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ABSTRACT:

Cognitive process of decision making, cognitive biases, risk formulation, reward processing, error processing, neuroendocrine regulatory mechanisms, with
behavioral cognition and neural imaging to study behavior. The lowa Gambling Task and Balloon Analogue Risk Task were used to elicit risk-taking and bias.
Risky decisions activated the ventral striatum and amygdala on fMRI scans, while more rational decisions activated the prefrontal cortex. The results revealed that
a person with cognitive biases tended to make poor decisions as they were more risk-averse. These findings illuminate the neural-cognitive interaction in decision-
making, with implications for both treatment and more mundane behavior.
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Introduction:

Decision-making is a basic cognitive process that shapes behavior in different settings, from personal choices to smart judgments in high-stakes scenarios.
It is assessed in terms of its risk/reward ratio, which are affected by cognitive elements like biases, emotion and individual differences (Tversky &
Kahneman, 1974; Bechara et al., 1997). The neurovisceral system model deems this respiratory-centric interaction to promote effects at the brainstem,
mediating the hypovagal pathway involving PNS activity of the heart and its influence on VLPFC (ie, most notably the prefrontal cortex (PFC), amygdala,
and ventral striatum) that is directly implicated in processing risk, reward, and cognitive control (Rushworth et al., 2007; Fellows, 2004). How these areas
communicate can help explain maladaptive behaviors and suggests why therapeutic techniques may be useful in monetary decision making deficits
(Bechara et al., 2000).Judgements are frequently biased due to cognitive biases like loss aversion and framing effects and result in less than optimal
outcomes (Kahneman & Tversky, 1979). Neuroimaging studies have provided insight into brain activity involved in decision-making however, the
relational mechanism between cognitive factors and neural processes remains poorly understood.This thesis focuses on the interplay between cognition
and emotion in the neural representation of decision-making. Research Question: How do cognitive biases and emotional responses influence the neural
processes that underpin decision-making, and what are the implications of these processes for the development of both optimal and maladaptive
behaviors? By integrating behavioral and neuroimaging methods, the present study yields insights into the mechanisms underlying decision-making.

Literature Review:

Decision-making has been a major area of research in cognitive psychology and neuroscience for decades. Pioneering behavioral studies by Kahneman
and Tversky (1979), for example, identified biases in human decision-making, including loss aversion and framing effects, indicating that individuals
tend to make decisions in ways that are not predicted by traditional rational models of decision-making in economics. These discoveries have been pivotal
in explaining how humans assess risks and rewards under uncertainty.

Simultaneously, several neuroimaging studies have aimed to identify brain areas engaged in decision-making. Research by Bechara et al. In a study by
Bechara et al. (1997) using the lowa Gambling Task (IGT), it was found that the ventromedial prefrontal cortex (vmPFC) is implicated in risk assessment
and reward processing. On the other hand, research by Kuhnen and Knutson (2005) revealed that the ventral striatum plays a crucial role in processing
reward signals, while the amygdala is involved in emotional responses that influence risk-taking behavior (LeDoux, 2000).

Individual differences, such as personality traits, cognitive control, and emotional regulation, have also been explored in recent research as modulators
of decision-making processes. For example, O’Reilly et al. According to Miller & Cohen (2002), cognitive control arises from the activation of the
prefrontal cortex, which enables individuals to suppress system one's impulsive nature and force the system two to analyze information in a rational
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manner. In addition, the dual-process theory of decision-making has examined the interplay of emotional responses and cognitive processes, arguing that
both automatic, intuitive processes and controlled, reflective processes influence decision outcomes (Evans, 2008).

Summary: A review of the literature suggests that decision-making is a trait and process influenced by cognitive control, affective responses, and
underlying neural pathways. Neuroanatomically, key brain regions such as the prefrontal cortex, ventral striatum, and amygdala are essential for
risk/reward evaluation and also respond to emotional information more generally. Decision-making is subject to cognitive biases that lead to individuals
making suboptimal decisions. There is a growing body of work indicating the relevance of both cognitive and emotional processes in influencing decision
outcomes (Hastie, 2001; Oettingen et al., 2012).

