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Differences in emotion experience and emotion expression between patients with
schizophrenia and the healthy population have long been the focus of research and
clinical attention. However, few empirical studies have addressed this topic using
art-making as a tool of emotion expression. This study explores the differences in
brain mechanism during the process of expressing anger between patients with
schizophrenia and healthy participants using pictographic psychological techniques.
We used functional near-infrared spectroscopy to fully detect changes in frontal cortex
activity among participants in two groups—schizophrenia and healthy—during the
process of experiencing and expressing anger. The results showed that there were
no differences in the experience of anger between the two groups. In the process
of anger expression, the dorsolateral prefrontal cortex, frontal pole, and other regions
showed significant negative activation among patients with schizophrenia, which was
significantly different from that of the healthy group. There were significant differences
between patients with schizophrenia and the healthy group in the drawing features,
drawing contents, and the ability to describe the contents of their drawings. Moreover,
the effect size of the latter was greater than those of the former two. In terms of emotion
expression, the drawing data and brain activation data were significantly correlated in
each group; however, the correlation patterns differed between groups.

Keywords: schizophrenia, emotion experience, drawing, anger, fNIRS, emotion expression

INTRODUCTION

Emotion Experience and Emotion Expression in Schizophrenia

Schizophrenia is a mental illness that impairs mental and social functions. Its pathological
characteristics include delusions, hallucinations, disorders of thought, language, and behavior, as
well as negative symptoms (American Psychiatric Association, 2013). Negative symptoms include
apathy, loss of motivation, and social withdrawal (Van Os and Kapur, 2009). Schizophrenia affects
patients’ thoughts, cognition, language, feelings, and behavior (Schultz et al., 2007; Van Os and
Kapur, 2009). As emotion plays an important role in social interactions (Kring and Moran, 2008),
mood disorders can affect patients’ personal and interpersonal abilities as well as their social
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functions. Therefore, the problem of mood disorders in patients
with schizophrenia has long been the focus of research
(Kring and Caponigro, 2010).

Research on mood disorders in schizophrenia has focused
primarily on emotion experience, emotion expression, and
emotion recognition (Trémeau, 2006), of which this study focuses
on the first two. In recent years, a number of meta-analyses have
shown that compared to the normal population, patients with
schizophrenia have no difficulty in experiencing "in-the-moment"
emotions (Kring and Moran, 2008; Kring and Caponigro, 2010;
Yan et al, 2012; Ni et al, 2017). However, a meta-analysis
revealed that although patients with schizophrenia had no defects
in experiencing pleasant emotions, they experienced increased
levels of negative emotions (Cohen and Minor, 2010). Other
studies have demonstrated that most patients with schizophrenia
experience emotions similarly to healthy people, although some
subtypes of patients differ in this regard (Strauss and Herbener,
2011; Oorschot et al., 2013).

Many studies have shown that patients with schizophrenia
have disorders of emotion expression—a condition known as
alexithymia. This causes problems in identifying and describing
their emotional state and makes it difficult for individuals to
identify, process, and regulate emotions (Kring and Moran,
2008; Ni et al., 2017). Emotion expression usually involves the
following aspects: it is expressed through observable external
mechanisms such as language, facial expression, posture, or
behavior; is associated with internal emotion experiences; and
tends to be associated with the social meanings they transmit
(Zhu, 2013; Keltner et al., 2019; Olderbak et al., 2021). Research
on alexithymia in patients with schizophrenia has focused on
the first aspect, as expressed through facial (Berenbaum and
Oltmanns, 1992; Aghevli et al., 2003; Gaebel and Wolwer, 2004)
and vocal expressions (Levin et al.,, 1985; Alpert et al., 2002;
Trémeau, 2006) in particular.

Expressing Emotion Through Art-Making

Art-making not only allows expression of the inner experience of
emotion but also enables individuals to give symbolic meaning
to the works they create, thus making the art they generate
socially significant. Therefore, art-making can be a useful tool for
the study of emotion expression. Surprisingly, although drawing
techniques in art-making are inherently self-expressive (King
and Kaimal, 2019), and the process of drawing enables the
creators to express their own emotions (Guseva, 2018; Reyna-
Martinez et al., 2019), few studies have used the drawing task
to explore the characteristics of emotion expression in patients
with schizophrenia. Previous studies using drawing tasks have
mainly used the clock drawing task and tree drawing test to
explore cognitive function and motor ability in patients with
schizophrenia (Bozikas et al., 2004). Moreover, the house-tree-
person test has been used to study depression, anxiety, and other
related mental health states in schizophrenia patients during
the convalescent period (Ma et al., 2013). Many studies have
also used art therapy to intervene and alleviate some symptoms
in patients with schizophrenia (Giithne et al., 2012; Qiu et al,
2017; Lee et al., 2019; Tong et al, 2021). However, there
are few empirical studies on the connection between drawing

and its internal emotion experience, emotion expression, and
the social meaning it transits, or how these are connected to
brain nerves. This study focuses on identifying the differences
in emotion expression through the drawing task between
patients with schizophrenia and a healthy population using
brain neurotechnology techniques. The expressive therapies
continuum (ETC) model comprehensively and systematically
explains the mechanisms underpinning information processing
and image formation in interactions between individuals and
media, combining information processing with the creation of
art. It thus provides a framework for understanding artistic
creation in different groups, including healthy people and
patients with schizophrenia (Kagin and Lusebrink, 1978; Hinz,
2018; Lusebrink and Hinz, 2020).

Research on Experiencing and

Expressing Anger

Previous studies on mood disorder in patients with schizophrenia
have mainly focused on either positive emotions or negative
emotions such as sadness and fear. However, fewer studies have
focused on anger. Anger is a negative emotion that people often
experience in daily life. In order to quickly deal with threats
and obstacles, anger modulates cognitive processes that detect
danger quickly and respond to it (Izard, 2007). In contrast to
other negative emotions that are characterized by low arousal and
low pleasure, anger has high arousal and low pleasure (Russell
and Barrett, 1999). Studying anger is important for schizophrenia
because this disease is often associated with angry and hostile
behavior (Volavka, 1999). Externalized anger in patients can lead
to an increase in violent behavior (Brennan et al., 2000) and
influence the prognostic process (Fassino et al., 2009). Therefore,
this study focuses on anger experience and expression in patients
with schizophrenia.

Using fNIRS to Monitor Brain Activity in

Emotion Experience and Expression
Emotions, including anger, are closely associated with the frontal
cortex of the brain. The prefrontal cortex (PFC) is an important
region for understanding and interpreting stimuli and their
emotional meaning. Emotional stimuli activate the amygdala, but
how emotions are expressed depends on the PFC. Anger can
narrow the cognitive range and inhibit irrelevant information,
impulses, and other emotional characteristics. Impulsiveness is
based on damage to the PFC, and people with such damage
show deficits in inhibiting emotion expression. Emotional
euphoria and non-emotional responses are both associated with
damage to the PFC (Meng, 2005). Studies have shown that
the PFC is involved in emotion expression and feeling, and
that patients with PFC impairment have significantly reduced
emotion expression ability (Stuss et al., 1992). As such, in this
study, we used functional near-infrared spectroscopy (fNIRS) to
monitor the PFC activity of participants in the schizophrenia and
healthy groups during emotion experience and expression.
NIRS has been widely used in the evaluation of patients with
schizophrenia in recent years (Balconi et al., 2015; Kumar et al.,
2017; Chou et al,, 2020). Compared with functional magnetic
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resonance imaging (fMRI) and electroencephalography, fNIRS
has higher head movement tolerance, moderate time resolution
and moderate spatial resolution, and a high ecological effect
suitable for experiments carried out in more natural conditions
(Ferrari and Quaresima, 2012; Pinti et al, 2020). In this
study, given the uniqueness of the patient cohort consisting
of individuals with schizophrenia, there were more random
actions during the experiment, and the movement range of the
participants in the drawing process was relatively large. Thus,
fNIRS monitoring was more appropriate for this study as it could
minimize the interference effect of these influencing factors.

Functional imaging has previously been used to explore the
brain activity of study participants while they draw. Kaimal
et al. (2017) used fNIRS to study the drawing process of study
participants and found that the medial prefrontal cortex (mPFC)
was activated during the drawing process compared to the resting
state. The study also found that the activation of mPFC was
strongest during doodling. Nakano et al. (2018) used fNIRS to
assess and compare the activation of the PFC in patients with
schizophrenia to that of healthy participants during the tree
drawing test. The results showed that the blood oxygen level of
the schizophrenia patients was significantly lower than that of
the healthy participants during the tree drawing task. This study
confirmed that differences in the tree drawing task may be related
to brain dysfunction. Yan et al. (2021) used fNIRS to explore
the role of drawing in regulating anger and sadness. The results
showed that when drawing regulated sadness, the frontopolar
area and left dorsolateral prefrontal cortex showed significant
deactivations. These studies showed that fNIRS is an effective
instrument to detect relative brain function.

