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Brain Activation in Response to Literature-Related Activities

Seungpil Jeong, Ji Sun Hong, and Doug Hyun Han*
Department of Psychiatry, Chung-Ang University College of Medicine, Seoul, Republic of Korea

Objective A humanities-based approach to understanding the brain can yield valuable insights, advancing neuroscience and enhancing
mental, emotional, and social well-being. This study was aimed at exploring how engagement in literature-related activities stimulates
brain activity in the prefrontal cortex.

Methods We recruited 24 healthy male participants aged 20 to 29 years. They completed clinical scales assessing depression, anxiety,
attention, and humanistic knowledge. They also performed six tasks comprising various literature-related cognitive challenges while he-
modynamic changes in their frontal cortices were measured using functional near-infrared spectroscopy.

Results Task 1 (word memory and recognition) increased activation in the ventrolateral prefrontal cortex (VLPFC), as did Task 2 (emo-
tional words classification), which also elevated activity in the left orbitofrontal cortex (OFC). Task 3 (understanding context) increased
activation in the dorsolateral PFC (DLPFC). Tasks 4 (interpersonal relationship) and 5 (listening, memory, understanding, and expres-
sion) drove similar increases in the frontopolar and DLPFC regions. Task 6 (creative activities using characters and items) significantly ac-
tivated multiple regions, including the right and left VLPFC and OFC. Humanistic knowledge scores were positively correlated with left
and right DLPFC activation in Tasks 3 and 5, respectively. Conversely, Task 6 showed negative correlations between attention-deficit/hy-
peractivity disorder scores and both right DLPFC and right OFC activation.

Conclusion This study identified key brain regions involved in literature activities. Complex activities (semantic processing, understand-
ing and creative expression, decision-making and emotional regulation, etc.) stimulated various regions of prefrontal cortices, including

the VLPFC, DLPFC, and OFC.
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INTRODUCTION

Humanities and brain science

Medical humanities can be a valuable avenue in which to
enrich our understanding of the human brain and psycholo-
gy.' The fusion of humanities and brain research has emerged
as a critical topic in modern academia. A humanities-based ap-
proach to comprehending the brains function and structure
can offer new insights that contribute to the advancement of
neuroscience.>” This assertion is supported by Iacoboni et al.,*
who suggested that artistic and humanities-based interven-
tions positively affect psychological well-being. Interventions
across various arts and humanities fields have also been linked
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to improvements in emotional and social well-being as well as
self-awareness. Such studies have emphasized that the arts and
humanities can play a vital role in human mental health and
flourishing, going beyond the mere implementation of cul-
tural activities.’

Moreover, literature and films that explore brain-related top-
ics can be used as educational tools that transcend disciplin-
ary boundaries. For instance, an undergraduate seminar joint-
ly led by neuroscientists and literature scholars demonstrated
how literature and films can provide valuable methods for ex-
ploring the relationship between the brain and the mind.® The
fusion of medical humanities and critical neuroscience can
contribute to understanding the deep entanglements between
subjectivity, scientific practice, and economic formations. This
implies that the integration of humanities and brain research
extends beyond simple academic curiosity, playing a crucial
role in enhancing mental, emotional, and social well-being.”

Literature activities and brain activation
Of various humanities activities related to the human brain,
writing training affects the brain’s functional networks, thus
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receiving significant scholarly attention. In particular, studies
have provided meaningful findings on how writing influenc-
es the brain’s reading network during the learning of complex
writing systems, such as Chinese.® For example, a study com-
paring character and pinyin writing in the process of learning
Chinese characters demonstrated that character writing is in-
strumental in the formation of high-quality representations of
visual-spatial structures and emotional expressions.® In addi-
tion, research aimed at illuminating the mechanisms by which
various cognitive and motor skill training induce functional
changes in the brain provides an important background for
understanding the brain activation changes resulting from
writing training.’

The impact of writing training on brain language and cog-
nitive functions has also been reported." For instance, a study
analyzing the writing experiences of individuals with trau-
matic brain injury discussed the effects of writing difficulties
on daily activities and proposed support strategies for over-
coming these challenges.'” Another study suggested that writ-
ing training induces similar activation patterns in specific brain
areas and emphasized that writing training can be a powerful
tool for stimulating functional changes in the brain."

