possible throughout the measurement session. Therefore, in the studies by Boehme et al. (2015) and Pujol et al.
(2013), participants passively watched videos in social situations, but they did not participate in real-time conversations.
To measure SFA and OFA directly in a real-time social
situation, Tomita et al. (2020) used near-infrared spectroscopy (NIRS) and eye-tracking to examine changes in brain
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activity following manipulation of SFA and OFA during
speech tasks. NIRS is less restrictive than fMRI, making it
easier to measure brain activity in real-time social situations
(Tomita et al., 2020). In the study by Tomita et al., healthy
participants performed speech tasks under SFA, OFA, and
control conditions in front of a monitor that displayed four
people acting as audience members, who gestured positive,
negative, and neutral, respectively. Although the audience
members were in prerecorded videos, participants were told
that the audiences were watching them from another room.
By measuring eye-tracking and brain activity simultaneously, Tomita et al. (2020) matched brain regions associated
with SFA and OFA with behavioral features such as hypervigilance and avoidance in social situations. During speech
tasks, participants were instructed to pay attention according
to each condition, and immediately after each speech task,
self-report questionnaires were administered. Tomita et al.
found that in the SFA condition, the brain activity in the
right frontopolar area (rFPA), which covers the mPFC (Xu
et al., 2017), and that in the right dorsolateral prefrontal
cortex (rdlPFC) were greater than the activity in the control
condition.
In the OFA condition, the brain activity in the left superior temporal gyrus (lSTG) was greater than that in the
control condition (Tomita et al., 2020). In addition, SFA
instructions induced eye movements that indicated avoidance of an audience member who displayed negative gestures, with a positive relationship between these avoidant
eye movements and brain activity in the rFPA; however, in
the OFA condition, participants did not demonstrate any eye
movements associated with hypervigilance or avoidance
(Tomita et al., 2020). From the above results, Tomita et al.
determined that “under the situation of giving a speech in
a social setting, greater oxy-Hb responses in the rFPA with
avoidant eye-movement and in the rdlPFC and greater oxyHb responses in the lSTG may be used as some of the objective measurements of SFA and OFA, respectively” (2020, p.
522). Although previous researchers (Vriends et al., 2017)
proposed observing videos of participants such as in video
phone calls to measure SFA in social situations, using videos
and mirror images as in earlier studies (e.g., Davies, 1982;
Vriends et al., 2017) enhanced participants’ self-perceptions
(Hofmann & Heinrichs, 2002, 2003). Tomita et al. (2020)
suggested that the avoidant eye-movement pattern associated with SFA manipulation might be useful for measuring the degree of SFA in social situations without affecting
self-perceptions.
Tomita et al. (2020) analyzed the effect of attention
manipulation after controlling for social anxiety because
they focused on the effects of SFA and OFA manipulation
irrespective of social anxiety. Although they set the regions
of interest (ROI) based on previous results for SFA and OFA
in individuals with social anxiety (Boehme et al., 2015; Choi
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et al., 2016; Gentili et al., 2008; Pujol et al., 2013; Straube
et al., 2004), it was not clear to what extent the brain regions
revealed in their study are relevant to the underlying pathology of social anxiety because Tomita et al. controlled the
effect of social anxiety.

The Current Study
We aimed to investigate whether the activity in rFPA,
rdlPFC, and lSTG increases proportional to social anxiety
tendency without manipulating SFA and OFA. Using the
experimental paradigm developed by Tomita et al. (2020),
we had participants perform speech tasks. The only difference between the current study and Tomita et al.’s was that
we did not perform attentional manipulation of SFA and
OFA. In the current study, the speech tasks comprised two
conditions: a no-instruction condition (natural setting) and
a control condition. In the no-instruction condition, participants were told to speak freely. We set a control condition
because brain activity related to motor outputs such as utterances and perceptions of visual stimuli should be subtracted
from those related to the task (no-instruction) condition.
Therefore, we used the control data only for the analysis
of brain activity. The control condition was the same as in
Tomita et al. (2020), in which participants were instructed
to “look at various objects and places on the screen as well
as the appearance and reactions of the audience members”
(p. 514).
We compared brain activity in the two conditions using
the same measurement instruments as Tomita et al. (2020).
Furthermore, to clarify the extent to which the brain regions
activated proportional to social anxiety trait were relevant
to attention pathology in social anxiety, we checked for correlations between the oxy-Hb responses of relevant brain
regions, subjective responses to SFA and OFA questionnaires, and fixation duration of eye movements.

Hypotheses
First, we hypothesized that higher social anxiety would be
associated with higher rFPA, rdlPFC, and lSTG activity
in the no-instruction condition compared with the control
condition.
Second, we hypothesized that participants with higher
social anxiety would spend less time watching audience
members who gestured negatively than would audience
members who gestured positively during the no-instruction
condition, as demonstrated in Tomita et al.’s (2020) SFA
condition.
Third, we hypothesized that higher subjective SFA during the no-instruction condition with higher social anxiety would be associated with increased rFPA and rdlPFC
between the no-instruction and control conditions and

higher subjective OFA during the no-instruction condition with higher social anxiety would be associated with
increased lSTG between the no-instruction and control
conditions. In addition, based on Tomita et al. (2020), we
predicted that higher social anxiety with spending less
time watching audience members who gestured negatively
than audience members who gestured positively would be
associated with increased rFPA.

Method
Participants
We recruited 39 students (23 women, 16 men), 19–20 years
old (M = 19.68, SD = 0.87) by handing out an application to
students attending classes at a university in Japan. We used
the same inclusion criteria as Tomita et al. (2020), and “all
participants were Japanese and reported no psychological
disorders including SAD, hearing problems, or neurological
or cardiovascular illnesses. Further, no participants reported
poor physical condition, lack of sleep, or any medication
within 24 h or alcohol consumption within 12 h of the beginning of the experiment” (Tomita et al., 2020, p. 513). In
addition, no participants had participated in Tomita et al.’s
experiment. After the study, participants were compensated
1,500 yen for their time.

