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ARTICLE INFO ABSTRACT

Keywords: The coronavirus disease 2019 (COVID-19) pandemic reveals the decision-making challenges
CovID-19 faced by communities, governments, and international organizations, globally. Policymakers are
Neuroeconomics much concerned about protecting the population from the deadly virus while lacking reliable
Pandemic . . . . . . .

psychology information on the virus and its spread mechanisms and the effectiveness of possible measures

and their (direct and indirect) health and socioeconomic costs. This review aims to highlight the
various balanced policy decision that would combine the best obtainable scientific evidence
characteristically provided by expert opinions and modeling studies. This article’s main goal is to
summarize the main significant progress in the understanding of neuroeconomics of decision-
making and discuss the anatomy of decision making in the light of COVID-19 pandemic.

Policy-making

1. Introduction
1.1. History

In the late 1990s, a new scientific field called neuroeconomics emerged from converging trends in economics, psychology, and
neuroscience. Neuroeconomics has evolved primarily with the neuroscientific revolution of the 1990s, which resulted in the devel-
opment of sophisticated imaging tools, in particular, functional magnetic resonance imaging (fMRI) [1]. The utilization of neuro-
economics in decision-making processes has been a topic of philosophical interest. However, we lack a clear scientific understanding of
how people make decisions and how much impact stressful situations have on the quality of decision-making.

1.2. Formulation of choice

A complex neurological network is involved in the formulation of a choice, which aids in decision-making, and promotes the
survival of the individual making the choice. Neuroeconomics has also affected the survival and decision-making power amid the
coronavirus disease 2019 (COVID-19) pandemic. COVID-19 imposes an emergency on global public health; therefore requires the
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urgency of evident-based knowledge for the decision-making. The ongoing COVID-19 pandemic has significantly affected the decision-
making process, making it critical for public health decision-makers. This article aims to review the correlation of neuroscience,
psychology, and economics with decision-making and involved neuroanatomical pathways to unveil the intimate knowledge of the
neuroeconomics field.

1.3. Role of neuroeconomics

In addition, the role of neuroeconomics in decision-making during the present COVID-19 pandemic will be reviewed and discussed.
Firstly going into choice, cognition and uncertainty in order to understand them prior to discussing neuroeconomics; followed by an
overview about neuroeconomics and its relationship to neuroscience, economics, and psychology. Moreover, discussing the factors
that affect decision-making will be covered.

2. Choice, cognition, and uncertainty
2.1. Definition of choice

A choice is an act of choosing between two or more possibilities. The psychology theories and mental models of choice explore why
we subconsciously make the decisions, what inspires those decisions, and what needs these decisions are meant to satisfy. In fact,
behind every decision-making process, there are several factors at play. Unless we are forced into making a decision, we have the free
will to make the choices that provide us with the best outcome. Many unconscious influences evade our awareness and affect our
choices without us even recognizing how those influences have manipulated our reasoning and affected the consequence of our de-
cision. Therefore, the most important question in context is what affects our choice making process?

2.2. What affect choice making process

Human instinctive needs affect choices, decision making, and behavior as proposed by the psychologist [2]. There is a hierarchy of
needs which is a set of native needs organized in a pyramid that includes basic needs (food, water, air, and sleep), psychological needs
(love and belongings), and self-fulfillment needs (esteem and self-actualization). Every person desires to fulfill needs that also affect
behavior and decision-making quality. Most of these needs are essential physiological requisites for survival. We will not be conscious
of these influences but will be able to point to them when asked [2]. On the other hand, many cognitive features and mechanisms
influence the decision-making process because of the mental pattern for choosing from different options; therefore, important in
understanding and predicting human behavior. It is revealed in many behavioral economics studies that decision-making is subject to
cognitive elements such as cognitive outline, alternative anchoring, the prototypical degree of alternatives, their memory availability,
and the retro-assessment of alternatives [3,4]. Bias not only refers to a belief or judgment about a specific thing but also to behavioral
tendencies and influences on decision-making that affect how we reach decisions and ultimately make choices [5]. Many cognitive
biases unconsciously affect the way we make decisions.

3. The relationship of neuroscience, economics, and psychology with neuroeconomics

Neuroeconomics being a multi-disciplinary field is considerably associated with different fields of neuroscience, ranging from
neuropsychology, computational and theoretical neuroscience, to cognitive and behavioral neuroscience [1]. Cognitive and behavioral
neuroscience involves the neural mechanisms of mental and behavioral activities, or, more generally, the relationships among the
brain, the mind, and action [6, 7, 23].