Using functional near-infrared spectroscopy to
measure brain activity in response to literature tasks

Functional near-infrared spectroscopy (fNIRS) is an effec-
tive non-invasive technique for assessing changes in cerebral
oxygenation and hemodynamics through the analysis of how
near-infrared light is absorbed as it passes through brain tis-
sue.” This method involves projecting two different wave-
lengths of near-infrared light onto the forehead, which pene-
trate the brain, interact with oxygenated and deoxygenated
hemoglobin, and are then detected by an optical probe on the
skin." fNIRS illuminates brain activity without the limitations
associated with traditional imaging techniques, such as posi-
tron emission tomography, single-photon emission comput-
ed tomography, and functional magnetic resonance imag-
ing. These approaches are constrained by the need for subjects
to remain still and the use of bulky equipment. Conversely,
fNIRS allows for greater mobility and flexibility in experi-
mental settings."

Previous studies using {NIRS have demonstrated its effec-
tiveness in evaluating activities related to literature.'>'® A case
in point is Artemenko et al.,”” who reported that both number
and letter copying is associated with brain activation within
the bilateral middle and left inferior frontal gyri. Zhang et al.'*
found that emotional autobiographical tasks improve de-
pressed mood and increase brain activity within the dorso-
lateral prefrontal cortex, as measured by fNIRS.
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Hypothesis

We hypothesized that literature-related tasks stimulate brain
activity within the prefrontal cortex. More specifically, com-
plex activities, including reading, understanding, and emotion-
al control, can activate various regions of prefrontal cortices.

METHODS

Participants

A total of 24 participants were recruited via flyer advertise-
ments at Chung-Ang University. The inclusion criteria were as
follows: 1) aged 20 to 29 years, 2) no history of psychiatric or
medical conditions, and 3) right-handedness. The exclusion
criteria were 1) a history of head trauma and 2) a history of
substance use, except for social drinking and smoking. The
sample comprised 24 healthy male adults with a mean age of
25.0 years (standard deviation [SD]=2.2) and an average of
14.9 years of education (SD=1.5). Written informed consent
was obtained from all the participants, after which they were
asked to refrain from consuming food, caffeine, or alcohol for
at least three hours prior to the study. The protocol of the pres-
ent study was approved by the Institutional Review Board of
Chung-Ang University (1041078-20240514-HR-120).

Study procedure

Assessment scales

The depressed mood and anxiety experienced by the par-
ticipants were assessed using BecK’s Depressive Inventory
(BDI)""* and BecK’s Anxiety Inventory (BAI),"** respectively.
BDI-II is a widely used self-report measure of the severity of
depression in both research and clinical settings. It has exhib-
ited high internal consistency, with Cronbach’s alpha values
typically falling around 0.9, indicating excellent reliability."”'*
Its test—retest reliability ranges from 0.73 to 0.96, further sup-
porting its stability over time."”

Similarly, BAI is an extensively employed self-report instru-
ment designed to measure the severity of anxiety symptoms.
The scale consists of 21 items, each rated on a four-point Lik-
ert scale, intended to assess various physiological and cogni-
tive symptoms associated with anxiety. BAI also exhibits high
internal consistency, with Cronbach’s alpha values typically
ranging from 0.88 to 0.93 across various studies.”'* Its test—
retest reliability likewise shows strong stability over time, with
coeflicients ranging from 0.75 to 0.84."*

The attention of the participants was assessed using the Ko-
rean adult attention deficit hyperactivity disorder scale (K-
AARS),* which focuses on eight factors (inattention, hyper-
activity, impulsivity, antisocial personality disorder/conduct
disorder/oppositional defiant disorder, impairment, driving,
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emotional dysregulation, and disorganization). The K-AARS
is considerably reliable in terms of internal consistency (Cron-
bach’s alpha=0.77-0.95) and correlation between factors
(0.57-0.86).

Humanistic knowledge was assessed using the humanistic
knowledge scale,” which consists of four sections: literary
reading skills, historical knowledge, literary and philosophi-
cal knowledge, and artistic knowledge. Each section encom-
passes 13 items, to which participants respond using a five-
point scale ranging from 1 (not at all) to 5 (very much). The
structure and reliability of this test range from 0.823 to 0.891
(Cronbachs a).

