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Abstract 33 

Humor comprehension (i.e., “getting” a joke) and humor appreciation (i.e., enjoying a 34 

joke) are distinct, cognitively complex processes. Functional magnetic resonance imaging 35 

(fMRI) investigations have identified several key cortical regions but have overlooked 36 

subcortical structures that have theoretical importance in humor processing. The dorsal striatum 37 

(DS) contributes to working memory, ambiguity processing, and cognitive flexibility – cognitive 38 

functions that are required to accurately recognize humorous stimuli. The ventral striatum (VS) 39 

is critical in reward processing and enjoyment. We hypothesized that the DS and VS play 40 

important roles in humor comprehension and appreciation, respectively. We investigated the 41 

engagement of these regions in these distinct processes using fMRI. Twenty-six healthy young 42 

male and female human adults completed two humor-elicitation tasks during a 3 Tesla fMRI 43 

scan: a traditional behavior-based joke task and a naturalistic audio-visual sitcom paradigm (i.e., 44 

Seinfeld-viewing task). Across both humor-elicitation methods, whole-brain analyses revealed 45 

cortical activation in the inferior frontal gyrus, the middle frontal gyrus, and the middle temporal 46 

gyrus for humor comprehension, and the temporal cortex for humor appreciation. Additionally, 47 

with region of interest (ROI) analyses, we specifically examined whether DS and VS activation 48 

correlated with these processes. Across both tasks, we demonstrated that humor comprehension 49 

implicates both the DS and the VS, whereas humor appreciation only engages the VS. These 50 

results establish the role of the DS in humor comprehension, which has been previously 51 

overlooked, and emphasize the role of the VS in humor processing more generally.  52 

  53 



 

 3

Significance Statement 54 

Humorous stimuli are processed by the brain in at least two distinct stages. First, humor 55 

comprehension involves understanding humorous intent through cognitive and problem-solving 56 

mechanisms. Second, humor appreciation involves enjoyment, mirth, and laughter in response to 57 

a joke. The roles of smaller, subcortical brain regions in humor processing, such as the dorsal 58 

striatum (DS) and ventral striatum (VS), have been overlooked in previous investigations. 59 

However, these regions are involved in functions that support humor comprehension (e.g., 60 

working memory ambiguity resolution, and cognitive flexibility) and humor appreciation (e.g., 61 

reward processing, pleasure, and enjoyment). In this study, we used neuroimaging to 62 

demonstrate that the DS and VS play important roles in humor comprehension and appreciation, 63 

respectively, across two different humor-elicitation tasks.   64 
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1 Introduction 65 

Humor is a ubiquitous human experience that serves an adaptive purpose by facilitating 66 

social interactions. It is a higher-order ability and requires the integration of multiple cognitive 67 

processes. Humor processing can be separated into at least two distinct components: humor 68 

comprehension and humor appreciation (Ziv, 1984).  69 

Humor comprehension (i.e., “getting the joke”) is a problem-solving process in which 70 

one detects and resolves some incongruity or absurdity to reveal the joke (Suls, 1972). Humor 71 

appreciation refers to the subjective amusement or mirth experienced upon realizing the joke. 72 

Although humor comprehension generally occurs only once, humor appreciation can be 73 

experienced repeatedly with further elaboration, explaining why some jokes remain funny even 74 

once the punchline is known.  75 

Advances in neuroimaging allow researchers to explore brain regions involved in humor 76 

processing. Functional magnetic resonance imaging (fMRI) has revealed many cortical regions 77 

as integral to humor processing. Chang and colleagues (2023) identified blood-oxygen-level-78 

dependent (BOLD) activation in the inferior frontal gyrus, the medial frontal gyrus, the superior 79 

frontal gyrus, the middle temporal gyrus, and the inferior parietal lobule in incongruity detection 80 

and resolution (i.e., humor comprehension). In contrast, activation of the ventromedial prefrontal 81 

cortex, the amygdala, the anterior insula, the nucleus accumbens, and the midbrain occurred 82 

during the elaboration stage (i.e., humor appreciation). Activation of fronto-temporo-parietal 83 

areas during humor comprehension, and of meso-cortico-limbic areas during appreciation aligns 84 

with the conclusions of two meta-analyses of 20 and 57 fMRI humor processing studies, 85 

respectively (Farkas et al., 2021; Vrticka et al., 2013).  86 
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The role of the dorsal striatum (DS; i.e., dorsal caudate nucleus and putamen) in humor 87 

processing has generally been overlooked. Although activations of the left putamen (Filik et al., 88 

2019; Iwase et al., 2002; Sanz-Arigita et al., 2021), the right putamen (Goldin et al., 2005; Neely 89 

et al., 2012; Shibata et al., 2014), the left caudate (Sanz-Arigita et al., 2021), and the right 90 

caudate (Goldin et al., 2005; Osaka et al., 2014; Sanz-Arigita et al., 2021) have been identified in 91 

studies of humor processing, most authors do not put importance on these findings or discuss 92 

their implications. Filik and colleagues (2019) were the lone authors to discuss the putamen’s 93 

role in language processing and how this could contribute to humor comprehension. The DS’s 94 

involvement in ambiguity resolution (Crinion et al., 2006; MacDonald and Monchi, 2011; 95 

Mestres-Missé et al., 2012), suppression of pre-potent responses (Akkermans et al., 2018; 96 

MacDonald and Monchi, 2011; Zandbelt and Vink, 2010), working memory (Darvas et al., 2014; 97 

Lewis et al., 2004; MacDonald and Monchi, 2011), and set-shifting (Darvas et al., 2014; 98 

MacDonald and Monchi, 2011), which are essential for humor comprehension, have not been 99 

considered in the context of humor processing. The tendency is to ignore these DS activations or 100 

explain them in the context of reward processing, though experiencing humorous stimuli as 101 

rewarding pertains to humor appreciation, a process that has been shown clearly to implicate the 102 

ventral striatum (VS; nucleus accumbens and ventral caudate nucleus and putamen, z  2 using 103 

MRI; Azim et al., 2005; Mobbs et al., 2005, 2003; Neely et al., 2012; Noh et al., 2014; Shibata et 104 

al., 2014; Watson et al., 2007) and not the DS. Discounting the DS’s role in cognitive functions 105 

and misattributing all striatal activations in humor processing to affective/reward functions has 106 

caused sub-regions of the striatum to be excluded in reviews of the literature and theories of 107 

humor processing.  108 
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Our aim was to directly investigate the distinct contributions of the DS and VS in humor 109 

processing. We predicted that humor comprehension will involve the DS whereas humor 110 

appreciation will engage the VS. We investigated these hypotheses using both a traditional 111 

behavior-based humor processing task and a naturalistic sitcom-viewing method in fMRI with 112 

striatal ROIs. 113 

2 Materials and Methods 114 

2.1 Participants 115 

Twenty-six young, healthy individuals participated in this study (11 male; Mage = 22.35, 116 

