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To investigate the potential relationship between white matter (WM) microstructure
and humor styles, diffusion tensor images of brain WM and humor style tendencies
were obtained from thirty healthy adults. Using connectivity efficiency measures from
graph theoretical analysis and controlling for the influence of gender, age, educational
level, and the big five personality traits, we preliminarily examined the prediction of
humor styles from brain network efficiency. The results showed that the local efficiency
within particular brain networks positively predicted a self-enhancing humor style and
negatively predicted an aggressive humor style. The node efficiency of the left superior
temporal gyrus distinguished the benevolent or hostile way that individuals coped with
interpersonal embarrassment. These findings from this exploratory study support the
hypothesis that WM structure influences humor styles, and provide the initial evidence
and implications regarding the relationship between biological mechanisms and mental
health for future research.

Keywords: humor styles, white matter, graph theory, diffusion tensor imaging, human connectome

INTRODUCTION

Humor is an advanced function of cognition and is exclusive to humans; it improves social
contact and helps people cope with the pressures of life (Long and Graesser, 1988; Lefcourt, 2001).
However, humor is a complex concept (Martin, 2001); if people use humor well, it increases the
quality of interpersonal situations and mental health, whereas if people abuse humor (e.g., harm
or mock others), it can damage their personal social life (Kuiper et al., 2004). Past studies have
taken humor to be a positive trait but have underemphasized its harmful sides. Martin et al.
(2003) classified humor content into “towards self/towards others” and “kind-hearted/malicious”
and claimed that there are four humor styles. This article discusses the negative influence of
humor on individuals’ psychological well-being and interpersonal relationships and provides a
comprehensive theoretical structure of humor. The four humor styles included affiliative humor,
which improved harmonious social interaction; self-enhancing humor, which maintained mental
health; aggressive humor, which led to malicious responses; and self-defeating humor, which was
harmful to psychological adjustment. People who favored affiliative humor and self-enhancing
humor had personalities with higher levels of openness, extraversion, agreeableness, and self-
esteem. In particular, people with an affiliative humor style had higher conscientiousness, whereas
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people with a self-enhancing humor style had lower neuroticism.
People who preferred aggressive humor and self-defeating humor
had lower levels of conscientiousness but higher levels of
neuroticism. Specifically, people with an aggressive humor style
had lower levels of agreeableness and openness, whereas people
with a self-defeating humor style had higher levels of openness
(Greengross et al., 2011; Liu, 2012). In sum, personal humor
style was significantly related to personality, self-esteem, and
aggressive behaviors (Martin et al., 2003; Stieger et al., 2011;
Liu, 2012). However, the influence of neurocognitive factors on
personal humor styles remains unknown.

Recently, researchers have had an increasing interest in
the neurocognitive correlates of humor (Chan et al, 2012,
2013). However, research on the neural mechanisms behind
people’s preference of humor styles remains limited. Most
of the studies on this topic have focused on the brain
mechanisms by which people understand and enjoy humor
material. For instance, humor comprehension was correlated
with the activation of the cortex in the frontal and temporal
lobes (Goel and Dolan, 2001), and humor appreciation was
related to the activation of the subcortex in the mesolimbic
system (Mobbs et al., 2005). Chan et al. (2012, 2013)
integrated the incongruity-resolution theory (Suls, 1972) and
the comprehension-elaboration theory (Wyer and Collins, 1992),
analyzed the comprehension and appreciation of humor, and
divided the humor process into three stages based on the
activation of corresponding brain regions. Using fMRI, these
authors showed that during the stage of incongruity detection,
the corresponding regions were the right middle temporal
gyrus and right medial frontal gyrus; during the stage of
incongruity resolution, the corresponding regions were the left
superior frontal gyrus and left inferior parietal lobule; and
during the stage of elaboration, the corresponding regions
were the left ventromedial prefrontal cortex (PFC), bilateral
amygdala, and bilateral parahippocampal gyri. Recently, research
using a structural brain perspective to study personality and
brain structures has become increasingly common, and some
studies have investigated the neural relationship between
psychological traits (such as personality and creativity) and the
diffusion tensor imaging (DTI) of white matter (WM) (Takeuchi
et al, 2010; Xu and Potenza, 2012). White matter plays a
key role in regulating brain communication and functional
integrity (Gong et al., 2009). Therefore, we can acquire more
knowledge of the neural structures of humor style preference by
investigating the relationship between WM structures and humor
styles.

