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Abstract

This paper explores the neural underpinnings of the Big Five Personality Traits (BFPTs) - Openness to Experience
[O], Conscientiousness [C], Extroversion? [E], Agreeableness [A], and Neuroticism [N] or the acronym OCEAN -
by examining recent studies in neuroscience. Research reveals distinct brain regions associated with each trait,
shedding light on their neural bases. Conscientiousness is linked to increased activity in the prefrontal cortex,
reflecting its role in self-regulation and goal-directed behavior. Neuroticism shows associations with the amygdala
and other limbic structures, indicating a neural predisposition to emotional reactivity and stress sensitivity.
Extroversion is related to the dopamine system and ventral striatum, suggesting its connection to reward
processing and social engagement. Openness to Experience correlates with increased connectivity in the default
mode network and prefrontal cortex (PFC), supporting its association with cognitive flexibility and creativity.
Agreeableness is linked to the temporo-parietal junction (TPJ) and brain areas involved in empathy and social
cognition. Understanding these neural correlates provides insights into how personality traits are represented in
the brain and influence behavior.
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Introduction

According to Rammstedt and John (2020), “[T]he Big Five Inventory (BFI; John et al., 1991; see also John et
al., 2008) was developed to assess the most global personality domains in the adult population, the so-called Big
Five trait domains: extroversion, agreeableness, conscientiousness, neuroticism (vs. emotional stability), and
openness to experiences” (p. 469). The BFI development was very much guided by the core traits common to the
various five-factor studies reported in the literature. Beginning with the publication of a brief and prototypical version
of the BFI assessment of personality, the present BFI measures “the Big Five domains with 44 short phrases that
the respondent answers on a five-point rating scale, ranging from 1 (disagree strongly) to 5 (agree strongly). It is
available free of charge for the scientific community (John et al., 2008)” (Rammstedt & John, 2020, p. 469).

The Big Five Personality Traits (BFPTs) are (i) Openness to experience (O); (i) Conscientiousness (C); (iii)
Extroversion (E); (iv) Agreeableness (A); and (v) Neuroticism (N) (John et al., 1991). These five personality traits
can be represented by the acronym OCEAN and each is briefly described in Table 1.

Table 1. The Brief Description of BFPTs
Personality Traits Description
Openness to experience [0]  This personality trait reflects the degree of intellectual curiosity, creativity,
and a willingness to engage with novel ideas and experiences.
Conscientiousness [C] It indicates a person’s level of self-discipline, organization, and reliability in
achieving goals.

3 Extroversion is also spelled extraversion or vice versa in literature.
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Extroversion [E] This personality trait describes the extent to which an individual is outgoing,
energetic, and seeks stimulation and social interaction.
Agreeableness [A] It measures the tendency to be compassionate, cooperative, and trusting
toward others.
Neuroticism [N] This personality trait represents the tendency to experience negative

emotions such as anxiety, depression, and mood swings.

Interestingly, these BFPTs are associated with various cortical regions and sub-cortical areas of the human brain
and neural pathways, reflecting the complex interplay between brain structure, function, and personality.

Association of BFPTs with Cortical Regions & Sub-cortical Regions and Neural Pathways

The human brain in its complexity can be divided and differentiated into four key regions with distinct functions,
and understanding these cortical areas can give us insights into how the brain works. These cortical areas are
parts of the cerebral cortex - the outermost layer of the brain - which is involved in higher-level functions including
perception, cognition, and voluntary movement. The cortex is also referred to as ‘gray matter’ because of its color.
It is further divided into different lobes: frontal, parietal, temporal, and occipital (Casillo, Luy, & Goldschmidt, 2020).
Each of them is associated with specific functions as shown in Table 2 below.

Table 2. The Four Key Cortical Areas of the Brain

Cortical Areas Description

Frontal Lobe It involves reasoning, planning,
problem-solving, and motor control.

Parietal Lobe It processes sensory information and
spatial awareness.

Temporal Lobe It handles auditory processing and
memory.

Occipital Lobe It is primarily responsible for visual
processing.

Located beneath the cerebral cortex are the sub-cortical areas, often referred to as ‘white matter’ due to the myelin
sheaths that cover many of the neurons (van der Knaap & Valk, 2005). Generally speaking, these sub-cortical
areas are involved in a range of essential functions including emotions, motivation, and basic survival functions.
The five key sub-cortical structures include the following (see Table 3):

Table 3. The Five Key Sub-Cortical Areas of the Brain
Sub-Cortical Areas Description
Basal Ganglia This structure is involved in movement regulation and
coordination. It helps in controlling voluntary movements
and procedural learning.

Thalamus It acts as a relay station for sensory and motor signals,
directing them to appropriate cortical areas.
Hypothalamus The structure regulates many autonomic processes such

as hunger, thirst, and temperature control. It also plays a
role in emotional responses and endocrine system

regulation.

Amygdala It plays a crucial role in processing emotions, particularly
fear and pleasure.

Hippocampus This structure is essential for forming new memories and

spatial navigation.

Together, cortical and sub-cortical areas of the brain work in concert to facilitate complex behaviors and processes,
integrating higher cognitive functions with basic physiological and emotional responses (see Pessoa, 2022, for
detail).
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The BFPTs are linked to specific cortical regions, sub-cortical areas, and neural pathways in the human brain,
illustrating the intricate relationship between brain structure, function, and personality. Table 4 below illustrates
how each of the five BFPTs is associated with or connected to different parts of the brain.