SDage = 3.43; Meducation = 16.40, SDeducation = 2.61). All participants had normal or corrected-to-117 

normal vision, had no history of neurological or psychiatric disorders, and did not abuse drugs or 118 

alcohol at the time of participation. All participants provided informed consent according to the 119 

Declaration of Helsinki (World Medical Association, 2013) and all procedures were approved by 120 

the Research Ethics Board at the University of Western Ontario (London, Ontario, Canada).  121 

2.2 Experimental Design 122 

2.2.1 Joke Task 123 

Participants completed a humor processing task (i.e., Joke task) that involved listening to 124 

40 randomly-selected audio clips of jokes out of a possible bank of 80 stimuli, as well as 40 125 

randomly-selected audio clips of neutral, non-joke sentences, out of a possible bank of 80 126 

stimuli, while neural activity was measured using fMRI. The majority of these audio clip stimuli 127 

(92 out of 160) were used in previous studies (Bekinschtein et al., 2011; Fiacconi and Owen, 128 

2015), and joke and non-joke stimuli were presented in random order. All audio clip stimuli were 129 

recorded in a male voice and spoken neutrally, so as not to reveal whether the audio clip was a 130 
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joke or non-joke based on intonation or prosody. The audio was presented through MRI-131 

compatible headphones. A short movie clip was played to participants in the scanner, prior to the 132 

onset of the experimental task to ensure that participants could hear through both headphones 133 

and that the volume was appropriate.  134 

Following the presentation of each audio clip, participants were asked to indicate whether 135 

they thought the audio clip was a joke, or not a joke. For all stimuli (jokes and non-jokes), they 136 

were also asked to rate how funny they found each audio clip on a scale from 1 (not funny at all) 137 

to 4 (extremely funny). Inter-trial and inter-response intervals were jittered with variable 138 

durations sampled from an exponential distribution (min = 525 msec; mean = 2500 msec; max = 139 

7000 msec). Participants used a handheld Current Designs 4-button fiber optic response pad 140 

(HHSC-1x4-L) to make their responses by moving a green selection highlight up (index finger – 141 

Button 2) or down (middle finger – Button 3) and confirming their response (ring finger – Button 142 

4). The starting position of the green highlighted selection was randomized on each response 143 

screen to mitigate biases in response times (RT) for selections that were closer or further to the 144 

starting position. Participants had a maximum of 5000 msec for each response (List of Figures 145 

Figure). Prior to completing the task, all participants watched a video containing detailed 146 

instructions of the procedure. Participants were provided an opportunity to ask questions for 147 

further clarification, if necessary.  148 

2.2.2 Seinfeld-viewing Task 149 

Immediately following the humor processing task, participants were shown a full episode 150 

of the sitcom Seinfeld. Half of the participants were shown the episode “The Airport” (Cherones, 151 

1992). The other half of participants were shown the episode “The Movie” (Cherones, 1993). 152 

These specific episodes were selected due to their relative lack of overt racial and sexual humor 153 
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and their focus on common activities that most individuals have previously experienced (i.e., 154 

traveling in an airplane and going to the movie theater). The episodes were visually projected 155 

onto a screen at the end of the magnet bore, which participants viewed through a mirror. 156 

Participants were instructed to watch and listen to the episode, refrain from falling asleep, and be 157 

prepared to answer questions pertaining to the clip after the episode.  158 

Following the episode and outside of the scanner, participants completed a questionnaire 159 

which evaluated their prior familiarity with Seinfeld, how frequently they watched sitcoms and 160 

funny television in general, how funny they found the episode of Seinfeld, and some true/false 161 

questions about the episode’s plot to ensure that they had indeed attended to the episode.  162 

2.3 Imaging Acquisition 163 

All imaging data were collected on a 3 Tesla Siemens Magnetom Prisma Fit MRI scanner 164 

at the Centre for Functional and Metabolic Mapping (CFMM) located in the Robarts Research 165 

Institute at the University of Western Ontario. Data were acquired using a 32-channel head coil.  166 

First, a localizer image was obtained to identify the optimal scanning area relative to the 167 

participant’s head position. Separate T2*-weighted multiband echo-planar imaging (EPI) 168 

functional scans were acquired during the humor processing task and the Seinfeld episode with 169 

the following parameters: repetition time (TR) = 1000 msec, echo time (TE) = 30 msec, 48 slices 170 

oriented along the anterior and posterior commissure with 2.5 mm thickness, flip angle = 40, 171 

field of view (FOV) = 220 x 220 mm2, voxel size = 2.5 x 2.5 x 2.5 mm3, multiband factor = 4. 172 

Finally, a T1-weighted (T1w) MPRAGE anatomical scan was acquired with the following 173 

parameters: TR = 2400 msec, TE = 2.28 msec, 192 sagittal slices with 0.80 mm thickness, flip 174 

angle = 8, FOV = 256 x 256 mm2, voxel size = 0.8 x 0.8 x 0.8 mm3.  175 
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2.4 Imaging Preprocessing 176 

Results included in this manuscript were achieved through image preprocessing 177 

performed using fMRIPrep 1.5.4 (Esteban, Markiewicz, et al., 2018); (Esteban, Blair, et al., 178 

2018); RRID:SCR_016216), which is based on Nipype 1.3.1 (Gorgolewski et al., 179 

2011); (Gorgolewski et al., 2018); RRID:SCR_002502). Visualization of fMRI data was 180 

conducted with MRIcroGL (v. 13.1; Rorden and Brett, 2000).  181 

2.4.1 Anatomical Data Preprocessing 182 

The T1w image was corrected for intensity non-uniformity (INU) 183 

with N4BiasFieldCorrection (Tustison et al., 2010), distributed with ANTs 2.2.0 (Avants et al., 184 

2008; RRID:SCR_004757), and used as T1w-reference throughout the workflow. The T1w-185 

reference was then skull-stripped with a Nipype implementation of 186 

the antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTs as target template. 187 

Brain tissue segmentation of cerebrospinal fluid (CSF), white-matter (WM) and gray-matter 188 

(GM) was performed on the brain-extracted T1w using fast (FSL 5.0.9; RRID:SCR_002823; 189 

Zhang et al., 2001). Brain surfaces were reconstructed using recon-all (FreeSurfer 6.0.1, 190 

RRID:SCR_001847; Dale et al., 1999), and the brain mask estimated previously was refined 191 

with a custom variation of the method to reconcile ANTs-derived and FreeSurfer-derived 192 

segmentations of the cortical gray-matter of Mindboggle (RRID:SCR_002438, Klein et al., 193 

2017). Volume-based spatial normalization to one standard space (MNI152NLin2009cAsym) 194 

was performed through nonlinear registration with antsRegistration (ANTs 2.2.0), using brain-195 

extracted versions of both T1w reference and the T1w template. The following template was 196 

selected for spatial normalization: ICBM 152 Nonlinear Asymmetrical template version 197 

