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ABSTRACT 
Decision-making in complex environments is a multifaceted process that involves numerous neural 
mechanisms and cognitive strategies. This paper explores the various neural systems and circuits 
involved in decision-making, focusing on how sensory information is encoded, processed, and integrated 
to guide behavior. It delves into the role of the prefrontal cortex, the influence of risk and uncertainty, 
and the impact of complex, dynamic environments on decision-making processes. The study also 
examines real-world applications, highlighting how insights from neuroscience can inform strategies in 
fields ranging from artificial intelligence to behavioral economics. 
Keywords: Decision-making, Neuroscience, Complex environments, Prefrontal cortex, Sensory 
processing. 

 
INTRODUCTION 

A variety of different subfields in neuroscience study systems that make decisions and have come up with 
a variety of different models, principles, theories, or concepts about how decisions take place in these 
systems and which issues have to be addressed [1,2]. In particular, sensory systems are often described in 
terms of "sensory independence" of neurons, that is, each neuron is modeled as an independent evidence 
accumulator that can signal the appearance of a stimulus in the absence of any input in any other neurons. 
In the domain of vision, this is called the "where is the light" problem (because the visual field is divided 
into spatially independent receptive fields), while in the domain of olfaction, this is called the "what is the 
source" problem (because the stimulus space is continuous and non-topographically organized) [3]. In 
both cases, the problem can be understood in terms of source separation, which is the question of 
decoding spikes in terms of the input stimulus that generated them, and of solving inverse problems. 
Different types of neurons in a common pathway are typically modeled as if solving related inverse-
posterior probability problems that describe a unique computational function for each neuronal class. 
Neuroeconomists have used the concept of utility to link the strategies used (as revealed by behavior) by 
human and non-human decision-makers to the neural and/or molecular mechanisms that might 
correspond to the strategies [4]. Other computational models of decision-making in systems-level 
neuroscience go beyond the traditional view of a decision as a choice between an option that delivers a 
reward with probability p and a second option that always delivers the reward [5, 6]. 

DEFINITION AND IMPORTANCE OF DECISION-MAKING 
Decision-making is the process of selecting a course of action from among alternatives. An emphasis on 
the classification of decisions is its consideration as programmed or nonprogrammed. Programmed 
decisions are generally those decisions frequently or sequentially taken or those of similar nature. 
Nonprogrammed decisions, instead, are not taken routinely and were decided on a case by case. The 
harmony of decisions with organizational goals is the central issue in the considerations of the decision-
making process, becoming a challenge in the managerial process as well. Besides, there are several aspects 
derived from the complexity of the environment and the number of variables that are quite important in 
this process, such as time or non-programmed frequency of the decision, as an example. There are many 
decision models to deal with the several aspects of the decision-making process. Each model reflects some 
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aspect or aspects of the decision-making process with a given frequency and complexity [7, 8]. Some 
evident examples of situations where nonprogrammed decisions are usually on a case-by-case are: crisis 
handling, conflict resolution, choosing alternative, and limited resources. Generally, nonprogrammed 
decisions required greater effort and resources. These models should not reflect the reality of the process, 
which is complex, and has limited capacity of information processing. It occurs at both levels of the 
organization and individual levels. Moreover, this is a very rich and important context that crosses all 
streams of the organizational field. After a brief presentation of the most recognized decision models, this 
chapter is dedicated to the critique on these models, which is this specific perspective on decision. Much of 
what is known about human physiology and habit can be used to build that understanding. The output is 
a perspective on decision-making in organizations [9]. 

NEURAL MECHANISMS INVOLVED IN DECISION-MAKING 
Encoding of sensory inputs and behavioral output options is performed in a parallel and hierarchical 
manner through many layers of the brain, involving many different types of neurons and neural networks. 
Upon sensory input, the brain has to make complex decisions even before acting. However, in many 
situations, decision-making in more difficult, multi-attribute or multi-alternative tasks, the linkage of 
sensory information to the motor response and the nature of evidence representations (e.g. for specific 
decision strategies and strategies of evidence accumulation) are much less understood [10]. Furthermore, 
rapid make-or-break type decisions in response to very weak sensory evidence may require fast switches 
between different local networks or between feed-forward and feedback states, as well as promoting or 
suppressing different sensory inputs. A non-graded discrete and binary decision scheme is also further 
suggested by the fact that, in rapid serial sensory decisions, the initial phase of the ensemble response 
precedes a behavioral selection rather than tracking it [11, 12]. 