Task composition

The study, which lasted for 71 minutes, involved six task
segments interspersed with five rest periods (1 minutex5=>5
minutes). Each segment consisted of a two-minute fNIRS scan
before a given task, a seven-minute task, and another two-
minute fNIRS scan afterward. The tasks covered different
themes: word memory and recognition (Task 1); classification
of emotional words (Task 2); understanding context (Task 3);
interpersonal relationship (Task 4); listening, memory, un-
derstanding, and expression (Task 5); and creative activities
using characters and items (Task 6).

For Task 1, the participants were asked to memorize words
that appear in 10 poems for 3 minutes. After 2 minutes, they
were instructed to write down the words that they could re-
member within a 2-minute period. For Task 2, they were di-
rected to divide emotion word cards, given in sets of 30, into
4 similar emotions. For Task 3, the participants were asked to
read a written problematic situation and craft a solution to be
read afterward. For Task 4, they were instructed to describe
in writing who the people are that form relationships around

Table 1. Brian stimulation via literature activities

them and what kind of relationships they have with these in-
dividuals. For Task 5, they were asked to listen to an audiobook
for 3 minutes, remember the content, solve 5 questions about
the audiobook for 2 minutes, and then create a title and head-
line that match the content of the audiobook in 2 minutes. For
Task 6, the participants were directed to create two characters
that represent their positive and negative emotions and thoughts.
They were further requested to write down 5 items that strength-
en the positive character and 5 items that improve the negative
character. They were then asked to use the positive and nega-
tive characters, along with the 10 items, to formulate a short
scenario (Table 1).

Hemodynamic changes within the frontal cortex

fNIRS is a non-invasive technique that uses near-infrared
light to monitor changes in brain concentration and hemody-
namics without causing discomfort. The NIRSIT® device
(OBELAB), a compact headband, was placed on each partic-
ipant’s forehead to track brain activity in the frontal lobe re-
gion. This device measures the concentrations of deoxyhemo-
globin and oxyhemoglobin in the brain’s cortex, which reflects
oxygen levels in the blood. Oxygen-rich blood appears bright
red, allowing practitioners to evaluate brain activity by ob-
serving its distribution. The NIRSIT" device delivers real-
time data on brain activity to a tablet. By placing a small hel-
met on the forehead, practitioners can assess brain activation
and cell oxygenation. The NIRSIT" device is less prone to ex-
ternal interference than other measurement methods and
rapidly provides results (Figure 1).

Data analysis
The normality of the accHbO, data was evaluated using the
Shapiro-Wilk test, with all eight brain regions showing nor-

Tasks Descriptions

Activities

Task1 Word memory and recognition

Memorize words that appear in 10 poems for 3 minutes. After 2 minutes, write down

the words that you can remember within 3 minutes.

Task2  Classification of emotional words

Task3  Understanding context
(4 minutes).

Task4 Interpersonal relationship

Divide the emotion word cards, given in sets of 30, into 4 similar emotions for 7 minutes.

Read a written problematic situation (3 minutes). Write down a solution and read it

Describe in writing the people who form relationships around you (3 minutes) and

what kinds of relationships they have with you (4 minutes).

Task5 Listening, memory, understanding,
and expression
Task 6  Creative activities using characters

and items

Listen to an audiobook for 3 minutes, remember the content, solve questions about the
audiobook for 2 minutes, and then create a title and headline that match the content
of the audiobook in 2 minutes.

Create two characters that represent your positive and negative emotions and thoughts
(1 minute). Write down 5 items that strengthen the positive characters and 5 items that
improve the negative characters (3 minutes). Using the positive and negative characters,
along with the 10 items, create a short scenario (3 minutes).
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Figure 1. Design of study procedure and regions of interest in near-infrared scope. A: Procedure and design of near-infrared scope. B: Eight
regions of interest: (1) right DLPFC: 1, 2, 3, 5, 6, 11, 17, and 18 channels; (2) left DLPFC: 19, 20, 33, 34, 35, 38, 39, and 43 channels; (3)
right FPC: 7, 8, 12, 13, 21, 22, 25, and 26 channels; (4) left FPC: 23, 24, 27, 28, 36, 37, 41, and 42 channels; (5) right VLPFC: 4, 9, and 10
channels; (6) left VLPFC: 40, 44, and 45 channels; (7) right OFC: 14, 15, 16, 29, and 30 channels; and (8) left OFC: 31, 32, 46, 47, and 48
channels. DLPFC, dorsolateral prefrontal cortex; FPC, frontopolar cortex; VLPFC, ventrolateral prefrontal cortex; OFC, orbitofrontal cortex;
NIRS, near-infrared spectroscopy.