2009c (Fonov et al., 2009, RRID:SCR_008796; TemplateFlow ID: MNI152NLin2009cAsym). 198 
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2.4.2 Functional Data Preprocessing 199 

For each of the BOLD runs found per subject (across both tasks), the following 200 

preprocessing was performed. First, a reference volume and its skull-stripped version were 201 

generated using a custom methodology of fMRIPrep. A B0-nonuniformity map (or fieldmap) 202 

was estimated based on a phase-difference map calculated with a dual-echo GRE (gradient-recall 203 

echo) sequence, processed with a custom workflow of SDCFlows inspired by 204 

the epidewarp.fsl script and further improvements in HCP Pipelines (Glasser et al., 2013). 205 

The fieldmap was then co-registered to the target EPI (echo-planar imaging) reference run and 206 

converted to a displacements field map (amenable to registration tools such as ANTs) with 207 

FSL’s fugue and other SDCflows tools. Based on the estimated susceptibility distortion, a 208 

corrected EPI (echo-planar imaging) reference was calculated for a more accurate co-registration 209 

with the anatomical reference. The BOLD reference was then co-registered to the T1w reference 210 

using bbregister (FreeSurfer) which implements boundary-based registration (Greve and Fischl, 211 

2009). Co-registration was configured with six degrees of freedom. Head-motion parameters 212 

with respect to the BOLD reference (transformation matrices, and six corresponding rotation and 213 

translation parameters) are estimated before any spatiotemporal filtering using mcflirt (FSL 214 

5.0.9, Jenkinson et al., 2002). BOLD runs were slice-time corrected using 3dTshift from AFNI 215 

20160207 (Cox and Hyde, 1997), RRID:SCR_005927). The BOLD time-series were resampled 216 

to surfaces on the following spaces: fsaverage5. The BOLD time-series (including slice-timing 217 

correction when applied) were resampled onto their original, native space by applying a single, 218 

composite transform to correct for head-motion and susceptibility distortions. These resampled 219 

BOLD time-series will be referred to as preprocessed BOLD in original space, or 220 

just preprocessed BOLD. The BOLD time-series were resampled into standard space, generating 221 
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a preprocessed BOLD run in [‘MNI152NLin2009cAsym’] space. First, a reference volume and 222 

its skull-stripped version were generated using a custom methodology of fMRIPrep. Several 223 

confounding time-series were calculated based on the preprocessed BOLD: framewise 224 

displacement (FD), DVARS and three region-wise global signals. FD and DVARS are calculated 225 

for each functional run, both using their implementations in Nipype (following the definitions by 226 

Power et al., 2014). The three global signals are extracted within the CSF, the WM, and the 227 

whole-brain masks. Additionally, a set of physiological regressors were extracted to allow for 228 

component-based noise correction (CompCor, Behzadi et al., 2007). Principal components are 229 

estimated after high-pass filtering the preprocessed BOLD time-series (using a discrete cosine 230 

filter with 128s cut-off) for the two CompCor variants: temporal (tCompCor) and anatomical 231 

(aCompCor). tCompCor components are then calculated from the top 5% variable voxels within 232 

a mask covering the subcortical regions. This subcortical mask is obtained by heavily eroding the 233 

brain mask, which ensures it does not include cortical GM regions. For aCompCor, components 234 

are calculated within the intersection of the aforementioned mask and the union of CSF and WM 235 

masks calculated in T1w space, after their projection to the native space of each functional run 236 

(using the inverse BOLD-to-T1w transformation). Components are also calculated separately 237 

within the WM and CSF masks. For each CompCor decomposition, the k components with the 238 

largest singular values are retained, such that the retained components’ time series are sufficient 239 

to explain 50 percent of variance across the nuisance mask (CSF, WM, combined, or temporal). 240 

The remaining components are dropped from consideration. The head-motion estimates 241 

calculated in the correction step were also placed within the corresponding confounds file. The 242 

confound time series derived from head motion estimates and global signals were expanded with 243 

the inclusion of temporal derivatives and quadratic terms for each (Satterthwaite et al., 2013). 244 
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Frames that exceeded a threshold of 0.5 mm FD or 1.5 standardised DVARS were annotated as 245 

motion outliers. All resamplings can be performed with a single interpolation step by composing 246 

all the pertinent transformations (i.e., head-motion transform matrices, susceptibility distortion 247 

correction when available, and co-registrations to anatomical and output spaces). Gridded 248 

volumetric resamplings were performed using antsApplyTransforms (ANTs), configured with 249 

Lanczos interpolation to minimize the smoothing effects of other kernels (Lanczos, 1964). Non-250 

gridded surface resamplings were performed using mri_vol2surf (FreeSurfer). Many internal 251 

operations of fMRIPrep use Nilearn 0.6.0 (Abraham et al., 2014, RRID:SCR_001362), mostly 252 

within the functional processing workflow. For more details of the pipeline, see the section 253 

corresponding to workflows in fMRIPrep’s documentation. Following this preprocessing 254 

pipeline, the normalized data were spatially smoothed with an 8mm full-width half-maximum 255 

Gaussian kernel using SPM12.  256 

2.5 Statistical Analysis 257 

Demographic and behavioral data were analyzed with R statistical computing software 258 

(v. 4.2.0; R Core Team, 2022)) and R Studio (v. 2022.07.01; RStudio Team, 2022). Data were 259 

examined for outliers above or below 3 x the interquartile range (IQR). RT data for both humor 260 

comprehension and appreciation were also examined for time-out instances, in which 261 

participants failed to respond within the 5-second time limit.  262 

2.5.1 Imaging Analysis 263 

fMRI data were analyzed using Statistical Parametric Mapping version 12 software 264 

(SPM12; Wellcome Department of Imaging Neuroscience, 2014) and MATLAB (v. R2022a; 265 

The Mathworks Inc., 2022).  266 
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2.5.1.1 Joke Task fMRI Analysis 267 

Separate first-level, fixed-effects analyses were performed for each individual participant. 268 

For humor comprehension, a general linear model (GLM) was constructed in which the 269 

canonical hemodynamic response function was convolved with the onsets and durations of the 270 

auditory stimuli for each stimulus category. Only the trials in which the participant correctly 271 

identified the stimulus as either a joke or a non-joke were included in this GLM. Two regressors 272 

of interest were included in the model: 1) Jokes, and 2) Non-Jokes. Average cerebrospinal fluid 273 