Research Questions and Hypothesis
In previous studies on anger, the following ways of priming
emotions have been used: participants were asked to recall an
experience that made them very angry (Small and Lerner, 2008);
text, audio, video, and other external stimuli were presented to
the participants (Carver, 2004; Barazzone and Davey, 2009); and
emotional situational elicitation (Zheng et al., 2012) was used,
where participants were asked to complete certain tasks and then
given negative feedback to arouse anger (van’t Wout et al., 2010).
This study sought to assess the differences in ways and brain
mechanisms of anger experience and expression through drawing
between patients with schizophrenia and the healthy participants.
Thus, a film was used as the activation material and a drawing
task was used as the emotion expression tool. fNIRS was used
to record brain activation so as to explore the similarities and
differences between participants in the schizophrenia and healthy
groups during the experience of anger and while using drawing
to express emotions. In this study, we used a film clip to initiate
anger, rather than recalling an angry experience (Small and
Lerner, 2008), or emotional situational elicitation (van’t Wout
etal., 2010), based primarily on the following considerations: the
priming material should be sufficient and have group generality
such as to allow the participants to fully experience anger and
express the emotions they have experienced through drawing.
The viewing time of the film clip is longer than that of pictures,
and is episodic and therefore easier for people with schizophrenia

to understand. Moreover, films combining both visual and
auditory modalities are multi-modality eliciting materials, which
are associated with better starting effects than single-modality
eliciting materials (Gross and Levenson, 1995; Zheng et al., 2012).
The main hypotheses of this study were associated with emotion
experience and emotion expression, and were grouped as follows:
(1) There are no significant differences in the experience of anger
between participants in the schizophrenia and healthy groups;
(1a) after experiencing anger, there are no significant differences
between the two groups in the subjective ratings of emotion
arousal and pleasantness; (1b) during the experience of anger, the
activation levels of the PFC are significantly different between the
two groups; (2) there are significant differences in the expression
of anger between participants in the two groups, possibly because
patients with schizophrenia have problems in expressing anger
due to frontal lobe damage, express less emotion, and may
exhibit weakened brain activation while drawing to express anger;
(2a) there are significant differences in brain activation data
between the two groups during the drawing process; (2b) there
are significant differences between the two groups in terms of
drawing features (e.g., line quality) and drawing content (e.g.,
the richness of the drawing); (2c) the ability of patients with
schizophrenia to interpret the content of the drawing in words—
i.e., their ability to relate the emotion expression of the drawing
with the social meaning conveyed—is significantly different from
that of healthy participants; (3) since drawing is a way for the
participants to express their emotions, and the brain activation
data during the drawing process are also recorded, there are
correlations between the behavioral data and the brain activation
data; (4) the drawing data and brain activation data during
emotion expression are significantly correlated with each other,
but the correlation patterns are different between participants in
the schizophrenia and healthy groups.

According to the affective development model proposed by
Halberstadt et al. (2001), emotions can be divided into different
aspects—the ability to send affective messages, receive affective
messages, and experience affect—that influence each other. There
is a certain relationship between emotion experience and emotion
expression. All of these factors can be used to derive Hypothesis
(5): the drawing coding results and the arousal and valence being
experienced are correlated significantly within each group.

MATERIALS AND METHODS

Participants

This study has been approved by the University Committee on
Human Research Protection of East China Normal University
and the Ethics Committee of Shanghai Changning District
Mental Health Center. The chief investigator informed the
resident doctors in the mental health center of the screening
conditions before the experiment, and the residents were asked
to select those patients with schizophrenia who had been in
the hospital for a long time. The residents determined the final
list of patients who were to be included by communicating
with the family members of the selected patients and obtaining
their informed consent. Patients with schizophrenia in the
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convalescent period—i.e., hospitalized patients undergoing
treatment who had their condition under control and were in
a stable period after evaluation by psychiatrists—were enrolled
using the following screening criteria: (1) patients who were
right-handed, in good physical condition, and native Chinese
speakers; (2) patients who had self-control and self-knowledge
and could give independent informed consent; and (3) patients
who possessed basic cognitive and communication functions and
were able to understand instructions and cooperate with the
completion of experimental tasks in the experiment. Patients
were excluded if they met any of the following criteria: other
serious physical illnesses such as diseases of the heart, liver, or
kidney; intellectual disability or brain organic diseases; severe
recession; impulsive and uncooperative; pregnant or lactating;
and majored in art. A total of 25 participants were recruited
in the study, but 8 were excluded due to data non-compliance
(see section “fNIRS Data Analysis” for specific requirements).
A total of 17 participants, including 8 males and 9 females, were
finally included in the analysis (Table 1, see section “Positive
and Negative Syndrome Scale” for details about PNASS scale and
three subscales).

The control group was recruited through advertisements.
Inclusion criteria were as follows: (1) healthy participants with
no history of mental illness, cardiovascular disease, brain injury,
or substance abuse; (2) right-handed, in good physical condition,
native Chinese speaker; (3) exclude participants majoring in art.
A total of 24 control participants were recruited in this study,
and 6 were excluded due to data non-compliance (see section
“fNIRS Data Analysis” for specific requirements). A total of 18
participants were finally included in the analysis, including 6
males and 12 females (Table 1).

Materials

Anger-Eliciting Material

The film clip The Tokyo Trial, with a runtime of 3 min and
51s, was used as the anger-inducing material (see Supplementary
Material Video for the film clip). The plot revolves around the
Class-A war criminal, Hideki Tojo, who says during a trial that
the massacre of the Chinese people was self-deserved. Several
previous studies have reported that the experience of anger

TABLE 1 | Basic features of the two participant groups.

Schizophrenia Healthy group Significance

group
Number 17 18

Age 37.56 35.11 NS
Gender (male/female) 8/9 6/12

Education (years) 12.36 12.94 NS
PANSS 67.94 + 9.65

PANSS (Positive scale) 14.5 + 4.147

PANSS (Negative scale) 21 £ 3.521

PANSS (General 32.38 + 3.324

psychopathology scale)

NS: not significant.

increased significantly in participants after watching the film clip
(Ding et al., 2014; Shi et al., 2015; Shi, 2017).

The Affect Grid Scale

This scale is a self-reported single-item scale developed by
Russell et al. (1989). Due to its simple and rapid scoring, it is
mainly used for rapid and repeatable measurement of transient
emotion states. The scale evaluates two dimensions of emotion:
pleasure (valency) and arousal (arousal-sleepiness). Anger has
high arousal and low pleasure on the scale.

This scale is a simple measurement method with good
reliability and validity (Russell et al., 1989; Feldman Barrett and
Russell, 1998), and has been used in many studies (Dalebroux
et al., 2008; Diliberto-Macaluso and Stubblefield, 2015). However,
due to the complexity of using this scale, a study prepared a
video tutorial to teach participants how to use the scale (Askim
and Knardahl, 2021). Another study has shown that the original
single-response scale layout has no advantages compared to the
scoring scale (Jaeger et al,, 2021). In this study, in order to
improve patient comprehension, the grid form was changed
into a nine-point scale, and pleasure and arousal were split
into two independent nine-point scores, providing multiple
scoring options for each question (1: Displeasure, 9: Pleasure; 1:
Sleepiness, 9: Arousal). The participants did not need to consider
the binding relationship between the two.

Drawing Materials

The drawing materials consisted of an A4-sized white paper
and oil drawing sticks in 24 colors. These materials were
selected based on the relationship between materials and emotion
expression in the ETC model (Hinz, 2018). According to this
model, the properties of media are related to two continuums:
emotion—cognitive experience and fluid-resistant medium. The
oil drawing stick is closer to the cognitive end, and more
appropriate for expressing emotions when participants are not
completely immersed in emotions. Considering the hand-eye
coordination and fine motor operation in schizophrenia and
the age of the participants (mid-30s), the oil drawing stick was
considered easier to handle and control than colored pencils and
other fluid media. The text instructions were as follows: "Please
express the emotions you just experienced when you watched the
film. You can use any color you want and draw any pattern you
want, as long as it reflects your emotions. The drawing time is
5 min, we will remind you when the time is up, please try not to
stop during the drawing."