Table 4. The Links between BFPTs and Different Parts of the Brain

Personality Traits

Main Role

Associated Parts of the Brain

Openness to Experience
(0)

(Sources: e.g., Blain et al.,
2020; Sun et al., 2019)

Characterized by
imagination, curiosity, and
creativity

Involves the default mode network (DMN), which
includes the medial prefrontal cortex (mPFC),
posterior cingulate cortex (PCC), and other
interconnected regions. The DMN is active
during introspective and creative thinking. Higher
openness is associated with greater connectivity
and activity within the DMN, facilitating the
imaginative and abstract thinking characteristic of
this trait.

Conscientiousness (C)
(Sources: e.g., Forbes et
al., 2014; Huo et al., 2020)

Associated with self-
discipline, organization, and
goal-directed behavior

Is linked to the prefrontal cortex (PFC),
particularly the dorsolateral prefrontal cortex
(dIPFC). The dIPFC is critical for executive
functions, such as planning, decision-making,
and impulse control. Higher conscientiousness
may reflect stronger connectivity and greater
gray matter volume in these areas, facilitating
better self-regulation and control over behavior.

Extroversion (E)

(or Introversion)
(Sources: e.g., Lei, Yang,
& Wu, 2015; Mobbs et al.,
2005)

Involves sociability and
positive emotions

Is linked to the reward system, particularly the
nucleus accumbens and the orbitofrontal cortex
(OFC). The nucleus accumbens, part of the
brain’s reward circuitry, responds to rewarding
stimuli, while the OFC evaluates rewards and
makes decisions based on expected outcomes.
Higher extroversion is associated with greater
activity and connectivity in these reward-related
regions, explaining the tendency for extroverts to
seek out social interactions and novel
experiences.

Agreeableness (A)
(Sources: e.g., Lei, Yang,
& Wu, 2015; Owen et al.,
2019)

Associated with empathy,
cooperation, and social
harmony

Involves the superior temporal sulcus (STS),
temporoparietal junction (TPJ), and ventromedial
prefrontal cortex (vmPFC). The STS and TPJ are
important for understanding others’ intentions
and perspective-taking, while the vmPFC is
involved in social decision-making and
processing moral judgments. Greater activity and
connectivity in these areas support the
empathetic and prosocial behaviors seen in
individuals high in agreeableness.

Neuroticism (N)

(Sources: e.g., Haas et al.,
2007; Tzschoppe et al.,
2014)

Characterized by emotional
instability and anxiety

Involves the amygdala, hippocampus, and
anterior cingulate cortex (ACC). The amygdala
processes emotional responses and fear, often
showing increased reactivity in individuals high in
neuroticism. The ACC is involved in emotion
regulation and detecting conflicts, while the
hippocampus is related to stress responses.
Overactivity or heightened sensitivity in these
areas can contribute to the heightened emotional
reactivity and stress sensitivity seen in high
neuroticism.
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In summary, the BFPTs are underpinned by specific brain regions and neural pathways:

1. Openness to Experience [O]: DMN for introspection and creativity (Blain et al., 2020; Sun et al., 2019).

2. Conscientiousness [C]: DLPFC and other prefrontal areas for self-regulation and planning (Forbes et al., 2014;
Huo et al., 2020).

3. Extroversion [E]: Nucleus accumbens and OFC for reward processing and sociability (see Mobbs et al.,
2005).

4.  Agreeableness [A]: STS, TPJ, and vmPFC for empathy and social cognition (Lei, Yang, & Wu, 2015; Owen
etal., 2019).

5. Neuroticism [N]: Amygdala, ACC, and hippocampus for emotional reactivity and stress response (Haas et al.,
2007; Tzschoppe et al., 2014).

These associations highlight the biological basis of personality, illustrating how variations in brain structure and
function can influence individual differences in behavior and thought.

Neuroscience-based Interventions

Neuroscience-based interventions (NSBIs) are approaches or techniques (see O'Brien, 2021, for detail) designed
to influence brain function, structure, or activity to address cognitive, emotional, or behavioral challenges. These
interventions are grounded in principles derived from neuroscience, the scientific study of the brain and nervous
system. They leverage our understanding of how the brain works to develop strategies that can improve mental
health, cognitive performance, and overall well-being.

We have identified five key characteristics of NSBIs (also see Faustino, 2022, for 14 neuroscience-based guiding
principles not discussed in this paper) and briefly discussed here. Firstly, we want to reiterate that all NSBIs must
be evidence-based. In other words, these interventions are based on scientific research and findings about brain
function and behavior. They are designed to align with the current understanding of how different brain regions
and systems contribute to mental processes and emotional states. Secondly, we also want to reiterate that the
NSBIs must target at the correct or appropriate brain functions. They need to focus on specific brain functions or
regions, e.g., enhancing cognitive abilities, regulating emotions, or modifying maladaptive behaviors. For instance,
some interventions target the amygdala to reduce anxiety, while others aim to enhance prefrontal cortex activity to
improve decision-making. Thirdly, the use of technology and tools in conducting NSBIs today has become
inevitable. Many NSBIs involve technological tools that measure or influence brain activity. This can include
neurofeedback (Hammond, 2007), brain imaging techniques (Jun & Yoo, 2018), or cognitive training programs.
Fourthly, NSBIs often involve strategies to modify thought patterns, behaviors, or emotional responses. Techniques
such as Cognitive Behavioral Therapy (CBT; Wenzel, 2017) and cognitive training (Chia & Ng, 2021) are designed
to reshape neural circuits involved in these processes. Lastly, we want to emphasize the necessity to personalize
and adapt any NSBI to meet individual needs based on specific cognitive or emotional challenges. Personalization
ensures that the strategies (often used in neuroprosthetics, i.e., devices that can replace a motor, sensory, or
cognitive function that may have been impaired due to an injury or illness; see Borton et al., 2013, for detail) used
are effective for the individual’s unique brain function and psychological state.