3.1. Neuroscience in relation to neuroeconomics

Cognitive and behavioral neuroscience is divided into multiple domains, specifically decision neuroscience (i.e., neuroeconomics),
affective neuroscience, and social neuroscience. Furthermore, decision neuroscience is a broad field that unites cognitive neuroscience
with decision sciences such as psychology and economics [1]. However, such association is not exclusive, as different disciplines and
fields are also correlated and contributed to the emergence of neuroeconomics. As an interdisciplinary field, neuroeconomics utilizes
and integrates various pieces of information, from different resources, including knowledge about the structure and organization of the
nervous system, the relationships between brain structures and functions, the association between the nervous and hormonal systems,
and the underlying mechanisms of brain physiology to inform and articulate economics and decision-making [8].

3.2. Economics in relation to neuroeconomics

Economics is the science of choices, and choices are constricted by limited resources and institutional structures. Neuroeconomics
agrees with economics that non-choice measurement was restricted by technology in the past but it has become easier nowadays.
Therefore, we can now observe multiple biological correlates of choice, which are causally influenced in ways that are new in scientific
history. Therefore, if technology was constricting the focus on choices, then advances in technology make this an appropriate time to
investigate the neural mechanisms of choice [9,10]. Therefore, the flexibility of the human brain and its ability to undertake intricate
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patterns of social cognition are important considerations in this field. For example, social neuroeconomics addresses decisions made in
social contexts and it aims to explain prosocial behaviors, such as trust [1,11-14]. This field relies in part on the findings of social
neuroscience regarding the neural networks responsible for interpreting other people’s feelings and thoughts, sympathizing with
another’s state of mind, and acting morally.

4. Neuroeconomics and decision making

The goal of neuroeconomics is to understand human decision-making processes and the mental consideration of multiple outcomes
that may be triggered by specific actions [15]. All neurological processes in the brain are driven by logic, which supports optimal
decision-making. However, sometimes, this optimal decision-making pathway is hindered, leading to illogical decisions [16]. A central
question in neuroeconomics concerns the disparate roles of intuitive, emotional responses and controlled, cognitive responses.
Value-based economic decision-making depends on the action of dopaminergic neurons in the midbrain that is responsible for memory
formation and retrieval [17]. Neuroeconomics deals with all the processes involved in decision making, which occurs in response to
certain known and unknown stimuli. The field of neuroeconomics seeks to identify specific areas of the brain that are responsible for
optimal or suboptimal decisions.

4.1. Research domains of neuroeconomics

Several areas of research fall under the domain of neuroeconomics. These include economic decision-making in the face of an
unknown situation or an uncertain threat; loss of aversion or sense of control; sexual and social decision making; and intertemporal
decision making [18]. Most decisions involve some degree of economic, social, or moral uncertainty or ambiguity. Economic decisions,
in particular, are affected by a variety of contextual factors and emotions [19]. Several studies have suggested that the key brain
regions involved in these kinds of decisions are the medial prefrontal cortex (ventromedial aspect) and the striatum [20,21]; Q [22].