mal distribution (p ranging from 0.178 to 0.894). The change and left dorsolateral prefrontal cortex (DLPFC) (t=-3.29, p=
in accHbO, (AaccHbO,) was calculated by subtracting the 0.002) increased (Figure 2).
resting NIRS measurement from the result obtained during In response to Task 4 (interpersonal relationship), the
the kinesthetic (or sensory) task. Within-group differences in AaccHbO, within the right (t=-2.98, p=0.004) and left (t=
AaccHbO; for each brain region were analyzed using paired -2.96, p=0.005) frontopolar cortex (FPC) was elevated. In re-
t-tests. All statistical analyses were conducted using SPSS ver- sponse to Task 5 (listening, memory, understanding, and ex-
sion 24 (IBM Corp.). A p<0.05 was regarded as indicative of pression), the AaccHbO, within the right DLPFC (t=-3.35,
statistical significance. For within-brain region comparisons, p=0.002) as well as the right (t=-3.33, p=0.002) and left (t=
significance was adjusted for multiple comparisons and set at -3.01, p=0.004) VLPFC increased. In response to Task 6 (cre-
p<0.006 (0.05/8). ative activities using characters and items), the AaccHbO,
within the right DLPFC (t=-2.96, p=0.005), the right (t=
RESULTS -4.15, p=0.001) and left (t=-3.42, p=0.001) VLPFC, and the
right (t= -2.97, p=0.005) and left (t=-2.91, p=0.006) OFC in-
AaccHbO, changes in response to each of the six tasks creased (Figure 3).
All the accHbO, data on the eight brain regions showed nor-
mal distribution (p ranging from 0.178 to 0.894). In response Correlations between the AaccHbO, changes and
to Task 1 (word memory and recognition), the AaccHbO, clinical scale scores
within the right (t=-3.02, p=0.004) and left (t=-3.36, p=0.002) In Task 3, the humanistic knowledge scores of the respon-
ventrolateral prefrontal cortex (VLPFC) increased. In response dents were positively correlated with the changes in AaccHbO,
to Task 2 (emotional words classification), the AaccHbO, within the left DLPFC (r=0.65, p=0.001). In Task 5, such scores
within the right (t=-3.12, p=0.003) and left (t=-2.95, p=0.005) were positively correlated with the changes in AaccHbO,
VLPFC as well as the left orbitofrontal cortex (OFC) (t=-3.35, within the right DLPFC (r=0.64, p=0.001) (Figure 4). In Task
p=0.002) increased. In response to Task 3 (understanding the 6, the ADHD scores were negatively correlated with the
context), the AaccHbO, within the right (t=-3.34, p=0.002) changes in AaccHbO, within the right DLPFC (r=0.51, p=
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Figure 2. AaccHbO: changes in response to each of the six tasks (T1-T3). A: Changes in the AaccHbO: within the both VLPFC in response
to Task 1 (right: t=-3.02, p=0.004; left: t=-3.36, p=0.002). B: Changes in the AaccHbO: within the both VLPFC in response to Task 2 (right: t=
-3.12, p=0.003; left: t=-2.95, p=0.005). C: Changes in the AaccHbO: within the both OFC in response to Task 2 (right: t=-0.64, p=0.526; left:
t=-3.35, p=0.002). D: Changes in the AaccHbO: within the both DLPFC in response to Task 3 (right: t=-3.34, p=0.002; left: t=-3.29, p=0.002).
VLPFC, ventrolateral prefrontal cortex; OFC, orbitofrontal cortex; DLPFC, dorsolateral prefrontal cortex.

0.012). In Task 6, these scores were negatively correlated with
the changes in AaccHbO, within the right OFC (r=0.63, p=
0.001) (Figure 4).