There are many examples of NSBIs. Here we have selected a few for illustration. Among the NSBIs, the
neurofeedback (also see Monderer, Harrison, & Haut, 2002; Wanng & Hsieh, 2013) - a widely known technique
where real-time brain activity is monitored and used to train individuals - is used to regulate specific brain functions
(Hammond, 2007). It can help improve conditions like ADHD, anxiety and/or depression (Hammond, 2005; Niv,
2013). Closer to the neurofeedback (but can be mistaken for it) is the biofeedback, which uses physiological signals
(like heart rate or muscle tension) to help individuals gain control over physiological processes, which can affect
brain function and emotional regulation (Schwartz & Andrasik, 2017). While both techniques are related, they
remain distinct approaches; each targeting different aspects of physiological regulation (Yucha & Montgomery,
2008). The biofeedback involves using electronic monitoring to provide real-time feedback on physiological
functions such as heart rate, muscle tension, skin temperature, or breathing (Karavidas et al., 2007; Schwartz &
Andrasik, 2017). The goal is to help individuals gain awareness and control over these physiological processes,
often to improve health or manage stress. For example, someone might use biofeedback to learn how to lower
their heart rate or reduce muscle tension through relaxation techniques (Karavidas et al., 2007). On the other hand,
the neurofeedback is a specific type of biofeedback whose focus is on brain activity. It involves monitoring
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brainwave patterns through electroencephalography (EEG) and providing real-time feedback to help individuals
regulate their brain function (Hammond, 2007). Neurofeedback is often used to address issues like ADHD (Niv,
2013), anxiety (Hammond, 2005), or epilepsy (Monderer, Harrison, & Haut, 2002) by training individuals to alter
their brainwave patterns to achieve more optimal mental states. To sum it up briefly, biofeedback is a broader
approach that includes various physiological systems (heart rate, muscle tension, etc.), while neurofeedback is
just a subset of biofeedback specifically targeting brainwave activity and function. Both techniques aim to improve
self-regulation and well-being, but they focus on different areas of the body (see Yucha & Montgomery, 2008, for
detail).

Next, mindfulness and meditation, though considered traditional and spiritual have been found to be useful
practices that can enhance emotional regulation and reduce stress by influencing brain regions involved in attention,
emotion, and self-awareness (Marlatt & Kristeller, 1999). Cognitive behavioral therapy (CBT), another good
example of a NSBI, is a therapeutic approach that modifies negative thought patterns and behaviors, thereby
affecting brain activity related to emotion and cognition (Wenzel, 2017). Overlapping between mindfulness,
meditation and CBT is the mindfulness-based cognitive therapy (MBCT; Hibberd & Usmar, 2015). Not forgetting
the cognitive training programs (e.g., NeuroLat and Fast ForWord) that offer interesting exercises that are designed
to improve specific cognitive functions like memory, attention, or executive function, thereby influencing brain
plasticity and connectivity (Chia & Ng, 2021; Genevsky et al., 2010).

Finally, there is always the pharmacological treatments to fall back on when all other techniques do not seem to
work well for some individuals (Farach et al., 2012; Linkievicz et al., 2022). Medications that alter neurotransmitter
systems in the brain to address mental health conditions such as depression (Johansen et al., 2023), anxiety
(Farach et al., 2012), or schizophrenia (Abbas & Lieberman, 2015).

In essence, the NSBIs harness the latest research and technological advancements to develop methods that can
directly impact brain activity, leading to improved mental health, cognitive functioning, and overall quality of life.

Applications of NSBIs on BFP Traits
For individuals, who experience stress, anxiety and depression or what is known as SAD (Stress-Anxiety-
Depression) syndrome (Xie & Wang, 2021), they often manifest the following pattern of BFP traits: significantly low
Openness to Experience [O], significantly low Conscientiousness [C], significantly low Extroversion or significantly
high Introversion, and significantly low Agreeableness [A], but significantly high Neuroticism [N].
¢ Interventions for Openness to Experience [O]
To address significantly low (below an individual’'s mean cut-off score) Openness to Experience [O], which involves
enhancing imagination, curiosity, and creativity, we have suggested the following neuroscience-based intervention
strategies to target the brain’s default mode network (DMN) and related cognitive functions:
1. Enhancing DMN activity
(a) Creative Exercises (see Raban-Motounu, 2015): Engage in activities designed to stimulate creativity and
imaginative thinking. This can include brainstorming sessions, free writing, or engaging in artistic endeavors like
painting or music. These activities can activate and strengthen the DMN.
(b) Mindfulness and meditation (see Marlatt & Kristellar, 1999): Practices such as mindfulness meditation can
increase activity in the mPFC and other DMN areas by fostering introspection and self-reflection. Techniques
like open-monitoring meditation encourage a non-judgmental awareness of thoughts, which can enhance
imaginative and abstract thinking.
2. Cognitive and neuroplasticity-based training
(a) Neuroplasticity exercises (see Huang, Lane, & Lin, 2017): Engage in exercises that challenge your cognitive
flexibility, such as problem-solving tasks or learning new skills. For example, learning a new language or musical
instrument can enhance neural connectivity in the DMN and other related areas.
(b) Imagination and visualization training (see Xie & Deng, 2023): Practice exercises that involve vivid mental
imagery and creative visualization. Techniques like guided imagery or imaginative storytelling can enhance
DMN connectivity and stimulate creativity.
3. Exposure to novel experiences
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(a) Novelty exposure (see Huang et al., 2018): Actively seek out new experiences and environments. Traveling,
trying new hobbies, or exploring different cultures can provide novel stimuli that engage and expand the DMN.
(b) Curiosity-driven learning (see Sun, 2023): Cultivate curiosity by exploring topics or subjects that are
unfamiliar. Engage in activities that require learning and adaptation, such as attending lectures or engaging with
diverse forms of media.