5. Neuroanatomy of decision making

To understand the decision-making process in more depth, it is necessary to understand the neuroanatomy involved in it. Decision-
making is the process by which individuals choose from among different available options. The process of decision-making is
dependent on the prefrontal cortex and hippocampus and is done in four steps; firstly, sensory inputs produce an initial stimulus, which
excites a set of hippocampal neurons, secondly, another set of secondary stimuli arrives within the hippocampus where the stimulus
neuron response is then produced as initial information. Thirdly, this initial information is delivered to the prefrontal cortex, which
then determines the additional information needed and retrieves it from the hippocampus [23]; X.-J. [7]; lastly, the prefrontal cortex
reaches a proposed controlling process. Multiple neurotransmitters, such as dopamine, serotonin, cortisol, oxytocin, and prolactin,
play a huge role in decision-making [10]. These neurotransmitters stimulate the brain to undertake specific tasks [10,17]; but they are
still not fully understood (X.-J [7]. Dopamine also plays a role in decisions involving a delayed benefit [10,24]. The left hemisphere of
the brain is abundant in dopamine, which is responsible for concentration and attention, both of which are crucial to decision making.
The left hemisphere controls the right hemisphere of the brain by inhibiting actions that would be socially improper. If the right
hemisphere controls an individual’s personality, that person is vulnerable to their impulses and emotions in decision-making [10,25].
The decision-making process occurs in the dorsolateral prefrontal cortex, where the information relevant to the decision is collected
[10,26] and then stored and processed ([10,27, 86]. Other functions of the forebrain include attention, executive control, working
memory, planning, sequencing, and finally, emotional and motivational significance [28-31]. Studies of focal lesions using functional
imaging have noted that the orbitofrontal and anterior cingulate are also critical to decision making [32]. The relationships between
specific prefrontal regions and specific complex processes have been demonstrated behaviorally, psychologically, and via neuro-
imaging. For example, the caudal prefrontal region has been noted to play a role in attentional mechanisms [29,33,34]. The
ventrolateral prefrontal cortex seems to help regulate response inhibition [29,35,36]. The ventromedial prefrontal region encompasses
two fundamental moieties: the paleo- and arch cortical trends. It is also characterized by a relatively analogous laminar pattern;
therefore, given its subserving functions, it is crucial to adaptive behavior and decision making [29]. The prefrontal cortex includes
more differentiated regions, the lateral and caudal portions, which provide more insight into the decision-making process. There are
bidirectional, interrelated, intrinsic connections from the ventral and medial prefrontal areas to the lateral and caudal regions; this
indicates that the latter may contribute in many ways to the decision-making process; these contributions may include response
modulation, planning, and sequencing [29]. The limbic system, however, is not particularly involved in decisions about immediate
options (i.e., immediate benefits or losses [10,17]. During decisions involving immediate benefits, the most activity has been observed
in the ventral striatum and the posterior and anterior cingulate cortex [10,37]; those structures also play a role in decisions involving
delayed benefits, but they are much less active during such decisions than during those involving immediate benefits [10].

It is noteworthy to mention that there is some causal evidence that the roles of intuitive, emotional responses and controlled
cognitive processes in optimal decisions involve tension between utilitarian principles (cost-benefit analyses aimed at promoting the
greater good) and deontological principles (concerning the rights and obligations of individuals). The common hypothesis suggests
that utilitarian judgments are supported by regions of the dorsolateral prefrontal cortex and the parietal lobes that are associated with
reasoning and cognitive control, while deontological judgments are supported by regions of the medial prefrontal cortex, medial
parietal cortex, and superior temporal sulcus/temporoparietal junction that are associated with emotion and social cognition. This
hypothesis is supported by previous correlational fMRI studies [20,21]; Q [22]. and lesion studies [38]. Lesion studies have provided



S. Bashir et al. Heliyon 9 (2023) e13252

causal evidence for the location of emotional processes that support deontological judgments in the medial prefrontal cortex.

Furthermore, for proper neurochemical functioning, the right concentration of glucose must be present in the brain. A glucose
deficit can lead to anxiety, agitation, and aggressive behavior. Therefore, the functional state of the brain and the condition of the
whole body are both vital to proper decision-making. For example, fatigue, exhaustion, dehydration, and imbalance in homeostasis can
all lead to poor choices [10].

6. Factors affecting the neuroeconomics of decision making
6.1. Knowledge

Knowledge is information about the world and how it works. Individuals need sufficient knowledge to make good decisions. This
sometimes requires advice from qualified experts [39], which some individuals believe will help them make better decisions [40-42].
For instance, an individual may need opinions on the best sub-characteristics in terms of the future workload from their seniors
(experts) for choosing a future sub-attribute. In addition, the sharing of wisdom enhances the performance of knowledge management
through constant learning [43]. Although, memory and learning are the fundamental basis of knowledge [44]; however, the neural
basis of the learning process is still elusive.

6.2. Inner resources

Inner resources are beliefs acquired during development that determine psychological wellbeing, including pleasure, happiness,
and a hopeful outlook. Emotions are strong and predictable drivers of decision-making; for example, if an individual feels anxious
about the outcome of a risky choice, they may opt for a safer option. Emotions have a promising approach to decision-making and
survival [45]. Therefore, emotions gain insights into neuroeconomics [44]. However, emotions can also debase decision-making [46,
47]. Decisions are influenced by emotions and partially based on the assumption that the decider can predict others’ behaviors;
empathy plays a role in decisions as well. These abilities (predictions and empathy) stem from the individual’s preferences and beliefs.
Studies on empathy have noted that the same effective brain neural circuits are automatically activated when we are in pain and when
we see another in pain. Therefore, empathy directs our emotions towards other people when we make decisions [10]. Empathy
positively contributes to the individual’s positive well-being. Different brain structures and neural networks would be associated with
decision-making, which could be significant for neuroeconomics [44]. Moreover, affective forecasting is a mental process of predicting
emotional states about the future events [48]. Affective forecasting not influences the behavior and preferences of an individuals but
also decision. Although affective forecasting determines behavior, judgements, and decision, but cannot be always accurate [49].