DISCUSSION

AaccHbO, changes in response to each of the six tasks

Task 1 (word memory and recognition) was associated with
brain activation within the VLPFC, which is associated with
word memory and recognition.’** The VLPFC seems to be
involved in sustaining information in working memory and
handling semantic processing, such as identifying lexical mean-
ing and linking words to others within a semantic network.”
Han et al.” demonstrated that the left VLPFC plays a causal
role in the use of selective encoding and the recognition of
strategies based on value, likely by enhancing the deep seman-
tic processing of high-value words. Galli et al.”® reported that
verbal episodic memory is associated with the late processing
stage of encoding and recognizing functions within the VLP-
FC. Park et al.*® suggested that the VLPFC enhances memory
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formation regardless of the presence of a distractor during ver-
bal encoding.

Task 2 (emotional words classification) was associated with
brain activation within the VLPFC and OFC. These cortices
are well-known brain regions implicated in emotional percep-
tion.”*** The VLPFC is regarded as a mediator of the regula-
tion of interpersonal emotions, including empathy, cognitive
control, and affective generation.” Michel et al.”® suggested
that VLPFC and OFC engagement during emotion regulation
is a potential predictor of treatment response in borderline
personality disorder. In a meta-analysis of face and natural scene
processing, Sabatinelli et al.”! implied that the OFC serves a
crucial function in the differentiation of emotional expression
in the face and scenes.

Task 3 (understanding context) was related to brain activa-
tion within the DLPFC. Executive functions within this brain
region, including planning and working memory, are associ-
ated with word comprehension linked to phonological disso-
ciations and semantic control mechanisms.”** In phonological
dissociations, inner speech cueing is viewed as a strategy for
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Figure 3. AaccHbO2 changes in response to each of the six tasks (T4—T6). A: Changes in the AaccHbO: within the both FPC in response to
Task 4 (right: t=-2.98, p=0.004; left: t=-2.96, p=0.005). B: Changes in the AaccHbO. within the both DLPFC in response to Task 5 (right: t=-3.35,
p=0.002; left: t=-0.29, p=0.772). C: Changes in the AaccHbO: within the both VLPFC in response to Task 5 (right: t=-3.33, p=0.002; left: t=-3.01,
p=0.004). D: Changes in the AaccHbO: within the both DLPFC in response to Task 6 (right: t=-2.96, p=0.005; left: t=0.141, p=0.888). E: Chang-
es in the AaccHbO: within the both VLPFC in response to Task 6 (right: t=-4.15, p=0.001; left: t=-3.42, p=0.001). F: Changes in the AaccHbO:
within the both OFC in response to Task 6 (right: t=-2.97, p=0.005; left: t=-2.91, p=0.006). FPC, frontopolar cortex; DLPFC, dorsolateral pre-
frontal cortex; VLPFC, ventrolateral prefrontal cortex; OFC, orbitofrontal cortex.

enhancing performance, wherein a phonological cue is main-
tained in working memory to aid in the processing of an up-
coming target word.”

Task 4 (interpersonal relationship) was linked to brain ac-
tivation within the FPC, which is associated with metacogni-
tion.*®”” Metacognition is defined as the cognitive process in-
volved in thinking about thinking. The components of

metacognition are related to complex personal and narrated
accounts of life events.” Nordahl et al.*” suggested that meta-
cognition is a crucial factor for treating interpersonal prob-
lems in individuals with anxiety disorder.

Task 5 (listening, memory, understanding, and expression)
was associated with brain activation within the DLPFC and
VLPEC. The DLPFC is well known for its critical role in high-
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Figure 4. Correlation between the humanistic knowledge scores and the changes in AaccHbO: within the left DLPFC. A: Correlation between
the humanistic knowledge scores and the changes in AaccHbO: within the left DLPFC in response to Task 3 (r=0.65, p=0.001). B: Correla-
tion between the humanistic knowledge scores and the changes in AaccHbO: within the right DLPFC in response to Task 5 (r=0.64, p=0.001).
C: Correlation between the scores on the ADHD scale and the changes in AaccHbO: within the right DLPFC in response to Task 6 (r=0.51,
p=0.012). D: Correlation between the ADHD scores and the changes in AaccHbO: within the right OFC in response to Task 6 (r=0.63, p=0.001).
DLPFC, dorsolateral prefrontal cortex; ADHD, attention-deficit/hyperactivity disorder; OFC, orbitofrontal cortex.