(CSF) signal, global signal, and the six head motion parameters (translation and rotation in x, y, 274 

and z dimensions) were included as covariates of no interest. Following model estimation, a 275 

single contrast of interest was examined: the main effect of Joke (i.e., Joke > Non-Joke). For 276 

humor appreciation, a separate GLM was constructed in which two regressors of interest were 277 

modeled: 1) Funny (i.e., trials on which participants’ funniness ratings equaled or exceeded 2), 278 

and 2) Not Funny (i.e., trials on which that participants’ funniness ratings equaled 1), along with 279 

average CSF, global signal, and the six head motion parameters as covariates of no interest. All 280 

trials were analyzed. A single contrast of interest was examined: the main effect of Funny 281 

(Funny > Not Funny).  282 

Next, second-level random effects analyses were conducted. Contrast images from each 283 

participant were examined in separate group-level t-tests for each main and interaction effect. 284 

Consistent with previous humor processing literature, whole-brain analyses were examined using 285 

a conservative voxel-level FWE-corrected height threshold of p < 0.05 and a cluster-level extent 286 

threshold of k = 10 consecutive voxels. The anatomical location of the peak voxel within each 287 

cluster that survived this threshold was identified using the automated anatomical labelling atlas 288 

3 (AAL3; Rolls et al., 2020).  289 
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To specifically test our hypothesis that the striatum is involved in humor processing, 290 

regions of interest (ROIs) were generated using MarsBaR (Brett et al., 2002) based on those 291 

described in Hiebert et al. (2019). Briefly, the DS ROI contained the bilateral dorsal caudate 292 

nucleus and the bilateral dorsal putamen at a level of z > 2 mm in MNI space. The VS ROI 293 

contained the bilateral nucleus accumbens, bilateral ventral caudate nucleus, and bilateral ventral 294 

putamen at a level of z ≤ 2 mm in MNI space. The z = 2mm cut-off was based on a review by 295 

Postuma and Dagher (2006). These ROIs are depicted in MNI space in Error! Reference source 296 

not found.. For each contrast of interest, average beta values for DS and VS ROIs were 297 

estimated and compared to zero with Bonferroni-corrected one-sample t-tests. In the case of non-298 

significant results, support in favor of the null hypothesis was examined with Bayesian analysis 299 

(Dienes, 2014; Keysers et al., 2020). The magnitude of the resulting Bayes Factor (BF10), a ratio 300 

of evidence for or against a null hypothesis, was evaluated compared to the cut-offs suggested by 301 

Jeffreys (1939), in which a BF10 > 3 represents substantial evidence in favor of the alternative 302 

hypothesis.  303 

2.5.1.2 Seinfeld-viewing Task fMRI Analysis 304 

Our Seinfeld viewing paradigm was modeled upon the study of Moran and colleagues 305 

(2004). As shown in Figure, the laugh track of each episode was used to create event epochs for 306 

a) humor comprehension, defined as the two seconds prior to the onset of the laugh track, b) 307 

humor appreciation, specified as the middle two seconds of laughter in the laugh track, and c) 308 

control, characterized as the two second period occurring midway between the end of the last 309 

humor appreciation event and the next humor comprehension event. Laugh track epochs were 310 

identified by four independent raters. The resulting event onsets and durations for each condition 311 
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were based on the consensus of these raters and confirmed by visual inspection of the audio 312 

waveform of the episode. 313 

As opposed to the Joke task, which uses “canned” jokes that are rarely encountered in 314 

everyday life, the Seinfeld-viewing task represents a uniquely naturalistic approach to evaluating 315 

humor comprehension and appreciation. However, it is important to note that the humor 316 

comprehension and appreciation events in the Seinfeld-viewing task are not participant-driven 317 

like those of the Joke task are. The humor comprehension and appreciation events in the 318 

Seinfeld-viewing task are based on the moments of the episode(s) that a live studio audience 319 

from the 1990s found to be funny, which might not necessarily represent the moments of the 320 

episode(s) that our participants found to be funny. 321 

First-level, fixed-effects analyses were performed for each individual participant. For 322 

humor comprehension, a GLM was constructed, convolving the canonical hemodynamic 323 

response function with the onsets and durations of the comprehension and control events. These 324 

events were used as regressors of interest along with the CSF signal, global signal, and six head 325 

motion parameters as covariates of no interest. Following model estimation, a single contrast of 326 

interest was examined: the main effect of humor comprehension (i.e., humor comprehension > 327 

control). For humor appreciation, a separate GLM was constructed, in which a single contrast of 328 

interest was examined: the main effect of humor appreciation (i.e., humor appreciation > 329 

control). We considered activations during this contrast to be attributable to the experience of 330 

humor appreciation, as opposed to a reaction to hearing others laugh, given that Moran et al. 331 

(2004) observed nearly identical activations for humor appreciation across their two separate 332 

sitcom-viewing fMRI experiments that did and did not include a laugh track.  333 
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Next, second-level random effects analyses were conducted. Contrast images from each 334 

participant were examined in separate group-level t-tests for each main and interaction effect. 335 

Consistent with the Seinfeld-viewing study by (Moran et al., 2004), whole-brain analyses were 336 

examined. However, we used a more conservative voxel-level FWE-corrected height threshold 337 

of p < 0.05 and a cluster-level extent threshold of k = 10 consecutive voxels. The anatomical 338 

location of the peak voxel within each cluster that survived this threshold was identified using 339 

the AAL3 (Rolls et al., 2020). To specifically test our hypothesis that the striatum is involved in 340 

humor processing, we used the same DS and VS ROIs as described above. For each contrast of 341 

interest, average beta values for DS and VS ROIs were estimated and included in the analyses. 342 

2.5.2 Conjunction Analysis 343 

To determine which regions are jointly activated during our contrasts of interest between 344 

the Joke task and the Seinfeld-viewing task for humor comprehension and humor appreciation, 345 

we conducted conjunction analyses using the procedure suggested by Nicols et al. (2005).  346 

3 Results 347 

3.1 Behavioral Results 348 

3.1.1 Joke Task: Humor Comprehension 349 

Humor comprehension was calculated as the percentage of correctly identified joke and 350 

non-joke stimuli. These data were entered into a paired t-test. The difference in humor 351 

comprehension accuracy between jokes and non-jokes did not reach significance (t(51) = -1.87, p 352 

= 0.068), with Joke stimuli (M = 86.06%, 95% CI [82.22, 89.89]) being slightly more accurately 353 

categorized than Non-Joke stimuli (M = 81.35%, 95% CI [82.22, 89.89]).  354 
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3.1.2 Joke Task: Humor Appreciation 355 