Self‑Report Measures
All self-report measures were the same as used by Tomita
et al. (2020), and their study contains the detailed information such as the validity and reliability of each scale.
Japanese Version of the Liebowitz Social Anxiety Scale
(LSAS‑J)
The LSAS-J (Asakura et al., 2002; originally developed by
Liebowitz, 1987) assesses fear and avoidance in 24 typical
social performance and interaction situations. The responses
to each situation are aggregated to produce a measure of
the severity of social anxiety trait. The scale consists of 24
items, each depicting different social situations. For each
situation, participants rated their levels of fear and avoidance
on four-point Likert scales. The fear ratings range from 0
(no fear) to 3 (severe fear). The avoidance ratings response
options were 0 (never), 1 (avoid 33% or less), 2 (avoid 50%),
and 3 (avoid 67%–100%) based on the percent of time avoiding each situation. Total LSAS-J scores ranged from 0 to
144.
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Focused Attention Scale (FAS)
The FAS (Yamada et al., 2002) was based on the Focused
Attention Questionnaire (FAQ; Chambless & Glass, 1984)
and comprises three items translated from the FAQ and nine
original items. The FAS comprises two subscales: FAS-self
(six items), which measures the degree to which participants attend to their physical sensations (e.g., heartbeat), and
FAS-others (six items), which measures the degree to which
participants attend to the behavior of others (e.g., others’
facial expressions). Participants responded to each statement
using a five-point Likert scale ranging from 1 (not focusing
at all) to 5 (focusing totally). Total scores on each subscale
ranged from 1 to 30, where higher scores indicate greater
SFA and OFA.

extreme ends of the scale. Participants also used a VAS to
indicate whether they were able to deliver the speech, as
instructed, in the control condition (question: How well did
you make a speech according to my instruction?), with 0 (not
at all) and 100 (completely) at the extreme ends of the scale.
Participants' Impression of the Audiences
After the speech task, participants looked at each photograph of the audience members and were asked to rate their
impressions of each audience member on a seven-point
Likert scale that ranged from 1 (extremely positive) to 7
(extremely negative). This exercise was so we could identify
the participants who evaluated the audience member's negative gestures incorrectly as positive or vice versa.

Mental Perspective Scale for SAD

Near‑infrared Spectroscopy

When individuals with social anxiety focus their attention
on self, they take the form of a mental visual image experienced from an observer perspective, wherein individuals
perceive themselves from another personʼs viewpoint (Clark
et al, 1995). In contrast, the field perspective means that their
image of the situation is perceived as if they are viewing
the scene from inside their own eyes, observing the details
around them (Spurr & Stopa, 2003). The Mental Perspective
Scale (MPS) (Tomita et al., 2018) comprises three subscales:
field perspective (MPS-F: five items), observer perspective
(MPS-O: four items), and detached mindfulness perspective (MPS-DM: four items). Participants responded to each
statement using a six-point Likert scale ranging from 1 (not
at all) to 6 (totally). We used the MPS-F and MPS-O subscales in the current study; the MPS-F assesses the extent to
which participants see all the audience members and various objects on the screen (e.g., “I look at various objects in
the social situation”), which we regarded as measuring the
opposite construct of OFA. The MPS-O assesses the extent
to which participants see themselves from the perspective of
others (e.g., “I imagine my behavior as though from another
person's viewpoint”), which is an essential component of
SFA (Clark et al, 1995). In the current study, we used FASself and MPS-O to measure the subjective degree of SFA
and FAS-others and the reverse score of MPS-F to measure
the subjective degree of OFA during the speech tasks.

We used an optical topography system (ETG-4000, Hitachi
Medical Corporation, Japan), which measures “changes in
cerebral oxy-Hb and deoxyhemoglobin (deoxy-Hb) concentrations at two wavelengths of near-infrared light (695 nm
and 830 nm)” (Tomita et al., 2020, p. 516). We used the
same type of probe holder, probe position, number of measurement channels, and measurement principles as those used
by Tomita et al. (2020).

Visual Analog Scale Assessing State Anxiety
and Manipulation in the Control Condition
Participants were asked to indicate the degree to which they
were experiencing state anxiety before and during the speech
tasks using a Visual Analog Scale (VAS) (questions: How
anxious are you now? How anxious did you feel during your
speech?), with 0 (not at all) and 100 (completely) at the
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Eye‑tracking System
We used an eye-tracking device (QG-Plus, DITECT,
Japan) that measures binocular gaze using dark pupil–corneal reflection at a rate of 60 frames per second. QG-Plus
automatically accommodates for head movements within a
28 cm × 16 cm × 35 cm (width × height × depth) space up to
25 cm/sec. Fixation was identified when the device detected
the pupils of both eyes and the participant’s gaze stayed in
an area smaller than 50 pixels for at least 100 ms.

Procedure
Participants received an explanation of the nature and purpose of the study and signed a written consent. Before the
experiment commenced, participants completed a medical
checklist, a VAS about state anxiety, and the LSAS-J. They
sat in front of a computer and received an explanation of
the speech tasks. After that, the NIRS probe holder and
the eye-tracker were attached and calibrated. During each
speech task, participants' eye movements and brain activity
were measured. Immediately after each speech task, participants rated their subjective degree of SFA and OFA during the speech, using the relevant FAS and MPS subscales.
After the control condition only, participants used a VAS to
indicate whether they engaged a speech as instructed, and
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they were asked to explain why they had given their VAS
scores to confirm whether they had correctly understood the
instruction.
At the end of the experimental sessions, participants rated
their impression of each audience member and rated their
overall state anxiety during all speech tasks with a VAS. The
next day, participants completed an online questionnaire that
was unrelated to the current study, and they were debriefed
that the audiences they had seen had actually been prerecorded. Participants were also asked to use an online VAS
to indicate whether they had suspected that the audiences
were actually prerecorded videos (0 = extremely believed and
100 = extremely noticed).

Speech Tasks
Again under the same protocol as Tomita et al.’s (2020, p.
514), “the participants performed speech tasks in front of a
monitor that displayed four audience members: two acted
out positive and negative gestures, respectively, while the
other two acted out neutral gestures.” Although we had told
the participants that the audience members were in the next
room evaluating their speech in real time, the audiences were
again actually prerecorded. For each speech task, participants were instructed to talk about “their school life from
elementary school to the present” (Tomita et al., 2020).
There were three speech task sets, each of which consisted
of a set of rest periods and speech tasks: a 60-s rest period
in which participants gazed at a fixation cross in the center
of the screen, a 60-s speech task, a 40-s rest period, a 60-s
speech task, and a final 30-s rest period.
As shown in Fig. 1, the no-instruction condition consisted
of two speech task sets, and the control condition consisted
of one set. Tomita et al. (2020) conducted three sets of
speech tasks: one for the SFA condition, one for the OFA
condition, and one for the control condition. The order of the
SFA condition and the OFA condition was counterbalanced,
and the control condition was always last (Tomita et al.,
2020). In the current study, we conducted the two speech

task sets in the no-instruction condition first, followed by
the control condition, for each participant. The instructions
given to participants in the control condition, the audience
videos, and the topic that participants were instructed to
speak about were the same as those of Tomita et al.
In the no-instruction condition, we did not provide any
instructional manipulation. We told participants that for
the first two speech task sets, they were to speak freely. In
the control condition, participants were instructed to “look
at various objects and places on the screen as well as the
appearance and reactions of the audience members” (Tomita
et al., 2020, p. 514). The control condition was intended as
an adaptive attention control condition asking the participants to attend to various stimuli evenly without producing
SFA and OFA.
We used the same audience videos as those used by
Tomita et al. (2020). One task set included two 60-s speech
tasks (i.e., 60 s × 2); that is, two audience videos were used
per set. Tomita et al. used six different videos for each participant: two per speech task set (i.e., one per 60-s speech)
across three conditions (2 × 3) to prevent the participants
from noticing that the audiences were on prerecorded videos.
For the current study, we also used six different videos for
each participant: four in the no-instruction condition (two
speech task sets), and two in the control condition (one task
set). Detailed information on the videos (e.g., the contents of
gestures in each audience member) is available from Tomita
et al. (2020).

