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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, I 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 
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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, I 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, I 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. I 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 
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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. 
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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 

et al., 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’Doherty 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, I focused our investigation on one basic question related to action-
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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, I conducted an fMRI 39 healthy adult volunteers. I 

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 



 7 

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. I 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.  
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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 
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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. I initially prepared 528 jokes from a Japanese TV show 

program (IPPON GRAND PRIX; Fuji Television Network, Inc., Tokyo, Japan). I 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). I also chose eight 

jokes among the unchosen jokes for use in practice trials. 

Listener responses. I 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). I 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, I prepared a stimulus that had the same length of silence with no laugh 
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(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. I 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] × 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-1×4; 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. I 

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. I 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 

I 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). I 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, I obtained anatomical T1-weighted scans that 

covered the whole brain (voxel size = 1 mm x 1 mm x 1 mm). I 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 × 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. I 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. I 

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. 

I adopted a flexible factorial design to construct a single design matrix involving 2 × 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, I 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 t(222) > 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).  

I 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, I 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. I defined 8 mm radius spheres 

centered on these peak coordinates as seed regions. I 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. I 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, I 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, I conducted one-sample t-tests on the contrast 

images from these individual analyses. I 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 t(37) > 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 × (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, “×××” 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 I 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. I 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 (Büchel 

et al., 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. I also included 

the following regressors: the card presentation phase and six regressors of rigid-body 

head motion parameters. I 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. I 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 × 3 levels of Listener’s 

Response) of the pleasure rating revealed a significant main effect of Speaker (F(1, 37) = 

24.1, p < 0.0001), a significant main effect of Listener’s Response (F(2, 74) = 99.5, p < 

0.0001), and a significant interaction (F(2, 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), I 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 



 22 

(SELF_Group – PC_Group) - (SELF_Single – PC_Single)] revealed significant 

activation.  

In order to further validate the action-outcome contingency effect, I 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). I 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. I then tested our 

prediction that the mPFC modulates functional connectivity between the sensory cortex 

and VS using PPI analyses (Friston et al., 1997). I 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). I 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, I 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, I conducted a 

supplementary analysis wherein the visual cortex, instead of the AC, was used as the 

seed region. I 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, I 

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 (Van 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. I 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). 
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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). I 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, I 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. 

 I 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, I 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, I 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 

 

 

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, I 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. I 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 × 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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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.  

 

  



 48 

 

 

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), I 

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. I 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) × 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). 

 

 

  



 50 

 

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) PFWE-corr 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) PFWE-corr 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 20.24  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 24 -6 4.17 L 
Lateral orbitofrontal 
cortex 

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

    32 18 -16 4.92 R 
Lateral orbitofrontal 
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) PFWE-corr 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. 
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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) PFWE-corr 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 4.51 R Precuneus 

  6 -40 38 4.54 R Posterior cingulate gyrus 

1120 < 0.01 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 4.50 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 5.38 L 
Lateral orbitofrontal 
cortex 

12512 < 0.001 12 18 8 5.48 R Caudate nucleus 

  -12 14 0 6.845 L Caudate nucleus 

  24 14 -2 5.39 R Putamen 

  10 6 -8 7.82 R NAcc  * 

  -8 4 -10 7.80 L NAcc  * 

  -20 4 -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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  38 42 -14 5.24 R 
Lateral orbitofrontal 
cortex 

1376 < 0.001 -24 -96 -10 6.77 L Inferior occipital gyrus 

1032 < 0.01 -58 -50 -12 5.05 L Middle temporal gyrus 

840 < 0.01 -22 24 -20 5.55 L 
Lateral orbitofrontal 
cortex 

3592 < 0.001 40 -62 -42 7.61 R Cerebellum 

250 < 0.001 -36 -64 -46 5.85 L 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) PFWE-corr 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 8 6.71  R Middle frontal gyrus 

  30 14 8 5.26  R Insula 

  -26 22 6 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 



 58 

  -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) PFWE-corr 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 8 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 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 4.21  L Brainstem 
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  -8 16 -12 4.83  L NAcc 

1576 < 0.01 4 -66 -38 3.35  R Cerebellum 

  -8 -68 -46 4.55  L Cerebellum 

1608 < 0.01 30 -66 -50 5.17  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 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) PFWE-corr 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 8 6.05  L Heschl's gyrus 

  34 32 8 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  L Middle occipital gyrus 

