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Abstract

Decision-making is an inherently complex cognitive process influenced by
various cognitive and neurocognitive mechanisms. Cognitive behavioral
processes, such as attention, memory, and perception, shape how individuals
interpret information and make decisions, while emotional regulation influences
the ability to manage stress and emotions during decision-making tasks. This
paper examines how these factors interact, focusing particularly on the
neurocognitive mechanisms involved. Using both behavioral data and
functional magnetic resonance imaging (fMRI), the study explores how
cognitive biases and emotional responses affect decision-making. The results
provide critical insights into the brain regions involved in decision-making,
particularly the prefrontal cortex and amygdala, and offer applications for
improving decision-making in fields like behavioral economics, psychology, and
neuroscience. Data visualizations, including graphs and tables, highlight the
relationship between emotional regulation and decision-making outcomes.
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1. Introduction

Decision-making is a critical cognitive process influencing various aspects of
life, from daily choices to complex financial and moral judgments. In decision-
making, individuals process information through their cognitive faculties—such
as attention, memory, and perception—and emotions, which can bias the
rationality of choices. Recent neuroimaging studies have revealed the
involvement of specific brain areas, notably the prefrontal cortex and amygdala,
in decision-making. These regions help integrate cognitive and emotional
signals to guide decisions. The prefrontal cortex is often linked to rational
decision-making, while the amygdala processes emotions like fear and stress,
which can alter judgment under certain conditions.

Understanding human decision making has long been a central pursuit
across psychology, neuroscience, and behavioral sciences, but it is only through
the integration of cognitive behavioral perspectives with neurocognitive
mechanisms that we begin to unravel the full complexity of how choices are
formed and enacted. Decision making is not a singular process; rather, it
constitutes a dynamic interplay between rational thought, emotional responses,
past experiences, and neural circuitry. Cognitive behavioral processes guide the
ways in which individuals perceive information, weigh options, and anticipate
outcomes, while neurocognitive mechanisms determine the underlying neural
architecture that supports these functions. Broadly, cognitive processes such as
attention, memory encoding, problem solving, and executive control interact
with emotional regulation systems to shape both the content and quality of
decisions. In this framework, decision making becomes a reflection of not only
what we think but how our brains are inherently structured to respond to
environmental demands and internal motivations.

Cognitive science research has repeatedly demonstrated that decision
making is heavily mediated by behavioral patterns that individuals form over

time, including learned heuristics and biases that simplify complex information
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but may also introduce systematic errors. For example, individuals frequently
rely on mental shortcuts when processing risk information, estimating
probabilities, or evaluating rewards and punishments. These cognitive biases—
such as loss aversion, confirmation bias, and overconfidence—are not mere
philosophical curiosities; they are robust behavioral phenomena that manifest
consistently across diverse populations and contexts. Behavioral decision-
making research has shown that these heuristics often originate from adaptive
functions of the brain: they allow the brain to make fast judgments in
environments where rapid responses can be beneficial. Yet, in modern, abstract
decision contexts such as financial markets, social interactions, or moral
dilemmas, such shortcuts may yield suboptimal decisions. To understand
decision making comprehensively, it is therefore essential to examine not only
how these cognitive behavioral patterns emerge but also how underlying
neurocognitive mechanisms moderate them.

Neuroimaging and neurophysiological studies provide a window into the
brain regions and networks that support decision making, revealing how
cognitive and emotional systems collaborate or compete during the decision-
making process. Two brain regions that have received considerable empirical
attention are the prefrontal cortex and the amygdala. The prefrontal cortex,
particularly the dorsolateral prefrontal cortex (DLPFC), is associated with
executive functions such as working memory, planning, and inhibitory control;
these capacities are critical when decisions require deliberation, reflection, and
suppression of impulsive responses. In contrast, the amygdala is central to
processing emotionally salient information, including fear, threat, reward
anticipation, and social evaluation. When emotional intensity is high, amygdala
activation often increases, potentially overriding the rational deliberative
processes mediated by the prefrontal cortex. This interaction reflects a
fundamental tension between cognitive control and emotional reactivity in

decision-making contexts. Contemporary research emphasizes that optimal
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decision making likely depends not on the dominance of either system but on
the integration of cognitive and affective signals, tailored to the demands of the
situation. Accordingly, the present study explores how cognitive behavioral
processes and neurocognitive mechanisms jointly shape decision-making
outcomes across different decision contexts.

2. Methodology

The experimental procedure comprised three core components: behavioral
decision-making tasks, functional magnetic resonance imaging (fMRI), and a
structured decision-making questionnaire. The behavioral tasks were designed
to simulate real-life decision scenarios that varied in complexity, emotional
arousal, and risk level. Tasks included risk assessment (e.g., choosing between
probabilistic monetary outcomes), moral dilemma evaluations, and emotionally
charged scenarios (e.g., social feedback or loss contexts). Participants
completed these tasks on a computer interface in a controlled laboratory setting.
Behavioral performance was assessed using measures such as decision
accuracy, response time, and choice consistency. Additionally, reaction time
distributions and choice patterns were analyzed to determine whether
participants exhibited cognitive biases such as anchoring or framing effects.
These measures provided quantitative indices of how cognitive behavioral
processes operated during decision making.