Drawing Open-Ended Self-Reflection Questionnaire

A self-report questionnaire was provided, containing five open-
ended questions about the following aspects of the drawing:
“What are your emotions when you draw? Use 3-5 adjectives to
describe it,” “What did you draw?” “What do you think of when
you look at the picture after you finish drawing it?” “ Is there any
connection between the state presented in the picture and your
reality?” and “ Give the picture a name.” The fourth question
tested whether the participants could relate the emotional
expression of the drawing with the social meaning it conveyed.
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Positive and Negative Syndrome Scale

The positive and negative syndrome scale (PANSS) (Kay
et al., 1987) is a 30-item scale that assesses the symptoms of
schizophrenia and each item is rated on a 7-point scale (1: absent,
7: extreme). It includes three subscales: the positive scale (7 items,
total scores from 7 to 49), the negative scale (7 items, total
scores from 7 to 49) and the general psychopathology scale (16
items, total scores from 16 to 112). Thus, the PANSS total score
ranges from 30 to 210. Additionally, “mildly ill” corresponds to a
PANSS total score of 58, “moderately ill” to a PANSS score of 75,
“markedly ill” to a PANSS score of 95, and severely ill to a PANSS
score of 116 (Leucht et al., 2005).

fNIRS Apparatus

A 16-channel portable NIRS system WOT-100 (Hitachi Medical
Co., Ltd., Japan) was used to collect cerebral blood flow data.
The instrument emits and absorbs near-infrared light at two
wavelengths, 705 nm and 830 nm, with a sampling rate of 5 Hz.
The system consists of 6 light-transmitting probes and 6 receiving
probes with a total of 16 channels covering the PFC (Figure 1),
and the anatomical position of each channel is listed in Table 2.

Study Procedure
One week prior to the experiment, resident doctors assessed the
mental status of the experimental group using PANSS. When

participants entered the laboratory at the beginning of the formal
experiment, the principal experimenter introduced himself to the
participants, explained the whole study, and obtained written

TABLE 2 | Broadman areas, brain regions, and the probability of
corresponding fNIRS channels.

Broadman areas Brain areas Channels Probability
BA44/45 Broca’s area 1 16 1
2 14 0.818
3 15 0.537
BA46/9 Dorsolateral prefrontal 4 13 0.741
cortex (DLPFC)
5 11 0.736
3 15 0.463
8 0.21
2 14 0.182
BA10 Frontopolar area 7 10 1
9 1
6 12 0.881
8 0.79
5 11 0.264
4 13 0.259
BA11 Orbitofrontal area 6 12 0.119
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informed consent from the participants. Next, the experimenter
explained the specific content and process of the experiment
and introduced the use of the art medium and emotion grid
scale. After ensuring that the participants understood all the
information, they were equipped with portable near-infrared
devices. Following the successful debugging of all channels, the
experiment was formally initiated. The experimental procedure
(Figure 2) was as follows: first, the participants closed their eyes
and rested for 3 min. Then they watched the anger-inducing film
clip. After the film clip had ended, the participants filled out the
paper version of the affect grid scale with a pen, and then drew
with oil drawing sticks for 5 min, then answered the paper version
of the open-ended self-reflection questionnaire with a pen. All
the writing materials (the affect grid scale, paper for drawing, and
the drawing introspection scale) were clamped onto an A4-sized
board and presented in vertical orientation to the participants at
the beginning of the experiment. The instructions were all timed
by the computer.

Triangulation in Research Design,

Implementation, and Data Analysis

According to the triangulation method proposed by Denzin
(2017), combining multiple methods, empirical viewpoints,
experimental hypotheses, and researchers in a single study
can increase the rigor, depth, and breadth of the study.
Following the classification suggested by Denzin (2017), this
study adopted a triangulation strategy in several aspects:
theoretical triangulation using multiple professional perspectives
to interpret a single set of data or information (e.g., both
brain activation data and behavioral data were used to interpret
the hypotheses); methodological triangulation, including inter-
method triangulation by adopting quantitative and qualitative
methods simultaneously, and intra-method triangulation by
using two or more similar methods to measure the same
variable (e.g., the analysis of drawing contents and answers
to reflection question); data triangulation, in which data were
collected from multiple sources and each hypothesis was tested by
brain activation data and behavioral indicators; and investigator
triangulation, i.e., joint research by more than one skilled
investigator without prior discussion or cooperation. In this
study, both brain and drawing data were analyzed by different
researchers and the drawing data were coded independently by
two researchers.

Data Analysis

Data Analysis of Emotional Changes

The affect grid scale was used to measure the subjective emotional
feelings of the participants at the end of the emotion-inducing
film. A one-sample ¢-test with a test value of 5 (mid-point of
scale) was used to analyze the changes in emotion—pleasure and
arousal—among the two groups of participants. The two-sample
t-test was used to compare the differences of pleasure and arousal
between the two groups.

fNIRS Data Analysis

The fNIRS data were preprocessed using the NIRS_SPM kit
(Ye et al., 2009) based on MATLAB. Oxygenated hemoglobin
(HbO) is the most sensitive marker of changes in blood flow

in the brain (Hoshi et al., 2001) with high signal-to-noise ratio
(Zhang et al., 2018). Therefore, HbO concentration was selected
for analysis in this study. Prior to preprocessing, signal-free
and noise channels (correlation coefficient of HbO and HbR
higher than 0.5) were eliminated. If the number of channels
removed accounted for more than 25% of the total number
of channels (i.e., 4 or more of the 16 channels in this study),
the participant was removed from the analysis (McDonald
et al,, 2019). Correlation-based signal improvement (Cui et al,,
2010) was used to correct artifacts caused by head movement.
The wavelet-minimum description length and hemodynamic
response functions methods were used to remove the signal drift
caused by physiological and machine noises (Jang et al., 2009; Tak
and Ye, 2014).

For each individual participant, the average HbO
concentration change of 16 channels during the task period,
including the 3-min closed-eye rest, 3-min-and-51-s emotion-
inducing film task, and 5-min drawing task, was extracted.
The 3-min closed-eye rest before the experiment was used as
the baseline (Jiang et al., 2012; Shin et al,, 2016), and the HbO
concentration values during the tasks minus baseline value were
used as indicators of brain activation patterns. A one-sample
t-test with a test value of 0 was used to analyze the activation
patterns of the PFC during the emotion-inducing film task and
drawing task (Baker et al., 2016). Following this, a two-sample
t-test was conducted to analyze the differences in brain activation
patterns between the two groups of participants. To analyze
the dynamic changes in differences between the two groups
in the emotional induction stage, a two-sample -test was also
conducted on the degree of brain activation per second in the
emotional induction stage. Data were visualized using the xjview’
software and the BrainNet Viewer toolbox? (Xia et al., 2013). The
false discovery rate (FDR) was used to correct the p values of
multiple tests (Singh and Dan, 2006).

Drawing Coding Indicator Analysis

The coding process was a round-trip iteration. According to
the research objectives, a researcher determined the drawing
coding indicators: drawing layout, color characteristics,
line and stroke characteristics, drawing content, and text
description of the drawing. The first four coded the features
and content of the drawing, and the last indicator represented
the process of the participants interpreting the drawing.
The researchers identified 17 codes based on these coding
indicators. After defining the operation, two researchers
independently coded all the drawings. The final coding manual
is shown in Supplementary Table 1. Apart from the completely
consistent coding indicator, paper orientation, Intraclass
Correlation Coefficients (ICC) analysis was conducted to test
the consistency between raters for the remaining 16 ordered
polytomous coding indexes, and internal consistency analysis
was performed for all coding of each rater. A high level
of consistency was seen among the raters for all drawing
coding indicators (0.766 < a < 1.000) in both groups
(Table 3), as well as for the responses given by the individual

'http://www.alivelearn.net/xjview/

Zhttp://www.nitrc.org/projects/bnv/
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FIGURE 2 | Experimental procedure.

I:l Close eyes resting (3 min) - Drawing (5 min) - Fillin a scale

E Emotion-induced clip (3 min 51 s) I:I Presentation instructions

subjects (o = 0.823, 0.845, respectively). Data were analyzed
using the means of drawing coding indicators rated by two
distinct raters.

RESULTS

Emotion Experience

Emotion Induced

The one-sample -test on the affect grid scale scores of the two
groups revealed that all the participants experienced a higher
degree of arousal (M = 6.43, p < 0.01) and a lower degree of
pleasure (M = 3.34, p < 0.01), indicating that the effect of the film
clip on anger was significant. The affect grid scale scores of the

TABLE 3 | Consistency of ratings for drawing coding indicators.

two groups were further analyzed and compared. The two-sample
t-test results showed that there was no significant difference
between the two groups in the scores for arousal and pleasure
(Table 4). Based on these results, Hypothesis 1a was verified.