  -32 -62 -12 4.81  L Fusiform gyrus 

  0 -52 -20 5.88   Cerebellum 

944 < 0.01 20 -66 -26 4.45  R Cerebellum 

2168 < 0.001 10 -74 -42 5.08  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 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) PFWE-corr 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 2 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 28 0 4.82  L 
Lateral orbitofrontal 
gyrus 

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) PFWE-corr 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 4.4721 L Superior occipital gyrus 

  -38 -74 2 4.9702 L Middle occipital gyrus 

  -42 -80 -10 5.3585 L Inferior occipital gyrus 

  -34 -60 -14 5.4768 L Fusiform gyrus 

8248 < 0.001 36 -64 22 5.4284 R Middle occipital gyrus 

  28 -76 14 5.6359 R Superior occipital gyrus 

  46 -48 0 4.7698 R Middle temporal gyrus 

  40 -52 -10 5.6672 R Fusiform gyrus 

  36 -70 -10 5.5997 R Inferior occipital gyrus 

976 < 0.05 -50 -10 20 4.5949 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 5.5197 L Middle frontal gyrus 

  -12 56 18 6.1901 L mPFC 

792 < 0.05 50 4 8 4.7932 R Precentral gyrus 

  46 6 14 4.5215 R Inferior frontal gyrus 

3896 < 0.001 -40 18 10 5.6878 L Inferior frontal gyrus 

  -50 0 8 4.9206 L Precentral gyrus 

  -20 10 4 5.7728 L Putamen 

  -26 22 4 4.407 L Insula 

  -28 30 4 3.4874 L Middle frontal gyrus 

888 < 0.05 30 12 8 5.1449 R Insula 

1776 < 0.001 10 -68 -24 4.8841 R Cerebellum 

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

5408 < 0.001 2 -62 -42 4.9544 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)  

1 
Setup: わんこそばを入れる店員が 150 杯を過ぎたあたりでよく考える事とは？ 

Punchline: どんぶりで食えばいいのに。 

2 
「誰が拾うねん！」子犬の入ったダンボールに書かれていたメッセージとは？ 

人間嫌い 

3 
そこそこのウソをついて下さい。 

ファンの皆さんのおかげです。 

4 
テレビをパッとつけたらいつもこの場面。何？ 

恭子がしゃべらない分、美香ががんばっている。 

5 
小学 5年生のたかし君に「微妙」というあだ名がついた。なぜ？ 

無人島で育ったという個性があるが、クラスにトラに育てられたやつがいる。 

6 
13 日の金曜日に暴れ回るジェイソン。14 日の土曜日は何をしている？ 

どうぶつの森 

7 
あのカンガルー、不良だな。どうして？ 

ポケットを縫っている。 

8 
ゴジラが街を壊すときに心掛けている事とは？ 

花が添えられているガードレールは絶対に踏まない。 

9 
「地球は青かった」と言ったのはガガーリン。その助手は何と言った？ 

からの！ 

10 
だらしない選手権の決勝戦。その対決内容とは？ 

どちらの家のソファーの隙間からいろんなものが出てくるか対決。 

11 
オカン最近やたらオリンピック感出してくるな。何をした？ 

ボルトに似てきた。 

12 
エレベーターガールでとったアンケートで「8％」。何が 8％？ 

今年が勝負の年だと思っている。 

13 
ゴジラが街を壊すときに心掛けている事とは？ 

ゴジラらしさを失わない。 

14 
家電製品の入った早口言葉を教えて下さい。 

BOSE が上手に坊主のお経を流す 

15 
相撲の決まり手が 1つ増えて 83 手になりました。何ですか？ 

差し押さえ 

16 
「気が遠くなる」ことを言って下さい。 

帰れま 1000 

17 
「地球は青かった」と言ったのはガガーリン。その助手は何と言った？ 

いやマジやで。 

18 
ちょっとだけ不安にさせて下さい。 

テレンスリーからの小包 

19 
13 日の金曜日に暴れ回るジェイソン。14 日の土曜日は何をしている？ 

現場近くで何食わぬ顔してワイドショーのインタビューに答える。 
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20 
親父の手帳に「正」の字が。いったい何を数えている？ 