Humor appreciation was calculated as the average funniness ratings of joke and non-joke 356 

stimuli. These data were entered into a paired t-test. Unsurprisingly, there was a significant 357 

difference in funniness estimates between jokes and non-jokes (t(51) = -18.54, p < 0.001). There 358 

was also a significant positive correlation between funniness ratings for joke stimuli and SHQ-6 359 

scores (r = 0.29, p = 0.03), suggesting that participants with a greater sense of humor tended to 360 

rate joke stimuli as funnier.   361 

3.1.3 Seinfeld-viewing Task: Post-Scan Questionnaire 362 

A chi-squared test of independence was conducted to examine the proportion of 363 

individuals in each episode group who had never watched a single episode of Seinfeld to those 364 

who had prior experience with the show. There was not a significant difference in the familiarity 365 

with Seinfeld (2 = 0.62, p = 0.43) between participants assigned to the different Seinfeld 366 

episodes. Finally, a two-sample t-test evaluated the difference in mean funniness rating accorded 367 

to each episode of Seinfeld by the participants who watched “The Airport” and “The Movie” 368 

respectively. There was no significant difference in funniness ratings between the episodes (t(24) 369 

= -1.17, p = 0.26). Taken together, the two episodes of Seinfeld and the groups of participants 370 

who viewed each episode respectively, were deemed equivalent. All subsequent analyses were 371 

conducted on data collapsed across the groups of participants who viewed different episodes of 372 

Seinfeld groups. All post-scanning questionnaire data are shown in Table 1. 373 



 

 18

3.2 Whole-Brain fMRI Results 374 

3.2.1 Joke Task: Humor Comprehension 375 

Significant activations for the contrast of interest pertaining to humor comprehension 376 

(Joke > Non-Joke) are listed in Table 2. Only trials in which stimuli were correctly categorized 377 

as either jokes or non-jokes were analyzed. Clusters that contain striatal or midbrain structures 378 

are marked in Table 2.  379 

3.2.2 Joke Task: Humor Appreciation 380 

There were no significant differences in head motion during funny and not funny trials, 381 

as evaluated by Bonferroni-corrected paired t-tests for each of the 6 head motion parameters. 382 

Significant activations for the humor appreciation contrast are listed in Table 3. Again, clusters 383 

that contain striatal or midbrain structures are marked in Table 3.  384 

3.2.3 Seinfeld-viewing Task: Humor Comprehension 385 

Moments of humor comprehension were defined as the two second epochs immediately 386 

preceding the onset of laughter in the laugh track of Seinfeld and were contrasted to two second 387 

control epochs selected from the midpoint between the offset and onset of consecutive laugh 388 

track epochs. Significant activations for the humor comprehension contrast are listed in Table 4. 389 

Clusters that contain striatal or midbrain structures are marked in Table 4.  390 

3.2.4 Seinfeld-viewing Task: Humor Appreciation 391 

Moments of humor appreciation were defined as the middle two seconds of laughter in 392 

the laugh track of Seinfeld and were contrasted to the same two second control epochs selected 393 

from the midpoint of consecutive laugh track epochs, as described above. For each of the six 394 

head motion parameters, Bonferroni-corrected paired t-tests were conducted to compare motion 395 
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during humor appreciation events to control events. Importantly, none were significant, 396 

suggesting that there was no difference in the amount of head motion during laugh track epochs 397 

compared to the remainder of the episode. Significant activations for the humor appreciation 398 

contrast are listed in Table 5. Clusters that contain striatal or midbrain structures are marked in 399 

Table 5.  400 

3.2.5 Conjunction Analyses 401 

Brain regions that were significantly activated across tasks for the humor comprehension 402 

and humor appreciation contrasts were identified using conjunction analyses. For the humor 403 

comprehension contrasts, regions that were significantly activated across tasks included the left 404 

inferior frontal gyrus, the bilateral middle frontal gyrus, the bilateral middle temporal gyrus, the 405 

bilateral temporal poles, the right fusiform gyrus, the left supplementary motor area, the left 406 

angular gyrus and the right supramarginal gyrus (i.e., the inferior parietal lobule), the left insula, 407 

the right red nucleus, the left thalamus, and the bilateral amygdala. Regions that were commonly 408 

activated by the humor appreciation contrasts across tasks included the left middle frontal gyrus, 409 

the left superior frontal gyrus, the bilateral middle temporal gyrus, the bilateral temporal poles, 410 

the right superior parietal lobule, the left angular gyrus, the right supramarginal gyrus, the left 411 

precuneus, the left lingual gyrus, the right cuneus, and the left thalamus. Activation maps of both 412 

conjunction analyses can be viewed in Figure 4. 413 

3.3 Striatal ROI Results 414 

Significant activations in the DS and VS ROIs are presented at a level of p < 0.05, 415 

corrected for multiple comparisons with the Bonferroni method. 416 
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3.3.1 Joke Task: Humor Comprehension 417 

As we did previously in the whole-brain analyses, humor comprehension was evaluated 418 

in the Joke task by the Joke > Non-Joke contrast for correct trials only. To determine whether the 419 

DS and/or VS contribute to humor comprehension, average activation during this contrast in the 420 

DS and VS ROIs was compared to zero using separate one-sample t-tests, corrected for multiple 421 

comparisons. We observed activation that was significantly different from zero in both the DS 422 

(t(25) = 2.94, p = 0.014) and the VS (t(25) = 3.99, p = 0.001) ROIs (Figure 5A) during humor 423 

comprehension in the Joke task.  424 

3.3.2 Joke Task: Humor Appreciation 425 

For humor appreciation, we evaluated average activation in the DS and VS ROIs for the 426 

Funny > Not Funny contrast (calculated for all trials). This activation was compared to zero in 427 

separate one-sample t-tests for each ROI. We observed significant activation in the VS (t(25) = 428 

3.00, p = 0.012), but not in the DS (t(25) = 2.04, p = 0.10; Figure 5B) for humor appreciation. 429 

Evaluation of this null effect using a Bayesian one-sample t-test with default effect size priors 430 

(Cauchy scale 0.707) suggested that there was a lack of evidence supporting DS activation 431 

during moments of humor appreciation (BF10 = 1.22). 432 

3.3.3 Seinfeld-viewing Task: Humor Comprehension 433 

For humor comprehension in the Seinfeld-viewing task, we calculated the average 434 

activation in the DS and VS during the 2-seconds prior to the onset of laughter in the episode 435 

laugh track, compared to control epochs of equal duration sampled from the rest of the episode. 436 

This activation was compared to zero with separate one-sample t-tests, corrected for multiple 437 

comparisons. We observed activation that was significantly different from zero in both the DS 438 

(t(25) = 3.53, p = 0.003) and the VS (t(25) = 2.79, p = 0.02) ROIs (Figure 6A). 439 
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3.3.4 Seinfeld-viewing Task: Humor Appreciation 440 

For humor appreciation in the Seinfeld-viewing task, we calculated the average activation 441 

in the DS and VS during the middle 2-seconds of laugh-track laughter, compared to control 442 

epochs of equal duration selected from the remainder of the episode. This activation was 443 

compared to zero with separate one-sample t-tests for each ROI, corrected for multiple 444 

comparisons. We observed activation that was significantly different from zero in the VS (t(25) 445 