Humor styles and personality are significantly correlated
(Martin et al, 2003; Liu, 2012), and a previous study has
indicated that the fractional anisotropy (FA) of WM structure
is negatively correlated to neuroticism (Bjornebekk et al., 2013)
but positively correlated to openness, agreeableness, extraversion,
and aggressive behaviors (Hoptman et al., 2002; Gurrera et al.,
2007; Xu and Potenza, 2012). These studies suggest that
there is a possible connection between humor styles and WM
structure. Additionally, structural brain imaging studies have
found a close link between the aforementioned traits and
regional activation. Neuroticism was positively correlated to

the activation of the anterior cingulate as well as to that of
the dorsomedial PFC (Hooker et al., 2008; Harenski et al,
2009; Xu and Potenza, 2012). Openness and extraversion
were positively correlated to the interconnection between the
parietal lobe, temporal lobe, and dmPFC (Mobbs et al., 2005;
Haas et al, 2006; Kitamura et al., 2016), and openness was
positively correlated to the communication between cerebral
hemispheres (i.e., corpus callosum) (Xu and Potenza, 2012).
Agreeableness was positively correlated to the volume of gray
matter in the posterior cingulate but negatively correlated to
the volume of gray matter in the superior temporal gyrus
(DeYoung et al., 2010). Moreover, aggressive tendencies and
the activation of the PFC and ACC had positive correlations
(Denson et al., 2009), and affiliative motivation was more
active in right brain regions (Kuhl and Kazén, 2008). In
summary, positive traits were related to activation in the right
parietal, temporal, and frontal lobes, but hostile traits were
related to activation in the anterior cingulate and frontal
lobes.

Furthermore, humor styles include the awareness of the
emotions of oneself or others (Martin et al., 2003) and are
closely related to self-evaluation (Dozois et al., 2009), empathy
(Hampes, 2001, 2010), and theory of mind (Samson et al,
2013). Some brain imaging studies have shown that the self-
awareness of emotions and traits was related to the activation
of the mPFC, temporal lobe, and PCC (Knutson et al., 2003,
2005; Ochsner et al., 2004). Empathy was related to the activation
of the superior and inferior frontal gyri, precuneus, and middle
temporal gyrus (Farrow et al., 2001; Mahy et al., 2014), whereas
self-other awareness and distinction were related to activation
in the mPFC, inferior parietal lobule, and right temporal-
parietal junction (Singer and Lamm, 2009). Particularly, the left
cerebral hemisphere was the key to self- or other-processing
(Turk et al., 2002; Denny et al., 2012), and theory of mind
was related to the activation of the middle frontal gyrus,
cuneus, and superior temporal gyrus (Voellm et al., 2006; Schurz
et al., 2014). Accordingly, self-awareness is highly relevant to
the frontal lobe, temporal lobe, and PCC in the left cerebral
hemisphere.

The present study investigated the relationship between
humor styles and brain WM by using the DTI technique.
DTI analyzes the diffusion of water in brain tissue and
provides the mean diffusivity (MD), FA and main direction of
diffusivities of water molecules. Additionally, in combination
with tractography, researchers acquired structural brain
images of brain tissue and neural pathways (Sporns et al,
2004; Achard et al, 2006; Hagmann et al., 2008; van den
Heuvel et al., 2008; Gong et al., 2009). Recently, researchers
have used graph theoretical analysis to build the network
structure of WM according to the FA between brain regions
and nerve fiber numbers (Bullmore and Sporns, 2009; He
et al., 2009) and used the clustering coeflicient (Cp) and
the characteristic path length (Lp) to represent the cluster
levels and connectivity efficiency between brain network
regions. Other studies have further described the relationships
between individual characteristics (e.g., gender, age, and
IQ) and relevant attributes of brain network structures
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(Sporns et al., 2005; van den Heuvel et al., 2009). In these
comprehensive investigations, researchers determined the
correlation between the connectivity efficiency of the brain
network and personal traits.