Data Preparation and Analysis
NIRS Data
We used only oxy-Hb data for the analysis as in previous
studies (Tomita et al., 2017, 2020; Yokoyama et al., 2015).
We used the integral mode in the ETG-4000’s analysis program to calculate baseline data and calculated the average
changes in oxy-Hb concentration (Δoxy-Hb) over the baseline for each channel during each speech task (60 s). We

Fig. 1  The differences in the
experimental design between
Tomita et al. (2020) and the current study. Note. In this study,
two sets of speech tasks in the
no-instruction condition were
conducted first, followed by one
set of speech tasks in the control
condition. Each speech task set
consisted of two 60-s speech
tasks. Except for the manipulation of SFA and OFA, the
experimental design of the current study was the same as that
used by Tomita et al. (2020)
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obtained the average Δoxy-Hb from the four no-instruction
speech tasks and the two control speech tasks. Finally, we
divided the two averaged sets of 60-s data into three intervals: 0–20 s, 20–40 s, and 40–60 s. We also followed Tomita
et al. (2020) and calculated the average Δoxy-Hb for each of
these intervals for both conditions.
We used virtual registration (Tsuzuki et al., 2007), which
enables the probabilistic registration of NIRS data into the
Montreal Neurological Institute coordinate space. We set the
ROIs based on the regions associated with SFA and OFA in
Tomita et al.’s study (2020). The three ROIs were placed
over one left and two right brain areas, including the lSTG
(CH41), rFPA covering the mPFC (CH25, CH26, CH35,
CH36, CH46, CH47; Xu et al., 2017), and rdlPFC (CH5,
CH13, CH15). We calculated Δoxy-Hb in each ROI by averaging the corresponding channels (Tomita et al., 2020).
Eye‑tracker Data
The eye movements were analyzed using only the data from
the no-instruction condition because we thought that the
eye-movement pattern of SFA and OFA in high social anxiety individuals would be evident under the no-instruction
condition.
The circular areas of interest (AOIs) were set around the
audience members’ faces: positive, neutral, and negative (see
Tomita et al., 2020). Then, we calculated the average fixation time for each AOI of the four 60-s speeches in the noinstruction condition. We divided the averaged 60-s data into
three intervals: 0–20 s, 20–40 s, and 40–60 s. The fixation
times of the faces were normalized to respective valid fixation time on the whole scene for each participant to remove
the effects of fatigue or movement artifacts. In total, four
speech tasks were used for the analysis (no-instruction condition: 60 s × 4 times), and we measured the fixation times
every 20 s (0–20 s, 20–40 s, 40–60 s). Therefore, we calculated the averaged invalid percent of 12 Sects. (20-s × 3 × 4
times) for each participant. Then, we calculated the median
and the 25th and 75th percentiles of invalid percent of all
participants.
Following previous studies (Tomita et al., 2020; White
et al., 2019), we observed the differences in the duration of
fixation on positive faces minus that on negative faces during no-instruction condition as a behavioral indicator for
social anxiety in social situations for each participant (i.e.,
hypervigilance for threats or threat avoidance).
Statistical Analysis
To investigate the first hypothesis, we performed multilevel multiple regression analyses using a hierarchical
liner model. Predictor variables were LSAS-J score, condition (no-instruction, control), and the interaction between
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LSAS-J and the condition; the outcome variable was the
Δoxy-Hb in each ROI for each time interval. When the interaction between LSAS-J and condition was shown in each
analysis, we used simple main effect analysis using the data
of ± 1SD of LSAS-J to plot the pattern of interaction.
To investigate the second hypothesis, we performed multilevel multiple regression analyses using a hierarchical liner
model. The predictor variables were LSAS-J, face (positive
or negative), and the interaction between LSAS-J and face,
and the outcome variable was the duration time for each time
interval in the no-instruction condition. When the interaction between LSAS-J and face was shown in each analysis,
we used simple main effect analysis to plot the pattern of
interaction.
To investigate the third hypothesis, we performed multiple regression analyses with LSAS-J, each relevant MPS
and FAS subscale answered after the no-instruction condition, interactions between LSAS-J, each of the MPS and
FAS subscales as predictor variables, and the difference
between Δoxy-Hb in no-instruction condition and that in
control condition (the diff of Δoxy-Hb) at the ROIs proved
in the first hypothesis as outcome variables. We used the diff
of Δoxy-Hb because brain activity related to motor outputs
such as utterances and perceptions of visual stimuli should
be subtracted from those related to the task (no-instruction)
condition. Then, we performed a multiple regression analysis with LSAS-J, the differences in fixation duration on a
positive face minus a negative face in no-instruction condition, and interaction between LSAS-J, with the differences in
fixation duration of positive face minus negative face as predictor variables and the diff of Δoxy-Hb in the rFPA as the
outcome variable. We used simple slope analysis to plot the
pattern of interaction when the interaction between LSAS-J
and each relevant MPS and FAS subscale or that of LSAS-J
and the differences in fixation duration on a positive face
minus negative face was shown in each analysis. We used
HAD17_105 (Shimizu, 2016) software for these analyses.
Exclusion Criteria for Data Analysis
We excluded participants’ data for the following reasons: (1)
misunderstanding of the instructions for the control condition; (2) audience member's negative gestures were incorrectly evaluated as positive or vice versa; (3) noticing that
the audiences were actually prerecorded videos, in combination with eye-tracking and NIRS data identified as outliers
that were defined as below the 25th percentile–1.5 × IQR
(75th percentile–25th percentile) and above than 75th percentile + 1.5 × IQR in the box and whisker plot; (4) the eyegaze duration data showed more than half of outliers shown
by all participants in the box and whisker plot; or (5) the
NIRS data showed more than half of outliers shown by all
participants in the box and whisker plot. In addition, we
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excluded eye-tracking data if (6) the calibration of the eyetracking device gave an error, and we excluded NIRS ROI
data if (7) the integral mode could not be used for calculating the average waveform because of body movement.

Results
Confirmation of Exclusion Criteria
We excluded one participant according to the second criterion and one participant with four outliers out of seven
shown by all participants against the fourth criterion, and
we used the data on the remaining 37 participants for the
analyses. We excluded eye-tracking data from another two
participants according to the sixth criterion and used the
data from 35 participants for analysis. We excluded one participant from the analysis using oxy-Hb data in the lSTG
according to the seventh criterion and used the data from
36 participants.