6.3. Social support

Humans have a basic need to interact with each other socially. Social interactions affect the individual’s health and help to cope
with stress or depression [50]. Social support is the interpersonal system that we have developed and participates in. Social support can
be care, love, respect, value, networking, communication, etc. [51]. As an example, individuals with stronger social support experience
fewer difficulties when making career-related decisions [52]. Such as, having to travel across the world for a job and having your
family and friends’ support. Also, cultural products symbolizing wealth and social dominance activate the reward-related neural
correlates [53]. Therefore, self-interest and social behavior also impact the neuroeconomics of decision-making [44]. Social exclusion
may exert negative effects on the behavior and cognition of an individual. However, emotional support and appraisal/informational
support could be effective in decreasing the negative motions [54]. Such social support also regulates the neurobiological correlates
and neurophysiological effects. However, cultural differences influence the different types of social support networks [50]. Social
support can beneficially reduce the chances of illness, speed recovery from illness, and decreases mortality from diseases [50].

6.4. Spirituality and religious beliefs

Spirituality is the belief in purpose, order, and morality. Spirituality can help reduce conflicts and challenges around decisions and
increase satisfaction with decisions [55,56]. Spirituality and religion also help people in stressful conditions and the negative con-
sequences of illness [57]. Spirituality could aid in mental relaxation during life problems and illnesses. Understanding religion and
economics is also influenced by neuroeconomics. Religions provide social support, create positive emotions, and facilitate behavior
and spirituality at times of bereavement and crisis. In addition, the majority of internal medicine specialists agree that religious and
spiritual beliefs have a positive correlation with mental health [58]. [59] reported that young adults attending religious ceremonies
have higher life satisfaction. Early research revealed that people who have higher education are more likely to rely on religious beliefs
in decision-making [60]. However, recent studies reported a negative association between higher education and religious interference
in decision-making [61]. Therefore, neuroeconomics could be influenced by the status of beliefs in an individual’s decision-making.

6.5. Anatomical dysfunction

Anatomical dysfunction is caused by disorders or injuries. For example, frontostriatal dysfunction can lead to substantial changes in
cognition and action. This can be seen in various disorders that disrupt this circuitry, including Parkinson’s disease, schizophrenia,
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attention-deficit/hyperactivity disorder, and addiction [18, 85]. Frontal-like deficits may occur because low striatal dopamine, which
occurs in Parkinson’s disease, leads to diminished “go signals” and difficulty updating prefrontal representations [62-65].

6.6. Confidence

Decision confidence is the feeling in an individual that he or she has done something correctly or not. Confidence in decision-
making increases the chances of correct decisions and decreases the probabilities of error [38]. Critical thinking and confidence
exert a positive correlation with an individual’s decision-making attitude, resulting in effective and appropriate decision-making [66,
67]. However, when an individual experiences lack of confidence he or she may require further knowledge or assistance from experts
to make a confident decision [68]. On the contrary, overconfidence might result in poor decisions and consequently disaster [69].
Over-confidence also negatively impacts the expected clinical outcomes. For instance, in the Swiss Hypertension and Risk Factor
Program (SHARP), practitioners’ higher level of confidence (65%-69%) was not significantly associated with patients’ blood pressure
(30%-35%) [70].

Factor Definition How it affects decision making
Knowledge is information about the world and how it works. Individuals need sufficient knowledge to make good decisions. This
sometimes requires advice from qualified experts
Inner resources beliefs acquired during development that determine decisions are influenced by emotions and partially based on the
psychological wellbeing, including pleasure, happiness, and ~ assumption that the decider can predict others’ behaviors; empathy plays
a hopeful outlook a role in decisions as well.
Social support the interpersonal system that we have developed and Social interactions affect the individual’s health and help to cope with
participates in stress or depression
Spirituality and Spirituality is the belief in purpose, order, and morality. Spirituality can help reduce conflicts and challenges around decisions and
religious beliefs increase satisfaction with decisions
Anatomical caused by disorders or injuries frontostriatal dysfunction can lead to substantial changes in cognition and
dysfunction action, which hinder decision making process
Confidence the feeling in an individual that he or she has done something  increases the chances of correct decisions and decreases the probabilities
correctly or not of error