Several brain imaging studies have examined the neural
correlates of processing humor (Chan et al,, 2012, 2013), but few
studies have studied the relationship between brain structures
and the use of humor. Therefore, the direct physiological
basis of humor style preference remains unknown. To address
this issue, the present study pioneered the investigation of
humor style prediction from the global and local efficiencies
of brain networks while considering and controlling for the
influence of gender, age, educational level, and the Big Five
personality traits (Greengross et al., 2011; Liu, 2012; Wu et al.,
2016) to explain the relationship between neural connections
and mental health. Based on the aforementioned references
on the relationship between humor style and personality
(Martin et al., 2003; Liu, 2012), as well as the link between
personality and brain WM (Hoptman et al,, 2002; Gurrera
et al., 2007; Xu and Potenza, 2012; Bjernebekk et al., 2013),
the present study hypothesized that the connectivity of WM
would have a positive correlation with positive humor styles but
a negative correlation with negative humor styles. Additionally,
in accordance with previous brain imaging research (Singer
and Lamm, 2009; Xu and Potenza, 2012), the present study
hypothesized that kind-hearted humor, which is related to
empathy and the self-regulation of emotions, would be positively
correlated with the nodal efficiency of the temporal lobe, PFC,
and posterior cingulate gyrus; hostile humor, which is related
to aggressive tendencies, would be positively correlated with
the nodal efficiency of the anterior cingulate gyrus and PFC;
and in general, humor styles related to self-awareness would
have a positive connection to the nodal efficiency of the left
hemisphere.

MATERIALS AND METHODS

Participants

Total thirty-three neurologically were recruited and collected
the MRI data. Systematic visual inspection of the raw images
was first executed to check the imaging quantity and 1 subject
were excluded because of uncovering the whole brain. All the
other subjects’ raw images were acceptable by visual experience
(including motion and other distortion/artifacts). Besides, two
subjects were excluded because of different nationality (n=1) and
missing the behavior scores (n = 1). Finally, thirty neurologically
healthy volunteers (17 females; 24.72 £ 2.52 years old, range:
21-30 years old; 16.03 % 0.96 years of education, range: 14-
18 years) were included in this study. All of the participants were
recruited from the campus in Taiwan and did not have a history of
neurological or psychiatric disorders. Participants were asked to
refrain from ingesting caffeine and alcohol for the 24 h preceding
the experiment. The study was approved by the Research Ethics
Committee of National Taiwan University Hospital. All subjects
gave their informed consent to participate before commencing
the study.

Humor Style Questionnaire

The humor style questionnaire, which contained 32 items, was
used to assess the four styles of humor: affiliative, self-enhancing,
aggressive, and self-defeating (Chan et al., 2011). Each style was
measured by eight items and rated on a seven-point scale. The
higher the score was, the stronger the tendency of humor style.
The internal consistencies of each style were 0.88, 0.82, 0.73,
and 0.77, respectively. The criterion-related validity was found
by taking the scores of personality, aggressive behavior, and self-
esteem assessments as criteria: the positive humor styles (e.g.,
affiliative and self-enhancing) were positively related to a positive
personality (e.g., openness, extraversion, and agreeableness) and
self-esteem, while the negative humor styles (e.g., aggressive and
self-defeating) were negatively related to a positive personality
and positively related to aggressive behavior.

MRI Acquisition

Images were acquired with a 3T scanner (Siemens Trio, Siemens
Medical Solutions USA, Inc., Malvern, PA, United States) at
National Taiwan University Hospital, Taiwan. Diffusion MRI data
were acquired using a single-shot echo planar imaging-based
sequence with sensitivity encoding and a parallel imaging factor
of 2.0 and the following parameters: coverage of the whole brain;
2.5 mm slice thickness with no interslice gap; 60 axial slices;
repetition time (TR) = 11000 ms; echo time (TE) = 98 ms;
30 optimal non-linear diffusion weighting directions with
b = 1000 s/mm? and one additional images without diffusion
weighting (i.e, b = 0 s/mm?); average = 3; acquisition
matrix = 256 x 256; field of view (FOV) = 256 mm X 256 mm,
I mm X 1 mm X 1 mm resolution. A T1-weighted MPRAGE
sequence was used to acquire high-resolution anatomical images
of the entire brain with the following parameters: TR = 1560 ms,
TE = 3.68 ms, flip angle = 15°, FOV = 256 mm X 256 mm, matrix
size = 256 x 256; 192 sagittal slices; ] mm x 1 mm x 1 mm
resolution.