Experimental Manipulation Check
We performed multilevel multiple regression analysis with
LSAS-J, time (baseline, speech tasks), and interaction
between LSAS-J and time as predictor variables and VAS
state anxiety scores as an outcome variable. LSAS-J significantly predicted an increase in VAS state anxiety scores
(B = 0.245, SE = 0.078, p = 0.003). Time also significantly
predicted higher VAS state anxiety scores (B = 43.811,
SE = 5.138, p = 4.6E–10), which means that the participants reported higher state anxiety during the speech tasks
(M = 66.459, SD = 23.583) than at baseline (M = 22.649,
SD = 18.891). The interaction between LSAS-J and time was
not significant (B = –0.168, SE = 0.200, p = 0.405).
Next, we examined participants' impressions of the positive, negative, and neutral audience members; the lower the
impression score, the more positively the participants evaluated the audience member. For this analysis, we divided
the participants into high and low social anxiety groups
(HSA and LSA, respectively) based on LSAS-J because
we could not easily perform multilevel regression analysis on repeated measures with more than two levels using
HAD17_105 (Shimizu, 2016) software: The HSA group
had scored 55 or higher on the LSAS-J, an above average
score, and participants in the LSA group had scored 54 or
lower. We submitted the impressions scores to a 2 (group:
HSA, LSA) × 3 (audience: positive, negative, neutral) mixeddesign ANOVA with repeated measures on the second
variable. While there was no main effect for group or the
group × audience interaction, the main effect of audience was
significant, F (1.41, 49.42) = 363.423, p = 0.001, η2 = 0.886.
Participants reported lower scores for audience members

who acted in a positive manner (M = 1.387, SD = 0.686) than
for those who acted in a negative (M = 6.196, SD = 0.811) (t
(35) = 21.278, p = 0.001) or neutral (M = 4.365, SD = 0.633)
(t (32) = 16.835, p = 0.001) manner. Additionally, participants gave lower scores for audience members who acted
in a neutral manner than for those who acted negatively,
t (35) = 15.004, p = 0.001. Thus, each audience member
impressed the participants as intended.

Hypothesis 1: The Changes in Brain Activities
Table 1 shows the results for the multilevel multiple regression analysis. The results showed that the interaction of
LSAS-J and condition (no-instruction, control) significantly
predicted the Δoxy-Hb in the rFPA at 0–20 s and 20–40 s,
and the interaction of LSAS-J and condition tended to predict Δoxy-Hb in lSTG at 0–20 s. The interaction of LSAS-J
and condition did not predict the Δoxy-Hb in rdlPFC. Figure 2 shows the results of simple main effect analysis. When
LSAS-J was at + 1SD, Δoxy-Hb in the rFPA at 0–20 s was
significantly greater in the no-instruction condition than in
the control condition (LSAS-J + 1SD: B = 0.092, SE = 0.022,
p = 1.6E–4; LSAS-J –1SD: B = 0.027, SE = 0.023, p = 0.254).
Then, at 20–40 s, the simple main effect of LSAS-J
at + 1SD and − 1SD were both significant (LSAS-J + 1SD:
B = 0.169, SE = 0.029, p = 1.7E–6; LSAS-J − 1SD: B = 0.082,
SE = 0.028, p = 0.006). Regarding Δoxy-Hb in the lSTG at
0–20 s, the simple main effects were not significant (LSASJ + 1SD: B = 0.037, SE = 0.037, p = 0.325; LSAS-J –1SD:
B = –0.053, SE = 0.034, p = 0.126).

Hypothesis 2: The Changes in Eye Movements
The median and 25th and 75th percentiles of invalid percent of all subjects were as follows: median = 1.411%, 25th
percentile = 0.503%, 75th percentile = 3.469%. The interaction of LSAS-J and face (positive, negative) did not predict
the fixation duration for any time interval in the no-instruction condition (0–20 s: B =  − 0.003, SE = 0.043, p = 0.952;
20–40 s: B =  − 0.057, SE = 0.063, p = 0.370; 40–60 s:
B =  − 0.069, SE = 0.066, p = 0.302). The main effects of face
were all significant; fixation duration on a negative face was
significantly shorter than that for positive face for each time
interval irrespective of the degree of social anxiety (0–20 s:
B = 2.768, SE = 0.912, p = 0.005; 20–40 s: B = 3.993,
SE = 1.335, p = 0.005; 40–60 s: B = 3.319, SE = 1.316,
p = 0.017). The main effects of LSAS-J were not all significant (0–20 s: B = 0.025, SE = 0.053, p = 0.645; 20–40 s:
B = –0.022, SE = 0.051, p = 0.664; 40–60 s: B = –0.011,
SE = 0.052, p = 0.827).
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1.0E-5
0.334
0.011
0.207
2.2E-9
0.351
0.322
0.867
0.005
0.301
0.631
0.267

*

Hypothesis 3: The Relationship Between
the Subjective and Objective Measurements of SFA
and OFA

***

***

***

*

†

**

***

*

**

lSTG

rdlPFC

Note.† p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. rFPA: right frontopolar area, lSTG: left superior temporal gyrus, rdlPFC: right dorsolateral prefrontal cortex
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Table 1  Multilevel Multiple Regression Analysis Results for Brain Activity
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Based on the results of testing the first hypothesis on the
activities in the rFPA, we performed multiple regression
analyses with LSAS-J, subjective measurements of SFA
(either FAS-self or MPS-O), and interaction of LSAS-J
and subjective SFA measurement as predictor variables;
diff of Δoxy-Hb in the rFPA at 0–20 s and at 20–40 s were
the outcome variables. The results showed that the interaction of LSAS-J and FAS-self significantly predicted the
diff of Δoxy-Hb in rFPA at 0–20 s (β = 0.538, p = 0.001).
Figure 3 shows the results of simple slope analysis. When
LSAS-J was at + 1SD, FAS-self during the speech task predicted diff of Δoxy-Hb in rFPA at 0–20 s (LSAS-J + 1SD:
B = 0.015, SE = 0.005, p = 0.003; LSAS-J –1SD: B = –0.006,
SE = –0.289, p = 0.097). In these results, the interaction of
LSAS-J and MPS-O predicted diff of Δoxy-Hb in rFPA
at 0–20 s (β = 0.311, p = 0.063). The simple slope analysis results were not significant (LSAS-J + 1SD: B = 0.008,
SE = 0.008, p = 0.270; LSAS-J –1SD: B = –0.008,
SE = 0.006, p = 0.181). Neither the interaction of LSAS-J
and FAS-self nor that of LSAS-J and MPS-O significantly
predicted diff of Δoxy-Hb in rFPA at 20–40 s (FAS-self:
β = 0.023, p = 0.893; MPS-O: β =  − 0.002, p = 0.989).
Based on the results of testing the first hypothesis on the
activities in the lSTG, multiple regression analysis with
LSAS-J, the subjective measurements of OFA (either FASothers or MPS-F), and the interaction of LSAS-J and subjective OFA measurement as predictor variables and diff
of Δoxy-Hb in the lSTG at 0–20 s as an outcome variable.
The results showed that neither the interaction of LSAS-J
and FAS-others nor that of LSAS-J and MPS-F predicted
diff of Δoxy-Hb in lSTG at 0–20 s (FAS-others: β = 2.9E-5,
p = 0.874; MPS-f: β = 1.1E-4, p = 0.545).
We did not examine whether LSAS-J moderated the
effects of the differences in the fixation duration of positive faces minus negative faces on diff of Δoxy-Hb in rFPA
because the second hypothesis was not supported.

