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1. Summary

Social interactions play a critical role in the development of social and
cognitive skills. Social interactions can be facilitated by action-outcome contingency, in
which self-actions result in relevant responses from others. Previous studies have
indicated that the striatal reward system plays a role in generating signals associated
with action-outcome contingency. How is this signal generated in the striatal reward
system? The action-outcome contingency signal is dependent upon two types of signals:
a signal representing the individual’s own action and a signal associated with the
outcome of that action. However, as these signals have not been evaluated separately in
previous studies, the mechanisms wherein signals associated with self-actions and their
outcomes are integrated in order to generate an action-outcome contingency signal are
not well understood.

Among a distributed set of brain regions associated with processing of self-
related information, the medial prefrontal cortex (mPFC) is consistently reported and
thus proposed as a critical node of self-related processing. It have been proposed that
the self-reference increases the coupling between brain regions that are assigned to
different stages of information processing. This raises the possibility that signals from
components of the self-related network such as the mPFC modulate the input of sensory
signals of the outcome to value processing in order to generate action-outcome
contingency signals.

In the present study, | conducted a functional magnetic resonance imaging
(FMRI) experiment on 38 healthy human participants in order to test the hypothesis that
local brain activity representing the self modulates connectivity between the striatal

reward system and sensory regions that process the responses of others. I employed a



social action-outcome contingency task in which the participant attempted to make a
listener laugh by telling funny jokes. In this task, the utterance was regarded as the
action, and the laughter was regarded as the outcome. Two factors were manipulated:
the speaker of the joke (self or another) and the listener’s response (a sound of group or
single laughter and no laughter). The participants rated subjective pleasure after the
listener’s response in each trial. In the fMRI data analysis, | evaluated brain activity
when the participant heard the listener’s response to an uttered joke.

Participants reported more pleasure when greater laughter followed the
utterance of their own jokes than those of another. This result indicates that action-
outcome contingency increases subjective pleasure, consistent with previous findings
that action-outcome contingency increases positive response to social interactions. As
results of fMRI data analysis, the listener’s responses to the participant’s utterance
produced stronger activation in the mPFC than those to another’s utterance. Greater
activation was observed in the auditory cortex when laughter followed the utterance,
relative to no response following the utterance. Laughter activated the ventral striatum
more strongly when the participants made the listeners laugh than when another did.
Then, | conducted physio-physiological interaction (PPI) analyses in order to test the
hypothesis that self-related activity in the mPFC modulates the functional connectivity
between the auditory cortices and reward system. In the PPI analyses, the ventral
striatum showed interaction effects with regard to signals extracted from the mPFC and
auditory cortex. | also observed a significant correlation between the interaction term of
subjective pleasure and PPI effect at the top peak coordinate of the left ventral striatum.
These results provide supporting evidence for the hypothesis that the mPFC, which is

implicated in self-related processing, gate sensory input of the other’s response to value



processing in the ventral striatum.

In conclusion, using a social action-outcome contingency task in which
participants made a listener laugh by telling funny jokes, I found that the ventral
striatum showed interaction of two signals: a signal from auditory cortex and a signal
from mPFC that was sensitive to self actions. These results suggest that self-relevant
signals from the mPFC modulate sensory input of the outcome to value processing in

the reward system.



2. INTRODUCTION
Social interactions play a critical role in the development of social and cognitive skills
(Goldstein et al., 2003; Kuhl et al., 2003; Csibra and Gergely, 2006; Meltzoff et al.,
2009; van de Pol et al., 2010). Social interactions can be facilitated by action-outcome
contingency (Jones and Gerard, 1967), in which one’s own actions result in relevant
responses from others. Social action-outcome contingency can lead to longer
interactions that are associated with positive responses (e.g., smiling in children)
(Matarazzo et al., 1964; Legerstee and Varghese, 2001; Soussignan et al., 2006; Gratch
et al., 2006) and enhance improvements in motor skills (Dobkin et al., 2010; Sugawara
etal., 2012).

Previous neuroimaging studies have highlighted the role of the striatal reward
system in action outcome-contingency (O’Doherty et al., 2004; Tricomi et al., 2004;
Zink et al., 2004; Tanaka et al., 2008; Li and Daw, 2011; FitzGerald et al., 2014). For
instance, Zink et al. (2004) postulated that action-outcome contingency is related to the
saliency of the reward. In their functional magnetic resonance imaging (fMRI) study,
saliency of a monetary reward was manipulated according to whether its receipt
depended on the correct detection of a target (active task) or was completely
independent of such detection (passive task). Significant caudate and nucleus
accumbens (NAcc) activation occurred following the active compared to passive task.
This action-outcome contingency signal is considered critical for instrumental learning,
which may be used to update expected values of an action (O’Dobherty et al., 2004; Hare
et al., 2008), action preferences (Li and Daw, 2011), or reflect the success of the action
that leads to the desirability of repeating it in the future (FitzGerald et al., 2014). In the

present study, | focused our investigation on one basic question related to action-



outcome contingency signals: How is this signal generated in the striatal reward system?
The action-outcome contingency signal is dependent upon two types of signals: a signal
representing the individual’s own action and a signal associated with the outcome of
that action. However, as these signals have not been evaluated separately in previous
studies, the mechanisms wherein signals associated with self-actions and their outcomes
are integrated in order to generate an action-outcome contingency signal are not well
understood.

Although the nature of the self-concept is inherently complex, previous
neuroimaging studies have suggested that activity in a distributed set of brain regions
associated with information processing is altered by the presence of self-related
information (Northoff et al., 2006; Uddin et al., 2007; Sugiura, 2013 for review).
Among these regions, the medial prefrontal cortex (mPFC) is consistently reported and
thus proposed as a critical node of self-related processing. For instance, a recent meta-
analysis showed that a part of the mPFC was more frequently activated by self-related
judgments than other-related judgments (Denny et al., 2012). The mPFC is sensitive to
social signals directed at the self (e.g., hearing their own name compared to a different
name) (Kampe et al., 2003). Sui and Humphreys (2015) proposed that the self-reference
increases the coupling between brain regions that are assigned to different stages of
information processing. This raises the possibility that signals from components of the
self-related network such as the mPFC modulate the input of sensory signals of the
outcome to value processing in order to generate action-outcome contingency signals.

In the present study, | conducted an fMRI 39 healthy adult volunteers. |
employed a task in which the participant attempted to make a listener laugh by telling

funny jokes. In this task, the utterance was regarded as the action, and the laughter was



regarded as the outcome. Two factors were manipulated: the speaker of the joke and the
listener’s response. I evaluated brain activity when the participant heard the listener’s
response to an uttered joke. | hypothesized that self-related activity in the mPFC
modulates sensory input during the processing of outcome values, which is represented

by the functional connectivity between the auditory cortex and striatum.



3. Materials and Methods
3.1. Participants

Thirty-nine healthy individuals aged 19 to 29 years (20 men and 19 women;
mean age = 21.2 years; standard deviation [SD] = 1.8 years) participated in the study. I
analyzed data from 38 participants [19 men and 19 women, aged 19 to 29 years, mean +
SD age = 21.15 + 1.79 years], after excluding one participant from the analysis due to
excessive head motion (over 2 mm in each run). All participants were native Japanese
speakers and right-handed according to the Edinburgh Handedness Inventory (Oldfield,
1971). No participants had a history of symptoms requiring neurological, psychological,
or other medical care. All participants provided written informed consent. The study
was approved by the ethical committee of the National Institute for Physiological
Sciences of Japan. All methods were carried out in accordance with the approved

guidelines.

3.2. Experimental design

Participants completed two tasks: the pseudo-interactive joke task and the
supplementary gambling task. The gambling task was conducted after the pseudo-
interactive joke task and was used to confirm overlapping activity in the striatum

between the two tasks. In total, the experiment lasted 2.5 h.

3.3. Pseudo-interactive joke task
In this task, one of the two actors (SELF or PC) was asked to utter a joke
(speaker) and listen to the response of a listener after the utterance. There were three

listener responses (Group laughter, Single laughter, and No laughter). Accordingly, this



task contained six conditions: SELF_Group (i.e., the self-utterance of a joke followed
by group laughter), SELF_Single, SELF_No, PC_Group, PC_Single, and PC_No
conditions.

Stimuli

Selection of jokes. | initially prepared 528 jokes from a Japanese TV show
program (IPPON GRAND PRIX; Fuji Television Network, Inc., Tokyo, Japan). | then
conducted two rating tests with a 7-point Likert scale; the 176 jokes with the highest
ratings were chosen by 11 volunteers (7 men and 4 women, aged 26 to 36 years, mean +
SD age = 29.36 + 3.55 years) (Figure 1A), and the 120 funniest jokes among these 176
jokes were further selected by another 33 volunteers (22 men and 11 women, aged 21 to
39 years, mean + SD age = 25.72 £ 4.26 years) (Figure 1B). Finally, I chose 90 of these
120 jokes in which the number of mora in the punchline was matched (mean + SD =
16.57 £ 7.84 years) (see Appendix 1 for the list of jokes in Japanese). | also chose eight
jokes among the unchosen jokes for use in practice trials.