4. Behavioral and contextual strategies
(a) Creativity-fostering environments (see Cropley, 1990): Create environments that are conducive to creative
thinking. This might include having a designated space for brainstorming or creative work and surrounding
yourself with diverse stimuli.
(b) Social and collaborative creativity (Dingle et al., 2021): Participate in group activities or collaborative projects
that require creative problem-solving. Social interactions with diverse and imaginative individuals can stimulate
your own creativity.

5. Neurofeedback and cognitive enhancement
(a) Neurofeedback training (see Monderer, Harrison, & Haut, 2002; Wang & Hsieh, 2013; to be conducted by
professionals trained in psychophysiology and neurofeedback): Consider neurofeedback interventions that
target increased activity in the DMN. Neurofeedback (Hammond, 2007; Niv, 2013) can help you train your brain
to achieve states associated with higher creativity and openness.
(b) Cognitive enhancement tools (see Cho et al., 2015): Explore tools and apps designed to enhance cognitive
flexibility and creativity. These might include creative problem-solving games or apps that challenge one’s
thinking patterns.

6. Pharmacological and nutritional support
(a) Nutritional supplements (see Granero, 2022, and Manosso, Moretti, & Rodrigues, 2013; under professional
guidance of a registered nutritionist): Certain nutrients, like omega-3 fatty acids and antioxidants, support brain
health and cognitive function. Ensuring a balanced diet rich in these nutrients can support overall brain activity,
including the DMN.
(b) Psychotropic substances (see Emst & Goldberg, 2004; Pratt et al., 1996; with caution; under professional
guidance of a registered psychiatrist or pharmacist): In some contexts, substances like psychedelics have been
shown to increase creativity and openness by enhancing DMN connectivity. However, these should only be
considered under strict medical supervision due to potential risks and legal issues.

By combining these strategies, you can potentially enhance Openness to Experience by fostering greater creativity,

curiosity, and imaginative thinking, ultimately stimulating the DMN and its associated functions.

+»+ Interventions for Conscientiousness [C]

To address significantly low (below an individual's mean cut-off score) Conscientiousness [C], which involves

enhancing self-discipline, organization, and goal-directed behavior, the following neuroscience-based strategies to

target the prefrontal cortex (PFC) and its associated functions are as follows:

1. Cognitive training
(a) Executive function training (see Channon & Green, 1999): Engage in tasks specifically designed to improve
executive functions. This includes activities that require planning, decision-making, and problem-solving.
Exercises like complex puzzles, strategy games (e.g., chess), and cognitive tasks that challenge working
memory and cognitive flexibility can stimulate the dorsolateral prefrontal cortex (DLPFC).
(b) Working memory training (see Beloe & Derakshan, 2020): Working memory exercises can enhance cognitive
control and organization. Programs like Dual N-Back (Lilienthal et al., 2013), which improve the ability to hold
and manipulate information, can strengthen the DLPFC and improve self-discipline.

2. Behavioral interventions
(a) Structured goal setting (see Jacob et al., 2022): Implement structured and systematic goal-setting strategies.
Use the SMART criteria (Specific, Measurable, Achievable, Relevant, Time-bound) to set and monitor goals.
Regularly review and adjust goals to improve planning and organizational skills.
(b) Time management techniques (see Fatima & Malik, 2019): Use tools and strategies for effective time
management. This can include prioritization frameworks, scheduling apps, and techniques like the Pomodoro
Technique (Almalki, Alharbi, Al-Ahmadi, & Aljohani, 2020) to enhance focus and productivity.

3. Neuroscience-based techniques
(a) Mindfulness and meditation (see Marlatt & Kristellar, 1999): Practices such as mindfulness and executive
function-focused meditation can enhance self-regulation and cognitive control. Techniques like focused
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attention meditation and mindfulness-based stress reduction (MBSR) can improve impulse control and planning
by increasing activity in the DLPFC.
(b) Neurofeedback training (see Monderer, Harrison, & Haut, 2002; Wang & Hsieh, 2013; to be conducted by
professionals trained in psychophysiology and neurofeedback): Neurofeedback involves monitoring and training
brain activity to enhance specific cognitive functions (Hammond, 2007). Training to increase beta waves or
reduce theta waves, which are associated with attention and executive functions, can improve self-discipline
and organization (Niv, 2013; Wang & Hsieh, 213).