Discussion
With this study, we aimed to investigate whether the rFPA,
rdlPFC, and lSTG activity during speech tasks increased
proportional to social anxiety tendency without manipulating SFA and OFA. We found that the higher the participants’
social anxiety, the more rFPA activity they showed in the
no-instruction condition compared to the control condition.
Higher social anxiety was also associated with more lSTG
activity in the no-instruction condition than in the control
condition, although the interaction of LSAS-J and condition
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Fig. 2  The results of simple main effect analysis in each brain
region, showing the interaction of LSAS-J and condition. Note. (a)
Δoxy-Hb in the rFPA at 0–20 s (b) Δoxy-Hb in the rFPA at 20–40 s

(c) Δoxy-Hb in the lSTG at 0–20 s. LSAS-J: Japanese version of the
Liebowitz Social Anxiety Scale, rFPA: right frontopolar area, lSTG:
left superior temporal gyrus. ** p < 0.01, *** p < 0.001

Fig. 3  The results of simple slope analysis in increased rFPA in
0–20 s and subjective SFA. Note. (a) The interaction of LSAS-J and
FAS-self (b) The interaction of LSAS-J and MPS-O. rFPA: right
frontopolar area, SFA: self-focused attention, LSAS-J: Japanese ver-

sion of the Liebowitz Social Anxiety Scale, FAS-self: self-focused
attention, which is the subscale of Focused Attention Scale, MPS-O:
observer perspective, which is the subscale of Mental Perspective
Scale for Social Anxiety. Error bars represent standard errors

was marginally significant. Therefore, the first hypothesis
was supported, with the exception of the results for the
rdlPFC.
The dlPFC is associated with voluntary control of attention (Comte et al., 2016). Previous studies demonstrated
that networks within the right frontotemporal region have
roles of self-evaluation, autobiographical memory, and selfrecognition (Keenan et al., 2000). Based on Tomita et al.
(2020), we had hypothesized that dlPFC activity would be
greater in the no-instruction condition than the control condition. The main difference between Tomita et al.’s study
(2020) and the current work is that Tomita et al. experimentally manipulated SFA, whereas we did not. It is possible
that participants in Tomita et al.’s study might have tried to

intentionally control the focus of their attention more than
the participants in the current study. Therefore, activation of
the rdlPFC during the SFA condition in Tomita et al. might
have reflected the cognitive process of trying to intentionally
control attention.
Figure 2 shows that the participants with higher social
anxiety showed less rFPA activity than did those with lower
social anxiety in the control condition at 0–20 s, and they
showed a slight decrease in the control condition and a
marked increase in the no-instruction condition at 20–40 s.
These results might be relevant to the previous research
demonstrating that the response pattern of the prefrontal
cortex in socially anxious individuals differs depending on
whether the experimental task requires special procedures
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such as attention control. For example, when performing
the emotional control task and the verbal fluency task, the
activity in the medial prefrontal cortex and the bilateral ventrolateral prefrontal cortex was lower in patients with SAD
than in healthy individuals (Brühl et al., 2014; Yokoyama
et al., 2015).
Other researchers, however, have reported higher prefrontal cortex activity in patients with SAD than in healthy
individuals when they perform tasks that do not require any
top-down control. Researchers have observed that prefrontal cortex activity in patients with SAD could reflect nonfunctional cognitive activity such as inhibition (Brühl et al.,
2014). Based on these findings, in this study, the prefrontal
cortex activity in the participants with higher social anxiety
might have decreased more under the present control condition that required top-down control to conform to the task
instruction, whereas the activity might have increased more
with the nonfunctional cognitive activity of SFA under the
no-instruction condition. Therefore, we assumed that the
difference in rFPA activity between the no-instruction and
the control conditions became larger proportional to social
anxiety tendency.
As for the second hypothesis, it was not supported. Only
the main effect of face was significant: The fixation duration in the no-instruction condition for negative faces was
significantly shorter than that for positive faces for all time
intervals irrespective of the degree of social anxiety. Therefore, we could not confirm Tomita et al.’s (2020) finding that
avoidant eye-movement patterns might be useful for measuring the degree of SFA in social situations. Lin et al. (2016)
administered a speech task with a prerecorded audience
for healthy subjects as in the current study, and the HSA
group showed longer total fixation on negative stimuli and
shorter total fixation on positive stimuli than did the group
with low trait social anxiety. The LSA group also looked
less at negative feedback than at positive and neutral feedback, whereas the HSA group did not display this bias (Lin
et al., 2016). Therefore, our result was not consistent with
Lin et al.’s. Tomita et al.’s (2020) suggestion concerning
avoidant eye-movement patterns as a useful measure of SFA
is based on experimentally manipulating SFA. However,
Lin et al. (2016) discussed, previous researchers have used
fixation duration on external stimuli to investigate external
attention bias like OFA. Based on the findings for the second hypothesis, it might be difficult to use fixation duration
on external stimuli as an objective measurement of SFA.
Alternatively, the second hypothesis might not have been
supported due to the limited time resolution. We calculated
the average fixation time on each AOI every 20 s. Several
studies have suggested that atypical eye movements in social
anxiety are much more subtle and can best be seen in the
temporal and spatial distribution of the fixations (Chen et al.,
2015; Kleberg et al., 2021). To heighten the time resolution,
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researchers have used a visual scanpath, or a tracing of the
motion of the eye made while viewing a complex stimulus,
and it consists of a sequence of fixations and saccades (Chen
et al., 2015). Adults with SAD showed a longer scanpath
than healthy controls during public speaking (Chen et al.,
2015), whereas youth with SAD showed a shorter scanpath
than healthy controls during emotional recognition (Kleberg et al., 2021). Other researchers use pupil dilation, an
index of arousal, and closely link it to attention (Keil et al.,
2018; Kleberg et al., 2019, 2021). The youth SAD group had
higher pupil dilation than controls (Kleberg et al., 2021), and
larger pupil dilation to happy face stimuli before 12-week
cognitive behavioral treatment for adolescent SAD was
related to worse treatment response (Kleberg et al., 2019).
Therefore, eye tracking analysis with better time resolution,
such as visual scanpath and pupil dilation, may capture the
degree of SFA as well as OFA related to social anxiety.
As Fig. 3 shows, increased rFPA activity during 0–20 s
was associated with higher social anxiety and higher subjective SFA. Therefore, the third hypothesis, as well as the
first hypothesis, were supported for rFPA. Although the
increase in rFPA activity during 20–40 s was greater in the
no-instruction condition than in the control condition and
that difference was greater according to social anxiety tendency, the interaction of LSAS-J and subjective measurement of SFA was not significant for increased rFPA activity
during 20–40. When the participants were asked about the
subjective degree of SFA, they might have answered based
on the memory immediately after the speech commencement (0–20 s).
In contrast, our prediction of a relationship between
increased lSTG activity and the interaction of LSAS-J and
subjective OFA was not supported. Considering this result
and the result of testing the first hypothesis that the effect of
the interaction of LSAS-J and condition in lSTG activity was
marginally significant, it may be difficult to conclude that
lSTG activity is a useful objective measurement of OFA. We
did not analyze the relationship between rFPA and avoidant
eye-movement because the second hypothesis was not supported. In the present study, we demonstrated that objective
measurement of brain activity, which Tomita et al. (2020)
measured by manipulating SFA, can be adapted to naturally
occurring SFA related to social anxiety. In contrast, it is
difficult to adapt the relationship between brain activity and
eye movement, as suggested by manipulating SFA, to a natural setting.
Following Tomita et al. (2020), for the present study, we
created “an experimental paradigm to measure both SFA
and OFA in a social setting” (Tomita et al., 2020, p. 522).
In a similar paradigm, Glassman et al. (2017) used fNIRS
to measure brain activity in the dlPFC while participants
performed a speech task in front of a prerecorded video of
a small audience. They compared participants with HSA
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and LSA and investigated the relationships between dlPFC
activity, participants’ performance skills, and state anxiety during the speech. While Glassman et al. focused on
participant performance skills that other experimenters
had evaluated, we focused our study on the participants’
self-reported SFA and OFA.
In Glassman et al (2017) study, the ROIs were placed
over the dlPFC covering the medial prefrontal regions,
thus overlapping the frontopolar channels we used in the
current study. Glassman et al. found that the relationship
between social anxiety and both blood volume and deoxygenated hemoglobin (Hb) varied significantly as a function
of speech performance, such that participants with LSA
who performed well showed higher dlPFC activity than
did those who did not perform well. In contrast, participants with HAS who performed well showed lower dlPFC
activity than did those with LSA who performed well. In
poor performers, dlPFC activity was slightly higher in the
participants with HSA than in those with LSA. Although
Glassman et al. suggested that the dlPFC activity in poor
performers with HSA could reflect heightened SFA, this
was not based on experimental data because they did not
measure the degree of SFA. Because we here demonstrated
activation in a similar brain region proportional to social
anxiety and to subjective SFA, our findings support the
suggestion of Glassman et al.