16 歳の娘美咲がこんな俺のジョークで微笑んだ。 

21 
一家団欒がぶち壊し、さて何があった？ 

父親が「お母さんになりたい」と言い出した。 

22 
ゴジラが街を壊すときに心掛けている事とは？ 

初めて街を壊したときの気持ちを忘れない。 

23 
魔法使いが覚えたけど、結局使わない魔法とは？ 

半透明人間になれる。 

24 
ゲゲゲの鬼太郎が自伝を出版、そのタイトルとは？ 

ダディ 

25 
「牛乳は噛んで飲むといい」みたいな事を教えて下さい。 

長州は力をみてから小力を見た方がいい。 

26 
わんこそばを入れる店員が 150 杯を過ぎたあたりでよく考える事とは？ 

ここでうどんだ！ 

27 
「○○の秋」1 位は食欲、2 位は芸術 87 位は？ 

ほしのあき 

28 
銭湯で長年番台を勤めていた中村吉男さんが引退することに。その理由とは？ 

町内の好きな女は皆死んだ。 

29 
バスの降車ボタン。7 回連打すると何が起こる？ 

行き先の看板に「もう押すな」と表示される。 

30 
ティッシュの箱に書かれていた過保護すぎる使用上の注意書きとは？ 

やぶれたっていいじゃないか、ティッシュだもの。 

31 
13 日の金曜日に暴れ回るジェイソン。14 日の土曜日は何をしている？ 

自首 

32 
3 秒しかない留守番電話に用件をふきこんで下さい。 

あのー、明日の結婚式無しということで。 

33 
ゴジラが街を壊すときに心掛けている事とは？ 

次に来るメカゴジラのためにちょっと残しておく。 

34 
格安航空会社。「そこまでするなら格安じゃなくていい！」どんなの？ 

寝て起きると新聞紙が掛けられている。 

35 
「ナポリタン」という単語を使って相手を震え上がらせて下さい。 

ナポリタン役の渡哲也です。 

36 
名前負け丸出しの競走馬の名前は？ 

ハヤスギテミエナイ 

37 

小学校 5年生のタカシくんが「さては僕、地球人じゃないな」と気付いてしまった意外

なきっかけとは？ 

身体測定が自分だけ NASA で行われた。 

38 
親父の手帳に「正」の字が。いったい何を数えている？ 

夢にベッキーが出てきた回数 

39 
全員名字が「鈴木」のクラスで出来たルールを教えて下さい。 

親の離婚を許すな。 
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40 
かっこいい寝言を言って下さい。 

パワートューザピーポー、パワートューザピーポー 

41 
ゴジラが街を壊すときに心掛けている事とは？ 

地方でも気を抜かない。 

42 
小学 5年生のたかし君に「微妙」というあだ名がついた。なぜ？ 

誰かに似ているけど、結局誰も思い出せない。 

43 
ゴジラが街を壊すときに心掛けている事とは？ 

その後がしょぼくなるので、いきなりメインのビルを壊さない。 

44 
ティッシュの箱に書かれていた過保護すぎる使用上の注意書きとは？ 

燃えてる手でつかまないで下さい。 

45 
魔法使いが覚えたけど、結局使わない魔法とは？ 

なんでもないようなことが、幸せだったと思う。 

46 
わんこそばを入れる店員が 150 杯を過ぎたあたりでよく考える事とは？ 

次、一回だけ左手でいっちゃおうかな。 

47 
オオカミ少年が「オオカミが来たぞー」に飽きた。村人達を驚かせる新しい一言とは？ 

個人情報垂れ流すぞー 

48 
母からの手紙。「P.S.」で書くことか？何が書かれてた？ 

P.S. K-pop のいきおいが怖いです。 

49 
一家団欒がぶち壊し、さて何があった？ 

ヨネスケが来ちゃった。 

50 
そこそこのウソをついて下さい。 

オッス！オラも悟空！ 

51 
格安航空会社。「そこまでするなら格安じゃなくていい！」どんなの？ 

離陸するときに CA さんがめっちゃ祈る。 

52 
ゴジラが街を壊すときに心掛けている事とは？ 

100 個のビルより 1 個のタワー 

53 
太鼓持ちの忍者が先輩忍者に言った事とは？ 

あれ？先輩？どこすか？先輩？ 

54 
ゴジラが街を壊すときに心掛けている事とは？ 

謝罪は心の中で 

55 
ギョギョギョ！さかなくんがブチギレ！何があった？ 

自分にだけなぜか魚肉ソーセージを渡された。 

56 
野球の審判が日常生活で思わず「ストライク」と叫んだ。一体何があった？ 

目薬をさしている人の口の中に鳥の糞が入った。 

57 
バスの降車ボタン。7 回連打すると何が起こる？ 

カウンセラーが「話を聞かせて」と寄ってくる。 

58 
0 円でできる超スーパー暇つぶしとは？ 

干支を飼うのが難しい順に頭の中で並べる。 

59 

オムライスにお母さんがケチャップで何か書いたら子どもの顔がドン曇り、何て書い

た？ 

残すのは NG 
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60 
「ナポリタン」という単語を使って相手を震え上がらせて下さい。 