Data Preprocessing

The preprocessing pipeline for each subject was composed of the
following steps: stripping of skull and other non-cerebral material
from both the T1-weighted image and dMRIs, correcting eddy
currents and movements by the EDDY tool with replacing the
outliers which can estimate the mean framewise dispacement and
slice outliers of the data (Jesper and Stamatios, 2016; Jesper et al.,
2016), fitting and eigen-decomposition of diffusion tensor, and
computation of FA volume.

Construction of Binary White Matter

Connectivity Networks

All of the network construction was implemented by PANDA
(Cui et al., 2013). The detailed definitions of the node and the
edge are described below.

Network Node Definition

In this study, the automated anatomical labeling (AAL) atlas
was used to segment the cerebral cortex of each subject into
1024 regions (512 for each hemisphere) and did not include the
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cerebellum (Hagmann et al., 2008; van den Heuvel et al., 2008;
Bai et al,, 2012). Each region represents a node of the DTI-
based WM network. The detailed parcellating processes were
implemented according to the procedure proposed by Gong et al.
(2009). Briefly, the T1-weighted image was first non-linearly
normalized to Montreal Neurological Institute (MNI) space by
FMRIB’s Linear Image Registration Tool (FNIRT, FSL'). Second,
the FA image of each subject was coregistered to the individual
T1-weighted image. Finally, to transform the atlas from MNI
space to DTT diffusion native space, the inverse transformations
from the above two steps were applied to the atlas.

Network Edge Definition

In this study, the deterministic fiber assignment continuous
tracking (FACT) algorithm was applied to reconstruct whole-
brain tracts (Mori et al., 1999) by the Diffusion Toolkit*> which
is embedded in PANDA. Specifically, the tracking procedure
terminated if the turn angle of the fiber was greater than 45° or
the fiber entered a voxel with a FA of less than 0.2. A two-region
pair, A and B, was considered to be structurally connected if there
existed at least three tracts with terminal points existing in regions
A and B. Combining the definition of the nodes and the edge, a
1024 x 1024 binary network, whose elements only indicated the
existence/absence of the edge between any pairwise regions, was
obtained for each subject.

Graph Theoretical Approaches

Graph theoretical measures were used to characterize topological
architectures of the WM brain networks derived above. In
the current study, both global network metrics and nodal
metrics were computed. The global metrics of the network were
computed for the mean clustering coefficient (Cp), characteristic
path length (Lp), global efficiency (Egop), and local efficiency
(Ejoc)- The nodal metric of the network was computed for the
nodal efficiency (E,p441)-

Clustering Coefficient (Cp)

The clustering coefficient of a network characterized the
segregation ability of the network with the definition of the global
mean of the clustering coeflicient over all nodes, whereas the
clustering coefficient of a node was defined as the ratio of the
number of existing connections among the node’s neighbors over
all of their possible connections.

Characteristic Path Length (Lp)

The characteristic path length was used to characterize the
optimal routing for information transfer. The characteristic path
length of a graph refers to the averaged shortest path lengths
across all nodes, where shortest path length of a node, i, was
computed as the average number of distinct edges along the
shortest path between node i and all other nodes in the networks.
The characteristic path length of a network was computed as
follows: L, = m Dica ieG L%j’ where N is the number of
nodes in the graph G, and L;; is the shortest path length between
nodesiandj.

Uhttp://www.fmrib.ox.ac.uk/fsl/
Zhttp://trackvis.org

Global Efficiency (Egiop)

Global efficiency is a global measure of the parallel information
transfer ability of the whole network. It is computed as
the average of the inverse of the “harmonic mean” of the
characteristic path length as follows (Latora and Marchiori,
2001): Egip = mZi#jéG Liij’ where N is the number of
nodes in the graph G, and L;; is the shortest path length between
nodes i and j.