Conclusions
In the present study, activity in the rFPA, which was associated with SFA in Tomita et al. (2020), increased proportional to social anxiety in the absence of SFA manipulation. Besides higher social anxiety, higher subjective SFA
during the no-instruction condition was also associated
with increased rFPA between the no-instruction and control conditions. Freitas-Ferrari et al. (2010) observed that
the limbic structure and the mPFC were most consistently
related to the pathology of social anxiety and proposed
that research is needed to understand further the roles of
these regions in the neural circuitry of social anxiety. In
the present results, SFA was essential in understanding the
role of mPFC in the pathology of social anxiety.
The results of the current study suggested that when
people speak publicly in social settings, greater oxy-Hb
responses in the rFPA could be used as objective measurements of SFA in people with higher social anxiety.
By using real-time monitoring of brain activity in these
regions during social situations, we should be able to
assess how changes in SFA occur in people with high
social anxiety without assessing subjective SFA.

Limitations
This study has several limitations. First, we used NIRS to
measure brain activity and eye movements simultaneously
because NIRS is less susceptible to body movement than
are other neuroimaging procedures, such as fMRI. Although
using NIRS increased the ecological validity of the current
study, we could not investigate the deep parts of the brain
such as the amygdala and the insula that are thought to be
active in the neural circuit of anxiety (Etkin & Wager, 2007).
A second limitation was that although participants
reported that their state anxiety, measured by VAS, was
significantly higher during the speech tasks than before the
tasks, speaking in front of audiences displayed on the screen
is different from social situations in everyday life. Therefore,
we should attempt to replicate our results with participants
speaking in front of live audiences.
The third limitation was that we did not include participants’ gender as a factor in the analyses because Tomita
et al. (2020) also did not assess the effect of gender. Indeed,
because there were few men, we had difficulty investigating
differential brain and behavioral responses in men versus
women. We used the same videos as Tomita et al. in which
the gender of the negative audience members was opposite the participant’s gender to maximize the effect of the
audience member who acted negatively. Future researchers
should investigate the effects of participants’ and audience
members’ gender by including more male participants and
a balanced number of male and female negative audience
members.
Fourth, regarding brain regions related only to SFA and
OFA, we set a control condition to subtract brain activities
other than SFA and OFA from those in the no-instruction
condition. Because it was difficult to create a neutral control condition without inducing SFA and OFA while giving
a speech, we instructed the participants to attend equally
to various stimuli to avoid inducing SFA and OFA in the
control condition. However, a neutral state of speaking without SFA or OFA and a state without SFA and OFA due to
adaptive attention might not be equivalent. The part of brain
activities in the present control condition might represent
adaptive attention, and we might have subtracted associated
brain activities from those in the no-instruction condition.
Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by Nozomi Tomita and Hiroaki Kumano. The first draft of
the manuscript was written by Nozomi Tomita and all authors commented on previous versions of the manuscript. All authors read and
approved the final manuscript.
Funding This work was partly supported by JSPS KAKENHI (Grant
numbers JP19K21009 and JP18H05817).

13

Current Psychology
Data availability The datasets generated during and/or analysed during the current study are available from the corresponding author on
reasonable request.

Declarations
Conflicts of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.
Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
The study was approved by the Ethics Review Committee on Research
with Human Subjects of Waseda University (No. 2015–196).
Consent to participate Informed consent was obtained from all individual participants included in the study.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). American Psychiatric
Association.
Amir, N., Elias, J., Klumpp, H., & Przeworski, A. (2003). Attentional
bias to threat in social phobia: Facilitated processing of threat or
difficulty disengaging attention from threat? Behaviour Research
and Therapy, 41, 1325–1335. https://doi.org/10.1016/S0005-
7967(03)00039-1
Asakura, S., Inoue, S., Sasaki, F., Sasaki, Y., Kitagawa, N., Inoue,
T., et al. (2002). Reliability and validity of the Japanese version
of the Liebowitz social anxiety scale. Clinical Psychiatry, 44,
1077–1084.
Boehme, S., Miltner, W. H., & Straube, T. (2015). Neural correlates
of self-focused attention in social anxiety. Social Cognitive and
Affective Neuroscience, 10, 856–862. https://doi.org/10.1093/
2Fscan%2Fnsu128
Bögels, S. M., & Lamers, C. T. J. (2002). The causal role of self-awareness in blushing-anxious, socially-anxious and social phobics
individuals. Behaviour Research and Therapy, 40, 1367–1384.
https://doi.org/10.1016/S0005-7967(01)00096-1
Brühl, A. B., Delsignore, A., Komossa, K., & Weidt, S. (2014). Neuroimaging in social anxiety disorder—a meta-analytic review resulting in a new neurofunctional model. Neuroscience & Biobehavioral Reviews, 47, 260–280. https://doi.org/10.1016/j.neubiorev.
2014.08.003
Chambless, D. L., & Glass, C. R. (1984). The focus of attention questionnaire (Unpublished questionnaire). The American University.