Following the behavioral assessment, participants underwent fMRI scanning
while performing a subset of the decision-making tasks. fMRI is a non-invasive
neuroimaging technique that detects changes in blood oxygenation associated
with neural activity, enabling researchers to identify brain regions engaged
during specific cognitive processes in real time. During each decision trial in the
scanner, participants viewed stimuli related to the decision task and selected
responses using an MRI-compatible response pad. The neuroimaging protocol
was designed to maximize both spatial and temporal resolution to capture

activation in distributed neural networks—including the prefrontal cortex,
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amygdala, anterior cingulate cortex, and parietal regions—associated with
decision processing. Data preprocessing and statistical analysis were conducted
using standard neuroimaging software, with motion correction, spatial
normalization, and voxel-wise signal modeling. Region of interest (ROI)
analyses were complemented by whole-brain exploratory analyses to examine
broader networks underlying decision processes.

This research adopts a mixed-methods approach, combining both
guantitative data from behavioral tasks and qualitative data from fMRI scans. A
sample of 30 participants, aged 18-40, with no history of neurological or
psychiatric disorders, was selected. The study consists of three phases:

1. Behavioral Data Collection: Participants were assigned decision-making
tasks, including risk assessment, moral dilemmas, and financial decision-
making tasks. These tasks measured decision accuracy, response time, and
emotional regulation.

2. Neuroimaging (fFMRI): Functional MRI scans were used to monitor brain
activity during decision-making. The focus was on the activation of brain
regions such as the prefrontal cortex (for cognitive control) and the
amygdala (for emotional regulation).

3. Questionnaire: Participants completed a questionnaire to evaluate their
tendencies toward emotional regulation and cognitive biases. The
questionnaire also aimed to measure how these factors affect real-world
decision-making.

Data were analyzed using statistical methods such as regression analysis for
behavioral data and correlation analysis for neuroimaging results.

3. Case Study

A case study was performed on one participant, Participant A, whose decision-
making behavior was analyzed under both neutral and high-emotion conditions.

In the neutral condition, Participant A demonstrated a calm, rational decision-
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making process. However, when presented with high-stress scenarios, their
decision-making accuracy dropped significantly, and response times increased.
Neuroimaging results indicated increased amygdala activation and
decreased prefrontal cortex activation during the high-stress decision-making
tasks, suggesting that emotional arousal disrupted cognitive control. This case
study highlights the impact of emotional regulation on decision outcomes and
underscores the importance of managing emotional responses during critical
decisions.
4. Data Analysis
Behavioral data were analyzed to examine the relationship between decision
accuracy and emotional regulation. The analysis also focused on cognitive
biases and their effects on decision outcomes. Neuroimaging data were
analyzed using correlation analysis to identify which brain regions were

involved in various decision-making tasks.

Brain Activation During Risky Decision-Making Tasks
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Figure 1: Brain Activation during Risky Decision-Making Tasks
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5. Questionnaire
The questionnaire designed for this study was used to identify cognitive biases
and emotional regulation patterns in decision-making.
Key questions included:
1. How often do you make decisions based on emotions, rather than logical
reasoning?
2. In stressful situations, do you tend to make decisions faster or more slowly
than usual?
The responses were analyzed to determine how emotional regulation influenced
decision-making. Results indicated that participants with higher emotional
regulation tended to make quicker, more accurate decisions, with less influence
from emotional bias. This finding aligns with the neuroimaging results, where
individuals with better emotional control showed higher prefrontal cortex

activation and less amygdala activation.

Table 1: Decision Accuracy and Response Time for Different Task Types

Task Type Accuracy (%) | Response Time (Seconds)
Neutral Decision 85% 3.5
Risky Financial Decision 70% 54
Moral Dilemma 68% 6.1
Emotional Decision 62% 7.0
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6. Results and Discussion

The findings from the behavioral data, neuroimaging results, and case studies
suggest a strong link between emotional regulation and decision-making
performance. Participants with greater emotional regulation exhibited faster and
more accurate decision-making, especially in high-stress scenarios.
Neuroimaging confirmed that individuals with better emotional control showed
increased activation in the prefrontal cortex and decreased activation in the
amygdala, indicating more rational decision-making. In contrast, individuals
with lower emotional regulation showed greater amygdala activation and slower
decision-making.

Additionally, cognitive biases, such as overconfidence and loss aversion,
were found to influence decision-making, particularly in high-risk scenarios.
These biases contributed to less optimal decisions, underscoring the importance
of mitigating cognitive biases to improve decision-making outcomes.

7. Conclusion

This study underscores the critical role that both cognitive and emotional factors
play in decision-making. The results show that emotional regulation
significantly impacts decision accuracy and response time, with better
emotional control leading to faster and more rational decisions. The
neuroimaging data provide further evidence that the prefrontal cortex and
amygdala are central to decision-making processes, with emotional regulation
influencing the activation of these brain regions.

By improving emotional regulation and addressing cognitive biases,
individuals and organizations can enhance decision-making efficiency,
particularly in high-stakes or emotionally charged situations. Future research
should explore how these mechanisms evolve over time and across different
populations, as well as the potential for interventions to improve decision-

making in clinical and organizational settings.
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