= 2.94, p = 0.014) ROI, but not in the DS (t(25) = 1.81, p = 0.016), as shown in Figure 6B. To 446 

evaluate the strength of evidence for the hypothesis that the DS is activated during humor 447 

appreciation, a Bayesian one-sample t-test was conducted using default effect size priors 448 

(Cauchy scale 0.707). There was no support for this alternative hypothesis (BF10 = 0.86), 449 

suggesting that the DS does not play a role in humor appreciation.  450 

4 Discussion 451 

Using fMRI and two independent measures of humor processing, performed by the same 452 

healthy young participants, we investigated BOLD activity associated with humor 453 

comprehension and humor appreciation. In whole-brain analyses, for both tasks, we found 454 

significant activation of the inferior frontal gyrus, the middle frontal gyrus, the supplementary 455 

motor area, the middle temporal gyrus, the temporal poles, and the midbrain for humor 456 

comprehension. We found common activations in the temporal cortex (i.e., BA 37 and BA 38) 457 

for humor appreciation in both tasks. In addition to whole-brain analyses, we examined BOLD 458 

signal in the DS and VS associated with humor comprehension and appreciation with an ROI 459 

approach. In both tasks, we found that humor comprehension seems to implicate both the DS and 460 

VS, whereas humor appreciation preferentially engages the VS. These findings align with our 461 
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expectations that different brain regions underlie humor comprehension and appreciation and 462 

that the striatum is involved in humor processing. 463 

Our whole-brain and conjunction analyses corroborated the findings of previous studies 464 

regarding cortical regions that are involved in humor comprehension and appreciation. For the 465 

humor comprehension contrast in the Joke task, we found significant activation in the left 466 

inferior frontal gyrus, the left middle frontal gyrus, the left superior frontal gyrus, the bilateral 467 

middle temporal gyrus, the bilateral temporal pole, the left angular gyrus, the left supplementary 468 

motor area, the left precentral gyrus, the left putamen, the left midbrain, the left thalamus, and 469 

the right amygdala. We corroborated these results with our Seinfeld-viewing task, albeit with a 470 

slight shift in hemispheric lateralization, finding significant clusters of activation in the left 471 

inferior frontal gyrus, the right middle frontal gyrus, the bilateral middle temporal gyrus, the 472 

right superior temporal gyrus, the right temporal pole, the right supramarginal gyrus, the left 473 

fusiform gyrus, the right supplementary motor area, the bilateral insula, the left hippocampus, the 474 

left midbrain, and the right amygdala. Many of these cortical regions (e.g., the inferior frontal 475 

gyrus, the middle temporal gyrus) have been identified in previous studies of humor 476 

comprehension (Bartolo et al., 2000; Bekinschtein et al., 2011; Chan et al., 2013; Goel and 477 

Dolan, 2001; Osaka et al., 2014; Samson et al., 2009, 2008; Vrticka et al., 2013; Wild et al., 478 

2006). The shift in hemispheric lateralization between the Joke task and Seinfeld-viewing might 479 

be due to the differences in humor modality between these tasks. Verbal humor, which was 480 

measured in the Joke task, is associated with greater activation in the left hemisphere, whereas 481 

visual/situational humor as assessed in the Seinfeld-viewing task, is associated with greater 482 

activation in the right hemisphere (Moran et al., 2004; Vrticka et al., 2013). We also found 483 

activation in a cluster encompassing the left putamen in this contrast, which is consistent with a 484 
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recent meta-analysis of 28 studies that identified co-activation of the left anterior putamen and 485 

cortical regions such as the inferior frontal gyrus and precentral gyrus during language 486 

processing tasks (Viñas-Guasch and Wu, 2017). Finally, we also observed significant activation 487 

of the left midbrain for humor comprehension in both tasks, which, coupled with our striatal ROI 488 

findings, could indicate that humor comprehension involves dopamine signaling. For humor 489 

appreciation, we found activations of BA 38 (temporal pole) in the Joke task and BA 37 (inferior 490 

temporal gyrus) in the Seinfeld-viewing task. Our conjunction analysis confirmed that temporal 491 

regions, among others, were activated by humor appreciation across both tasks. The temporal 492 

cortex has been implicated in laughter associated with mirth (Caruana et al., 2015; Satow et al., 493 

2003; Swash, 1972; Wildgruber et al., 2013; Yamao et al., 2015), as opposed to non-mirthful 494 

laughter which implicates the anterior cingulate cortex (Caruana et al., 2015), a region which 495 

was not identified in our whole-brain analyses of humor appreciation. Importantly, the temporal 496 

cortex has been identified in previous fMRI studies of humor appreciation (Amir et al., 2015; 497 

Kipman et al., 2012; Mobbs et al., 2003). Interestingly, our humor appreciation conjunction 498 

analysis also revealed activation of medial occipital regions (i.e., the lingual gyrus and the 499 

cuneus). These regions have been implicated in non-visual functions such as language processing 500 

(Palejwala et al., 2021).  501 

Consistent with other studies of humor processing, our whole-brain analyses showed 502 

sparse subcortical activation. Although whole-brain analysis is a popular approach for analyzing 503 

fMRI data, the height- and extent-thresholds that are routinely applied to correct for multiple 504 

comparisons favor larger cortical regions, making it difficult for activation in small brain regions 505 

(e.g., DS and VS) to survive these corrections. Illustrating this, most of our striatal and midbrain 506 

clusters barely exceed 10 contiguous voxels, with our largest measuring only 112 voxels in 507 
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extent. Failing to account for these small-volume regions either through ROI analyses or small-508 

volume correction might have led to omission of the striatum and midbrain in theories of humor 509 

processing.  510 

For our striatal ROI analyses, we found significant activation in the DS and VS for humor 511 

comprehension in both the Joke and Seinfeld-viewing tasks. This supports and extends our initial 512 

hypothesis that the DS is involved in humor comprehension. Firstly, the DS is implicated in 513 

cognitive functions that underlie humor comprehension, including inhibition of prepotent 514 

responses (Akkermans et al., 2018; MacDonald and Monchi, 2011; Zandbelt and Vink, 2010), 515 

cognitive flexibility (Crinion et al., 2006; MacDonald and Monchi, 2011; Mestres-Missé et al., 516 

2012), and working memory (Darvas et al., 2014; Lewis et al., 2004; MacDonald and Monchi, 517 

2011). Furthermore, the DS is functionally and structurally connected to frontotemporal cortical 518 

regions that have been implicated in humor comprehension and related processes, such as the 519 

inferior frontal gyrus (Graff-Radford et al., 2017; Haber, 2016; Kireev et al., 2015). For example, 520 

the right putamen demonstrates functional connectivity with the left inferior frontal gyrus, the 521 

left superior temporal gyrus, the left precentral gyrus, and the left middle temporal gyrus during 522 

language processing (Viñas-Guasch and Wu, 2017) and the left caudate head and the inferior 523 

frontal gyrus demonstrate increased functional connectivity during deliberate deception in 524 

young, healthy humans (Kireev et al., 2015). Finally, there is evidence that patients with 525 