Listener responses. | used two types of laughter: One type represented
laughter from multiple individuals (Group laughter), and the other type represented
laughter from a single person (Single laughter). | selected sound files available on the
internet (SONICWIRE, http://sonicwire.com/) and edited them such that the laughs
were gender-ambiguous and matched in length (3.3 s) (Adobe Audition 3.0, Adobe
Systems Inc., San Jose, CA, USA). The sound pressure levels were adjusted such that
the participants could hear the responses comfortably during the scanning. Three
experimenters confirmed that they felt subjective pleasure when these stimuli were
presented after they uttered the punchline of a joke. In addition to the Group and Single

laughter stimuli, | prepared a stimulus that had the same length of silence with no laugh



(No laughter).

Pairing jokes with listener responses. The 90 funniest jokes were categorized
into six sets (15 jokes in each set) such that the mean rating of funniness was matched
between them. Each set was pseudo-randomly chosen for each task condition.
Stimulus presentation

Participants lay in the MR scanner with their ears plugged and tight but with
comfortable foam padding placed around each participant’s head. | used Presentation
software (Neurobehavioral Systems, Albany, CA, USA) (RRID: SCR_002521) to
present visual and auditory stimuli and record button responses. Visual stimuli were
projected with a liquid-crystal display projector (CP-SX12000J; Hitachi Ltd., Tokyo,
Japan) onto a half-transparent screen. Participants viewed stimuli via a mirror placed
above the head coil. The viewing angle was large enough for participants to observe
stimuli (13.1° [horizontal] x 10.5° [vertical] at maximum). Participants listened to
auditory stimuli through ceramic headphones (KIYOHARA-KOUGAKU, Tokyo,
Japan). Participants’ utterances were recorded with an opto-microphone system
(KOBATEL Corporation, Kanagawa, Japan). Behavioral responses were collected via
an optical button box (HHSC-1x4; Current Designs Inc., Philadelphia, PA, USA).
Cover story

Participants were instructed to read the punchline of the jokes aloud in one
condition, whereas they were asked to listen to a synthesized voice (PC) reading aloud
the punchline of other jokes in the other condition. Participants were encouraged to read
the punchline in a funny way. Before the experiment, participants met an individual
whose gender was the same as their own; they were told that this individual would be

listening to the jokes in another room and evaluating the funniness of the jokes by
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pressing buttons corresponding to one of the three auditory responses. The participants
were told that this listener was different from the reader of the joke in the PC condition.
Although the listener’s response was pre-determined (as described in the section on
stimuli), participants were told that the listener evaluated the funniness of the joke. |
confirmed that all participants believed this explanation.

Task schedule

Participants conducted three runs, each of which lasted for 810 s (810 volumes
per run). Each run consisted of 30 trials lasting for 25 s (750 s). Each of the 6 conditions
was presented 5 times in each run. | inserted a 35 s baseline before the first trial and a
25 s baseline after the last trial (750 + 60 = 810 s). Figure 2 shows the task schedule of
each trial. One trial consisted of five phases: Preparation, Speaker’s Action, Listener’s
Response, Rating, and Rest (Figure 2).

Preparation phase. The setup and punchline of a joke were visually presented
on the screen. Four seconds after the appearance of the joke, the setup was read aloud
by the PC. This phase took between 7 and 10 s in total, depending on the length of the
joke.

Speaker’s Action phase. One of the two frame colors was superimposed on
the visual stimuli. When a red frame appeared, the participant was asked to read the
punchline aloud (SELF condition). Conversely, when a blue frame was presented, the
participant was asked to listen to the punchline that was read aloud by the PC (PC
condition). This phase took 3 s to 6 s depending on the length of the joke.

Listener’s Response phase. One of the three levels of laughter was presented
while a star mark was visually presented for 4 s (Group laughter/Single laughter/No

laughter). In the Group or Single laughter conditions, participants heard 3.3 s of laughter
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0.5 s after the star mark appeared. No sound was presented in the No laughter condition.
Rating phase. Participants reported the degree of subjective pleasure using a 7-
point Likert scale (1 = no pleasure, 7 = very pleasurable). Participants pressed two
buttons with their right index and middle fingers to choose their subjective pleasure
rating. The initial position of choice was pseudo-randomized on the rating scale.
Rest phase. Finally, I inserted a resting period such that the duration of each

trial was 25 s. The duration of this phase varied from 1 to 7 s.

3.4. Data acquisition

| used a 3 T whole-body scanner (Verio; Siemens Erlangen, Germany) with a
32-element phased-array head coil. In order to obtain T2*-weighted (functional) images,
I employed a multiband echo-planar imaging (EPI) sequence that collected multiple EPI
slices simultaneously and reduced the volume repetition time (TR) (Moeller et al.,
2010). | utilized the following sequences to cover the whole brain: TR = 1 s; echo time
(TE) = 30 ms; flip angle (FA) = 80°; field-of-view (FOV) = 192 x 192 mm; in-plane
resolution =2 mm x 2 mm; 60 2-mm axial slices with 0.5 mm slice gap; and multiband
factor = 6. Between the functional runs, | obtained anatomical T1-weighted scans that
covered the whole brain (voxel size =1 mm x 1 mm x 1 mm). | used an MP2RAGE
(Magnetization Prepared 2 Rapid Acquisition Gradient Echoes) sequence that provided
anatomical images with high contrast between gray and white matter (Marques et al.,

2010).

3.5. Data processing

Image processing and statistical analyses were performed using the statistical
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Parametric Mapping (SPM8) package (Friston et al., 2007) (RRID: SCR_007037). The
first 10 functional images were discarded in each run to allow the signal to reach a state
of equilibrium. The remaining volumes were used for subsequent analyses. To correct
for the participant’s head motion, functional images from each run were realigned to the
first image, and again realigned to the mean image after the first realignment. After the
T1-weighted anatomical images were segmented into different tissue classes, each
participant’s T1-weighted anatomical image was co-registered with the mean image of
all EPI images for each participant. The co-registered anatomical images were spatially
normalized to the standard Montreal Neurological Institute (MNI) T1 brain template
(ICBM 152) (Evans et al., 1993; Friston et al., 1995). Normalized fMRI images were
filtered using a relatively small spatial smoothing kernel (4 mm at full-width half-
maximum [FWHM]) to accurately determine the location of the regions in the basal

ganglia (e.g., the ventral striatum) at the group level (Sacchet and Knutson, 2012).

3.6 Statistical analysis

Behavioral data were analyzed with SPSS software (RRID: SCR_002865).
Concerning fMRI data analysis, linear contrasts between conditions were calculated for
individual participants and incorporated into a random-effects model to make inferences
at a population level (Holmes and Friston, 1998).
Initial individual analysis

After preprocessing, task-related activation was evaluated using a general
linear model (Friston et al., 1994; Worsley and Friston, 1995). The design matrix
contained regressors of three fMRI runs. Each run included six regressors of interest (2

Speakers x 3 Listener’s Responses) that were modeled at the onsets of listener's
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responses. The duration of each regressor was 3.3 s, corresponding to the duration of the
auditory response (Figure 2). In addition, each run also included the following five
regressors: one regressor for the Preparation phase, two regressors for the Speaker’s
Action phase (SELF or PC), one regressor for the Rating phase, and one regressor for
the button press. | confirmed weak correlations between regressors of the Speaker’s
Action phase and regressors of the Listener’s Response phases (mean r value = 0.24,
ranging from 0.23 to 0.25). The blood-oxygen-level dependent (BOLD) signal for all
the tasks was modeled with boxcar functions convolved with a canonical hemodynamic
response function characterized by two gamma functions, one modeling the peak and
one modeling the undershoot. Six regressors of rigid-body head motion parameters
(three displacements and three rotations) were included as regressors of no interest. |
also applied a high-pass filter with a cut-off of 128 s to remove low-frequency signal
components. Assuming a first-order autoregressive model, the serial autocorrelation was
estimated from the pooled active voxels with the restricted maximum likelihood
(ReML) procedure and used to whiten the data (Friston, 2002). No global scaling was
performed. To calculate the estimated parameters, a least-squares estimation was
performed on the whitened data. The weighted sum of the parameter estimates in the
individual analyses constituted contrast images. The contrast images obtained from the
individual analyses represented the normalized task-related increment of the MR signal
of each participant.
Subsequent random-effects analysis

Contrast images from the individual analyses were used for the group analysis.
| adopted a flexible factorial design to construct a single design matrix involving 2 x 3

task conditions in the Listener’s Response phase. All conditions were modeled as
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within-subject (dependent) levels, and unequal variance among conditions was
assumed. The estimates for the conditions were compared using linear contrasts. The
resulting set of voxel values for each contrast constituted a statistical parametric map of
the t statistic (SPM {t}).

Given our hypotheses, | evaluated the following predefined contrasts. The
effect of self-action was evaluated as [(SELF_Group + SELF_Single + SELF_No) -
(PC_Group + PC_Single + PC_No)] (SELF minus PC). The effects of listeners’
responses were evaluated as either [(SELF_Group + PC_Group) - (SELF_No +
PC_No)] (Group minus No Laughter), [(SELF_Single + PC_Single) - (SELF_No +
PC_No)] (Single minus No Laughter), or [(SELF_Group + PC_Group) - (SELF_Single
+ PC_Single)] (Group minus Single). Finally, action-outcome contingency effects were
evaluated as [(SELF_Group - SELF_No) - (PC_Group - PC_No)], [(SELF_Single -
SELF_No) - (PC_Single - PC_No)], or [(SELF_Group - SELF_No) - (PC_Group -
PC_No)]. The threshold for the SPM{t} was set at t222) > 3.13 (equivalent to p < 0.001
uncorrected). The statistical threshold for the spatial extent test on the clusters was set at
p < 0.05 and corrected for multiple comparisons [family-wise error (FWE)] over the
whole brain (Friston et al., 1996).

| evaluated brain activation after excluding any activation outside the gray
matter with the masking procedure. Brain regions were anatomically defined and
labeled according to probabilistic atlases (Desikan et al., 2006; Shattuck et al., 2008).
Furthermore, | used an atlas of the human brain (Mai et al., 2007) to confirm the
structures in and around the ventral striatum.