Activation of Brain Regions During Emotion
Experience

The normality test of brain activation data showed that most of
the data did not follow normal distribution (for more details,
see Supplementary Table 2); therefore, bootstrap sampling was
conducted 5000 times (Preacher and Hayes, 2008) before analysis.
A one-sample ¢-test was conducted for HbO concentrations
of the two groups of participants while they were being
shown the film (Supplementary Table 3). Participants in the
experimental group had significantly negative activation in all
recorded brain regions, except in a part of the left Brocas
area (Ch16). Participants in the control group had significantly
negative activation in the Broca’s area, DLPFC and frontopolar

Hej:h:f:”p s°h'z°;h:e::‘ "% area (Ch2, Ch4, Chs, Ch7, Ch9, Ch10, Chil, Ch12, Chi3,
and Chl5). These results indicated that both groups reacted
Icc Icc to the movie clips. A two-sample t-test was conducted to
compare HbO concentrations of the two groups at this stage.
Paper orientation 1.000 1.000 There were no significant differences in any channels between
Tinge 0.9947 0.9907 the experimental group and the control group, indicating that
The nurmber of colors 0.998™ 0.997 patients with schizophrenia could experience anger normally.
Line fluency 0.843" 0.985 Thus, Hypothesis 1b was verified.
Line variabilty 0.910% 0.928% The brain activation data of the two groups for the entire
Line quality 0.766" 0.9587 duration of watching the film were further compared. The
Pressure 0.889™ 0.9487 results showed significant differences between the groups in some
Number of drawing elements 1.000 0.997™ channels during this period, and significant differences in the
Drawing space 0.9907 0.9917 frontopolar area, DLPFC and right Broca’s area (Ch2, Ch6, Chs,
Richness of the drawing 0.952 o.orr Ch10, and Chl1) at partial time points (Figure 3). This result
Intensity of the emotion expressed 0.941** 0.985**
in drawings
Clarity of the theme of the drawing 0.953** 0.986"*
Richness of literal description 1.000 0,094 TABLE 4 | Emotions induced.
Meaningfulness of the literal 0.963** 0.954** Arousal Pleasure
description
Relation between wording and the 1.000 0.921* Mean t Mean t
participant’s reality
Quality and symbolism of the title 0.953** 0.951* All participants 6.43 3.709™ 3.34 —4.669
Consistency between drawing and 0.878* 0.961* Schizophrenia group 6.12 —0.774 3.76 1.16
literal words Healthy group 6.72 2.94
ICC: Interclass correlation coefficient; * p < 0.05, **p < 0.01. *p <0.01.
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FIGURE 3 | HbO concentration per second changes in participants while watching the emotion-inducing film. The segments with a gray line represent significant

Healthy group

FIGURE 4 | The t value (compared to 0) of brain activation in participants during emotion expression through drawing.

Schizophrenia group

supplements Hypothesis 1b. Although there were no significant
differences in average brain activation between the two groups for
the entire duration of the emotion experience stage, there were
significant differences during some periods.

Emotion Expression

Activation of Brain Regions During Emotion
Expression

HbO concentrations during the stage of emotion expression were
analyzed for participants in the two study groups (Figure 4

and Supplementary Table 4). Participants in the experimental
group had significant negative activation in the Broca’s area,
DLPFC, and frontopolar and orbitofrontal areas (Chl, Ch3,
Ch4, Ché6, Ch8, Ch9, Ch10, Chl1, Chl2, and Chl4), whereas
those in the control group had no significant activation area.
A two-sample t-test revealed significant differences between the
groups in the frontopolar, orbitofrontal, and right Broca’s areas
and in the right DLPFC (Chl, Ch3, Ch4, Ch6, and Chl2).
Based on these results (Table 5 and Figure 5), Hypothesis
2a was verified.
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TABLE 5 | Two-sample t-test results for the comparison of brain activation
patterns in each channel during emotional expression between the two
participant groups.

Channel t p (fdr corrected)
Ch1 —3.055 0.026*
Ch2 —0.991 0.439
Ch3 —3.091 0.026*
Ch4 —2.660 0.038*
Ch5 -0.172 0.864
Ché —2.906 0.026*
Ch7 —1.482 0.215
Ch8 —1.967 0.115
Cho —2.355 0.067
Ch10 —1.546 0.211
Chi1 —0.784 0.501
Ch12 -2.929 0.026*
Ch13 —0.882 0.473
Ch14 —1.830 0.136
Ch1s —0.566 0.614
Ch16 1.999 0.115

df=33,"p < 0.05, ™ p < 0.01.

Emotion Expression Through Drawing

Group differences in drawing coding indicators

To assess differences in the coding of drawings between the two
groups, the chi-squared test was carried out using group as an
independent variable and paper direction as a dependent variable.
More than two-thirds of the participants drew vertically, and
there was no significant group difference in the orientation of
the paper. This may have been because the paper was handed to
the participants in the vertical orientation. The normality test of
other picture coding data showed that most of the data did not
follow normal distribution (for more details, see Supplementary
Material); therefore, bootstrap sampling was conducted 5000
times (Preacher and Hayes, 2008) before analysis. We further
used different groups as independent variables and drawing
coding indicators as dependent variables for a f-test. Results
demonstrated that except for the tinge, color number, stroke
weight, and a marginal significance of drawing size, there were
significant differences in other drawing features. The line change,
number of elements in the drawing, drawing content richness,
emotional intensity expressed by the drawing, and the clarity
of drawing theme were significantly different between the two
groups. Hypothesis 2b was thus partially confirmed. In addition
to the marginal significance of the richness of the text description,
there were significant group differences in the text description,
the connection between the text description and the artist’s
reality, the quality and symbolism of the title, and consistency
between the drawing and text. Hypothesis 2¢c was partially verified
(Table 6). Figure 6 shows specific examples of drawings from
participants in the two groups.

Correlation analysis of brain data between drawing coding
and emotion expression

Scatter plots were prepared using the drawing coding data as
the abscissa coordinate and the brain data of the two groups

as the vertical coordinate. The fitted results showed that the
drawing coding indicators were linearly correlated with brain
data in the two groups. Since most of the brain data and
picture coding data do not conform to the normal distribution,
spearman correlation analysis was carried out between drawing
coding and brain activation data in healthy participants during
the stage of emotion expression. Results revealed that in the
drawing stage, the frontopolar area, DLPFC, and right Brocas
area (Ch2 and Ch8) were correlated with more than five
drawing coding indicators in the control group. Specifically,
both channels were significantly positively correlated with line
variability, richness of literal description, and meaningfulness
of the literal description. Paper orientation, tinge, number of
colors, line fluency, pressure, relation between wording and the
painter’s reality, and consistency between drawing and literal
words were significantly correlated to only zero or to one
channel. The other codes were all significantly correlated to
brain data in two or more channels, of which meaningfulness
of the literal description was significantly correlated with five
channels (Table 7).

The same analysis was also carried out for data obtained from
patients with schizophrenia (for detailed normal distribution test
results refer to Supplementary Table 2). The results showed
that the frontopolar area, DLPFC, left Brocas area, and left
orbitofrontal area (Ch8, Ch9, Ch10, Ch12, and Chl5) were
associated with more than five (including five) drawing coding
indexes during the drawing stage. Paper orientation, tinge,
number of colors, meaningfulness of the literal description,
quality and symbolism of the title, and consistency between
drawing and literal words were significantly correlated with the
data of only one or zero brain channels. Line quality, drawing
space, intensity of the emotion expressed in the drawings, and
clarity of the theme of the drawing were significantly correlated
with more than five channels (Table 8). Hypothesis 3 was thus
partially verified.