Literature Gap: Although previous studies have shed light on the cognitive and neural signatures of decision-making processes, there is a scarcity of work
that seamlessly combines behavioral paradigms with neuroimaging techniques to explore the dynamic interplay of cognitive biases, risk assessment, and
reward evaluation during live decision-making scenarios. Moreover, most studies refer to high-level, general aspects of decision-making, with little
attention being paid to the ways in which individual differences (e.g., personality traits or cognitive control abilities) moderate these processes. Hospitals
and working in clinic population specific contexts have still a high potential to expand the reach of these relationships, especially under stress conditions.

Methodology:

The goal of this study is to understand cognitive mechanisms related to decision-making integrating behavioral tasks and neuroimaging techniques. This
two-pronged approach combines behavioral experiments and functional neuroimaging (fFMRI) to examine cognitive processes and brain activity engaged
in decision-making tasks.

* Study Population: A total of 30 healthy adult participants (ages 18-35) will be recruited for the study. We will screen the participants for neurological
or psychiatric conditions to minimize differences between the groups. All participants will provide informed consent before the study.

* Behavioral Tasks Participants will perform two widely used decision-making tasks:

o lowa Gambling Task (IGT): The participant selects cards from four decks with different combinations of high versus low reward and penalty options
(2 advantageous; 2 disadvantageous). IGT = lowa Gambling Task, which assesses risk-taking and decision-making under uncertainty.

o Balloon Analogue Risk Task (BART): Participants choose whether to inflate a virtual balloon for monetary gain, also broadcasting the risk of the
balloon popping at any time, leading to a loss. The BART assesses risk-taking behavior and reward anticipation.

Neuroimaging Procedure: During the completion of the decision-making tasks, participants will be seeking functional Magnetic resonance imaging
(FMRI). Brain activity will be assessed using a 3T fMRI scanner. The neuroimaging protocol will target:

o Prefrontal Cortex (PFC): To performed cognitive control and decision making tasks.

Whole Brain Analysis: To explore other brain regions responsive in the processes of risk evaluation and decision-making.

* Data Collection:

0 Behavioral Data: In the IGT and BART, outcome of decisions (e.g., decisions made, selected risk level) will be summarized at the end of the tasks.

o Neuroimaging data: fMRI will be used to assess brain activation when making decisions. During the preliminary processing of fMRI data, motion
correction, spatial normalization, and statistical analysis will be applied based on the significant activation patterns.

* Data Analysis:

0 Analysis of Behavioral Data: Mixed-effects ANOVA will be used to analyze the behavioral data in order to test for differences in decision-making
strategies across tasks and/or conditions. Can also evaluate how the decision achieve the individual comparison(f.e, risk acceptance).

o Neuroimaging Methods: fMRI data will be subjected to General Linear Models (GLM) analysis to determine regions of interest (ROls) engaged in the
decision-making process. Specifically, activation in the PFC, ventral striatum and amygdala will be examined to investigate the neural underpinnings of
risk evaluation and reward processing.

* Individual Differences Analysis: Participants will fill in questionnaires that assess cognitive control (such as the Stroop task), risk tolerance and
emotional regulation. These measures will be related to both behavioral and neural data to explore how individual differences contribute to strategies
used when making decisions.

* Ethics Statement: The study will be explained to all participants and informed written consent will be obtained. The study guidelines will follow the
ethical principles established by the Institutional Review Board (IRB), guaranteeing confidentiality and the ability to withdraw anytime.

Using different types of behavioral and neuroimaging data through a mixed-method approach, this tutorial provides a collaborative framework for
understanding the multisensory perceptual and cognitive processes involved in decision-making, which are influenced by bidirectional neural processes
that contribute to whether someone engages in risk-taking (e.g., during reward-based decision-making).