Physio-Physiological Interaction (PPI) analysis

I conducted physio-physiological interaction (PPI) analyses (Friston et al.,
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1997) in order to test the hypothesis that self-related activity in the mPFC modulates the
functional connectivity between the auditory cortices (AC) and reward system.

Definition of seed regions. I identified the top peak coordinates of activation
depicted by each effect of the joke task: the mPFC by the effect of self action, and the
bilateral AC by the effect of the listener’s response. | defined 8 mm radius spheres
centered on these peak coordinates as seed regions. | extracted the time series of the
signal from each seed region after excluding the effects of no interest with F contrasts.

Calculation of physio-physiological interaction (PPI) terms. | then
calculated the PPI terms between the mPFC and each hemisphere of the AC in the
following four steps. First, the MR signal from each seed region was extracted as an
eigenvariate time series. Second, the extracted MR signal was deconvolved with the
canonical hemodynamic response function (HRF). The resulting time series represented
an approximation of neural activity (Gitelman et al., 2003). Third, the two neural time
series were detrended and multiplied (dot product) so that the resulting time series
represented the interaction of neural activity between the two seed regions. Finally, the
interaction time series was convolved with the HRF, representing an interaction variable
at the hemodynamic level (PPI term).

Individual and group analysis. For each participant, | constructed two design
matrices that involved each hemisphere of the AC. Each design matrix involved nine
regressors: the PPI term between the AC and mPFC, two regressors representing the
time-series of the MR signal of the seed regions, and six regressors representing head
motion effects. As a group analysis, | conducted one-sample t-tests on the contrast
images from these individual analyses. | applied the same statistical thresholds utilized

for the analysis of brain activation (P < 0.05 FWE corrected at cluster level, with
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threshold at t37) > 3.33 corresponding to p < 0.001 uncorrected).

3.7. The gambling task

I conducted the same gambling task utilized in our previous study (Izuma et al.,
2008). The task involved two conditions: the monetary-reward (MR) condition, in
which a reward could be obtained, and the no monetary-reward (NoMR) condition, in
which no reward could be obtained. The main purposes of this task were to depict
regions of activity that depend on the degree of the outcome obtained in the MR
condition and to determine whether such outcome-dependent activation in the MR
condition overlapped with action-outcome contingency effects observed in the joke
task.

Task design

Participants completed two runs, each of which lasted for 615 s. Each run
consisted of fifteen 39 s blocks (10 MR blocks and 5 NoMR blocks). In each block, a 24
s task block was followed by a 15 s rest period. Twenty and 10 s rest periods were also
added before the first block and after the last block, respectively [15 blocks x (24 s task
block + 15 s rest period) + 30 s = 615 s]. The order of MR and NoMR blocks was
pseudo-randomized.

Each task block consisted of eight 3-s trials. In each trial, the participants were
presented with three cards labeled as “A,” “B,” or “C” for 2 s (card presentation phase)
and were asked to choose one card by pressing one of three buttons. The card labels (A,
B, and C) were shown in red in the MR trials, whereas the labels were blue in the
NoMR trials. After this phase, the chosen card was highlighted with a thick white line,

and the outcome was displayed for 1 s (outcome phase). In MR trials, “0,” “30,” or “60”
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was presented as the outcome, each representing Japanese YEN (JPY). In the NOMR
trials, “xxx” was presented regardless of the choice of labels.

Before the experiment, participants were encouraged to earn as much money as
possible and were told that the total amount of money earned would be added to the
base payment for participation. The total amount of obtained outcome in each MR trial
varied between 90 and 390 JPY. After the experiment was complete, however, all
participants were paid the same amount of reward (2,000 JPY), regardless of the
outcomes obtained in the MRI condition.

Statistical analysis

I conducted the same analysis as for the pseudo-interactive joke task, except
that | used a different design matrix at the individual and group analyses. A design
matrix of the gambling task at individual analysis comprised the two runs. | conducted a
parametric modulation analysis using the reward value (0, 30, and 60 JPY) to determine
which regions exhibited activity that was correlated with the reward valuation (Blichel
etal., 1996). Each run included three task regressors of interest: two regressors that
modeled the outcome phase in the MR and NoMR conditions and a regressor modeling
the amount of the outcome in the outcome phase in the MR condition. 1 also included
the following regressors: the card presentation phase and six regressors of rigid-body
head motion parameters. | applied the same high-pass filter and autoregressive model to
the data. The parameters for a regressor modeling the amount of the outcome in the
outcome phase of the MR condition were estimated and evaluated. I collected the results
of the individual analyses (contrast images) from each participant and conducted a
group analysis using one-sample t-tests. The same statistical threshold utilized in the

main analysis was applied.
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I then defined an 8-mm radius sphere with the peak coordinates of the cluster
of activation as the region of interest (ROI). This radius was identical to the effective
resolution (final smoothness) of the statistical parametric maps (i.e., 8.3 mm) in the
pseudo-interactive joke task. | averaged the contrast estimates in all voxels within each

ROI and compared them between the conditions.
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4. Results
4.1. Behavioral results

The participants rated subjective pleasure after the listener’s response in each
trial (Figure 2). Greater laughter yielded greater pleasure in both the SELF and PC
conditions, whereas the increment of the pleasure rating between the listener’s
responses was greater for the SELF than PC condition (Figure 3). Two-way repeated-
measures analysis of variance (ANOVA,; 2 levels of Speaker x 3 levels of Listener’s
Response) of the pleasure rating revealed a significant main effect of Speaker (F(z, 37) =
24.1, p <0.0001), a significant main effect of Listener’s Response (F2, 74y = 99.5, p <
0.0001), and a significant interaction (F, 74) = 37.9, p < 0.0001). Post hoc pairwise
comparisons with Bonferroni’s correction confirmed that all Listener’s Responses
differed significantly for the SELF (p values < 0.0001) but not for the PC condition
(Group vs. Single, p = 0.161; Group vs. No, p = 0.006; Single vs No, p = 0.003). Rating
scores for the SELF were significantly greater than those for the PC in the Group
Laughter (p < 0.0001) and Single Laughter conditions (p = 0.0001), whereas the rating
in the No Laughter condition was significantly lower in the SELF than in the PC

conditions (p < 0.0001).

4.2. Functional MRI results
The effect of self action (SELF minus PC)

The contrast of SELF minus PC [(SELF_Group + SELF_Single + SELF_No) -
(PC_Group + PC_Single + PC_No)] revealed significant activation only in the mPFC
(Figure 4). The peak coordinate was located at x = 4, y = 58, z = 16, corresponding to

Brodmann area 10 (Lancaster et al., 2000, Table 1).
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The effects of the listener’s response

Group minus No laughter. The contrast of Group minus No laughter
[(SELF_Group + PC_Group) - (SELF_No + PC_No)] revealed regions of significant
activation in the bilateral superior temporal gyrus, bilateral Heschl’s gyrus, and bilateral
cuneus, as well as the right middle temporal gyrus and right lingual gyrus (Figure 5 and
Table 2).

Single minus No laughter. The contrast of Single minus No laughter
[(SELF _Single + PC_Single) - (SELF_No + PC_No)] revealed regions of significant
activation in the bilateral superior temporal gyrus and bilateral Heschl’s gyrus.

Group minus Single laughter. The contrast of Group minus Single laughter
[(SELF _Single + PC_Single) - (SELF_No + PC_No)] revealed regions of significant
activation in the bilateral mPFC, bilateral lingual gyrus, bilateral inferior frontal gyrus,
bilateral lateral orbitofrontal cortex, right superior occipital gyrus right middle frontal
gyrus, and left cuneus. No overlap of activation with the effect of self action was
observed.
The effect of action-outcome contingency

The contrast of action-outcome contingency effect [(SELF_Group —
PC_Group) - (SELF_No — PC_No)] revealed regions of significant activation in the
ventral striatum (VS): the bilateral NAcc, bilateral ventral caudate nucleus, and right
putamen (Figure 6 and Table 3). Moreover, the same contrast revealed significant
activation in the right lingual gyrus and right inferior occipital gyrus. At a more lenient
threshold (T > 3.13 without FWE correction at the cluster level), | observed activation
in the ventral mPFC (x = -8, y = 54, z = -2). None of the other contrasts related to

action-outcome contingency [(SELF_Single — PC_Single) - (SELF_No — PC_No) and
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(SELF_Group — PC_Group) - (SELF_Single — PC_Single)] revealed significant
activation.

In order to further validate the action-outcome contingency effect, |1 examined
brain activity related to the amount obtained in the gambling task. The premise in this
analysis was that the VS is sensitive to reward, regardless of whether the reward is
monetary or social (Izuma et al., 2008). Our analysis revealed significant activation in
the following areas: bilateral NAcc, left precentral gyrus, right superior frontal gyrus,
right superior parietal lobule, bilateral precuneus, left supramarginal gyrus, bilateral
angular gyrus, bilateral posterior cingulate gyrus, bilateral mPFC, bilateral middle and
inferior frontal gyrus, bilateral caudate nucleus, bilateral inferior occipital gyrus, right
middle occipital gyrus, bilateral lateral orbitofrontal cortex, left middle temporal gyrus,
bilateral putamen, and bilateral cerebellum (Table 4). | defined ROIs of the VS
according to the top peak coordinates in the NAcc (x = 10, y = 6, z = -8 for the right
hemisphere and x = -8 y =4 z = -10 for the left hemisphere). These ROIs exhibited
action-outcome contingency effects not only between group and no laughter, but also
between group and single laughter (Figure 7).