4. Environmental and contextual adjustments
(@) Organized environment (see Barnett et al., 2018): Create a structured and organized environment that
supports goal-directed behavior. This can include organizing your workspace, using planners or digital tools for
scheduling, and minimizing distractions.
(b) Accountability systems (see Frank & Shim, 2023): Implement systems of accountability, such as regular
check-ins with a mentor or using accountability apps. Social support and accountability can reinforce goal-
setting and adherence to plans.

5. Cognitive and lifestyle enhancements
(a) Physical exercise (see Carek, Laibstain, & Carek, 2011): Regular physical exercise has been shown to
improve executive functions and prefrontal cortex activity. Activities like aerobic exercise, strength training, and
sports can enhance cognitive control and self-discipline.
(b) Healthy lifestyle choices (see Sarris et al., 2014; under professional guidance of a qualified dietitian):
Maintain a balanced diet, adequate sleep, and stress management practices. Proper nutrition and sleep support
overall brain health and cognitive functions, including those related to Conscientiousness [C].

6. Pharmacological and supplementary support
(a) Cognitive enhancers (see Sachdeva, Kumar, & Anand, 2015; under professional guidance of a registered
pharmacist or psychiatrist): In some cases, cognitive enhancers or nootropics, such as modafinil, may be used
under medical supervision to improve cognitive control and executive functions. However, this should be
approached with caution and professional guidance.
(b) Nutritional supplements (see Granero, 2022, and Manosso, Moretti, & Rodrigues, 2013; under professional
guidance of a registered nutritionist): Consider supplements that support brain health and cognitive function,
such as omega-3 fatty acids, B vitamins, and antioxidants. These can help maintain optimal brain function and
support executive processes.

By combining these neuroscience-based interventions with behavioral strategies, an individual can potentially
enhance Conscientiousness [C] by improving self-discipline, organization, and goal-directed behavior, thus
stimulating the DLPFC and related cognitive functions.
+« Interventions for Extroversion [E] (or Introversion [1])
To address significantly low Extroversion [E] (or significantly high Introversion [l]), you can employ strategies
designed to stimulate the brain's reward system, particularly the nucleus accumbens and orbitofrontal cortex (OFC)
(Lei, Yang, & Wu, 2015; Mobbs et al., 2005). These interventions aim to enhance sociability, positive emotions,
and reward-seeking behavior. Here are some neuroscience-based strategies as suggested by the authors and
they are as follows:
1. Stimulating the reward system
(a) Engage in rewarding activities (see Solomonov et al., 2019): Regularly participate in activities that provide
immediate rewards and pleasure. This can include hobbies, social activities, or new experiences that stimulate
the nucleus accumbens and OFC. Activities that one can find enjoyable or fulfilling can help increase the activity
in these reward-related regions.
(b) Novel experiences (see Marwaha et al., 2023): Introduce new and stimulating experiences into one’s routine.
Trying new things, whether it is a new hobby, exploring different places, or learning new skills, can activate the
reward system and enhance positive emotions.
2. Behavioral activation
(a) Gradual social exposure (see de Jong et al., 2023): Start with small social interactions and gradually increase
the complexity and duration of these interactions. This can help build confidence and reduce anxiety associated
with social situations, leading to more positive reinforcement from these experiences.
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(b) Set social goals (see Street, 2002): Create specific, achievable goals related to social interactions. For
example, aim to attend a certain number of social events per month or engage in conversations with new people.
Use rewards and positive reinforcement to encourage meeting these goals.

3. Neuroscience-based techniques
(a) Mindfulness and positive visualization (see Wang et al., 2021): Practice mindfulness meditation to improve
emotional regulation and reduce anxiety. Positive visualization techniques, where you imagine successful social
interactions and positive outcomes, can enhance the reward-related brain regions and boost confidence in social
situations.
(b) Neurofeedback training (see Monderer, Harrison, & Haut, 2002; Wang & Hsieh, 2013)to be conducted by
professionals trained in psychophysiology and neurofeedback): Consider neurofeedback, which can train one’s
brain to enhance activity in the reward centers (see Hammond, 2007, for detail). By providing real-time feedback
on brain activity, neurofeedback can help a person increase activity in the nucleus accumbens and OFC,
potentially improving sociability and reward responsiveness (Niv, 2013).

4. Emotional and cognitive interventions
(a) Cognitive behavioral therapy (CBT) (see Hollon, Stewart, & Strunk, 2006)under professional guidance of a
registered counselor): CBT can help address negative thought patterns related to social interactions and replace
them with more positive, constructive beliefs (Wenzel, 2017). This can help improve confidence and increase
engagement in social activities.
(b) Gratitude practices (see Cregg & Cheavens, 2021): Engage in daily gratitude practices (Kong et al., 2020),
such as writing down things one is grateful for. This can enhance a person’s overall mood and activate the
reward system by focusing on positive aspects of life and social interactions.

5. Environmental and social adjustments
(a) Create an engaging environment (see Wang et al., 2022): Surround oneself with stimulating and supportive
environments that encourage social interaction and exploration. This might include joining clubs, attending
events, or creating opportunities for social engagement.
(b) Social support (see Brown & Andrews, 1986): Build a network of supportive friends and family who can
encourage and participate in social activities with the person concerned. Having a support system can make
social interactions more enjoyable and less stressful.