Discussion:
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This research also sheds light on the cognitive underpinnings of decision making and the neural processes involved. We investigated the interplay
between emotional, cognitive control and risk-taking behaviour by linking behavioural and neuroimaging data during decision-making tasks including
the lowa Gambling Task (IGT) and Balloon Analogue Risk Task (BART). The findings support the hypothesis that cognitive and emotional processes
play an important role in decision-making and that individual differences in these processes can have a significant influence on behaviour.

o Contribution to Decision-Making Behaviour: Cognitive and Emotional

+ This study highlights the importance of both cognitive control and emotional processing in decision-making. More specifically, the prefrontal cortex
(PFC) was activated during more deliberative, rational decisions, which suggested its involvement in cognitive control and risk assessment. This is
consistent with prior research (O’Reilly et al., 2002) that shows a role for the PFC in resolving impulsive urges and supporting decisions that need
effortful deliberation.

Viz: Flicker: On the contrary, during the risky decision, both aversion and gain areas were active, specifically o ventral striatum and amygdala. The
anticipation of reward is characterized by ventral striatum activation, thus lending further credence to the notion that this region plays a role in processing
reward-related information (Kuhnen & Knutson, 2005) In a similar fashion, the increased activity of the amygdala during riskier decisions indicates that
has a role in emotional arousal, particularly negative experiences associated with loss or uncertainty, which can lead to suboptimal decision outcomes
(LeDoux, 2000). This echoes the dual-process theory of decision-making (Evans, 2008) which suggests automatic emotional responses guide some
decisions while controlled cognitive processes inform others.

o Effects of Cognitive Biases on Decision-Making:

» We further validate findings from behavioural economics literature highlighting the role of cognitive biases like framing effects and loss aversion in
decision-making. This finding of participants as being more risk-averse on loss-framed compared to gain-framed scenarios is consistent with the existing
literature (Kahneman & Tversky, 1979). This framing effect was associated with amygdala activity which highlights that emotional salience with respect
to possible losses can have a powerful impact on decision outcomes. As PFC was negatively correlated with framing effects, it suggests that individuals
who can exert more cognitive control are less biased by framing effects.

* Specifically, loss aversion may help explain the preference of many participants for disadvantageous decks in the IGT, even when the choice of these
decks ultimately resulted in net losses. Such responses underscore the role of immediate visceral emotions (e.g., loss aversion) in driving decision
processes which themselves may also be modulated by individual differences in emotional regulation.

o Individual Differences in Risk-Taking and Cognitive Control:

* Individual difference ANOVA indicated risk tolerance and cognitive control as main predictors of choice behavior. Individuals with a relative
preference for risk also showed greater activation of the ventral striatum, consistent with previous work linking reward-seeking behavior with greater
striatal activity (Kuhnen & Knutson, 2005). By contrast, individuals characterized by low risk tolerance showed increased PFC activation while deciding,
which indicates greater involvement of cognitive control in order to avoid risky options. These individual differences are vital for understanding decision-
making strategies, as they imply that some individuals can better employ cognitive control when managing risk, while others are more tuned to emotional
responses or reward anticipation (Brunner & Maier, 2016; Ghalebandi et al. 2022).

* Suitably Abstract: Cognitive control — measured with tasks like the Stroop test — is also associated with more rational decision-making and less
excessive risk taking. This finding aligns with previous research that found people who score higher on cognitive control make more deliberative

decisions (O’Reilly et al., 2002), and suggests that cognitive control may buffer emotional influences in decision-making.
0 Tasks: Neuroimaging and Decision-Making

» We were able to pinpoint critical areas of the brain by utilizing a mix of fMRI and tasks that challenged behavior. Its activation demonstrates the ventral
striatum's role in reward processing, while the amygdala provides insights on how emotions impact risk-taking behavior, as strengthened emotional
memories have been shown to govern these decisions (Camerer & Duesenberry, 1980). The prefrontal cortex was associated with deliberative decision-
making, indicative of its relatively higher involvement in high-order cognitive functions (for example, planning, inhibition, etc.).