Physio-Physiological Interaction (PPI) Analyses

I observed the action-outcome contingency effect in brain regions including the
VS. In addition, the mPFC exhibited effects related to self action, whereas the effects of
listener’s response were associated with brain regions such as the AC. | then tested our
prediction that the mPFC modulates functional connectivity between the sensory cortex
and VS using PPI analyses (Friston et al., 1997). | defined seed regions as 8 mm radius
spheres around the top peak coordinates of each region: the mPFC (x =4,y =58,z =

16), right AC (in Heschl’s gyrus [x =52,y = -12, z = 2]), and left AC (in the superior
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temporal gyrus [x = -48, y = -28, z = 8]). The coordinates of the AC were chosen based
on the contrast of Group minus No laughter, as its interaction with the effect of self
action [(SELF_Group — PC_Group) - (SELF_No — PC_No)] alone revealed significant
activation in the VS.

PPI analysis with seeds in the mPFC and right AC revealed activity in the
bilateral NAcc (Figure 8). The same analysis revealed PPI effects in the following
bilateral regions: the superior frontal gyrus, precentral gyrus, postcentral gyrus, middle
occipital gyrus, lingual gyrus, inferior occipital gyrus, fusiform gyrus, inferior frontal
gyrus, middle frontal gyrus, insula, Heschl’s gyrus, superior temporal gyrus, and
cerebellum. In addition, I also observed activity in the right anterior cingulate gyrus,
right mPFC, left middle temporal gyrus, left superior occipital gyrus, and left
hippocampus (Table 5). I also observed a significant correlation between the interaction
term of subjective pleasure and PPI effect at the top peak coordinate of the left NAcc (x
=-6,y=10,z=-14,r=0.28, n = 38, p < 0.05 one-tailed). | observed highly similar
results when the mPFC and the left AC were used as seed regions (Table 6).

Does the PPI result depend on the location of peak coordinates in the AC?

In contrast to the mPFC and the main effect of Speaker, the main effect of
Listener’s Response yielded a wide spread of activation in the superior temporal gyrus.
In order to confirm that our PPI results did not depend on the choice of ROIs within the
AC, | conducted the same PPI analysis using the second peaks of activation in the AC
of each hemisphere (in the superior temporal gyrus [x =56, y = -24, z = 10] for the right
hemisphere; in the Heschl’s gyrus [x = -52, y = -20, z = 6] for the left hemisphere) as
seed regions. This analysis confirmed the PPI effect in regions including the NAcc

(supplementary Table 7 and 8).
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Is the PPI effect in the ventral striatum observed with other sensory cortices as seed
areas?

In order to further validate the result of the PPI analysis, | conducted a
supplementary analysis wherein the visual cortex, instead of the AC, was used as the
seed region. | expected that the PPI effect in the VS would not be observed, as this
sensory region would play non-essential roles in processing of listener’s response. The
seed region was defined based on the top peak of activation in the visual cortex that was
depicted as the effect of listener’s response (x = -4, y =-96, z = 8, Table 2). This
analysis revealed PPI effects in the following bilateral regions: the mPFC, anterior
cingulate gyrus, superior, middle, and inferior occipital gyrus, middle and inferior
frontal gyrus, precentral gyrus, insula, fusiform gyrus, and cerebellum. In addition, |
also observed activity in the right middle temporal gyrus, left postcentral gyrus, and left

putamen. However, no significant effects were observed for the VS (Table 9).
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5. Discussion
5.1 Behavioral performance

Subjective pleasure was greater for group and single laughter in the SELF
condition than in the other (PC) condition. By contrast, the absence of the listener’s
response in the SELF condition decreased subjective pleasure relative to the PC
condition. This result indicates that action-outcome contingency increases subjective
pleasure, consistent with previous findings that action-outcome contingency increases
positive response to social interactions (e.g., degree of laughter) and extends the

duration of social interaction (Gratch et al., 2006; Soussignan et al., 2006).

5.2 Functional implication of the mPFC

As compared to self-irrelevant responses (i.e., response followed by another’s
utterance of the punchline), listening to self-relevant responses activated the mPFC that
corresponds to Brodmann Area 10. This finding indicates that the mPFC plays a critical
role in monitoring the outcome of self-action, consistent with the hypothesis that the
mPFC is involved in the non-physical and abstract representation of the self in the
context of social interaction (Uddin et al., 2007; Sugiura, 2013). To parsimoniously
explain the involvement of the mPFC in a broad range of social tasks (VVan Overwalle,
2009), Krueger et al. (2009) proposed that the mPFC represents event simulators
(elators) that encompass a multi-modal representation of social event knowledge
distributed throughout brain regions. Elators provide the underlying properties for social
cognitive structures that are involved in planning and monitoring one’s own behavior
and understanding and predicting the behavior of others.

Previous studies have suggested the existence of a functional gradient along an
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axis from self to other within the mPFC (Mitchell et al., 2006; Denny et al., 2012; Sul et
al., 2015; Wittmann et al., 2016), as well as an axis from executed to modeled choices
(Nicolle et al., 2012). Our self-relevant activation appears to be extended in both
directions in each functional gradient. The self-related processing is highly related to the
processing of the other in social interactions (Cooley, 1902; Mead, 1934). In the present
study, compared with the response to other’s utterance participants may have paid more
attention to the listener’s responses to their actions in order to infer the mental state of
the listener. Such processing of self-relevant responses from others is related to
activation of the mPFC. This speculation is consistent with the framework that the
mPFC is a part of the network involved in the awareness that the attention or
intentionality of another person is directed at the self (“interpersonal self”, Sugiura et

al., 2013).

5.3 Laughter-related activation in the AC

As compared to the absence of the listener’s response (no laughter), the group
laughter response elicited activation in the AC. | observed no significant difference
between group and single laughter. A previous neuroimaging study reported that part of
the superior temporal gyrus is selectively responsive to vocal sounds (Belin et al.,
2000). Moreover, Heschl’s gyrus and the superior temporal gyrus are more sensitive to
both perceived speech and laughter compared to artificial, non-voice sounds (Meyer et
al., 2005). Accordingly, activation of the AC in the present study may represent sound
processing at both low (i.e., presence of sound) and high levels (i.e., recognition of

auditory signals associated with other’s responses).

26



5.4 Action-outcome contingency effects in the striatum

Action-outcome contingency effects were observed in the VS. As these effects
were revealed as interactions between the self-relevance and the listener’s response,
effects that are common in all conditions (e.g., pleasure rating) should be canceled out.
This finding is consistent with those of previous studies that have highlighted the
functional role of the VS in social action-outcome contingency (Pfeiffer et al., 2014;
Schilbach et al., 2010). | observed no significant activation in more dorsal parts of the
fronto-striatal circuits that were shown to be associated with action-outcome
contingency learning (Delgado et al., 2005; Seger and Cincotta, 2006). This may be due
to the nature of our task, as the jokes were presented once and the listener’s responses

were pseudo-randomized (Seger and Cincotta, 2006).

5.5 Physio-physiological interaction in the ventral striatum

In the PPI analysis, | found that activity in the VS showed reflects an
interaction of signals extracted from two regions: the mPFC, in which an effect of self-
relevance was observed, and the AC, in which an effect of laughter was observed. This
result indicates that the functional connectivity of the VS with a region that reflects one
of two effects (self action and listener’s response) is modulated by the other (Figure 9).
As this PPI effect was positively correlated with self-rated pleasure, the modulation of
functional connectivity may be associated with representation of reward value.

Given that the PPI analysis does not allow one to formulate conclusions about
clear-cut directionality (Staudinger et al., 2011), two possibilities may be considered.
First, it is possible that the AC modulates functional connectivity between the mPFC

and VS, as this functional connectivity is related to the level of self esteem (Chavez and
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Heatherton, 2015). However, self esteem was unlikely to change rapidly in our
experiment. Rather, our result supports the hypothesis that the input of signals in the AC
evoked by laughter to value processing in the VS is modulated by the signal from the
mPFC. A previous fMRI study on the reward value of music showed that the VS and
functional connectivity with the AC were correlated with the desirability of music after
listening to an excerpt (Salimpoor et al., 2013). The authors concluded that interaction
between the sensory cortices and reward circuitry plays a critical role in representing
music-related rewards. FitzGerald et al. (2014) reported that selective attention
modulates inputs to value processing. The authors manipulated selective attention via a
task in which participants had to choose whether to accept or reject an offer indicated by
visual and auditory stimuli. By manipulating which stimulus determined the value of the
offer (relevance), the authors revealed that choice activity in the VS solely reflects the
value of the currently relevant stimulus, indicating that selective attention modulates the
impact of sensory stimuli on value processing in the VS. The present study revealed a
similar gating effect of the VS, with three features distinct from those of FitzGerald et
al. (2014): First, the preceding action (by self or others) gates the outcome input to
value processing; second, outcome-related activity in the “self” region (mPFC) drives
the gating; and, third, the signal transfer between the sensory cortices (i.e., the AC) and
the VS is represented as the change in functional connectivity between the two regions.
These features are consistent with frameworks proposed by Krueger (2009) and by Sui
and Humphreys (2015), highlighting the importance of self-reference in action-outcome
contingency effect.