6. Physical health and wellness
(a) Regular physical exercise (see Carek, Laibstain, & Carek, 2011): Exercise has been shown to enhance
mood and stimulate reward-related brain regions. Activities such as aerobic exercise, yoga, or sports can
improve overall brain function and increase positive emotions.
(b) Balanced diet and sleep (see Zhao et al., 2020; under professional guidance of a registered dietitian):
Maintain a healthy diet and ensure adequate sleep. Both factors support optimal brain function and can influence
mood and energy levels, which are important for engaging in social activities.

7. Pharmacological and supplementary support
(a) Nutritional supplements (see Granero, 2022, and Manosso, Moretti, & Rodrigues, 2013; under professional
guidance of a registered nutritionist): Consider supplements like omega-3 fatty acids, which support brain health
and can improve mood and cognitive function. Consult with a healthcare provider before starting any new
supplements.
(b) Medication (see Farach et al., 2012; under professional guidance of a registered medical practitioner): In
some cases, medications that improve mood or reduce anxiety may be considered. This should be done under
the supervision of a healthcare professional to address underlying issues affecting social engagement.

By incorporating these strategies, an individual can work towards enhancing Extroversion [E] by stimulating the
reward system and improving sociability, positive emotions, and engagement in rewarding experiences.

+«» Interventions for Agreeableness [A]

To address significantly low Agreeableness [A], which involves improving empathy, cooperation, and social
harmony, an individual can employ strategies that target the brain regions associated with these traits: the superior
temporal sulcus (STS), temporoparietal junction (TPJ), and ventromedial prefrontal cortex (vmPFC) (Owen et al.,
2019). Below are some of our suggested neuroscience-based intervention strategies to enhance Agreeableness
[Al:

1. Empathy and perspective-taking training
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(@) Empathy training (see Silverstone et al., 2015; readers are advised to consult a qualified counselor):
Participate in structured empathy training programs that focus on understanding and sharing the feelings of
others. Techniques include role-playing exercises, empathy exercises (such as imagining oneself in another
person's situation), and reflective listening practices.
(b) Perspective-taking exercises (see Travers-Hill et al., 2017; Yu, Norton, & McCracken, 2017): Engage in
activities that encourage you to see things from others’ viewpoints. This can involve reading diverse
perspectives in literature, engaging in discussions about different viewpoints, or practicing active listening in
conversations.

2. Neuroscience-based techniques
(@) Mindfulness meditation (see Marlatt & Kristellar, 1999): Practice mindfulness meditation to enhance self-
awareness and emotional regulation. Mindfulness can improve connectivity in the vmPFC and help regulate
emotional responses, which can contribute to better social decision-making and empathy.
(b) Compassion meditation (see Marlatt & Kristellar, 1999): Engage in compassion-focused meditation, such as
loving-kindness meditation (LKM). This practice involves sending positive thoughts and wishes to oneself and
others, which can enhance activity in the STS, TPJ, and vmPFC, fostering empathy and prosocial behaviors.

3. Behavioral and social interventions
(a) Social skills training (see Reed, 1994; under professional guidance of a registered educational therapist):
Participate in social skills training programs that focus on improving communication, cooperation, and conflict
resolution. These programs can enhance your ability to interact harmoniously with others and improve
interpersonal skills.
(b) Volunteering and community service (see Ballard et al., 2021): Engage in activities that involve helping others
or participating in community service. Volunteering can provide practical experience in empathizing with others
and working cooperatively in social settings.

4. Cognitive and Emotional Strategies
(a) Moral reasoning exercises (see Martin, 1999): Practice exercises that involve ethical and moral reasoning.
Engage in discussions or activities that require a person to consider the moral implications of various actions,
which can stimulate the vmPFC and enhance social decision-making.
(b) Gratitude practices (see Cregg & Cheavens, 2021): Implement daily gratitude practices to focus on positive
social interactions and relationships. Keeping a gratitude journal and reflecting on positive social experiences
can improve overall social harmony and interpersonal connections (Kong et al., 2020).

5. Neurofeedback and cognitive training
(a) Neurofeedback training (see Monderer, Harrison, & Haut, 2002; Wang & Hsieh, 2013; to be conducted by
professionals trained in psychophysiology and neurofeedback): Consider neurofeedback interventions aimed at
increasing activity in the vmPFC, STS, and TPJ. Neurofeedback can help you regulate brain activity to enhance
empathy and social decision-making (Hammond, 2007; Niv, 2013).
(b) Cognitive training programs (see Wolinsky et al., 2009; e.g., Fast ForWord and NeuroLat): Use cognitive
training programs (Chia & Ng, 2021) that target social cognition and emotional intelligence. These programs
can include tasks designed to improve perspective-taking, empathy, and moral reasoning.

6. Environmental and contextual adjustments
(a) Supportive social environments (see Glover, 1998): Create or seek out environments that foster social
harmony and cooperation. Surround oneself with individuals who model prosocial behavior and engage in
activities that encourage positive social interactions.
(b) Feedback and reflection (see Aguilera & Berridge, 2014): Regularly seek feedback from others about one’s
social interactions and reflect on how one can improve. Engaging in self-reflection and considering others’
perspectives can help develop greater empathy and agreeableness.