Correlation analysis of drawing coding with participants’
background information and self-rating scores

Scatter plots were prepared using the drawing coding data as
the abscissa coordinate and the self-rated arousal and valence
scores of the two groups (for patients with schizophrenia, extra
disease information was included) as the vertical coordinate.
The fitted results showed that the drawing coding indicators
were linearly correlated with self-rated arousal and valence
scores of the two groups (and the disease information of
schizophrenia patients). And normality test of data showed that
most of them did not conform to the normal distribution.
Therefore, linear spearman correlation analysis was conducted
between drawing coding indicators and self-rated arousal and
pleasure scores of the control group after they had watched
the film. The results showed a significant positive correlation
between arousal and tinge (r = 0.499, p = 0.035) and a
significant negative correlation between arousal and drawing
space (r = —0.606, p = 0.008). In other words, the higher the
emotional arousal of healthy participants, the warmer the tinge
and the smaller the drawing space used on the paper. There
were significant correlations between pleasure and intensity of
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FIGURE 5 | All channels HbO concentrations in participants during emotion expression through drawing (* refer significant difference between two groups p < 0.05).

the emotion expressed in drawings (r = —0.683, p = 0.002).
Specifically, the lower the valence of the participants after
watching the film, the higher the intensity of the emotion
expressed in drawings.

For patients with schizophrenia, linear correlation analysis
was conducted between drawing coding indicators and
PANSS (negative) scores, PANSS (positive) scores, general
psychopathology, course of disease, and self-rated arousal
and pleasure. The results showed no significant correlations
between arousal and coding indexes. There was a significant
positive correlation between pleasure and line quality (r = 0.486,
p = 0.048), indicating that the happier the patients were after
watching the film, the higher the quality of the drawing lines
was. PANSS (negative) scores were positively correlated with the
number of colors (r = 0.532, p = 0.034) while PANSS (positive)
scores were significantly correlated with tinge (r = —0.535,
p = 0.033), number of colors (r = 0.602, p = 0.014), and number
of drawing elements (r = 0.512, p = 0.043), indicating that
schizophrenia patients with more symptoms regardless of
valence used more kinds of colors but when patients were with
more positive symptoms, they used more and colder colors
and more elements for drawing. The course of the disease was

significantly negatively correlated with the richness of literal
description (r = —0.603, p = 0.022) and relation between wording
and the participant’s reality (r = —0.557, p = 0.039); thus, a longer
illness indicated less verbal description of the drawing and a
weaker relation between wording and the participants reality
(Table 9). From these results, Hypothesis 4 was partially verified.

DISCUSSION

In this study, a movie clip was used to elicit emotions while
drawings were used as a way for participants to express emotions.
Through the scale and brain activation result data, we verified
that there was no significant difference between schizophrenia
patients and healthy participants in the experience of anger
elicited by the film clip. However, in the expression of anger
through drawing, brain activation and drawing results were
found to differ significantly between the schizophrenia and
healthy groups. The differences in anger expression were evident
in the brain data, drawing contents, and interpretation of
the drawings. Patients with schizophrenia showed significant
negative activation in the Broca’s area, DLPFC, and frontopolar
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TABLE 6 | Comparison of drawing coding results among different groups.

Indicators All participants Healthy group Schizophrenia Test statistic P Effect size (d)
(n =35) (n=18) group (n = 17) [95% Cl]

Paper orientation ¥x2=1.47 0.238 0.41[-0.27,1.08]
1 = Horizontal 7 (17.10%) (27.80%) 2 (11.80%)

2 = Vertical 28 (68.30%) 13 (72.20%) 15 (88.20%)

Tinge 3.46 £ 1.40 3.08 +£1.48 3.85 +£1.22 t=1.67 0.104 0.56[-0.11,1.24]
Number of colors 3.67 £2.37 3.97 £2.37 3.35 £ 2.40 t=0.77 0.447 0.26[—0.41, 0.93]
Line fluency 4.00 +1.28 4.67 +0.59 3.29+1.44 t=38.73 0.001**  1.26[0.54,1.99]
Line variability 3.59 £1.27 4.31 £0.86 2.82 +£1.21 t=4.19 0.000"  1.42[0.68,2.16]
Line quality 3.46 £1.17 4.06 +£0.78 2.82 +£1.20 t=38.62 0.001**  1.22[0.50,1.95]
Pressure 3.73+0.74 3.83 +0.49 3.62 + 0.94 t=0.86 0.397 0.29[-0.38,0.96]
Number of drawing elements 4.93 + 3.17 5.94 + 3.59 3.85 +£2.29 t=2.04 0.049* 0.69[0.01,1.37]
Drawing space 0.74 £0.27 0.82 £0.19 0.65 + 0.31 t=1.98 0.056 0.67[0.01,1.35]
Richness of the drawing 3.09 + 1.36 3.69 + 3.69 2.44 +£1.26 t=38.04 0.005* 1.03[0.32,1.73]
Intensity of the emotion expressed in drawings 2.86 +1.38 3.75 £ 1.06 1.91 £ 1.00 t=5.26 0.000** 1.78[1.00,2.56]
Clarity of the theme of the drawing 2.89 +£1.53 3.92 +1.19 1.79 +£1.02 t=5.65 0.000*  1.91[1.11,2.71]
Richness of literal description 3.50 £ 1.59 4.00 £ 1.41 297 £1.62 t=2.00 0.053 0.68[-0.01,1.36]
Meaningfulness of the literal description 3.27 £1.46 419 £1.09 229+1.13 t=5.07 0.000** 1.71[0.94,2.49]
Relation between wording and the participant’s reality 3.06 + 1.61 417 +£1.20 1.88 £1.07 t=5.93 0.000** 2.01[1.19,2.81]
Quality and symbolism of the title 3.20+1.48 4.22 +1.09 2.124+1.00 t=5.97 0.000**  2.02[1.20,2.83]
Consistency between drawing and literal words 3.39 £1.59 4.72 £ 0.49 1.97 £ 1.00 t=10.49 0.000"*  3.55[2.48,4.61]

Numbers indicate sample size and percentage (n(%)) or mean =+ standard deviation (M + SD).

ClI: confidence interval,* p < 0.05, **p < 0.01.

Schizophrenia Participant

FIGURE 6 | Specific examples of drawings from participants in the schizophrenia group (left) and the healthy group (right).

Healthy Participant

and orbitofrontal areas (Chl, Ch3, Ch4, Ch6, Ch8, Ch9, Chl0,
Chl1l, Chl2, and Chl14) whereas those in the control group
had significant negative activation in a part of the left Broca’s
area (Ch16). We also found significant group differences in the
drawing content including in the line variability, the weight of
strokes, the number of drawing elements, the richness of the

drawing, the intensity of the emotion expressed in drawings,
and the clarity of the theme of the drawing. Significant group
differences in the wording to describe the drawing were evident
in the richness of the literal description, its meaningfulness,
the relation between wording and the participant’s reality,
the quality and symbolism of the title, and the consistency
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TABLE 7 | Correlation coefficients between drawing coding and brain data in the healthy group during the emotional expression stage.

A A A A A A A A A A A
draw_ch1 draw_ch2 draw_ch3 draw_ch4 draw_ch5 draw_ch6é draw_ch7 draw_ch8 draw_ch9 draw_ch10 draw_ch11

A A A A A
draw_ch12 draw_ch13 draw_chi14 draw_chi15 draw_ch16

Tinge 0.129 0.400 0.232 0.140 —0.003 0.164 0.109 0.180 —-0.033 —0.082 0.014
The number of 0.288 0.529* —0.101 0.053 0.187 0.030 —0.005 0.385 —0.249 0.279 0.311
colors

Line fluency 0.262 0.143 0.104 0.219 —0.052 0.233 —0.023 0.349 -0.015 0.137 0.452
Line variability 0.340 0.610*  —0.091 0.237 0.043 0.129 0.016 0.609** 0.150 0.345 0.474*
Line quality 0.002 0.213 -0.172 —0.010 0.112 0.131 -0.172 0.455 0.100 0.354 0.605**
Pressure -0.198 -0.215 -0.189 —0.349 —0.384 —0.145 —0.419 -0.507*  —0.360 —0.354 -0.134
Number of 0.472* 0.707** 0.210 0.253 0.048 0.037 0.196 0.383 —0.154 0.245 0.107
drawing

elements

Drawing space 0.115 0.357 0.324 0.229 0.509* 0.157 0.352 0.526*  —-0.024 0.590** 0.545*
Richness of the 0.526* 0.603** 0.090 0.106 —0.072 —0.050 0.034 0.465 -0.164 0.265 0.338
drawing