The PPI effect in the present study can be interpreted to indicate that the mPFC

sends a source signal to the VS to change the gain of the neural response to inputs from
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the AC (Stephan et al., 2008). This gain-control mechanism may change the patterns of
interactions between the VS and AC as well as activity in the VS itself. Given that
activity in the VS and its connectivity with the mPFC and AC were correlated with
subjective pleasure, the modulatory effect of the mPFC on the auditory cortico-striatal
network may explain pleasant experiences through social action-outcome contingency.

| also observed the PPI effect in the ventral mPFC, though no significant
action-outcome contingency effects were observed for this region. Lim et al (2013)
revealed that the ventral mPFC is not only active, but also functionally connected to
sensory areas that are involved in processing distinct attributes of objects during a
valuation task. This difference could be observed because the present study examined
the integration of sensory signals with signals related to self-actions, rather than

multiple attributes of objects, in value processing.

5.6 Future directions

There are two limitations of note with regard to the present study. First, | designed our
task such that the strength of the action-outcome contingency was pseudo-randomized.
Future studies should confirm a link between the contingency effect and its learning
effect. Second, as the striatum is involved in non-social action-outcome contingency,
social and non-social contingency effects should be compared in future studies. Despite
these shortcomings, however, our findings may contribute to the understanding of
neurodevelopmental disorders. For instance, individuals with autism spectrum disorders
(ASD) exhibit impairments in social action-outcome contingency (Gergely, 2001; Nadel
et al., 2002). Previous studies have provided only indirect evidence that the brain

network underlying this contingency is atypical (Lombardo et al., 2010; Abrams et al.,
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2013). Thus, in the future, it will be worth investigating how ASD affects the brain
network underlying the social action-outcome contingency in order to explain the

pathological origin of such disorders and develop effective early interventions.
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6. Conclusion

In the present study, | observed interaction effects with regard to signals
extracted from the mPFC and auditory cortex in the VS using a social action-outcome
contingency task. These results indicate that social contingency involves the interaction
of multiple brain regions beyond the striatal reward system. As the connectivity of the
VS was associated with subjective pleasure, this distributed network may be responsible

for the rewarding nature of social action-outcome contingency.
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9. Figures
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Figure 1. First selection of jokes

I initially prepared 528 jokes from a Japanese TV show program. (A) We then
conducted two rating tests with a 7-point Likert scale. In the first rating test, | selected
the 176 jokes (green square) with the highest ratings by 11 volunteers. (B) After the first
selection, I selected the 120 funniest jokes (blue square) among these 176 jokes rated by

another 33 volunteers.
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Figure 2. Sequence of events in the pseudo-interactive joke task

Each trial consisted of five phases: preparation, speaker’s action, listener’s response,
rating, and rest. In the preparation phase, the participant observed and listened to the
setup of a joke. Two conditions were prepared in the action phase: When the frame of
the screen turned red, the participant uttered the punchline of the joke (SELF condition),
whereas when the frame of the screen turned blue, the participant listened to the
punchline, which was read aloud by the PC (PC condition). Each punchline was new
and presented only once. In the response phase, the participant heard one of three
responses from the listener: laughter of people (Group laughter), laughter of a single

individual (Single laughter), or silence (No laughter). The participant then rated his or
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her pleasantness by pressing buttons in the rating phase. Activities during the task were
modeled with boxcar functions for each phase except the rest condition. The regressors
shown were convolved with the canonical hemodynamic response function. | focused

our analysis on the listener’s response phase (yellow frame).
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Figure 3. Rating of subjective pleasure

The ratings of subjective pleasure showed greater differences between different degrees
of laughter in the SELF than the PC condition. Two-way analysis of variance (ANOVA;
Speaker x Listener’s response) revealed a significant interaction (p < 0.0001). Post hoc
pairwise comparisons with Bonferroni’s correction revealed that the rating in the Group
(p <0.0001) and Single laughter (p = 0.0001) conditions was greater for the SELF than
PC condition, whereas the rating for the PC was greater than that for the SELF in the No
(No laughter) condition (p < 0.0001). Data are presented as the mean + standard error of

the mean (SEM) of 38 participants.
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T value

Figure 4. The effect of self action (SELF minus PC)

The contrast for the main effect of Speaker [(SELF_No + SELF_Single + SELF_Group)
- (PC_No + PC_Single + PC_Group)] revealed significant activation in the medial
prefrontal cortex (mPFC) only. The size of the activation was thresholded at p < 0.05
and familywise-error (FWE) corrected for multiple comparisons over the whole brain,
with the height threshold set at p < 0.001 (uncorrected). Activation is superimposed on a
surface-rendered T1-weighted magnetic resonance image of an individual who did not

participate in the study.
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Figure 5. The effect of listener’s response (Group minus No Laughter)

The contrast for the main effect of Listener’s Response [(SELF_Group + PC_Group) —
(SELF_No + PC_No)] revealed bilateral activation in the auditory cortices, including
the superior temporal gyrus and Heschl’s gyrus. The size of the activation was
thresholded at p < 0.05 and (family-wise error) FWE corrected for multiple comparisons

over the whole brain, with the height threshold set at p < 0.001 uncorrected.
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Figure 6. The effect of action-outcome contingency

(A) The contrast for the interaction effect [(SELF_Group — SELF_No) - (PC_Group —
PC_No)] revealed significant activation in the ventral striatum (VS) only. The size of
the activation was thresholded at p < 0.05 and family-wise error (FWE) corrected for
multiple comparisons over the whole brain, with the height threshold set at p < 0.001
uncorrected. (B) Activation pattern in the top peak coordinate of the right VS (see Table
3 for details of coordinates). Data are presented as the mean * standard error of the

mean (SEM) of 38 subjects.
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Figure 7. Region of interest (ROI) analysis.

In order to validate the action-outcome contingency effect in the ventral striatum (VS), |
conducted independent ROI analysis. Green-colored areas on the surface-rendered MRI
represent ROIs that are defined by the gambling task. The No laughter condition was set
as the baseline in the SELF and PC conditions. | confirmed that the SELF_Group
condition revealed greater activation than the SELF_No condition in both hemispheres
(p = 0.0005 for the right VS and p < 0.0001 for the left VS in one-sample t-tests). Two-
way repeated-measures ANOVA [two levels of speaker (SELF or PC) x two levels of
listener’ response (group laughter or single laughter)] revealed a significant interaction
effect (right VS, p = 0.008; left VS, p = 0.009). Post hoc pairwise comparisons with
Bonferroni’s correction confirmed that activation was significantly higher in Group
laughter than Single laughter in the SELF condition (right VS, p = 0.001; left VS, p =
0.002) but not in the PC condition. Error bars represent the standard error of the mean

(SEM).
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Figure 8. Physio-physiological interaction (PPI) in the ventral striatum (VS)

Left, PPI activation with the medial prefrontal cortex (mPFC) and right auditory cortex
as seed regions is shown. PPI activation overlapped with the interaction effect between
Speaker and Listener’s response (white lines, Figure 5). The size of activation was
thresholded at P < 0.05 and family-wise error (FWE) corrected for multiple
comparisons over the whole brain, with the height threshold set at p < 0.001
uncorrected. Note that I also confirmed PPI activation in the VS even when the left
auditory cortex was used as a seed region (see Table 6). Right, Coronal section of the
VS and its adjacent structure. PPI activity at the top peak coordinate was significantly
correlated with the interaction term of the rating of pleasure [(SELF_Group —

SELF_NO) - (PC_Group — PC_No)] (r = 0.28, p < 0.042 one-tailed).
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Figure 9. Proposed model of the brain network underlying the social action-
outcome contingency

The top-down signal from the medial prefrontal cortex (MPFC) may modulate
functional connectivity of the auditory cortex and ventral striatum (VS). This
modulation may result in an interaction effect in the VS between sensory feedback from
the other and signals associated with monitoring the outcome of self-action. Such

interaction may underlie the subjective pleasure of social action-outcome contingency.
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10. Tables

Table 1. The effect of self action (SELF minus PC)

Spatial extent test MNI coordinates (mm) t-value Location

Cluster size (mm3)  Prwe-cor X y z Side  Area

SELF minus PC [(SELF_No + SELF_Single + SELF_ Group) - (PC_No + PC_Single + PC_ Group)]
(Figure 3)

1200 <0.01 4 58 16 4.03 R mPFC

Activation was thresholded at p < 0.05 and familywise-error (FWE) corrected for
multiple comparisons over the whole brain, with the height threshold set at p < 0.001
uncorrected. The terms X, y, and z represent the stereotaxic coordinates (mm). R, right

hemisphere; mPFC, medial prefrontal cortex; MNI, Montreal Neurological Institute.
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Table 2. The effect of listener’s response

Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area

Group minus No Laughter [(SELF_ Group — SELF_No) + (PC_ Group — PC_No)] (Figure 4)

36120 <0.001 56 -24 10 17.47 R Superior temporal gyrus
62 -56 6 4.09 R Middle temporal gyrus
52 -12 2 2024 R Heschl's gyrus

35104 <0.001 -48 -28 8 20.31 L Superior temporal gyrus
-52 -20 6 19.82 L Heschl's gyrus