7. Pharmacological and nutritional support
(@) Nutritional supplements (see Granero, 2022, and Manosso, Moretti, & Rodrigues, 2013; under professional
guidance of a registered nutritionist: Consider supplements that support brain health and emotional well-being,
such as omega-3 fatty acids, which have been shown to influence mood and social behavior. Consult with a
healthcare provider before starting any new supplements.
(b) Medication (see Farach et al., 2012; under professional guidance of a registered psychiatrist or
pharmacologist): In some cases, medication that addresses mood or emotional regulation might be considered.
This should be done under the supervision of a healthcare professional, especially if there are underlying
conditions affecting social behavior.
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By integrating these neuroscience-based interventions with behavioral and cognitive strategies, an individual can
work towards enhancing Agreeableness [A] by improving empathy, cooperation, and social harmony. This
approach targets the relevant brain regions and functions to foster more prosocial behaviors and interpersonal
connections.
¢+ Interventions for Neuroticism [N]
To address significantly high Neuroticism [N], characterized by emotional instability and anxiety, you can employ
strategies that target the brain regions involved—namely the amygdala, hippocampus, and anterior cingulate
cortex (ACC). These strategies aim to reduce emotional reactivity, improve emotion regulation, and manage stress.
Below are some suggested neuroscience-based intervention strategies:
1. Neuroscience-based techniques
(a) Mindfulness meditation (see Marlatt & Kristellar, 1999): Mindfulness practices can help regulate activity in
the amygdala and ACC. Regular mindfulness meditation reduces emotional reactivity and stress by enhancing
the brain's ability to process emotions more calmly. Techniques include focused attention, body scan, and
loving-kindness meditation.
(b) Cognitive behavioral therapy (CBT) (see Hollon, Stewart, & Strunk, 2006); readers are advised to consult a
qualified counselor qualified in CBT): CBT helps modify negative thought patterns and behaviors that contribute
to anxiety and emotional instability (Wenzel, 2017). Addressing cognitive distortions and teaching coping
strategies, CBT can reduce amygdala reactivity and improve emotion regulation through the ACC.
(c) Neurofeedback training (see Monderer, Harrison, & Haut, 2002, and Wang & Hsieh, 2013; to be conducted
by professionals trained in psychophysiology and neurofeedback): Neurofeedback can train individuals to
regulate brain activity in areas like the amygdala and ACC. For example, neurofeedback training aimed at
increasing alpha and beta wave activity can improve emotional stability and stress management (Hammond,
2007; Niv, 2013).
2. Emotional regulation and stress management
(a) Emotion regulation skills (see Compare et al., 2014; readers are advised to consult a qualified counselor):
Develop skills to manage and regulate emotions more effectively. Techniques include deep breathing exercises,
progressive muscle relaxation, and visualization exercises. These practices help modulate amygdala activity
and reduce stress responses.
(b) Stress management techniques (see Yazdani, Rezaei, & Pahlavanzadeh, 2010): Implement strategies to
manage stress, such as time management, relaxation techniques, and physical exercise. Stress reduction can
lower hippocampal reactivity and improve overall emotional stability.
3. Cognitive and behavioral interventions
(a) Exposure therapy (see Caraske et al., 2014): Gradual exposure to anxiety-provoking situations can help
desensitize the amygdala’s response to fear. This technique involves systematic and controlled exposure to
stressors to reduce anxiety over time (Craske et al., 2014).
(b) Positive psychology practices (see Chaves et al., 2017; readers are advised to consult a qualified counselor):
Engage in positive psychology interventions, e.g., gratitude exercises (Cregg & Cheavens, 2021); Kong et al.,
2020) and optimism training (Riskind, Sarampote, & Mercier, 1996). Such practices can shift focus away from
negative emotions and reduce Neuroticism [N] by enhancing overall mood and resilience.
4. Neuroplasticity-based training
(a) Cognitive training (see Cho et al., 2015): Engage in cognitive training programs (Chia & Ng, 2021) that focus
on enhancing executive functions and emotional regulation. Tasks that improve cognitive flexibility and
resilience can help modulate the activity of the ACC and hippocampus.
(b) Emotional intelligence (EQ) training (see Slaski & Cartwright, 2003; readers are advised to consult a qualified
counselor or psychotherapist): Develop emotional intelligence skills, including empathy, self-awareness, and
self-regulation. The EQ training in these areas can improve emotion management and reduce the intensity of
negative emotional responses (Slaski & Cartwright, 2003).
5. Lifestyle and environmental adjustments
(a) Regular physical exercise (see Carek, Laibstain, & Carek, 2011): Exercise has been shown to reduce stress
and anxiety while enhancing mood. Activities like aerobic exercise, yoga, and strength training can help lower
amygdala reactivity and improve emotional regulation.
(b) Healthy sleep and nutrition (see Zhao et al., 2020; readers are advised to consult a qualified nutritionist):
Maintain a balanced diet and ensure adequate sleep (Granero, 2022). Both factors support overall brain health
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and can help manage stress and emotional stability. Practices such as sleep hygiene and a diet rich in omega-
3 fatty acids can support mental health.

6. Pharmacological and supplementary support
(@) Pharmacological interventions (see Farach et al., 2012; under professional guidance of a registered
pharmacologist): In some cases, medications such as selective serotonin reuptake inhibitors (SSRIs) or
anxiolytics might be prescribed to help manage symptoms of anxiety and emotional instability. This should be
done under the supervision of a healthcare professional.
(b) Nutritional supplements (see Granero, 2022, and Manosso, Moretti, & Rodrigues, 2013; readers are advised
to consult a qualified nutritionist): Consider supplements that support brain health and emotional well-being,
such as omega-3 fatty acids, magnesium, or B vitamins. Consult with a healthcare provider before starting any
new supplements to ensure they are appropriate for your needs.