Local Efficiency (Ejoc)

Local efficiency quantifies the network’s ability to tolerate faults,
corresponding to the efficiency of the information flow between
the nearest neighbors of the node i (cf). The local efficiency of a
network is computed as follows: Ej,, = % D Egiop(Gi), where
G; is the subgraph composed of the nearest neighbors of node i
and the connections between them.

Nodal Efficiency (Enogdar)

Nodal efficiency is a measure of the nodal capacity to
communicate with other nodes of the network. The nodal
efficiency for a given node (E,,4,) was defined as the inverse of
the harmonic mean of the shortest path length between this node
and all other nodes in the network and is computed as follows
(Achard and Bullmore, 2007): E,;o4a1 (i) = ﬁ Zi#jeG L%_}_, where

Ljj is the characteristic path length between node i and node j.

Statistical Analysis

Initially, analyses of the differences and relationships between
four kinds of humor styles via repeated-measure analysis
of variance (ANOVA) and Pearson correlation analysis were
conducted. Subsequently, to explore the correlation between
the topological parameters (Cp, Lp, Ej, Egiop, and Epogar) of
WM brain networks and humor style scores, general linear
models (GLMs) were applied, with age, gender, years of
education, and the big five personality traits as covariates.
Specifically, the GLM are as follows: Y = B¢ + f; x X
+ B2 x Age + B3 x Gender + P4 x Education Years +
Bs x openness + B¢ X extraversion + Py X agreeableness
+ PBs X conscientiousness + B9 X neuroticism, where X is
the topological parameter and Y is the different humor style
score. The correlation was determined by examining the null
hypothesis of f; = 0. Because this was the first exploratory
study that investigated the association between WM connectivity
and humor styles, the threshold value for establishing the
significance of correlation was set at p < 0.05 for the global
metrics and uncorrected p < 0.005 for the nodal metrics
of the AAL-based networks, which included 1024 multiple
comparisons.

RESULTS

Behavioral Results

Table 1 lists the statistical analysis of the humor styles, including
the mean, SD, range, and intercorrelation of scores. The repeated
measure ANOVA results show that the difference in the tendency
of the four humor styles was significant [F(3,87) = 53.20,
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p < 0.001, 52 = 0.65]; individuals had the highest tendency for the
affiliative humor style (M = 5.30, SD = 0.79) followed by the self-
enhancing humor style (M = 4.58, SD = 0.73), the self-defeating
humor style (M = 3.94, SD = 0.83), and the aggressive humor
style (M = 3.12, SD = 0.72). The results show that individuals
preferred friendly humor styles with good intentions and tended
to use hostile humor with interpersonal tension less often. In
contrast, after controlling for the influence of gender, age, and
educational level, the correlation of affiliative humor and self-
enhancing humor (r = 0.43, p = 0.024), as well as the correlation of
aggressive humor and self-defeating humor (r = 0.45, p = 0.019),
were significant.

Humor Styles and Network Efficiencies
Self-enhancing humor had a positive correlation with clustering
coeflicients (r = 0.46, p = 0.031); aggressive humor was negatively
correlated with clustering coefficients (r = —0.43, p = 0.043),
local efficiency (r = —0.46, p = 0.032), and global efficiency
(r=—0.51, p=0.015) and positively correlated with characteristic
path length (r = 0.50, p = 0.017); and affiliative humor
and self-defeating humor were not related to nodal efficiency.
Table 2 lists the result of the GLM by taking gender, age,
educational level, and the big five personality traits as control
variables.

Table 3 lists the relationship between the nodal efficiency of
brain network metrics and humor styles, and the relationship is
illustrated in the 3D graphs in Figure 1. The results show that
after controlling for the influence of gender, age, educational
level, and the big five personality traits, affiliative humor had
positive correlations with the nodal efficiency of the left superior
temporal gyrus (r = 0.60, p = 0.003); self-enhancing humor
had positive correlations with the nodal efficiency of the left
inferior frontal gyrus (r = 0.73, p < 0.001) and posterior cingulate
gyrus (r = 0.65, p = 0.001); aggressive humor had a negative
correlation with the left superior temporal gyrus (r = —0.68,
p < 0.001); and self-defeating humor had a positive correlation
with the nodal efficiency of the right cingulate gyrus (r = 0.69,
p < 0.001).