25784 <0.001 6 -86 36 4.49 R Cuneus
-4 -96 8 5.31 L Cuneus
20 -58 6 4.88 R Lingual gyrus

Single minus No Laughter [(SELF_ Single — SELF_No) + (PC_ Single — PC_No)]

34144 <0.001 56 -24 10 17.71 R Superior temporal gyrus
50 -16 4 19.47 R Heschl’'s gyrus

34608 <0.001 -48 -28 8 20.21 L Superior temporal gyrus
-42 -26 4 20.54 L Heschl’s gyrus

Group minus Single Laughter [(SELF_ Group — SELF_Single) + (PC_ Group — PC_Single)]

5304 <0.001 -14 44 48 5.82 L mPFC

1504 <0.01 12 50 38 5.13 R mPFC

30280 <0.001 14 -90 32 4.76 R Superior occipital gyrus
-12 -76 12 4.92 L Lingual gyrus
-4 -96 8 5.96 L Cuneus
16 -82 6 6.75 R Lingual gyrus

13104 <0.001 14 42 10 4.42 R Middle frontal gyrus
-6 32 -10 5.61 L mPFC
2 42 -10 4.85 R mPFC

960 <0.05 -44 28 4 4.12 L Inferior frontal gyrus
44 o4 6 417 L Lateral orbitofrontal

cortex
1344 <0.01 44 30 -2 3.40 R Inferior frontal gyrus

Lateral orbitofrontal

32 18 -16 4.92 R
cortex

Activation was thresholded at p < 0.05 and FWE corrected for multiple comparisons
over the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z
represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere;

MNI, Montreal Neurological Institute; mPFC: medial prefrontal cortex.
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Table 3. The effect of action-outcome contingency

Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area
[(SELF_ Group — SELF_No) - (PC_Group — PC_No)] (Figure 5)
760 <0.05 10 12 -2 4.11 R Caudate nucleus
18 10 -8 3.65 R Putamen
8 4 -10 5.35 R NAcc
1304 <0.01 -10 14 -2 4.74 L Caudate nucleus
-10 8 -8 4.65 L NAcc
1696 <0.01 14 -72 -8 4.25 R Lingual gyrus
16 -78 -14 4.26 R Inferior occipital gyrus

[(SELF_ Single — SELF_No) - (PC_Single — PC_No)]
No significant activation

[(SELF_ Group — SELF_Single) - (PC_Group — PC_Single)]
No significant activation

Activation was thresholded at p < 0.05 and FWE corrected for multiple comparisons
over the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z
represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere;

NAcc, nucleus accumbens; MNI, Montreal Neurological Institute.

54



Table 4. Brain activity dependent on the amount of monetary reward (gambling

task)
Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area
1616 <0.001 -8 -30 64 4.10 L Precentral gyrus
6 -18 62 4.49 R Superior frontal gyrus
2896 <0.001 40 -52 54 4.45 R Superior parietal lobule
44 -42 40 5.63 R Angular gyrus
5824 <0.001 -54 -44 50 5.10 L Supramarginal gyrus
-30 -68 44 5.16 L Angular gyrus
2960 <0.001 -4 -42 50 5.16 L Precuneus
-2 -32 42 5.36 L Posterior cingulate gyrus
2 -42 42 451 R Precuneus
-40 38 4.54 R Posterior cingulate gyrus
1120 <001 34 -66 48 5.09 R Angular gyrus
2952 <0.001 -20 40 40 6.04 L mPFC
2080 <0.001 -44 10 34 4.18 L Middle frontal gyrus
-52 8 24 5.29 L Precentral gyrus
-52 10 16 450 L Inferior frontal gyrus
1272 <0.001 -10 -52 26 4.96 L Posterior cingulate gyrus
-8 -56 22 4.69 L Precuneus
7840 <0.001 -2 42 -8 6.13 L mPFC
6 30 -14 5.71 R mPFC
816 <0.01 46 36 20 5.10 R Middle frontal gyrus
46 40 12 3.81 R Inferior frontal gyrus
8336 <0.001 -46 32 20 5.84 L Middle frontal gyrus
-42 38 2 6.58 L Inferior frontal gyrus
.38 40 .10 538 L Igg\:teergl orbitofrontal
12512 <0.001 12 18 5.48 R Caudate nucleus
-12 14 0 6.845 L Caudate nucleus
24 14 -2 5.39 R Putamen
10 -8 7.82 R NAcc *
-8 -10 7.80 L NAcc *
-20 -12 6.01 L Putamen
1376 <0.001 24 -98 -4 5.24 R Middle occipital gyrus
26 -96 -10 5.23 R Inferior occipital gyrus
1368 <0.001 46 42 -6 4.56 R Inferior frontal gyrus
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1376 <0.001
1032 <0.01
840 <0.01
3592 <0.001
250 <0.001

38

-24
-58

-22

40
-36

42

-96
-50

24

-62
-64

5.24

6.77
5.05

5.55

7.61
5.85

o - - 3

L

Lateral orbitofrontal
cortex

Inferior occipital gyrus

Middle temporal gyrus

Lateral orbitofrontal
cortex

Cerebellum

Cerebellum

Activation was thresholded at p < 0.05 and FWE corrected for multiple comparisons

over the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z

represent the stereotaxic coordinates (mm). I chose the nucleus accumbens (*) for the

region of interest (ROI) analysis (Figure 7). R, right hemisphere; L, left hemisphere.

mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Table 5. Physio-physiological interaction (PPI) seeded on the right auditory cortex

and mPFC
Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area
5328 <0.001 14 8 48 6.27 R Superior frontal gyrus
6 14 36 5.73 R Anterior cingulate gyrus
2072 <0.001 56 0 40 4.26 R Precentral gyrus
56 -6 38 4.65 R Postcentral gyrus
6664 <0.001 -12 10 38 5.68 L Superior frontal gyrus
-14 52 16 5.84 L Middle frontal gyrus
29280 <0.001 -48 -4 28 5.91 L Precentral gyrus
-50 -10 20 5.67 L Postcentral gyrus
-36 -32 12 6.54 L Middle temporal gyrus
-52 -18 6 6.17 L Heschl's gyrus
-52 -18 -2 7.37 L Superior temporal gyrus
1000 <0.05 14 54 16 5.22 R mPFC
16512 <0.001 -24 -80 18 4.47 L Superior occipital gyrus
-24 -94 -6 5.92 L Lingual gyrus
-20 -96 -8 5.54 L Middle occipital gyrus
-26 -88 -14 6.27 L Inferior occipital gyrus
-44 -64 -16 5.09 L Fusiform gyrus
9968 <0.001 28 -76 16 5.47 R Middle occipital gyrus
14 -90 -8 5.58 R Lingual gyrus
20 -82 -10 6.07 R Inferior occipital gyrus
42 -50 -10 4.37 R Fusiform gyrus
12480 <0.001 36 22 14 6.00 R Inferior frontal gyrus
28 28 6.71 R Middle frontal gyrus
30 14 5.26 R Insula
-26 22 6.34 L Insula
-34 32 4 5.78 L Inferior frontal gyrus
6 30 -2 6.78 R mPFC
-20 -10 -10 5.35 L Hippocampus
-6 10 -14 6.44 L NAcc
6 8 -16 5.39 R NAcc
12480 <0.001 50 -22 4 6.81 R Heschl's gyrus
56 -6 -2 7.06 R Superior temporal gyrus
6072 <0.001 4 -56 -32 5.76 R Cerebellum
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-16 -66 -44 4.90 L Cerebellum
3160 <0.001 12 -78 -46 6.30 R Cerebellum

Activation was thresholded at p < 0.05 FWE corrected for multiple comparisons over
the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z
represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere.
mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Table 6. Physio-physiological interaction (PPI) analysis in the left auditory cortex

and mPFC.
Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area
1176 <0.001 18 36 44 6.16 R mPFC
3088 <0.001 -18 22 44 5.83 L mPFC
-12 6 36 5.42 L Anterior cingulate gyrus
2592 <0.001 14 20 42 5.96 R Superior frontal gyrus
6 12 32 4.23 R Anterior cingulate gyrus
3024 <0.001 -38 0 38 3.49 L Middle frontal gyrus
-50 -2 30 4.88 L Precentral gyrus
-52 -8 20 4.51 L Postcentral gyrus
3488 <0.001 -36 -38 20 3.61 L Supramarginal gyrus
-34 -30 12 4.49 L Middle temporal gyrus
-50 -20 4 4.88 L Heschl's gyrus
-50 -20 -4 4.92 L Superior temporal gyrus
1896 <0.001 -22 -80 16 4.23 L Superior occipital gyrus
-30 -76 14 4.80 L Middle occipital gyrus
3304 < 0.001 14 52 16 7.54 R mPFC
30 12 10 6.00 R Insula
34 32 6.50 R Inferior frontal gyrus
28 28 6 6.86 R Middle frontal gyrus
1528 <0.01 -36 22 12 5.31 L Inferior frontal gyrus
-26 22 8 5.70 L Insula
-32 32 6 5.99 L Middle frontal gyrus
3376 <0.001 50 -18 2 4.56 R Heschl's gyrus
58 -4 0 4.70 R Superior temporal gyrus
8344 <0.001 -36 -68 2 5.12 L Middle occipital gyrus
-30 -78 -6 5.37 L Inferior occipital gyrus
-44 -64 -16 4.36 L Fusiform gyrus
4856 <0.001 24 -96 -2 3.57 R Middle occipital gyrus
20 -80 -10 6.38 R Inferior occipital gyrus
1520 <0.01 4 24 -6 5.98 R mPFC
8 -14 5.15 R NAcc
1224 <0.01 4 -2 -2 4.50 R Lingual gyrus
-10 22 -10 5.01 L mPFC
-8 -4 -12 421 L Brainstem
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-8 16 -12 4.83