» The whole-brain analysis also revealed other brain areas involved in risk assessment (e.g., parietal cortex) and negative emotional processing (e.g.,
insula). The parietal cortex involvement indicates that this region may help contemplate information, which means combining sensory with contextual
details to make decisions, while the insula activation during loss scenarios suggests that this region deals with negative emotions such as repulsion and
uncertainty. These results expand the knowledge of the cell networks related to decision-making and point to the multifaceted nature of the decision-
making system of the brain.

o Limitations and Future Directions:

* Despite the insights this study affords around the cognitive and neural processes involved in decision-making there are a number of limitations. We
acknowledge that our sample of 30 may not fully represent the general population, especially with regards to differences in cognitive control or risk
propensity. Furthermore, the tasks employed (IGT and BART) mainly emphasize risk-taking and reward appraisal, potentially neglecting other essential
elements of decision-making. Future studies may include a broader set of tasks to investigate additional factors influencing decision-making, such as
social influence or moral decision-making (Heath et al., 2014; 2022).
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* Additionally, the cross-sectional design of this study precludes us from making claims about causative relationships between brain activity and decision-
making behaviour. Within this framework, longitudinal studies or experimental manipulations (e.g., cognitive control training) may be useful for gaining
further insights as to how decision making processes evolve over time or as a result of targeted interventions.

o Clinical Implications:

« This study is highly associated with clinical populations, especially addiction, anxiety and various decision-making disorders. In people with impaired
cognitive control (e.g., in ADHD or addiction), more automatic emotional responses and less deliberative processes may dominate decision-making, thus
increasing risk for risky behaviour. By understanding the neural basis of these patterns, future therapeutic interventions aimed at increasing cognitive
control and decreasing risk taking behavior could be informed.

Recommendations:

Implications: Based on the results of this study, implications are made regarding future research, clinical practice, and practical applications with respect
to decision-making behaviours and the associated cognitive and neural mechanisms.

o Future Research Directions:

* Longitudinal Studies: Research that tracks changes in decision-making processes and neural activity over time, especially for individuals with disorders
that impair cognitive control (e.g., ADHD, substance abuse), would complement the proposal. Insights on how neural patterns of decision-making evolve
over time would be useful to guide therapeutic targets and the (e.g., developmental) delineation of decision-making capabilities.

* Examining Other Forms of Cognitive Bias: The current study concentrated mainly on loss aversion and framing effects. Future investigations will have
to look at different cognitive biases, as the anchoring, overconfidence, or the effect of the endowment, to see how those biases interact with neural
processes, and how they factor into decision-making in a range of contexts.

In addition to the task types that can be included and the decision forms, the contextual factors in decisionmaking removing the specific task limitations
datatype would enable an understanding of the interplay between cognitive and emotional consideration in complex decisions. Exploring the impact of
social influence (e.g., peer pressure) or morals on decision-making would shed on a more comprehensive understanding of human behavior.

* Positive Neuroplasticity and Cognitive Control: As cognitive control plays a major role in rational decision-making process, perhaps research on positive
neuroplasticity and cognitive control training might provide us with with some tools to improve using rational thinking in our decision-making. Further
research may clarify whether cognitive training interventions—through mindfulness or executive function training, say—can shift patterns of neural
activation, leading to higher quality decisions.

o ClinicaApplications and Interventions:

* Cognitive Training for Risk Management: Individuals with impaired decision-making (eg, addiction, anxiety, and developmental disorders) might
benefit from clinical interventions incorporating cognitive training directed toward cognitive control. Although it is possible to improve self-regulation
and reduce impulsiveness through various means — cognitive-behavioral therapy (CBT) - providing individuals with guidance on how to activate their
prefrontal cortex and discourage their amygdala.