DISCUSSION

The present study investigated the preliminary relationship
between specific humor styles and the connectivity efficiency
of brain WM network structures by pioneering the use of
graph theoretical analysis and correlating brain regional nodal
efficiency with humor styles to determine how neural cognitive
factors influence individual humor styles. The results show that
the clustering coeflicients of brain WM were positively linked
to self-enhancing humor but negatively linked to aggressive
humor. Regarding brain regional efficiency, affiliative humor
was positively correlated with nodal efficiency of the left
superior temporal gyrus. Self-enhancing humor had positive
correlations with the connectivity efficiencies of the left inferior
frontal gyrus and posterior cingulate gyrus. Aggressive humor
was negatively correlated to the nodal efficiency of the left
superior temporal gyrus. Self-defeating humor was positively

correlated to the nodal efficiency of the right cingulate
gyrus. In sum, the corresponding brain regions of each
humor style rarely overlapped, indicating that each brain
region has its own influence on the corresponding humor
style.

Topological Organization in the WM
Networks and Humor Styles

The structures of brain tissue and neural fibers are fine, and the
connection of brain regions forms a kind of network (Sporns
et al., 2004; Gong et al., 2009). The present study used graph
theory to analyze the connectivity efficiency of nodes in WM
networks (Bullmore and Sporns, 2009; He et al., 2009), and the
results indicated that the clustering coeflicients of WM networks
could positively predict the use of self-enhancing humor and
were negatively connected to aggressive humor. The clustering
coefficient evaluates the density of a connection between a node
and its surrounding nodes in a network, as well as the efficiency
of communication between nodes of regional networks (Sporns
et al., 2004). Therefore, with a better regional connection, more
self-encouragement with humor was used and less hostile humor
was used. Self-enhancing humor had a positive correlation with
subjective well-being and happiness (Martin et al., 2003; Liu,
2012), suggesting that individuals have stronger mental health
when they have a sense of humor. Moreover, aggressive humor
had a positive correlation with neuroticism and the tendency to
attack and react with hostility (Martin et al., 2003), suggesting
that communicating to others with aggressive humor might
reflect a particular psychological status. Previous research of
structural brain images also found that the connectivity efficiency
of people with major depression or schizophrenia was not better
than those without major depression or schizophrenia (Hoptman
et al,, 2002; Liu et al., 2008; Zhang et al., 2011; Bai et al., 2012). In
sum, people with better brain regional connectivity efficiency use
humor as a way to handle life and consequently have a preferable
mental status.

However, the results of the present study indicate that
brain connectivity efficiency had no significant correlation with
affiliative humor or self-defeating humor. Affiliative humor and
self-defeating humor are examples of social skills used among
the four humor styles (Yip and Martin, 2006); instead of being
a way to maintain psychological health, witted teasing or self-
degradation is helpful in interpersonal situations (Martin et al.,
2003; Chan et al., 2011), which may be the reason for the lack of a
direct relationship between connectivity efficiency and affiliative
and self-defeating humor.

Affiliative Humor

Affiliative humor had a positive correlation with the nodal
efficiency of the left superior temporal gyrus. Affiliative humor
is where individuals please others or decrease interpersonal
conflict by using friendly and interesting ways to solve the
dilemma of social interaction (Martin et al., 2003; Chan
et al., 2011). Affiliative humor is highly related to theory of
mind (Wu et al., 2014), empathy (Hampes, 2010), self-esteem
(Stieger et al., 2011), openness and extraverted personalities
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TABLE 1 | Descriptive data and inter-correlations of scores on humor styles.

Mean + SD Range 1 2 3 4
(1) Affiliative humor 5.30+£0.79 3.560-6.75 -
(2) Self-enhancing humor 4.58 £0.73 2.63-5.50 0.43* -
(3) Aggressive humor 3.12+0.72 1.75-4.88 0.08 0.02 -
(4) Self-defeating humor 3.94 +0.83 2.63-5.38 0.10 0.17 0.45* -

*p < 0.05.