1576 <0.01 4 -66 -38 3.35
-8 -68 -46 4.55
1608 <0.01 30 -66 -50 5.17

L
R
L

R

NAcc

Cerebellum
Cerebellum
Cerebellum

Activation was thresholded at p < 0.05, FWE corrected for multiple comparisons over

the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z

represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere.

mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Table 7. Physio-physiological interaction (PPI) seeded on the right AC (STG) and

mPFC

Spatial extent test MNI coordinates (mm) t-value Location

Cluster size (mm3)  Prwe-cor X y z Side  Area

2240 <0.001 46 6 50 3.73 R Middle frontal gyrus
56 -8 38 4.19 R Postcentral gyrus
52 -2 22 4.73 R Precentral gyrus

4368 <0.001 -16 28 42 5.95 L Superior frontal gyrus
-4 2 42 4.23 L Anterior cingulate gyrus

8048 <0.001 -34 -4 42 4.52 L Middle frontal gyrus
-54 -4 38 5.07 L Precentral gyrus
-50 -10 18 6.27 L Postcentral gyrus

5256 <0.001 14 20 42 6.89 R Superior frontal gyrus
6 12 32 5.21 R Anterior cingulate gyrus
14 46 32 3.96 R mPFC

1016 <0.01 -14 38 18 4.18 L Superior frontal gyrus
-18 56 18 4.00 L mPFC
-14 48 16 6.43 L Middle frontal gyrus

1136 <0.001 14 52 16 7.33 R Superior frontal gyrus
10 60 18 5.44 R mPFC

24136 <0.001 -36 16 14 7.09 L Inferior frontal gyrus
-46 -38 14 6.24 L Superior temporal gyrus
-50 -22 6.05 L Heschl's gyrus
34 32 5.96 R Inferior frontal gyrus
-26 24 8 5.72 L Insula
-16 -4 -12 5.80 L Hippocampus
8 8 -14 5.62 R NAcc

10488 <0.001 46 -50 6 5.71 R Middle temporal gyrus
34 -74 4 4.39 R Middle occipital gyrus
42 -54 -4 5.33 R Inferior temporal gyrus
20 -82 -10 6.46 R Inferior occipital gyrus
40 -54 -14 4.47 R Fusiform gyrus
24 -76 -22 4.11 R Cerebellum

10056 <0.001 48 -16 4 4.77 R Heschl's gyrus
64 -14 0 6.52 R Superior temporal gyrus

19144 <0.001 -30 -62 -4 4.90 L Lingual gyrus
-30 -78 -6 6.82 L Inferior occipital gyrus
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-46 -80 -8 5.14
-32 -62 -12 4.81
0 -52 -20 5.88
944 <0.01 20 -66 -26 4.45
2168 <0.001 10 -74 -42 5.08

R
R

Middle occipital gyrus
Fusiform gyrus
Cerebellum
Cerebellum

Cerebellum

Activation was thresholded at p < 0.05 FWE corrected for multiple comparisons over

the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z

represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere.

mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Table 8. Physio-physiological interaction (PPI) seeded on the left AC (heschl’s

gyrus) and mPFC

Spatial extent test MNI coordinates (mm) t-value Location
Cluster size (mm3)  Prwe-cor X y z Side  Area
3536 <0.001 -12 8 50 6.29 L Superior frontal gyrus
2912 <0.001 14 20 42 5.94 R Superior frontal gyrus
6 12 32 5.48 R Anterior cingulate gyrus
4392 <0.001 -42 -10 42 5.69 L Precentral gyrus
-52 -10 22 4.12 L Postcenreal gyrus
6656 <0.001 -40 -40 22 3.53 L Supramarginal gyrus
-36 -32 12 5.24 L Middle temporal gyrus
-50 -24 4 5.16 L Superior temporal gyrus
-54 -4 3.53 L Precentral gyrus
12864 <0.001 -30 -76 14 5.50 L Middle occipital gyrus
-8 -88 -10 4.66 L Lingual gyrus
-32 -62 -12 4.62 L Fusiform gyrus
-16 -92 -14 6.12 L Inferior occipital gyrus
1056 <0.05 -26 22 8 6.19 L Insula
-32 32 6 5.57 L Middle frontal gyrus
-34 34 2 5.25 L Inferior frontal gyrus
26 o8 0 4.82 L gs:ﬁgal orbitofrontal
1248 <0.01 34 32 8 6.56 R Inferior frontal gyrus
28 28 6 7.57 R Middle frontal gyrus
28 18 0 3.95 R Insula
5384 <0.001 44 -26 6 4.71 R Heschl's gyrus
58 -4 -2 6.30 R Superior temporal gyrus
8168 <0.001 24 -96 -2 4.63 R Middle occipital gyrus
14 -90 -8 5.79 R Lingual gyrus
20 -80 -10 6.35 R Inferior occipital gyrus
42 -52 -10 4.57 R Fusiform gyrus
1800 <0.001 -10 24 -6 3.40 L mPFC
20 20 -14 4.85 R mPFC
-12 18 -14 4.19 L Superior frontal gyrus
-4 8 -14 4.78 L NAcc
6 8 -16 4.96 R NAcc
1424 <0.01 -2 -54 -32 5.18 L Cerebellum
4 -54 -32 5.16 R Cerebellum
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888 <0.05 -4 -70 -38 4.48 L Cerebellum
1976 <0.001 8 -76 -42 5.06 R Cerebellum

Activation was thresholded at p < 0.05 FWE corrected for multiple comparisons over
the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z
represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere.
mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Table 9. Physio-physiological interaction (PPI) seeded on the left cuneus and

mPFC

Spatial extent test MNI coordinates (mm) t-value Location

Cluster size (mm3)  Prwe-cor X y z Side  Area

4304 <0.001 -6 2 40 3.9274 L Anterior cingulate gyrus
-12 22 38 6.5604 L mPFC

2952 <0.001 8 12 32 5.3469 R Anterior cingulate gyrus
12 32 42 6.568 R mPFC

10032 <0.001 -22 -82 24 44721 L Superior occipital gyrus
-38 -74 2 49702 L Middle occipital gyrus
-42 -80 -10 5.3585 L Inferior occipital gyrus
-34 -60 -14 54768 L Fusiform gyrus

8248 <0.001 36 -64 22 54284 R Middle occipital gyrus
28 -76 14 5.6359 R Superior occipital gyrus
46 -48 0 47698 R Middle temporal gyrus
40 -52 -10 5.6672 R Fusiform gyrus
36 -70 -10 55997 R Inferior occipital gyrus

976 <0.05 -50 -10 20 45949 L Postcentral gyrus

904 <0.05 20 50 18 4.034 R Middle frontal gyrus
14 52 16 5.2606 R mPFC

1720 <0.01 -30 42 14 55197 L Middle frontal gyrus
-12 56 18 6.1901 L mPFC

792 <0.05 50 8 47932 R Precentral gyrus
46 14 45215 R Inferior frontal gyrus

3896 <0.001 -40 18 10 5.6878 L Inferior frontal gyrus
-50 0 8 49206 L Precentral gyrus
-20 10 4 57728 L Putamen
-26 22 4 4.407 L Insula
-28 30 4 34874 L Middle frontal gyrus

888 <0.05 30 12 8 5.1449 R Insula

1776 <0.001 10 -68 -24 48841 R Cerebellum

928 <0.05 -24 -64 -24 4.7707 L Cerebellum

5408 <0.001 2 -62 -42 49544 R Cerebellum
-20 -72 -48 6.1691 L Cerebellum

2968 <0.001 26 -48 -46 6.6735 R Cerebellum

848 <0.05 -34 -48 -48 5.0273 L Cerebellum
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Activation was thresholded at p < 0.05 FWE corrected for multiple comparisons over
the whole brain, with the height threshold set at p < 0.001 uncorrected. X, y, and z
represent the stereotaxic coordinates (mm). R, right hemisphere; L, left hemisphere.
mPFC, medial prefrontal cortex; NAcc, nucleus accumbens; MNI, Montreal

Neurological Institute.
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Appendix 1. The list of jokes (in Japanese)

Setup: HAZZIXEFANDIEED 150 FEBE-H-UTILEZDELIL?
Punchline: EASYTEZIZLMNNDIZ,

MHEAEIRA | JIFRDASEFUR—ILIZEMN TV Ay E—D & ?
ALY

TIEIDVIEDNTTELY,
I7VDESADEMNTTY,

TLEZ/N\YEDIF W DBIDIZHE, ] ?
RFALLRLLENG EFEADAE TS,

INES FEDEALEIZIHIP1EWNSHIEZRD DN BE?
BABSTH2EWSERNHEHA . VFRITRIITHETONIZPDMAS,

13 BOEERICENEIS AV, 14 HOLTEBR(XAIZLTLNS ?
ES3XRDDFHF

HDHUHI—  FRIER, ESLT?
RrybhzEfE-TND,

JUIHEEIRT EEITDENTTLEELE?
TENRZONTVADA—RL—ILIFHER ICBEFELGLY,

[HER T FNoT=1EE=-DITHA—) >, TFDBF(XRIEEST=?
Hhod !