3 年で一番強いのは中村だけど、キレたら怖いのはナポリタン。 

61 
「誰が拾うねん！」子犬の入ったダンボールに書かれていたメッセージとは？ 

私には手におえません。誰かお願いします。ムツゴロウ。 

62 
かっこいい寝言を言って下さい。 

俺をやるなら今しかねぇ。 

63 
テレビをパッとつけたらいつもこの場面。何？ 

真矢ミキがカメラ目線で「あきらめないであなたのお肌」 

64 
13 日の金曜日に暴れ回るジェイソン。14 日の土曜日は何をしている？ 

午後から整体 

65 
「誰が拾うねん！」子犬の入ったダンボールに書かれていたメッセージとは？ 

席をはずしてます。すぐ戻ります。 

66 
ナルシスト漁師の特徴を教えて下さい。 

キャッチ＆キス＆リリース 

67 
池上彰が「何だその質問！？」と言った。どんな質問？ 

逆に何か聞きたいことある？ 

68 
そこそこのウソをついて下さい。 

あのおばあちゃんハッカーやで。 

69 
「誰が拾うねん！」子犬の入ったダンボールに書かれていたメッセージとは？ 

なぜ捨てたかって？育ててみればわかります。 

70 
エレベーターガールでとったアンケートで「8％」。何が 8％？ 

エスカレーター？笑わせるな。 

71 
ゴジラが街を壊すときに心掛けている事とは？ 

まず何より自分が楽しむ。 

72 
「誰が拾うねん！」子犬の入ったダンボールに書かれていたメッセージとは？ 

君に育てられるかな？ 

73 
一家団欒がぶち壊し、さて何があった？ 

目の前にいる母親からメールで「これ何時まで？」 

74 
小学 5年生のたかし君に「微妙」というあだ名がついた。なぜ？ 

大食いだが肉が食えない。 

75 
太鼓持ちの忍者が先輩忍者に言った事とは？ 

先輩の忍術見てたら、もう伊賀とか甲賀とかどうでもいいですわ～。 

76 
13 日の金曜日に暴れ回るジェイソン。14 日の土曜日は何をしている？ 

だいぶ暴れ回ったんで、バンテリンを塗ってる。 

77 
かっこいい寝言を言って下さい。 

寝言は寝て言え、俺のようにな。 

78 
「あいつはモテるな～」と言われる鳩って、どんな鳩？ 

鷲とマブダチ 

79 
かっこいい寝言を言って下さい。 

それがお前達人間の出した結論か。 
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80 
0 円でできる超スーパー暇つぶしとは？ 

全くの赤の他人の墓参り 

81 
ギョギョギョ！さかなくんがブチギレ！何があった？ 

スタイリストが用意した帽子が完全に鳥 

82 
ちょっとだけ不安にさせて下さい。 

お薬増やしますね。 

83 
銭湯で長年番台を勤めていた中村吉男さんが引退することに。その理由とは？ 

いろいろ葛藤したが、自分は入る側の人間だと思った。 

84 
だらしない選手権の決勝戦。その対決内容とは？ 

まだ決まっていない 

85 
ゴジラが街を壊すときに心掛けている事とは？ 

これから出てくる若手怪獣の見本になるように。 

86 
「お前・・・それもう 28 回目だぞ」何が？ 

ツイッターのことをトュイッターという。 

87 
かっこいい寝言を言って下さい。 

命綱無しで。 

88 
オヤジの部屋に「思い出」と書いてあるビデオテープ。その内容は？ 

オヤジがイロモネアの審査員をしている。 

89 
「あいつはモテるな～」と言われる鳩って、どんな鳩？ 

白鳥とのハーフ 

90 
次の空欄を埋めてハッピーエンドにして下さい。「彼女に急にフラれたが、（     ）」 

「うそだろ？」と聞いたら、「うそよ」と言ってくれた。 
 

 
 
 