Intensity of the 0.530* 0.345 0.428 0.183 0.026 0.352 0.263 0.336 0.048 0.316 0.283
emotion

expressed in

drawings

Clarity of the 0.304 0.522* 0.221 0.298 0.179 0.449 0.219 0.449 0.260 0.417 0.446
theme of the

drawing

Richness of 0.432 0.622** 0.121 0.434 0.359 0.351 0.297 0.596™* 0.530* 0.526* 0.193
literal

description

Meaningfulness 0.398 0.493* 0.250 0.442 0.196 0.582* 0.277 0.520* 0.506* 0.511* 0.241
of the literal

description

Relation 0.039 0.197 0.084 0.009 0.446 0.325 0.139 0.248 0.593** 0.348 0.125
between

wording and

the participant’s

reality

Quality and 0.115 0.430 0.138 0.157 0.096 0.212 0.160 0.494* 0.580* 0.296 0.179
symbolism of

the title

Consistency 0.015 0.318 0.279 0.217 0.064 0.448 0.030 0.332 0.234 0.225 0.130
between

drawing and

literal words

0.042 0.151 —0.004 0.072 0.513"
0.006 0.075 0.278 —0.115 0.467
—0.036 0.382 0.062 0.467 0.166
—0.158 0.249 0.093 0.080 0.293
—0.129 0.117 0.311 —0.100 0.085
—0.137 —0.348 0.114 —0.211 0.023
0.126 0.353 0.093 0.170 0.161
0.359 0.275 0.339 0.367 —0.072
—0.025 0.285 0.100 0.184 0.219
0.291 0.390 0.215 0.645™ 0.262
0.342 0.584* 0.409 0.386 0.176
0.158 0.338 0.196 0.196 0.393
0.240 0.464 0.356 0.333 0.281
0.343 0.051 0.308 0.161 0.409
—0.035 0.179 —0.041 0.085 0.122
0.083 0.368 0.148 0.221 —0.013

“A draw” indicates brain activation in each channel during the drawing task.
*p <0.05 *p <0.01.
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TABLE 8 | Correlation coefficients between drawing coding and brain data in the schizophrenia group during the emotional expression stage.

A A A A A A A A A A A

draw_ch1 draw_ch2 draw_ch3 draw_ch4 draw_ch5 draw_ch6é draw_ch7 draw_ch8 draw_ch9 draw_ch10 draw_ch11

A A A A A
draw_ch12 draw_ch13 draw_chi14 draw_chi15 draw_ch16

Tinge —0.396 0.200 0.291 0.040 0.126 0.317 0.176 0.246 0.260 0.342 0.445
The number of 0.182 —0.260 —0.040 —0.131 —-0.317 —0.338 —0.230 —0.360 —0.248 —0.236 —0.151
colors

Line fluency -0.032 —0.041 -0.582*  —0.048 -0.170 -0.237 —0.297 -0.170
Line variability —0.142 —0.259 —-0.417 —0.265 —0.248 —0.445 —0.161 —0.130 —0.492* —0.439 —0.345
Line quality -0.120 -0.176 —0.432 -0.216 —0.297 —0.240 —0.369 -0.324 -0.588*  —0.490* —0.392
Pressure 0.022 —0.264 —0.334 —0.356 —0.295 -0.508*  —0.387 -0.526*  —0.221 —0.453 -0.338
Number of 0.330 —0.573* —0.021 —0.159 —0.511* —-0.272 —0.355 —0.470 —0.440 —0.398 —0.440
drawing

elements

Drawing space ~ —0.033 —0.414 —0.427 —0.045 —0.589"  —0.380 —0.497"  —0.567"
Richness of the 0.184 —0.256 -0.322 0.008 —0.376 —0.403 —0.398 —0.446
drawing

Intensity of the 0.097
emotion

expressed in

drawings

Clarity of the —-0.012 —0.452 —0.190 —0.143
theme of the

drawing

Richness of 0.097 —0.438 —0.388 —0.456 —0.446 —0.449 —0.460
literal

description

Meaningfulness 0.008 0.011 —0.245 -0.152 —0.095 —0.096 —0.302 -0.342 —0.429 -0.168 0.063
of the literal

description

Relation 0.360 —0.391 —0.150 -0.279 —0.353 —0.431 —0.223
between

wording and

the participant’s

reality

Quality and 0.285 0.029 —0.347 —0.023 0.014 —0.086 -0.183 —0.308 —0.404 —0.060 0.080
symbolism of

the title

Consistency —-0.021 -0.167 0.118 —0.283 -0.072 -0.276 —0.146 -0.239 —0.243 —0.057 0.192
between

drawing and

literal words

—0.566" —0.371 —0.276

-0.577* —0.687** —0.719"
—0.568* —0.453 —0.466

-0.607*" —-0.218 -0.217 —0.426 —0.270 —0.606"  —0.490" —0.600" —0.652" —0.469

—0.502* —0.461 —0.645"  —0.532" —0.484* —0.5652* —0.320

-0.631**  —0.528" —0.505* —0.243

—0.5602* —0.685"  —-0.225 —0.324

0.540" 0.233 0.026 0.481 —0.153
—0.316 —0.198 —0.234 —0.477 —0.053
—0.459 —0.495" —0.156 —0.693" —0.393
—0.546" —0.617* —0.345 —0.655"* —0.452
—0.632* —0.559" —0.209 -0.719* —0.324
—0.383 —0.302 —0.395 —0.036 —0.025
—0.233 —0.314 —0.245 —0.602* 0.025
—0.642" —0.677* —0.468 —0.636™ —0.227
—0.547* —0.468 —0.288 —0.808" —0.111
—0.345 —0.272 —0.264 —0.426 0.008
—0.229 —0.324 —0.349 —0.423 —0.153
—0.136 —0.106 —0.290 —0.374 —0.125

0.069 0.159 —0.188 —0.058 —0.107
—0.254 0.054 —0.363 —0.302 0.014

0.016 0.225 —0.168 —0.109 0.055

0.215 0.274 -0.177 0.028 —0.006

“A draw” indicates brain activation in each channel during the drawing task.
*p <0.05 *p <0.01.
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TABLE 9 | Linear correlation coefficients between drawing coding indicators, self-rated arousal and pleasure scores, and disease information.

Healthy group (n = 18)

Schizophrenia group (n = 17)

Arousal Pleasure Arousal Pleasure PANSS PANSS General Course of

(negative) (positive) psychopathology disease
Paper orientation -0.183 —-0.224 —-0.209  -0.303 —0.351 —0.433 —0.474 0.025
Tinge 0.499* 0.003 0.074  —0.055 -0.073 —0.535* -0.184 —0.074
Number of colors 0.212 —0.134 —0.307 0.342 0.532* 0.602* 0.642** 0.111
Line fluency -0.108 -0.397 0.027 0.300 —0.164 0.061 0.015 0.007
Line variability -0.152 —0.100 0.236 0.331 —0.031 0.310 0.188 0.016
Line quality —0.417 0.104 0.023 0.486* 0.077 0.319 0.313 —0.012
Pressure 0.213 0.038 0.377 0.289 —0.207 —0.091 -0.183 —0.198
Number of drawing elements 0.361 —0.303 -0.217 0.294 0.227 0.512* 0.482 —-0.173
Drawing space —0.606** —0.384 0177 0.043 —0.284 0.243 0.049 —0.426
Richness of the drawing 0.146 —0.283 —0.155 0.294 0.144 0.473 0.418 —-0.194
Intensity of the emotion expressed in drawings 0.212 —0.683"* 0.482 —-0.229 —0.387 0.102 —-0.118 —0.470
Clarity of the theme of the drawing 0.130 —0.349 0.459  —0.026 —0.365 —0.209 —0.042 —0.527
Richness of literal description 0.129 —0.154 0.338 —0.046 —0.320 —-0.219 —-0.138 —0.603*
Meaningfulness of the literal description 0.160 —0.303 0.309 0.224 —0.305 —0.367 —0.022 —0.394
Relation between wording and the participant’s reality ~ 0.112 —0.097 0.256 0.247 —0.158 0.209 0.035 —0.369
Quality and symbolism of the title -0.138 0.098 0.055  —0.001 —0.280 —0.205 —-0.176 —0.399
Consistency between drawing and literal words —0.052 0.050 0.308 0.173 0.029 —0.126 0.158 -0.327

PANSS: positive and negative syndrome scale, *p < 0.05, **p < 0.01.

between the drawing and literal words. In addition, there
were significant correlations between emotion experience and
emotion expression in the two groups. Correlation analysis
of drawing coding and brain activation data showed that the
DLPFC and right Broca’s area (Ch2 and Ch8) in the healthy
group and the frontopolar area, DLPFC, left Broca’s area, and
left orbitofrontal area (Ch8, Ch9, Ch10, Chl2, and Chl5)
in patients with schizophrenia were correlated with multiple
drawing coding indexes. The results also demonstrated that the
emotional intensity of drawings was significantly correlated with
the subjective evaluation index of emotion.