ELLBUVEFEORBE, TORRABTEL?

0] et s nROUT7—DREEALNBALED A T DM E R,

FhU AP A) v EY I RBRHELTS%, &L= ?

U Rz s,

ILAR—E—H—VTEDT/r—hTI8% |, il 8% ?

12) s A EQEREBSTN,

TJUSHEHERT EZITDENTTNSELEF?

13| s~
JUILLSERDELY,

REHMODAS-EOZTEEZHATTS,

14| BOSE A EF IS EDBEERT

MBIEDRFYFMN 1 DX T8 FIRYEL AITI M ?

15 = maxz

[[AECGESICEEES>TTELY,

161 4= % 1000

(IR T TN oT=1EE-DIFHAT—) >, FOBFXFIEE =7

17 s
WPITT,

L 2EEIFTARRIZEETTELY,

18l 2L zy—ponna

13 BDEERICENEIS AV, 14 HOLTEBR(XAIZLTLNS ?

19| smim s (T B HBEELT I AR a—D Ao AE 1— (252 3,
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20

BROFIRICIIEEIDFD, LN21=LMAZH A TN ?
16 BMDRERNCABEDOI—ITHEAT,

21

—REARNSBEL, STAAH =72
RENEBSAITBEYENIEE VL,

22

JUIHEEIRT EEITDBENTTLEELE?
MOTHZELI-EEDIFLEEENAL,

23

BEEVWARATE. BREDGNEZEREE?
FERAARIZEN S,

24

THTORKEDBIEEHIR. ZD2/RILEE?
T4

25

F4ZLIFMEA TR EVD IR EWNVEEZRZA TS,
EMIEHZEHATHLIMAZRE=HMLLY,

26

DhAZEFIETEANBIEEN 150 FEFBE=H-UYTELERZELIT?
CZTHEAT!

27

TOOMFI KLITBAR., 2 fLIXEAT 87 iIlL?
FLDHE

28

BETREFBQZHO TV ERNTBESANILRT HILEIC, TOEALFT?
FTADFELRIIEFRATL

29

NADRREREY T EEIT T HEMMBETSD ?
TERODBRICTESIWIRIERTIND,

30

TAYYADBITEMN TV -BRETELERALDIEEFELE?
PINFOTODLRREND, Taviafiin,

31

13EHOEERAICERNES AV 14 BOLERIEfAZLTNNS?
BB

32

SMLAGWNEFEERICRUESESIATTSLY,
HN—., PHORIBHELLLOILET,

33

SJUSHAEEET EETDBITTLASE X ?
RIZEBANTOSD=HITEL2EELTHS

34

BERMESRHE, [ECETTILELHERLLGECTLIN ! [EALTD?
B TRESHEHEMAEHITONTLS,

35

[FRYEIEVSBEEZFE>THFEZREA LSS ETTSEL,
FTRYVZUEDEEHRTY,

36

ZATEITHHELOBEEFDAHEIE ?
INVREFTITIHA

37

INERE 5 EEDADIKADTESTITE., HER AL 0B IERFLTLES=ES
ESMNTFEIE?
B{KAEIN B ST NASA TiIThht-,

38

BRXDOFIRICIIEE JIOFD, LN\of=LMAZE#HA TS ?
ZBIIRyFT—HHTE-EH

39

EERFNHARIDISATHEZIL—ILEZZTTSUY,
BORIBZEF I,
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40

MOZVWWNEEEZES>TTELY,
IN)—ba—HE—R—, /ST —ba—HFE—R—

41

TJUSHHERT EZITDENTTNSELEF?
A THLREHRALLY,

42

INE S FEEDEALBISIHIP 1EVSHIZB NIV GE?
HENMIBUTODIFE, FERHEDRVHELL,

43

JUIHEEIRT EEITDENTTLEELE?
ZDERDPLLIEFGDD T, WEGY AV DEILFIRIILY,

44

T4V ADFEITEM TV -BRETELEALOIEESLIE?
MRAZTAHFTONELGENLTTSELY,

45

BEAEVWNEZ=ITE . ERELLGWEEEE?
BATELEWESLRIEN, EEE--ERS,

46

DhAZEFIETEANBIEEN 150 FEFBE=H-UYTELERZELIT?
X, —EETEFTLOoELEII,

a7

FAHIVENAADIARE—II2BaE, FAZZBHEIHLN—FLEX?
BAERENRT ZT—

48

BN FH, PS.ITELZEN? AN EINTE?
P.S. K-pop DWLV\EBLHELNTT,

49

—REARNSLEL, STAMNH o= ?
3*Z’7’7’J§§E"5‘b’)f:o

50

ZSEIDIVEDNTTELY,
YR FSHIEE !

51

BEMESH, [ZFCFEFTTAHLBRLHLTLN ! JEALD ?
BET BHEEIC CA SALDHOLBHTS,

52

SOSHEZEET EEITDEITTLAEEX?
100 fEDEILEY 1 BDRT—

53

ABBEDERENEREREIZEI-FLIE?
BN?2HE2EZTHh?2%E?

54

TJUSMHEERT EZITDENTTLNSELEF?
HEFOLDHT

55

FaXaxa | INEKANTFEL ! fahhot=7
BRI HEMNERAY—t—DFESnT-,

56

HFHROBHNBELEETTROLI RN A7 IEMAT, —KfiliHo1=?
BEZSLTLWASAOO0DHIZEDEN AT,

57

NADBFEARE, 7 EEITTHEMAMNRED?
hooES—MIEEZENETIEST->TLS,

58

0 AHTTESBR—/\—RRDORLEE?
FREGFODNHLWEICEDFTHEAND,

59

FLSARIZEBESADRTFYryT TRINEN=5FELDEMNRVEY , AITELY
=7

%9 DX NG

69




60

[FRUAY JEWS BEEFE->THTEEBRR LA TR,
3 ET—BRVOFHREFE, FLILHLDIEFHRYZY,

61

[EEMHEIRA ! IFRDAST=FUR—ILICEMMN TN = AyE—D 8 ?
FZIFFICBEAFEA, EMSELLET, LAYydOD,

62

MOZWWWEEEE>TTELY,
BEPILELS LM,

63

TFLEZ/INYEDITEEWNDHLIDIGE, ] ?
BERIFNINASEBRTIHESOHBNTHIE-DHAL

64

13 BDEERICENEIS AV, 14 HOLEBR(XAIZLTLNS ?
FHENLEIK

65

MHEAEIRA | JIFRDASLFUR—ILIZEMN TV Ay E—D & ?
BEFILTET . ICRYES,

66

TV AN GERDERBER A TT S,
FryF &FR&YY—R

67

M EEMNTRIEZFOEBER ! ? 1EEo. FALEBR?
(A MAEE-INEHD?

68

ZFCEZZDIIVEDLNTTELY,
HOEIXHELA/NYH—PT,

69

MEEAIEINRA | JFRDAEEUR—LIZEAN TN AyE—D 82
BERETEA>T?BTCTHNIEDLMYET,

70

TILAR—E—H—VTEDT 7 —hTI8% ), fAIHY 8% ?
IRAL—E—? KhEdH,

71

JUSHEEIRT ESITDENTTLSELE?
FITAEYBIHELL,

72

MEEMESIRA | JFRD AT VR—ILIZEDIN TN Ay E—D8E?
BITETONENE?

73

—FREARNSLEL, STRIAH-T=?
HORIZWABREMSA— LTI ChAEEET? |

74

INES FEDEALEBIZIHI1EWNSHIEZRA DUV BE?
REBWELAREDNEBZEL,

75

ABRFLEDBENREREICEoI-FLE?
REDBME T, I2FEENREENESTELWLTT D ~,

76

13 BDEERICENEIS AV, 14 HOLEBR(XAIZLTLNS ?
FOWARNESF-AT N\ TYUOHFEHSTH,

77

MOZWNVEEEESTTELY,
BEFBTEZX. BDKIICH,

78

[HWNDIEXETAH~IEEDODNDIIEST, EALIE?
BLTIAF

79

MOZLWEEFE->TTAELY,
%mbiﬁﬁﬁEAFﬁﬂo)tﬂ l/f:l‘:é':gﬁh\o

70




80

0 HTTEABRA—/IN—BO5ALEIE?
2LDFDMADESY

81

Faxaxa | INEKANTFEL ! aihiho1f=7?
AAAL) AN BEELE-BFNATLIZE

82

L& EEITRRIZTETTSELY,
BEBPLEIR,

83

RS TREBGEHO TV R TBIANGLRTDHILIC, TDEHEF?
WAWAEELA. BREFASRDAREIEEE ST,

84

ELLBUVEFEORBE, TOXMRABTEL?
FERFLOTLEWN

85

TJOIAEERT EEITDBENTTLNSELE?
AL HTLADEFEERDERICLELHEII

86

[BEIFNES 28 BEEF AN ?
VAYRA—DEEbaA1vF—ELNVD,

87

MOZLNWEEZEESTTSLY,
an L T,

88

AVYCOHBITBAVEIEEVWTHIETAT—T . TOREEF?
FVYONMOERTDEEEZL TS,

89

[N DITETEHLE~IEEDNDIEST, FAKIE?
HEED/N—T

90

ROEWEIEOHT/\VE—IURIZLTTEW, MBEXRICRIZTITNT=A. (
[5F52 1EBWN=5. [5F &K IEE>T N =,

)]

71