Parkinson’s disease, in which the DS is dopamine-depleted, experience deficits in humor 526 

comprehension but not humor appreciation (Prenger et al., under review). Taken together, this 527 

body of literature supports the notion that the DS is intricately involved in social and cognitive 528 

functions, such as humor comprehension, via its connections with cortical areas that have a 529 

demonstrated role in humor comprehension. Here, we have demonstrated that the DS indeed 530 
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plays a role in humor comprehension and have replicated this result across two different humor 531 

processing elicitation methods.  532 

The involvement of the VS in humor comprehension was somewhat unanticipated. There 533 

are a few studies that implicate the VS, and the ventral tegmental area (VTA; region that supplies 534 

dopamine to the VS), in humor comprehension (Chan et al., 2012, 2023). It is possible that the 535 

VS contributes to humor comprehension by motivating the resolution of incongruities. In their 536 

discussion, Chan and colleagues (2012) suggest that VS activation during humor comprehension 537 

might be related to a feeling of relief associated with incongruity resolution that might be 538 

separate from the amusement feeling of humor appreciation. The VS is also implicated in reward 539 

expectation (de la Fuente-Fernández et al., 2002; Filimon et al., 2020; Knutson et al., 2001; Pool 540 

et al., 2022). Given that humor comprehension is an effortful process, activation of the VS in 541 

anticipation of a potential humor appreciation-related reward might help to drive the humor 542 

comprehension process forward. This could be related to the role of the VS in humor generation 543 

(another effortful process), demonstrated by Amir & Biederman (2016).  544 

Unsurprisingly, we observed significant activation of the VS during humor appreciation 545 

in the Joke task and the Seinfeld-viewing task. Activation of the VS during humor appreciation 546 

has been well-established in previous literature (Azim et al., 2005; Bekinschtein et al., 2011; 547 

Chang et al., 2023; Mobbs et al., 2003, 2005; Neely et al., 2012; Noh et al., 2014; Shibata et al., 548 

2014; Watson et al., 2007), and aligns with the role of the VS in reward processing and 549 

prediction error (Schultz, 2016). Importantly, our Bayesian one-sample t-tests supported the null 550 

hypothesis that the DS is not activated during humor appreciation. DS activation during humor 551 

processing appears not to be linked to the rewarding nature of humor appreciation. Rather, 552 
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activation of the DS during humor processing seems related to the cognitive processes that 553 

support humor comprehension.   554 

Our findings represent an advancement in the field of humor research by establishing 555 

roles for both the DS and VS in humor comprehension, and for the VS only in humor 556 

appreciation. This could suggest that midbrain dopaminergic signaling is an important 557 

component of humor processing. So far, only behavioral research has demonstrated humor 558 

comprehension deficits in dopamine-related disorders, such as Parkinson’s disease (Benke et al., 559 

1998; Mensen et al., 2014; Prenger et al., under review; Thaler et al., 2012). Further research 560 

using neuroimaging, clinical cohorts, and pharmacological manipulation would provide further 561 

support for the hypothesis that dopamine signaling is involved in humor comprehension and 562 

appreciation.  563 

  564 
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Figure 1: fMRI humor processing task. Participants listened to joke and non-joke audio clips 818 

ranging from 3-13 sec in length. Following this, they were asked to categorize the audio clip as 819 

either a joke or a non-joke. Next, they were asked to rate how funny the audio clip was, 820 

regardless of whether it was a joke or not and regardless of their previous response. Participants 821 
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response. Each response screen timed out if a response was not made after 5000 msec. Inter-trial 823 

and inter-response intervals were jittered with variable durations sampled from an exponential 824 

distribution (min = 525 msec; mean = 2500 msec; max = 7000 msec). 825 

Figure 2: Dorsal (blue) and ventral (green) striatum regions of interest, delineated by z = 2 mm in 826 

MNI space.  827 

Figure 3: Seinfeld-viewing task events are shown on a representative waveform. Humor 828 

comprehension events were defined as the two seconds prior to the onset of laughter in the 829 

episode laugh track (blue). Humor appreciation events were defined as the middle two seconds 830 

of laughter in the laugh track (green). Control events were defined as the two second epochs 831 
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Figure 4: Conjunction analysis for humor comprehension (warm colors) and appreciation (cool 833 

colors) contrasts across tasks. Color bars represent t-values. 834 

Figure 5: Significant activation was observed in the dorsal striatum (DS) and the ventral striatum 835 

(VS) during the Joke > Non-Joke contrast for correct trials only, a measure of humor 836 

comprehension (A). Significant activation was observed in the VS, but not the DS, during the 837 
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Funny > Not Funny contrast for all trials, a measure of humor appreciation (B). a.u. = arbitrary 838 

units. *p < 0.05, **p < 0.01 839 

Figure 6: Significant activation was observed in the dorsal striatum (DS) and the ventral striatum 840 

(VS) during the Joke > Non-Joke contrast for correct trials only, a measure of humor 841 

comprehension (A). Significant activation was observed in the VS, but not the DS, during the 842 

Funny > Not Funny contrast for all trials, a measure of humor appreciation (B). a.u. = arbitrary 843 

units. *p < 0.05, **p < 0.01 844 
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Table 1: Seinfeld-viewing task post-scan questionnaire data 

 

S4E12, 

The Airport 

(n = 13) 

S4E14, 

The Movie 

(n = 13) 

Overall 

(N = 26) 

How familiar are you with Seinfeld? 
   

I had never watched an episode of Seinfeld 

previously 
5 (38 %) 6 (46 %) 11 (42 %) 

I had watched a few episodes here and there, but 

never a full season 
8 (62 %) 3 (23 %) 11 (42 %) 

I have watched at least one season but not the 

entire series 
0 (0 %) 2 (15 %) 2 (8 %) 

I have watched the entire series once 0 (0 %) 1 (8 %) 1 (4 %) 

I have watched the entire series multiple times 0 (0 %) 1 (8 %) 1 (4 %) 

Average time since last watching Seinfeld? (# of days) 
   

Mean (SD) 
497.63 

(± 607.13) 

505.57 

(± 695.32) 

501.33 

(± 625.72) 

Not applicable (i.e., I’ve never watched Seinfeld 

before) 
5 (38.5%) 6 (46.2%) 11 (42.3%) 

How frequently do you watch sitcoms, in general? (# of 

episodes per month)    

Never (0 per month) 2 (15 %) 4 (31 %) 6 (23 %) 

Sometimes (1-5 per month) 4 (31 %) 3 (23 %) 7 (27 %) 

Often (5-10 per month) 2 (15 %) 1 (8 %) 3 (12 %) 



 

 2

 

S4E12, 

The Airport 

(n = 13) 

S4E14, 

The Movie 

(n = 13) 

Overall 

(N = 26) 

Very Often (10-15 per month) 0 (0 %) 0 (0 %) 0 (0 %) 

Always (15+ per month) 5 (38 %) 5 (38 %) 10 (38 %) 

Have you ever seen this episode of Seinfeld before? 
   