13

Chen, J., van den Bos, E., & Westenberg, P. M. (2020). A systematic
review of visual avoidance of faces in socially anxious individuals: Influence of severity, type of social situation, and development. Journal of Anxiety Disorders, 70, 102–193. https://doi.org/
10.1016/j.janxdis.2020.102193
Chen, N. T. M., Thomas, L. M., Clarke, P. J. F., Hickie, I. B., & Guastella, A. J. (2015). Hyperscanning and avoidance in social anxiety
disorder: The visual scanpath during public speaking. Psychiatry
Research, 225, 667–672. https://doi.org/10.1016/j.psychres.2014.
11.025
Choi, S. H., Shin, J. E., Ku, J., & Kim, J. J. (2016). Looking at the self
in front of others: Neural correlates of attentional bias in social
anxiety. Journal of Psychiatric Research, 75, 31–40. https://doi.
org/10.1016/j.jpsychires.2016.01.001
Clark, D. M., & Wells, A., et al. (1995). A cognitive model of social
phobia. In R. G. Heimberg, M. R. Liebowitz, & D. A. Hope
(Eds.), Social phobia: Diagnosis, assessment, and treatment (pp.
69–93). Guilford Press.
Comte, M., Schön, D., Coull, J. T., Reynaud, E., Khalfa, S., Belzeaux,
R., et al. (2016). Dissociating bottom-up and top-down mechanisms in the cortico-limbic system during emotion processing.
Cerebral Cortex, 26, 144–155. https://doi.org/10.1093/cercor/
bhu185
Daly, J. A., Vangelisti, A. L., & Lawrence, S. G. (1989). Self-focused
attention and public speaking anxiety. Personality and Individual
Differences, 10, 903–913. https://doi.org/10.1016/0191-8869(89)
90025-1
Davies, M. F. (1982). Self-focused attention and personality validation. Current Psychological Research, 2, 87–93. https://doi.org/
10.1007/BF03186748
Etkin, A., & Wager, T. D. (2007). Functional neuroimaging of anxiety:
A meta-analysis of emotional processing in PTSD, social anxiety
disorder, and specific phobia. American Journal of Psychiatry,
164, 1476–1488. https://doi.org/10.1176/appi.ajp.2007.07030504
Freitas-Ferrari, M. C., Hallak, J. E., Trzesniak, C., Santos Filho, A.,
Machado-de-Sousa, J. P., Chagas, M. H. N., et al. (2010). Neuroimaging in social anxiety disorder: A systematic review of the
literature. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 34, 565–580. https://doi.org/10.1016/j.pnpbp.2010.
02.028
Gamble, A. L., & Rapee, R. M. (2010). The time-course of attention
to emotional faces in social phobia. Journal of Behavior Therapy and Experimental Psychiatry, 41, 39–44. https://doi.org/10.
1016/j.jbtep.2009.08.008
Gentili, C., Gobbini, M. I., Ricciardi, E., Vanello, N., Pietrini, P.,
Haxby, J. V., et al. (2008). Differential modulation of neural activity throughout the distributed neural system for face perception in
patients with Social Phobia and healthy subjects. Brain Research
Bulletin, 77, 286–292. https://d oi.o rg/1 0.1 016/j.b rainr esbul l.2 008.
08.003
Glassman, L. H., Kuster, A. T., Shaw, J. A., Forman, E. M., Izzetoglu, M., Matteucci, A., et al. (2017). The relationship between
dorsolateral prefrontal activation and speech performance-based
social anxiety using functional near infrared spectroscopy. Brain
Imaging and Behavior, 11, 797–807. https://doi.org/10.1007/
s11682-016-9554-1
George, L., & Stopa, L. (2008). Private and public self-awareness in
social anxiety. Journal of Behavior Therapy and Experimental
Psychiatry, 39, 57–72. https://d oi.o rg/1 0.1 016/j.j btep.2 006.0 9.0 04
Hackmann, A., Surawy, C., & Clark, D. M. (1998). Seeing yourself
through others’ eyes: A study of spontaneously occurring images
in social phobia. Behavioural and Cognitive Psychotherapy, 26,
3–12. https://doi.org/10.1017/S1352465898000022
Hofmann, S. G., & Heinrichs, N. (2002). Disentangling self-descriptions and self-evaluations under conditions of high self-focused
attention: Effects of mirror exposure. Personality and Individual

Current Psychology
Differences, 32, 611–620. https://d oi.o rg/1 0.1 016/S
 0191-8 869(01)
00063-0
Hofmann, S. G., & Heinrichs, N. (2003). Differential effect of mirror manipulation on self-perception in social phobia subtypes.
Cognitive Therapy and Research, 27, 131–142. https://doi.org/
10.1023/a:1023507624356
Howell, A. N., Zibulsky, D. A., Srivastav, A., & Weeks, J. W. (2016).
Relations among social anxiety, eye contact avoidance, state anxiety, and perception of interaction performance during a live conversation. Cognitive Behaviour Therapy, 45, 111–122. https://d oi.
org/10.1080/16506073.2015.1111932
Kanai, Y., Nittono, H., Kubo, K., Sasaki-Aoki, S., & Iwanaga, M.
(2012). Early somatosensory event-related potentials reveal
attentional bias for internal stimuli in social anxiety. Biological
Psychology, 89, 591–597. https://doi.org/10.1016/j.biopsycho.
2012.01.005
Keenan, J. P., Wheeler, M. A., Gallup, G. G., & Pascual-Leone, A.
(2000). Self-recognition and the right prefrontal cortex. Trends
in Cognitive Sciences, 4, 338–344. https://d oi.o rg/1 0.1 016/S
 1364-
6613(00)01521-7
Keil, V., Hepach, R., Vierrath, S., Caffier, D., Tuschen-Caffier, B.,
Klein, C., & Schmitz, J. (2018). Children with social anxiety disorder show blunted pupillary reactivity and altered eye contact
processing in response to emotional faces: Insights from pupillometry and eye movements. Journal of Anxiety Disorders, 58,
61–69. https://doi.org/10.1016/j.janxdis.2018.07.001
Kessler, R. C., Petukhova, M., Sampson, N. A., Zaslavsky, A. M., &
Wittchen, H. U. (2012). Twelve-month and lifetime prevalence
and lifetime morbid risk of anxiety and mood disorders in the
United States. International Journal of Methods in Psychiatric
Research, 21, 169–184. https://doi.org/10.1002/mpr.1359
Kleberg, J. L., Hanqvist, C., Serlachius, E., & Högström, J. (2019).
Pupil dilation to emotional expressions in adolescent social anxiety disorder is related to treatment outcome. Journal of Anxiety
Disorders, 65, 26–33. https://doi.org/10.1016/j.janxdis.2019.04.
006
Kleberg, J. L., Löwenberg, E. B., Lau, J. Y., Serlachius, E., & Högström, J. (2021). Restricted visual scanpaths during emotion recognition in childhood social anxiety disorder. Frontiers in Psychiatry, 12, 658171. https://doi.org/10.3389/fpsyt.2021.658171
Lazarov, A., Abend, R., & Bar-Haim, Y. (2016). Social anxiety is
related to increased dwell time on socially threatening faces.
Journal of Affective Disorders, 193, 282–288. https://doi.org/10.
1016/j.jad.2016.01.007
Liebowitz, M. R. (1987). Social phobia. Modern Problems of Pharmacopsychiatry, 22, 141–173. https://d oi.o rg/1 0.1 159/0 00414 022
Lin, M., Hofmann, S. G., Qian, M., Kind, S., & Yu, H. (2016). Attention allocation in social anxiety during a speech. Cognition and
Emotion, 30, 1122–1136. https://d oi.o rg/1 0.1 080/0 26999 31.2 015.
1050359
Mansell, W., Clark, D. M., & Ehlers, A. (2003). Internal versus external
attention in social anxiety: An investigation using a novel paradigm. Behaviour Research and Therapy, 41, 555–572. https://d oi.
org/10.1016/s0005-7967(02)00029-3
Mellings, T. M., & Alden, L. E. (2000). Cognitive processes in social
anxiety: The effects of self-focus, rumination and anticipatory processing. Behaviour Research and Therapy, 38, 243–257. https://
doi.org/10.1016/S0005-7967(99)00040-6
Mogg, K., Bradley, B., Miles, F., & Dixon, R. (2004). Brief report time
course of attentional bias for threat scenes: Testing the vigilanceavoidance hypothesis. Cognition and Emotion, 18, 689–700.
https://doi.org/10.1080/02699930341000158
Pujol, J., Giménez, M., Ortiz, H., Soriano-Mas, C., López-Solà, M.,
Farré, M., et al. (2013). Neural response to the observable self
in social anxiety disorder. Psychological Medicine, 43, 721–731.
https://doi.org/10.1017/S0033291712001857