7. Neuroeconomics and pandemic situations

When a pathogen attacks the body, the body recognizes it as a foreign particle and sends signals to the hypothalamic-pituitary-
adrenal axis of the brain, which activates the endocrine system, ultimately triggering the immune system to kill the pathogen and
store information about it in memory cells for future action against that pathogen [71]. The immune system also releases certain
cytokines and chemokines required for normal brain function and maintenance [72]. All these processes are undoubtedly important for
the survival of an individual in society. Neuroeconomics deals with the study of such behaviors and their underlying mechanisms to
promote a better understanding of certain kinds of behavioral responses and to formulate possible treatments for different psychiatric
and neurological diseases. In addition to the danger of accidents and natural or man-made disasters, we are all almost continuously
exposed to germs, chemicals, or toxins that can cause disease. Even within our bodies, cells are continuously changing and can even
transform into malignant cells that can subsequently form tumors.

Social and behavioral factors considerably contribute to the spread of infectious disease transmission. Human behaviors with
social, psychological, economical, and environmental determinants affect the curse, duration, and outcomes of outbreaks [73]. Sense
of responsibility and anticipatory behavior of individuals and communities have considerable influence on the survival of the pop-
ulation and transmission of the outbreak [87]. Social and behavioral determinants intertwined with non-pharmaceutical interventions,
including social distancing, hygiene practices, and respiratory etiquettes, potentially improves the survival rates during large-scale
epidemics, including Black Plague, Influenza, Ebola, SARS, MERS, COVID-19, etc. In the 14th century, the Black Plague killed
nearly two-thirds of the population of Europe and over 75 million people worldwide (of an estimated total population of 350 million),
but some individuals who seemed “magically protected” managed to survive it [74]. Furthermore, decision-making under uncertain
conditions may be improved by moderately acute stress [75]. Incorporating behavior with epidemic models has been of significant
importance for public health strategies. Behavioral models shows that during initial waves of 2009 A/HIN1 (swine) influenza
pandemic, social distancing behavior significantly reduces the transmission of diseases [76]. COVID-19 pandemic has forced in-
dividuals and responsible parties to make their decisions under some sense of uncertainty. This pandemic has put every single person’s
decision-making skills to the test, whether they’re a leader responsible for millions of people, or a member of the community, all were
faced with the need to take quick action to ensure the safety of themselves and others [77]. Furthermore, as the COVID-19 cases
continued to increase, anxiety-related decision-making increased as well. However, certain people remained healthy in most situa-
tions. For example, Park et al. found that stress due to COVID-19 was high among participants, but adherence to CDC guidelines was
high as well [78]. This could indicate that decision-making improves under stressful conditions. However, Starcke et al. found that
stress hinders and deteriorates the decision-making process [79]. Cesari et al. note that the ongoing ageism (where an age criterion was
implemented to follow the decisional algorithm for allocating scarce resources to the patients) that has overtaken the decision-making
process is problematic and should be reviewed; clinical decisions should be made on an individual basis [80]. Therefore, a balance
must be present to ensure proper and logical decision-making, which, during the pandemic, was the responsibility of the authorities to



S. Bashir et al. Heliyon 9 (2023) e13252

ensure the wellbeing of their population.

In summary, decision-making is affected by many factors, which can be physiological, social, psychological, etc. They play both a
conscious and subconscious role in decision-making and by optimizing the external and internal factors we can enhance our decision-
making process and choose the best possible options by utilizing all these factors to develop our judgement.

8. Conclusion

We need to learn from the previous pandemic to better prepare for future challenges; during the crisis, countries, and individuals
have behaved in various ways that we can learn from to better prepare for the future. The collective decision-making was based
initially on scientific observations made and slowly, as we became more knowledgeable, science aided in making better decisions.
Integrating local and collective decision-making will ultimately lead to better outcomes. Our thoughts, emotions, and beliefs can affect
our health, our wellbeing, and even our chances of survival. We still have a long way to go in order to fully understand how individuals
make decisions and more research should be done on the matter in order to understand how all those factors and challenges [81,82]
that come into play affect us and our decision making process and how to utilize them in a way that can benefit us rather than hinder
our decision making process.

The effective and transparent communication between politicians and experts for establishing evidence-based and comprehensive
systematically relevant risk management plans and strategies is very critical in such pandemic or crisis [82]. As minimizing the
economic, societal and psychological costs is the key, we must educate the public and raise their awareness about the neuroeconomics
and its vast dimensions to help them boost their decision-making process and make the best out of their given situations and available
choices [83,84]. Large collaborative studies should be implemented in the field of neuroeconomics to explore this field further and
make the most of it.
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