No 13 (100 %) 12 (92 %) 25 (96 %) 

Yes 0 (0 %) 1 (8 %) 1 (4 %) 

How funny was this episode of Seinfeld, from 1(not funny at 

all) to 10 (funniest thing I’ve seen in my life)?    

Mean (SD) 4.46 (± 2.15) 5.31 (± 1.49) 4.88 (± 1.86) 

Data are presented as absolute values and percentage of sample in parentheses, except where 

indicated. Statistically significant differences are indicated by asterisks (*p < 0.05, **p < 0.01, 

***p < 0.001).   
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Table 2: Whole-brain BOLD activation in the Joke Task for Humor Comprehension (Joke > 

Non-Joke Contrast) 

Anatomical Region 
Coordinates 

[X Y Z] 

Cluster 

Size (kE) 
t-value pFWE-corr 

R Middle Temporal Gyrus (BA 21) 49 -30 -3 215 12.71 < 0.001 

L Temporal Pole (BA 38) -48 13 -30 114 9.93 < 0.001 

L Middle Frontal Gyrus (BA 8) -34 16 50 113 9.52 < 0.001 

L Angular Gyrus -51 -60 30 414 8.92 < 0.001 

L Inferior Frontal Gyrus (pars triangularis) -51 18 17 223 8.83 < 0.001 

L Middle Temporal Gyrus -61 -52 10 319 8.74 < 0.001 

L Putamen† -18 6 -10 82 8.74 < 0.001 

L Superior Frontal Gyrus -6 43 47 100 8.36 .001 

R Temporal Pole 49 13 -33 93 8.29 .001 

L Supplementary Motor Area (BA 6) -8 13 67 150 7.97 .001 

L Midbrain† -4 -27 2 112 7.89 .001 

L Inferior Frontal Gyrus (pars triangularis; BA 10) -51 46 0 30 7.56 .003 

L Thalamus -4 -12 4 31 7.44 .004 

MNI coordinates, t-values, and p-values represent that of the peak voxel within each cluster, 

defined by a voxel-level FWE-corrected height threshold of p < 0.05 and a cluster-level extent 

threshold of k = 10. Anatomical regions represent the location of the peak voxel, identified using 

the automated anatomical labelling atlas version 3 (AAL3). Clusters that include striatal or 

midbrain structures are presented with †. BA = Brodmann area; R = right; L = left. 
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Table 3: Whole-brain BOLD Activation in the Joke Task for Humor Appreciation (Funny > Not 

Funny Contrast) 

Anatomical Region 
Coordinates 

[X Y Z] 

Cluster Size 

(kE) 
t-value pFWE-corr 

L Temporal Pole (BA 38) -51 13 -28 77 9.12 < 0.001 

L Middle Frontal Gyrus -38 18 44 52 7.93 .001 

R Temporal Pole 54 10 -23 31 7.41 .003 

L Angular Gyrus -54 -60 32 154 7.41 .004 

L Thalamus -1 -14 4 13 7.25 .005 

R Middle Temporal Gyrus 49 -32 -6 29 7.25 .005 

L Superior Frontal Gyrus -8 28 57 10 6.89 .011 

L Middle Temporal Gyrus -58 -30 -6 15 6.49 .025 

MNI coordinates, t-values, and p-values represent that of the peak voxel within each cluster, 

defined by a voxel-level FWE-corrected height threshold of p < 0.05 and a cluster-level extent 

threshold of k = 10. Anatomical regions represent the location of the peak voxel, identified using 

the automated anatomical labelling atlas version 3 (AAL3). Clusters that include striatal or 

midbrain structures are presented with †. BA = Brodmann area; R = right; L = left. 
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Table 4: Whole-brain BOLD Activation in the Seinfeld-viewing Task for Humor Comprehension 

Anatomical Region 
Coordinates 

[X Y Z] 

Cluster Size 

(kE) 
t-value pFWE-corr 

R Middle Temporal Gyrus (BA 37) 49 -72 2 399 10.47 < 0.001 

L Hippocampus -31 -10 -13 367 10.12 < 0.001 

R Temporal Pole (BA 38) 32 18 -33 145 8.93 < 0.001 

L Middle Temporal Gyrus -51 -70 7 100 8.26 .001 

R Supramarginal Gyrus 64 -27 30 80 7.71 .002 

R Superior Temporal Gyrus 49 -42 12 61 7.67 .003 

R Amygdala 22 -4 -16 66 7.64 .003 

L Fusiform Gyrus -41 -52 -18 14 7.60 .003 

R Insula 36 8 2 36 7.57 .003 

L Midbrain† -1 -37 -3 12 7.48 .004 

L Inferior Frontal Gyrus (pars orbicularis) -44 28 -3 24 7.45 .004 

L Insula -38 6 2 13 7.17 .007 

R Middle Frontal Gyrus (BA6) 42 0 54 24 7.14 .007 

R Supplementary Motor Area 2 16 62 29 6.85 .013 
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MNI coordinates, t-values, and p-values represent that of the peak voxel within each cluster, 

defined by a voxel-level FWE-corrected height threshold of p < 0.05 and a cluster-level extent 

threshold of k = 10. Anatomical regions represent the location of the peak voxel, identified using 

the automated anatomical labelling atlas version 3 (AAL3). Clusters that include striatal or 

midbrain structures are presented with †. BA = Brodmann area; R = right; L = left. 
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Table 5: Whole-brain BOLD Activation in the Seinfeld-viewing Task for Humor Appreciation 

Anatomical Region 
Coordinates 

[X Y Z] 

Cluster Size 

(kE) 
t-value pFWE-corr 

R Inferior Temporal Gyrus (BA 37) 52 -74 -3 2321 11.16 < 0.001 

L Fusiform Gyrus -28 -64 -8 256 10.23 < 0.001 

L Precuneus -14 -47 52 25 8.18 .001 

L Cerebellum (lobule VI) -8 -67 -8 30 7.94 .001 

R Superior Parietal Lobule (BA 7) 26 -60 52 40 7.65 .003 

R Supramarginal Gyrus 62 -34 32 28 6.94 .012 

R Precuneus (BA 7) 19 -74 40 24 6.86 .013 

MNI coordinates, t-values, and p-values represent that of the peak voxel within each cluster, 

defined by a voxel-level FWE-corrected height threshold of p < 0.05 and a cluster-level extent 

threshold of k = 10. Anatomical regions represent the location of the peak voxel, identified using 

the automated anatomical labelling atlas version 3 (AAL3). Clusters that include striatal or 

midbrain structures are presented with †. BA = Brodmann area; R = right; L = left. 

 