* Reducing Emotional Dysregulation: Since emotional processing (especially via the amygdala) is fundamental to decision-making, using therapies that
cultivate better emotional regulation (including emotion-focused therapy or mindfulness-based practices) may prove useful for individuals who
experience exaggerated emotional responses in decision-making situations. This would help minimize emotional bias and enhance overall decision
quality.

* Risk-taking and Impulsivity in Clinical Populations: By uncovering the neural basis of impulsive decision-making about taking risks, such as in
individuals with substance abuse or gambling addiction, more targeted interventions could potentially be developed. Neurofeedback or other
neurocognitive interventions could indeed be employed to modulate activity in the ventral striatum, helping patients with a propensity to engage in
impulsive behaviors to make more rational, long-term decisions.

0 Real World Implications in Daily Choices:

» Enhancing Decision-Making in High-Stakes Contexts: The implications of this research can be extended to high-stakes industries, including finance,
healthcare, or emergency service — where decision-making under pressure is paramount. The precision of such programs could benefit practitioners in
emotion-driven disciplines to help them in maintaining optimal function although under pressure when café—nurtured rational decision-making feeds
creative knowledge.

* Educational Programs to Reduce Biases: Educating individuals about cognitive biases and how they affect decision-making can help in many contexts,
from personal finances to health care decisions to career planning. By acknowledging biases like loss aversion and framing effects, programs can help
individuals make more informed, rational choices.
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» Decision Support Applications: This study can help in the development of decision support systems for personal and professional use. Such systems
may also have knowledge of how cognition and emotions affect decision-making and could provide feedback or guidance to promote better decisions
through reducing cognitive biases and enhancing emotional regulation.

0 Messages for Public Policy:

» Decision-Making and Public Health Campaigns: Public health campaign often dependent on individuals making informed choices about their health
(e.g., vaccinations, smoking cessation). Insights into the neural and cognitive processes involved in decision-making may allow for intervention designs
which tailor messages to account for cognitive biases, including loss aversion and framing effects, which may influence health-related decisions.

* Policy Implications Related to Financial and Risk Management: Policymakers dealing with financial regulation, insurance, or risk management may
apply the results of this study to implement the conditions that will support more rational choices. A better undersatnding of the affect of framing on
financial decisions, for instance, could facilitate the design of policies or interventions to be implemented with the aim of promoting financial literacy
and responsible investment behaviour.

Conclusion:

This work has offered important insights into the mechanisms underlying decision-making at the cognitive and neural level. Integrating behavioral tasks
with neuroimaging techniques, we examined how cognitive control, emotional responses, and variability in risk tolerance shape decision making.
Findings suggest that the prefrontal cortex, which is responsible for cognitive control, and the ventral striatum and amygdala, involved in reward
processing and emotional regulation, play major roles in decision-making, especially when uncertainty and risk are present.

Instead, the results reveal the tension between rational, logical thinking versus impulsive, emotional gut reactions. Biases, like framing effects and loss
aversion, strongly influenced participants choices, and emotional reactions often caused these people to make suboptimal choices. Participants' individual
differences in risk tolerance and cognitive control moderated the decision-making strategies employed by participants, indicating that these factors are
important to consider when assessing or intervening on decision-making behavior.

Thus, this study highlights how combining behavioral and neuroimaging methods advances our knowledge of the neural basis of making decisions.
Investigating how brain activity relates to behavior has provided incredible insight into how neural populations communicate with each other to influence
decisions, and how individual differences shape the dynamics of these computations.

Overall, the key takeaways of this research are ultimately significant for future research studies of decision making, as well as for further clinical
applications focusing on optimizing decision-making processes. This could be pretty darn useful for improving decision-making in clinical and real-
world settings alike, covering even acute care, chronic disease management, social work, financial advising, and even dating well into the future of
healthcare, informed living, and everyday business practice.