Experience of Anger
The results of the affect grid scale showed that both patients
with schizophrenia and the healthy group experienced higher
arousal and lower pleasure without significant differences in the
scores of the two groups. This suggests that both patients with
schizophrenia and healthy people experienced anger through
watching the movie clips without differences in the degree of
anger. This result is similar to that of a previous meta-analysis
(Berenbaum and Oltmanns, 1992; Reske et al., 2007; Yan et al.,
2012). Changes in HbO concentration during the period of
watching the film clip also confirmed this. At the physiological
level, there were no differences between the emotion experience
of patients with schizophrenia and that of the healthy group,
showing comparable brain activation (Kring and Barch, 2014).
This confirmed the hypothesis that patients with schizophrenia
experienced anger in a normal manner.

Even so, in the process of watching the film, the brain
activation patterns of patients with schizophrenia and healthy
participants showed significant differences on some channels

at some time points. Differences in the process of emotion
experience ultimately did not affect the subjective evaluation
of emotion experience, and the subjective ratings of emotion
experience were similar between the two groups. It may be that
the act of watching the film, the constant stimulus of watching
it, or the anger depicted in the film itself caused differences
in activation or brain connections (Athanassiou et al., 2021)
depending on how the two groups experienced the film. Since
this study focused on the emotion expression aspect, differences
in the process of watching the film will not be discussed in
detail. However, these results suggest that there are still some
unknown brain activities in the emotion experience of the two
groups. In the future, experiments can be designed specifically
to elucidate this aspect and explore the differences and their
underlying causes.

Brain Mechanisms Underlying Anger

Expression Through Drawing

HbO concentrations during emotion expression showed that,
compared to the healthy group, patients with schizophrenia
showed significant negative activation in many areas of the
PFC. This result confirmed that PFC damage affects emotion
expression in schizophrenia. The task-induced decrease in brain
activity is often called deactivation (Binder, 2012). In this study,
blood oxygen concentrations, being lower in the task state
than in the resting state, were taken to represent deactivation
in the task stage.

In this study, patients with schizophrenia showed more
deactivation of brain regions during the drawing process, which
may be related to attentional bias. The PFC plays an important
role in cognitive control (Miller and Cohen, 2001). Deactivation
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occurs when active control strategies are important, such as when
encoding and actively maintaining cues, or when attentional bias
and action preparation are required (Paxton et al., 2008). In this
study, the deactivation of many brain regions in the PFC in both
groups may be due to the need to maintain attention and suppress
other unrelated cues while watching the movie clip and drawing.
For patients with schizophrenia, a stronger attentional bias is
required to reach the same level as normal individuals, which may
cause a stronger deactivation.

In this study, the frontopolar area (BA10) included the
frontal pole and part of the mPFC, which is part of the default
mode network (DMN)—the brain network in a state of rest
when no external task is being processed (Raichle et al., 2001).
Most studies suggest that the DMN plays an important role
in self-cognition and the detection of environmental attention
(Mantini and Vanduffel, 2013; Li and Shu, 2014; Raichle, 2015).
Patients with schizophrenia have an abnormal DMN (Abigail G.
Garrity et al., 2007), including abnormalities or deactivation in
various experimental tasks and excessive activation during the
resting state (Broyd et al, 2009; Hu et al,, 2017). Therefore,
the significant deactivation of BAl0-related channels in the
experimental group during the emotion expression stage in this
study may be due to the abnormal deactivation of the DMN
in patients with schizophrenia caused by emotion expression
tasks. The DMN is activated during the processing of self-
related concepts. The deactivation in this study may be because
the patients with schizophrenia did not process self-related
information during emotion expression (Raichle et al., 2001;
Buckner et al., 2008). The DMN is deactivated when external
attention is needed. Therefore, the deactivation in the emotion
expression stage in this experiment may reflect that the patients
with schizophrenia concentrated their attention on the external
world (Li and Shu, 2014)—i.e., they failed to immerse themselves
in emotion expression and were still paying attention to stimuli
in the external world.

The dorsolateral prefrontal cortex (DLPFC) is associated with
a number of higher cognitive functions. It has been suggested that
the DLPFC is involved in the cognitive process of monitoring
or reporting an individual’s mental state, including spontaneous
thoughts and emotion expressions (Castelli et al., 2000). Frith and
Frith (1999) proposed that this region is involved in the external
expression of the ego state. Drawing, as a projection technology,
is a process of concretely expressing the inner state of the
individual. This brain region is also involved in the suppression
of negative emotions (Anticevic et al, 2010). Deactivation of
the DLPFC may indicate that patients with schizophrenia have
lower cognitive inhibition of anger, lower attention to anger, and
no change in self-cognition due to social factors. Furthermore,
cognitive deficits in schizophrenia may be associated with
abnormal activation of the DLPFC (Davidson and Heinrichs,
2003; Barch and Ceaser, 2012). For example, DLPFC activation is
decreased during the visuospatial working memory maintenance
stage in individuals with schizophrenia (Jalbrzikowski et al., 2018)
and during active cognitive control tasks (Lesh et al., 2013). In the
drawing stage of emotion expression in this study, patients with
schizophrenia may have used less active control and expressed
their emotions more through drawing, resulting in the DLPFC
showing a negative activation state. In addition, the low blood

oxygen concentration in the DLPFC may also be because the
drawing process is a process of visual stimulation requiring
continuous attention, during which the concentration of HbO
continues to decrease (Matsuda and Hiraki, 2006).

Characteristics of Using Drawing to
Express Emotion

The Characteristics, Similarities, and Differences
Between the Schizophrenia and Healthy Groups
Using Drawing to Express Emotion

Similarities and differences in drawing characteristics and
drawing content between the two groups

Drawing features mainly include drawing layout, color
characteristics, and characteristics of lines and strokes. The
differences between the two groups were mainly reflected in the
latter. Patients with schizophrenia scored lower on line-related
measures (fluency, variability, and quality) than the control
individuals. This may be related to the low kinesthetic/sensory
function of patients with schizophrenia according to the ETC
model. These results are consistent with those of previous studies:
the line drawing performance of patients with schizophrenia is
significantly worse than that of normal control groups (Blyler
et al., 1997), and patients with schizophrenia drew shorter clock
pointer lines as compared to the control group (Bozikas et al.,
2004).

In terms of the drawing contents, the self-rated arousal and
valence of the patients with schizophrenia after watching the
film were not significantly different from those of the control
group. However, the scores for the intensity of emotion expressed
and clarity of the theme expressed through the drawings
were significantly lower among the patients with schizophrenia
compared to those of the control group. This is mainly due to the
inability to effectively construct a visual image with intent and to
organize the contents of the drawing into an organic whole that
clearly reflects the intended theme. This result is also consistent
with those from previous studies: the emotion expression and
emotion experience of patients with schizophrenia are separated.
They show fewer emotion behaviors, but their reported emotion
experience is the same as or even higher than that of healthy
people (Berenbaum and Oltmanns, 1992; Kring et al., 1993; Kring
and Neale, 1996). This may be due to the fact that patients
with schizophrenia have difficulty amplifying emotion expression
behaviors, which is significantly associated with experiencing
negative symptoms, especially apathy (Henry et al., 2007). In
the clock drawing test, participants’ performance depends on
complete attention, verbal receptivity, executive function (such
as planning, organization, parallel processing, and self-health),
and visual construction skills (Freedman et al., 1994; Rouleau
et al., 1996; Royall et al., 1998). Schizophrenia, on the other
hand, causes extensive and multifaceted impairment in many
areas of neurocognitive function, including semantic memory,
attention, and executive function (Heinrichs and Zakzanis, 1998;
Meltzer and McGurk, 1999), as such influencing the expression
of emotions through drawing.

Group differences in wording description
There were significant differences between the two groups at the
cognitive/symbolic level of the ETC model. Comparing the two
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groups’ descriptions of the drawings showed that schizophrenia
patients’ ability to associate the drawings with the social meaning
conveyed was significantly different from that of the healthy
participants. The three drawing coding indicators with the
highest level of difference between the two groups (d > 2)
were related to textual descriptions of the drawing: the relation
between text and reality, the quality and symbolism of the
drawing, and consistency between drawings and text. For these
three codes related to cognition/symbolic hierarchy in the ETC
model, patients with schizophrenia scored lower indexes. Symbol
function involves the formation of intuition and self-directed
concepts, symbolic representation, integrated thinking, symbolic
expression, analysis (Kagin and Lusebrink, 1978; Lusebrink, 1990,
1991), links the external entity with the internal image, and can
describe the totality of the individual (May, 1960). Compared
to the healthy population, patients with schizophrenia exhibit
a lack of a sense of reality, a certain degree of loss of self,
confusion in self-cognition, and feelings of separation from
external entities (American Psychiatric Association, 2013). They
further exhibited an inability to connect the reality with the self
or connect the text description with the reality of the self to form
a symbolic title of quality for their drawings. This suggests that
patients with schizophrenia have difficulty associating emotion
expressions used in drawings with the social meanings they
convey. In addition, because patients with schizophrenia have
flights of thought and working memory defects, they cannot
actively guide their behavior according to the target information
in their working memory (Barch and Ceaser, 2012). This may
explain why their drawings and words could not reach a high
degree of unity.