TABLE 2 | Partial correlation coefficients between network metrics and humor style (N = 30).

Affiliative humor

Self-enhancing humor

Aggressive humor Self-defeating humor

Clustering coefficient 0.01 0.46* —0.43* 0.03
Characteristic path length —-0.07 —0.26 0.50* 0.10

Local efficiency —0.09 0.32 —0.46* -0.17

Global efficiency 0.03 0.21 —0.51* -0.19

The partial correlations were computed using age, gender, education years, and big five personality as confounding covariates. *p < 0.05.

TABLE 3 | Cortical regions whose nodal efficiency significantly correlated to humor styles.

Region X Y z R p
Affiliative humor

Left superior temporal gyrus —45 13 —24 0.60 0.003
Self-enhancing humor

Left inferior frontal gyrus —14 32 —23 0.73 <0.001
Left posterior cingulate 0 —66 7 0.65 0.001
Aggressive humor

Left superior temporal gyrus —-37 18 —27 —0.68 <0.001
Self-defeating humor

Right cingulate gyrus 6 —6 52 0.69 <0.001

(Chan et al., 2011). According to the results of the present
study, the brain regions that had significant connections
were all involved with the aforementioned psychological
processes; the superior temporal gyrus and openness were
positively correlated (Kitamura et al., 2016). Our results support
past findings of behavioral studies showing that affiliative
humor and other psychological traits are related. Additionally,
the consistency of our findings with those of other brain
imaging studies supports the hypothesis that specific brain
regions have an influence on the tendency to use affiliative
humor.

Self-Enhancing Humor

Self-enhancing humor had a significant positive correlation
with the nodal efficiency of the left inferior temporal gyrus
and posterior cingulate gyrus. Self-enhancing humor is where
individuals use positive and humorous ways to cope with
the pressure of life and difficulties. The concept is close to
humor in the narrow sense and exhibits positive correlations
to openness, agreeableness, extraversion (Martin et al., 2003;
Chan et al, 2011), and empathy (Hampes, 2010) but a
negative correlation to neuroticism. It is an ideal psychological
state. Past brain imaging research has indicated that the
aforementioned brain regions had a significant relationship

0 Affiliative humor . Self-defeating humor

0 Self-enhancing humor

() Aggressive humor

FIGURE 1 | The spatial distribution of cortical regions showing a significant
relationship between nodal efficiency and humor styles score (p < 0.005). R,
right hemisphere; L, left hemisphere; CG, cingulate gyrus; IFG, inferior frontal
gyrus; PCC, posterior cingulate; STG, superior temporal gyrus.

with self-awareness (cingulate gyrus), emotion recognition
(inferior frontal gyrus), empathy (inferior frontal gyrus, posterior
cingulate gyrus), and positive personality (ie., openness,
extraversion, agreeableness) (posterior cingulate gyrus) (Carr
et al., 2003; Maddock et al., 2003; Rizzolatti and Craighero,
2004; Kumari et al., 2007; Hooker et al., 2008; Kunisato et al,,
2011; Schurz et al., 2014). Our results are consistent with
the behavioral findings; with the support of brain imaging
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data, they suggest that the operation of the aforementioned
brain regions had a positive influence on the tendency
toward self-enhancing humor, resulting in better physical and
psychological health.

According to the results of the present study, self-enhancing
humor was significantly linked to nodes in the left cerebral
hemisphere, such as the inferior temporal gyrus and posterior
cingulate gyrus. These results agreed with the hypothesis that
the left cerebral hemisphere was important for processing
information about the self and others (Turk et al., 2002; Denny
et al., 2012). Moreover, past research has indicated that efficient
operation in the parietal and temporal lobes had an effect on
the positive psychological traits of individuals, such as empathy,
openness, extraversion, and agreeableness (Knutson et al., 2003,
2005; Ochsner et al., 2004). These results support the idea
that individuals would have better mental health if they tended
to use some positive ways to cope with the pressures of life,
such as self-encouragement (Martin et al., 2003; Chan et al,
2011), and they indicate that among the four humor styles, self-
enhancing humor is a good style for a healthy psychological
status.