Rapee, R. M., & Heimberg, R. G. (1997). A cognitive-behavioral model
of anxiety in social phobia. Behaviour Research and Therapy, 35,
741–756. https://doi.org/10.1016/s0005-7967(97)00022-3
Schultz, L. T., & Heimberg, R. G. (2008). Attentional focus in social
anxiety disorder: Potential for interactive processes. Clinical
Psychology Review, 28, 1206–1221. https://doi.org/10.1016/j.
cpr.2008.04.003
Shimizu, H. (2016). An introduction to the statistical free software
HAD: Suggestions to improve teaching, learning and practice data
analysis. Journal of Media, Information and Communication, 1,
59–73. Retrieved August 16, 2021, from http://hdl.handle.net/
11150/10815
Spurr, J. M., & Stopa, L. (2003). The observer perspective: Effects on
social anxiety and performance. Behaviour Research and Therapy,
41, 1009–1028. https://doi.org/10.1016/S0005-7967(02)00177-8
Straube, T., Kolassa, I. T., Glauer, M., Mentzel, H. J., & Miltner, W. H.
(2004). Effect of task conditions on brain responses to threatening
faces in social phobics: An event-related functional magnetic resonance imaging study. Biological Psychiatry, 56, 921–930. https://
doi.org/10.1016/j.biopsych.2004.09.024
Tomita, N., Imai, S., Kanayama, Y., Kawashima, I., & Kumano, H.
(2017). Use of multichannel near infrared spectroscopy to study
relationships between brain regions and neurocognitive tasks of
selective/divided attention and 2-back working memory. Perceptual and Motor Skills, 124, 703–720. https://doi.org/10.1177/
0031512517700054
Tomita, N., Minamide, A., & Kumano, H. (2020). Neural correlates supported by eye movements of self-focused attention and other-focused attention in social situations. Cognitive
Therapy and Research, 44, 511–525. https://doi.org/10.1007/
s10608-019-10075-2
Tomita, N., Shima, T., & Kumano, H. (2018). Developing the mental
perspective scale for social anxiety disorder. Japanese Journal
of Psychosomatic Medicine, 58, 65–73. https://doi.org/10.15064/
jjpm.58.1_65
Tsuzuki, D., Jurcak, V., Singh, A. K., Okamoto, M., Watanabe, E., &
Dan, I. (2007). Virtual spatial registration of stand-alone fNIRS
data to MNI space. NeuroImage, 34, 1506–1518. https://doi.org/
10.1016/j.neuroimage.2006.10.043
Vriends, N., Meral, Y., Bargas-Avila, J. A., Stadler, C., & Bögels, S. M.
(2017). How do I look? Self-focused attention during a video chat
of women with social anxiety (disorder). Behaviour Research and
Therapy, 92, 77–86. https://doi.org/10.1016/j.brat.2017.02.008
Wermes, R., Lincoln, T. M., & Helbig-Lang, S. (2018). Attentional
biases to threat in social anxiety disorder: Time to focus our attention elsewhere? Anxiety, Stress, & Coping, 31, 555–570. https://
doi.org/10.1080/10615806.2018.1483497
White, S. W., Capriola-Hall, N. N., Wieckowski, A. T., & Ollendick, T.
H. (2019). Change in gaze-based attention bias in adolescents with
Social Anxiety Disorder. Cognition and Emotion, 1–9. https://d oi.
org/10.1080/02699931.2019.1598938
Wieser, M. J., Pauli, P., Weyers, P., Alpers, G. W., & Mühlberger,
A. (2009). Fear of negative evaluation and the hypervigilanceavoidance hypothesis: An eye-tracking study. Journal of Neural Transmission, 116, 717–723. https://  d oi.  o rg/  1 0.  1 007/
s00702-008-0101-0
Woody, S. R., & Rodriguez, B. F. (2000). Self-focused attention and
social anxiety in social phobics and normal controls. Cognitive
Therapy and Research, 24, 473–488. https://doi.org/10.1023/A:
1005583820758
Xu, M., Hoshino, E., Yatabe, K., Matsuda, S., Sato, H., Maki, A., et al.
(2017). Prefrontal function engaging in external-focused attention in 5-to 6-month-old infants: A suggestion for default mode
network. Frontiers in Human Neuroscience, 10, 676. https://doi.
org/10.3389/fnhum.2016.00676

13

Current Psychology
Yamada, S., Sekiguchi, Y., Ito, Y., & Nedate, K. (2002). Development
of the focused attention scale (FAS) and investigation into its reliability and validity. Human Science Research, 11, 161–173.
Yokoyama, C., Kaiya, H., Kumano, H., Kinou, M., Umekage, T.,
Yasuda, S., et al. (2015). Dysfunction of ventrolateral prefrontal cortex underlying social anxiety disorder: A multi-channel
NIRS study. NeuroImage: Clinical, 8, 455–461. https://doi.org/
10.1016/j.nicl.2015.05.011

13

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