7. Social and supportive interventions
(a) Social support (see Brown & Andrews, 1986): Build a strong support network of friends, family, and mental
health professionals. Social support can provide emotional comfort and practical assistance, helping to buffer
the effects of high Neuroticism [N].
(b) Therapeutic alliance or relationships (see Cameron, Rodgers, & Dagnan, 2018); readers are advised to
consult a qualified counselor): Engage in therapy or counseling with professionals who can offer support and
guidance. Therapeutic alliance/relationships can help you develop coping strategies, gain insights into
emotional patterns, and improve emotional regulation.

By integrating these neuroscience-based strategies with cognitive and behavioral approaches, an individual can
work towards reducing high Neuroticism [N], improving emotional stability, and enhancing overall well-being. These
interventions target the relevant brain regions involved in emotional processing and stress responses to foster a
more balanced emotional state.

A Case Study

A single mother, who has to manage two young adults diagnosed with autism spectrum disorder (ASD) and
intellectual and developmental disabilities (IDD) when they were younger, has assessed on the Big Five Inventory
(BFI) to obtain the following BFI profile: low on Openness to Experience [O], Conscientiousness [C], Extroversion
[E], and Agreeableness [A], but high on Neuroticism [N]. In this hypothetical case, she may exhibit certain
psychological and behavioral tendencies that can have implications for her mental health as explained below:

1. Low Openness to Experience [O]: This suggests the mother may be more conventional, less open to new
experiences, and resistant to change. She might prefer routine and familiarity over novelty and variety.

2. Low Conscientiousness [C]: This indicates a tendency toward disorganization, lack of dependability, and a lower
degree of self-discipline. She might struggle with goal-directed behaviors and might be perceived as unreliable.

3. Low Extroversion [E]: This suggests that the mother is more introverted, may be reserved, and might prefer
solitary activities over social interactions. She might find social situations draining and may not seek out social
stimulation.

4. Low Agreeableness [A]: This suggests her tendency towards being less cooperative, more competitive, and
potentially more antagonistic. The woman might have difficulty getting along with others and may come across as
skeptical or less trusting.

5. High Neuroticism [N]: This is associated with a higher tendency towards experiencing negative emotions such
as anxiety, sadness, and irritability. Having scored high in Neuroticism [N], the woman is more prone to emotional
instability and stress.

Given this profile, the single mother might be at an increased risk for stress (S), anxiety (A), and depression (D),
which is also identified and known as SAD Syndrome (Xie & Wang, 2021). High Neuroticism [N] is particularly
associated with a higher likelihood of experiencing emotional disturbances and mood disorders. The combination
of low Conscientiousness [C] and high Neuroticism [N] can lead to difficulties in managing daily stressors effectively,
potentially exacerbating feelings of anxiety and depression (Jylha & Isometsa, 2006; Uliaszek et al., 2009).

The low scores in Extroversion [E] and Agreeableness [A] could mean the single mother may not have strong
social support networks, which are often crucial in coping with stress and emotional disturbances. Additionally, low
Openness to Experience [O] could make it difficult for this woman to adapt to new coping strategies or seek new
experiences that might help alleviate her distress.
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In the brief overall, this BFI profile suggests a potential for emotional and psychological challenges, including
anxiety and depression, and it might be beneficial for an individual such as this single mother in the hypothetical
case to seek support from mental health professionals to develop coping strategies and interventions tailored to
her specific personality traits.

From the Perspective of Neuroscience

From the neuroscience perspective, the single mother's mental wellness might be impacted in the following ways
based on her BFPTs profile:

1. Low Openness: This trait is associated with reduced activity in brain regions involved in novelty seeking and
flexibility, such as the prefrontal cortex (PFC). A lower openness could limit her ability to adapt to new coping
mechanisms or stressors, potentially reinforcing neural pathways that resist change and increase rigidity.

2. Low Conscientiousness: This trait relates to diminished function in areas of the brain responsible for executive
functions, like the dorsolateral prefrontal cortex (dIPFC). This could result in difficulties with organization, self-
discipline, and goal-directed behaviors, exacerbating stress management challenges and potentially impacting her
overall mental health.

3. Low Extroversion: Lower levels of extroversion may correlate with reduced activation in brain regions involved
in reward processing and social engagement, such as the ventral striatum and orbitofrontal cortex (OFC). This
could lead to decreased social interactions and reduced social support, contributing to feelings of isolation and
diminished coping resources.

4. Low Agreeableness: This trait may involve reduced connectivity in brain networks related to empathy and social
cooperation, like the temporoparietal junction (TPJ) and anterior cingulate cortex (ACC). A lower agreeableness
might hinder her ability to form supportive relationships, potentially increasing interpersonal conflicts and stress.
5. High Neuroticism: High neuroticism is linked to heightened activity in brain regions associated with emotional
reactivity, such as the amygdala and the anterior cingulate cortex (ACC). This increased emotional sensitivity can
lead to higher levels of anxiety, stress, and depressive symptoms, as these brain areas may become overactive in
response to perceived threats or stressors.

In summary, the combination of these traits suggests a higher likelihood of experiencing emotional instability, stress,
and difficulties in managing daily challenges. The neural underpinnings of her personality profile indicate a potential
for heightened vulnerability to mental health issues such as anxiety and depression. Seeking support from mental
health professionals to develop personalized coping strategies and interventions could be beneficial in addressing
these challenges and enhancing her overall well-being.
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