er-order cognitive processes, such as working memory, plan-
ning, and decision-making, all of which are central to tasks
that require memory retention and the interpretation of com-
plex information.” Previous studies have shown that the DLP-
FC s also instrumental in tasks that involve manipulating and
recalling information, particularly when participants are asked
to engage with auditory stimuli and then respond to questions
that test their memory and comprehension.* The VLPFC serves
a significant function in language processing and emotional
regulation, especially in tasks that involve creating verbal out-
puts or expressions based on auditory inputs.* This process
likely requires cognitive reappraisal, verbal expression, and cre-
ativity in summarizing and creating titles. The VLPFC is par-
ticularly active during tasks involving verbal processing, includ-
ing generating verbal responses after engaging with complex
auditory material.®

Task 6 (creative activities using characters and items) was
related to brain activation in the OFC, which is essential in
processing complex emotional and creative information, sig-
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nificantly influencing decision-making, impulse control, and
emotional regulation.* Its role in balancing emotional and
non-emotional stimuli facilitates cognitive control during tasks
that require individuals to create characters representing emo-
tions and generate narratives, likely activating the OFC through-
out the creative decision-making process.*

Correlations between the changes in AaccHbO, and
clinical scale scores

For Task 3, the item “reading a problematic situation and
providing a solution” indicated a positive correlation between
the left DLPFC and the humanistic knowledge scores of the
respondents. This task requires reasoning, problem solving,
and decision-making. The left DLPFC, essential for logical

647 is considerably activated in

thinking and problem solving,
individuals with high humanistic knowledge scores, under-
scoring its role in facilitating the generation of well-reasoned
solutions to complex tasks. In Task 5, listening, memory, un-

derstanding, and expression reflected a positive correlation



between the right DLPFC and the humanistic knowledge
scores. This task requires auditory working memory, com-
prehension, and creative summarization. The right DLPFC is
associated with creative thinking and the flexible processing
of information.* Individuals with high humanistic knowledge
scores showed increased activation in the right DLPFC, indi-
cating that this region supports the ability to retain, under-
stand, and creatively summarize auditory information.

In Task 6, creating characters and writing a scenario based
on emotions showed negative correlations between the ADHD
scores and right DLPFC and right OFC. Task 6 involves emo-
tional processing and creativity, requiring individuals to cre-
ate characters that represent emotions and develop a scenario.
The right DLPFC is involved in memory and planning, while
the right OFC regulates emotional processing and impulse
control.*** The negative correlation with ADHD scores sug-
gests that individuals with considerable ADHD tendencies ex-
hibit reduced activation in the aforementioned brain regions,
leading to difficulties in impulse control, emotional regulation,
and creative decision-making during the task.

The relationship between the humanities-based interven-
tion and brain activation revealed in this study could provide
scientific evidence for developing cognitive behavioral thera-
py that incorporates humanities elements. In particular, it ap-
pears to be a valuable component for CBT, which progresses
with specific goals for each session.

Limitations

This study has several limitations that should be consid-
ered. First, the sample size of 24 may limit the generalizability
of the findings. A more diverse sample that includes individu-
als with varying ages and genders can enable a more compre-
hensive grasp of the cognitive processes studied. Second, the
reliance on self-report measures to assess the participants’ psy-
chological states may have introduced bias, as these scales can
be influenced by individual perceptions and social desirabili-
ty. Using objective assessments alongside self-report instru-
ments can yield more accurate evaluations of cognitive and
emotional states. Finally, in current study, the absence of a con-
trol group or control conditions made it difficult to determine
the precise mechanism of the intervention. Future studies
should include these conditions to provide clearer insights.

Conclusion

This study revealed how specific brain regions contribute
to cognitive task completion, especially for those related to lit-
erature. The VLPFC’s activation during word memory tasks
highlights its role in semantic processing, which is essential
for literary comprehension. The DLPFC’s involvement in un-
derstanding and creative expression underscores its impor-

S Jeong et al.

tance in decision-making and emotional regulation, which
are vital for literary analysis and creative writing. Additionally,
the OFC’s engagement during creative activities punctuates
its function in balancing emotional and cognitive demands,
which is crucial for narrative creation. These findings enhance
our understanding of the neural mechanisms underlying lit-
erary and humanities-related activities.
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