In terms of the meaning of verbal descriptions, the
performance of patients with schizophrenia was significantly
worse than that of healthy groups with a large effect size
(d =1.71). This may be because the participants had fewer words,
lacked detailed description, and could not form meaningful
descriptions due to problems in executive function, which cause
disintegration of language. In addition, anger has the emotional
characteristics of narrowing the cognitive range and inhibiting
irrelevant information, leading to impulsivity. Healthy people
express emotions based on the social environment such that their
emotions can adapt to social requirements, whereas patients with
schizophrenia may face certain obstacles in this ability. Patients
with schizophrenia express their original feelings in a more
straightforward—and sometimes violent—manner, regardless of
situational or appropriate language.

Group differences in creativity

The fourth level of the ETC model is creativity. This study
found that patients with schizophrenia showed lower creativity
in drawing and understanding its meaning. The patients with
schizophrenia had lower scores than those in the control group
in terms of line change, number of elements in the drawing,
content richness, clarity of theme, meaningfulness of the text
description, and the consistency between text description and
the artist’s reality. Previous research on schizophrenia and
creativity has been inconclusive. Some studies have found that
people with schizophrenia are less creative than healthy groups
(Eisenman, 1990), whereas others have reported the opposite

result (Jena and Ramachandra, 1995; Kinney et al, 2001;
Rubinstein, 2008). Some studies have also found both positive
and negative correlations between schizophrenia and creativity
(Son etal., 2015). Our results clearly support the findings of the
first of the aforementioned studies.

Although there were significant differences in drawing
features, drawing contents, and text expression between the
schizophrenia and healthy groups, the effect size of differences in
the former two features were smaller whereas that of differences
in text expression was larger. This is not surprising, given that
previous studies have reported language difficulties in patients
with schizophrenia (Faber and Reichstein, 1981; Nicolson et al.,
2000; Kuperberg and Caplan, 2003; Mitchell and Crow, 2005).
Verbal creative expression is particularly challenging for people
with schizophrenia when compared to other forms of expression.
The DSM-5 defines speech disorder as one of the five major
symptoms of schizophrenia, and it is one of the critical
criteria for the diagnosis of schizophrenia (American Psychiatric
Association, 2013).

Therefore, individuals with schizophrenia have fewer
differences from healthy people when using drawings compared
to when using words to describe and associate. This also supports
the idea that using drawings can help people with schizophrenia
express their emotions better.

Relationship Between Emotions Expressed Through
Drawing and Brain Activation Data

There was a significant correlation between the drawing data
and brain activation data when the two groups expressed
emotions. In the healthy group, codes related to the number of
colors, line variability, the number of drawing elements, richness
of the drawing, clarity of the theme of the drawing, richness
of the literal description, and the quality and meaningfulness
of the literal description were significantly positively correlated
with activation of the right Broca’s area (Ch2) in the drawing
stage. The right Broca’s area is primarily responsible for language
production and the understanding of action (Nishitani et al.,
2005). Therefore, higher richness of literal description, quality
and symbolism of the title, and line variability were positively
correlated with the activation of Brocas area, indicating that
the higher the degree of activation, the better the performance.
Line variability, pressure, drawing space, the meaningfulness
and richness of the literal description, and the quality and
symbolism of the title were significantly positively associated with
the activation of the frontopolar area and a small part of the
DLPFC. In other words, the higher the rating score, the stronger
the activation in the frontopolar area and in a small part of the
DLPFEC. Additionally, the frontopolar area plays an important
role in the collection of individual internal information (Christoff
and Gabrieli, 2000). A meta-analysis also revealed that the
mechanism of emotion control depends on the frontal pole (Koch
et al., 2018). Therefore, the stronger the frontal pole activation,
the better the score of objective indicators of the drawing, and
better the ability to express emotions through the drawing. As
mentioned earlier, the DLPFC is involved in emotion expression
(Castelli et al., 2000) and the external expression of the ego state
(Frith and Frith, 1999). In this study, behavioral data and brain
activation data were used to further support this point.
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In schizophrenia patients, tinge, pressure, line fluency,
variability and quality, drawing space, the richness of the
drawing, intensity of emotion expressed in the drawing, clarity
of the theme of the drawing, richness and meaningfulness of
the literal description, and relation between wording and the
participant’s reality were negatively correlated with the activation
of the frontopolar area and a part of the mPFC (Ch8, Ch9,
Ch10, and Ch12). The PFC is deactivated when attentional
bias and preparation for action are required (Paxton et al.,
2008). Therefore, a higher level of deactivation indicates more
attention given to the task and higher drawing rating scores.
Line fluency, quality and variability, number of drawing elements,
drawing space, and the richness of the drawing were significantly
negatively correlated with activation in the left DLPFC and
Broca’s area (Chl5). The DLPEC is linked to many higher
cognitive processes. Higher levels of deactivation corresponded
to better performance on objective indicators for the drawing.
Lower DLPFC activation results from active control (Lesh et al.,
2013) and corresponded to higher ratings for the drawing.
However, the relationship between drawing expression and
deactivation of the Broca’s area in patients with schizophrenia is
not clear. Future studies can be carried out to further assess the
relationship between drawing expression and negative activation
of the Broca’s area in patients with schizophrenia.

Limitations

This study has a limited sample size of 17 schizophrenia patients,
and its conclusion may not be generalizable. Therefore, further
studies should be conducted on a larger sample. Moreover, an
affect grid scale was used to assess pleasure and arousal in a
short period of time. The indices reflecting high levels of arousal
and low levels of pleasure cannot be used to classify anger with
fear. Further, we supposed that the film clip, which was used to
successfully elicit anger in participants in other studies (Ding
et al., 2014; Shi et al., 2015; Shi, 2017), could also be used to
elicit anger in our study. Besides we did not set the subjective
evaluation measurement of a calm state on the affect grid scale
before the emotion experience stage. As such, the emotional state
of the participants before watching the film clip was unknown.
Therefore, it is unclear whether the experience of anger in
participants was due to viewing the film clip or whether it was
a pre-existing state of anger in schizophrenia. Although there
was no significant difference in average brain activation, patients
with schizophrenia showed significantly different activation of
some channels compared to the healthy group when watching
the film. This may indicate group differences in the process of
emotion experience.

The possible effect of medication on negative symptoms (the
emotional experience and expression process) (Artaloytia et al.,
2006) and fNIRS (Chou et al.,, 2017) did not include in our
consideration in this study. Further should take the medication
effect into consideration to control this effect.

This study focused on the activation of the PFC. However,
deficits in PFC function in schizophrenia and emotion-related
brain regions exist mainly in subcortical structures. And
the analysis process use classical method without consider
some new methods (Lim et al., 2020). Therefore, future

research should combine fMRI and fNIRS to study the brain
activation of subcortical structures during emotion experience
and expression. In addition, we can enlarge the sample
to conduct difference analysis of brain data when drawing
in two groups (drawing vertically vs. drawing horizontally),
further measure the subjective feelings of emotions after
drawing, and compare the influence of emotion expression via
drawing on individuals.

CONCLUSION

There were no differences between patients with schizophrenia
and the healthy group in the experience of anger elicited by
the film clip, behavioral performance, or overall physiological
data. However, there were significant between-group differences
in brain activation patterns on some channels at a specific
time during the film-clip-watching process. When engaged in a
drawing exercise to express anger, the brain activation patterns
of patients with schizophrenia were significantly different from
those of healthy participants. These differences were mainly
reflected in the deactivation of the DLPFC and part of the
frontal pole region. There were significant differences between
patients with schizophrenia and the healthy group in drawing
features, content, and ability to describe the content of the
drawings. The effect sizes of the differences in the latter were
greater than those of the former two. In terms of emotional
expression, the drawing coding data and brain activation
data were significantly correlated within the schizophrenia
and healthy groups, but the correlation patterns in the two
groups differed.
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