Aggressive Humor

Aggressive humor had a negative correlation to the left superior
temporal gyrus. Aggressive humor means that an individual
enhances self by way of mocking others, such as scorning,
ridiculing, digging, and sneering at others. Certain hostile
expressions led to interpersonal tension and had a positive
correlation with neuroticism, hostility, and the tendency to attack
(Martin et al., 2003; Chan et al., 2011) but a negative correlation
with empathy (Hampes, 2010). Past brain imaging studies have
shown that the superior temporal gyrus had a positive connection
to openness (Kitamura et al., 2016), whereas aggressive humor
had a negative relationship with openness (Chan et al., 2011).
These findings agree with our finding that the nodal efficiency of
the superior temporal gyrus and aggressive humor had a negative
correlation. Interestingly, our results are not similar to the
findings on affiliative humor; they suggest that the connectivity
efficiency of the left superior temporal gyrus is an important
neurocognitive factor in the decision of whether to use affiliative
or aggressive humor.

Self-Defeating Humor

Self-defeating humor was significantly positively linked to the
connectivity efficiency of the right cingulate gyrus. Self-defeating
humor increases interpersonal relationships by way of abusing
oneself and amusing others, which means making others happy
by downgrading self-esteem, with the intention of obtaining
the attention or recognition of others even when it hurts
deeply inside. Self-defeating humor is positively correlated
to neuroticism but negatively correlated to self-esteem and
subjective well-being (Martin et al, 2003; Chan et al, 2011;
Stieger etal., 2011). Self-defeating humor and the nodal efficiency
of the cingulate gyrus had a positive correlation. This result
is consistent with the finding in self-enhancing humor. In
sum, the cingulate gyrus was relevant to self-awareness (Schurz
et al, 2014); both self-defeating and self-enhancing humor

styles focused on the evaluation of the internal self-status
(Martin et al., 2003), and the brain structure imaging results
support this theory.

Limitations/Future Studies

The present study is groundbreaking but is likely underpowered
to explore the connection between humor styles and brain WM.
Due to our limited research budget, we used only thirty subjects,
which is a small-scale sample size and still poses a dilemma
for personality neuroscience research (Abram and DeYoung,
2017). However, the present study controlled for the influence
of related variables, including gender, age, years of education,
and the big five personality traits, and we also present valuable
results and inspiration for further research in spite of the small
sample. Additionally, humor has many aspects, such as cognition,
disposition, and application (Wu et al., 2014), and the humor
process has different paths for the development of incongruity-
resolution humor and nonsense humor (Samson et al., 2008) and
how individuals automatically develop the ability to create humor
(Amir and Biederman, 2016). Simultaneously, humor styles have
been found to be significantly correlated with verbal intelligence
(Greengross et al., 2011). The present study only focused on how
humor was used. In future studies, it would be worthwhile to
investigate WM structure and its correspondence with the ability
to understand different kinds of humor, as well as humor creation
and humor preference after controlling for verbal intelligence.
Regarding the brain imaging technique, the present study used a
30-direction diffusion sequence; to obtain better-quality images,
we suggest using a 64-direction diffusion sequence as well as
precisely collecting and correcting for electric field intensity and
head motion in the future. Finally, researchers have started to
use typological approaches to describe the relationship between
humor styles and other psychological traits in recent years. In
these studies, cluster analysis was used for the classification of
people with the tendency to use different humor styles (Galloway,
2010; Chang et al, 2015), such as general humor endorser,
humor denier, positive humor endorser, and negative humor
endorser; and then differences in specific psychological traits
(e.g., creativity and personality) in each type are compared.
However, these research methods have a sample size requirement.
For future research, the number of participants should be
increased, thus allowing for the examination of differences in
WM structure across every category of humor tendency.

CONCLUSION

The present study finds that the efficiency of WM regional
communication predicts a positive correlation with self-
enhancing humor and a negative correlation with aggressive
humor. Moreover, the nodal efficiency of the left superior
temporal gyrus could help individuals judge a situation and cope
with social difficulties in either a friendly or hostile way. These
results support the hypothesis that WM structure has a critical
influence on the use of certain humor styles, as well as that
the technique of DTI helps to assess the status of individual
psychological health and the use of humor.
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