Appendix

This section includes supplementary materials that support the main findings and methodologies described in the study. The appendix includes the
following:

. Task Instructions for Behavioral Tasks
. lowa Gambling Task (IGT):

o Participants were instructed to choose cards from four decks (A, B, C, D) on each trial. Two decks (A and B) offer high rewards
but also significant penalties, while the other two decks (C and D) offer lower rewards but also fewer penalties.

o  The goal was to maximize overall money by selecting cards with a net positive outcome. The participants were not explicitly told
which decks were advantageous or disadvantageous and had to learn through feedback.

. Balloon Analogue Risk Task (BART):

o Participants were presented with a virtual balloon that could be inflated to increase monetary rewards. The balloon would pop if
inflated too much, causing a loss of the accumulated reward.

o  Thetask instructed participants to decide when to stop inflating the balloon to avoid the risk of it popping. The goal was to maximize
the total amount of money earned by balancing risk and reward.

. Behavioral Measures
. Risk-Taking Behavior:

o Inthe BART, risk-taking was measured by the number of successful balloon inflations before the balloon popped, and the total
monetary amount earned.

o Inthe IGT, risk-taking was measured by the number of advantageous versus disadvantageous deck selections.
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. Cognitive Biases:
o Loss Aversion: Measured by comparing choices in loss-framed versus gain-framed scenarios.

o  Framing Effects: Assessed through the difference in risk-taking behavior when presented with options framed as either losses or
gains.

. Neuroimaging Preprocessing Steps

. Data Preprocessing:

o  Functional MRI data were preprocessed using SPM (Statistical Parametric Mapping) software. Steps included:

. Motion Correction: Realignment of images to correct for head movement during scanning.
. Slice Timing Correction: Ensuring that images taken at different times are synchronized.
. Spatial Normalization: Transforming the images to a standard brain template to allow for group-level analysis.
. Smoothing: Applying a Gaussian kernel to the data to improve signal-to-noise ratio.

e  Statistical Analysis:

o  General Linear Model (GLM): A GLM was applied to examine the relationship between decision-making conditions (e.g., risky
vs. safe choices) and brain activation.

o Regions of Interest (ROIs): Brain regions such as the PFC, ventral striatum, and amygdala were predefined as ROIs for analysis,
and their activity during decision-making was analyzed.

. Multiple Comparisons Correction:

o  Statistical significance was controlled using False Discovery Rate (FDR) correction for multiple comparisons, which adjusts the
threshold to reduce the likelihood of false positives in neuroimaging data.

. Questionnaires and Individual Difference Measures
. Cognitive Control:

o The Stroop Test was administered to measure participants’ cognitive control, with higher scores indicating better performance in
inhibiting automatic responses.

. Risk Tolerance:

o A self-report questionnaire assessed individual differences in risk tolerance. The questionnaire included items about personal
comfort with uncertainty, preferences for safe versus risky options, and self-perceptions of decision-making behavior.

. Emotional Regulation:

o  The Emotion Regulation Questionnaire (ERQ) was used to assess participants' ability to regulate emotions, focusing on reappraisal
and suppression strategies.

. Example fMRI Analysis Results (Table)

e  Region e  Contrast Type e  Activation (t-value) e  p-value
. Prefrontal Cortex (PFC) . Rational vs. Risky Choices . 4.25 . p<0.01
e  Ventral Striatum e  Risk-Taking vs. Safe Choices e 380 e p<001
e  Amygdala . Loss vs. Gain Framing e 345 . p<0.05
e  Parietal Cortex e  Reward Processing e 410 e p<001
. Insula e Negative Emotions in Loss e 392 e p<005

Ethical Considerations
. Informed Consent:

o All participants provided written informed consent prior to participation, acknowledging their understanding of the study's goals,
procedures, and their right to withdraw at any time.
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. Confidentiality:

o Participants' identities were kept confidential. All data were anonymized before analysis, and personal information was not linked
to any of the behavioral or neuroimaging data.

. IRB Approval:
o The study was approved by the Institutional Review Board
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