PREFRONTAL CORTEX AND DECISION-MAKING 
The prefrontal cortex (PFC) has been frequently posited as a key brain region involved in mediating 
behavioral flexibility across diverse forms of decision-making. Investigations of decision-making in the 
healthy human brain consistently demonstrate recruitment of the PFC, in particular during the 
comparison of the qualities of multiple available options, or the exploration of less familiar decision 
territories. Primate electrophysiology studies reveal a spectrum of decision-relevant neural activity in 
lateral PFC (lPFC) during decision-making under both perceptual and value-based contexts, such as 
neural ensembles firing in response to the qualities of available options and showing evidence 
accumulation properties. Electrophysiological studies of human volunteers during value-based decision-
making tasks have also shown consistent (albeit more subtle) phylogenetic comparisons to the non-
human primate studies, especially in research that has applied computational approaches to these data 
[13]. Notwithstanding parallel behavioral, electrophysiological and neuromodulatory discoveries across 
these species, research has also suggested that unique differentiating qualities of PFC function arise from 
the evolution of the primate brain, which could contribute to the subtle variability of cognitive deficits 
noted during broader investigation of PFC lesions in humans and model animals. Indeed, when 
investigating decision-making in non-human primates, it is found that single neurons in PFC exhibit a 
range of cognitive functions, such as heralding changing reward contingency, evaluating the quality of 
available options or setting signals for upcoming changes in exploration of new decision territories [14]. 

FACTORS INFLUENCING DECISION-MAKING IN COMPLEX ENVIRONMENTS 
Three crucial factors that influence decision-making in complex environments are: 
1) The nature of the Independent Autonomous Systems (IAS), which are non-cooperating entities that 
coexist in the environment. 
2) The rules that determine interactions among the IAS and between the IAS and the environment. 
3) The capacity of the system to adapt to its environment. 
Complex environments can be studied in various subjects, such as Complex Systems, Natural Systems or 
Systems Theory, and Artificial Intelligence (AI) including the study of multi-agent systems. Since the 
fifties, one of the main problems in AI has been giving robots "intelligent" behavior, such as visual 
recognition, use of natural language, and decision making. This area has seen rapid advancements and has 
been applied in other technological areas like production control, traffic management, and defense. 
However, these results have been mainly applied locally and are considered micro-technologies. Since 
most IAS operate in complex environments, these results cannot contribute to building a coherent, 
integrated, and compatible global assistive system. The knowledge developed in areas like organization, 
information management, signal processing, cognition, biology, and economics is too fragmentary and 
specific to certain entities. Without a global perspective, there will be no helpful theory, technology, or 
methodology. 
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RISK AND UNCERTAINTY 
Adaptive decision-making requires assessing available options, predicting potential outcomes, taking into 
account their likelihood, integrating them over time, and selecting the best course of action. In complex, 
dynamic and uncertain real-world environments, two types of potentially crucial decision parameters can 
be distinguished, namely risk and uncertainty. Specifically, the concept of uncertainty can be further 
divided into ambiguity, imposed by a lack of relevant information about potential outcomes, and 
unreliability, indicating an objective impossibility to establish precise probabilities of the occurrence of 
each outcome [15]. Grasping the nature of decisions to be made, as well as their components and likely 
outcomes, along with assessing the risk that certain actions might entail, has long been a major puzzle in 
economics and decision theory. As evidence grows in neuroscience indicating that different types of 
decisions are actually governed by different brain mechanisms, it is now widely accepted that 
suboptimally accurate and consistent predictions made prior to selection of the course of action depend 
upon a different set of brain prefrontal regions than the ones implicated in predicting the outcome of a 
choice made during decision-making processes [16]. 

NEUROSCIENTIFIC STUDIES ON DECISION-MAKING IN REAL-WORLD SCENARIOS 
Neuroscientific studies on decision-making in real-world scenarios have also shed light on the neural 
correlates of decision-making in complex environments. Traditionally, choice behavior has been 
investigated in shaved down, simplified environments so that complex decision processes can be 
presented in dot-like, two-alternative forms. However, living our lives, we are constantly making 
decisions and very rarely does the environment resemble these simple presentations. Thus, to investigate 
decision-making in more complex, real-world scenarios and learn about the underlying neural 
computations, more natural, life-like scenarios are needed. And one of the reasons that we see these 
neuroimaging data of neural choices during complex decision tasks is the development of neuroimaging 
acquisition techniques, which make it feasible to conduct such complex experiments [17]. We have 
extensively elaborated the benefits and limitations of different neuroimaging tools in chapter 
"Neuroimaging: Advantages and Causes for Misinterpretation". In this work, due to the strict 
relationship that we are interested in, particularly in the prefrontal cortex, we highlight the advantages 
and limitations of each suggested technique when it comes to complex decision-making paradigms, which 
we will discuss thoroughly in the following chapters. Research has been conducted on common aspects of 
decision-making in order to allow for stable interpretations, given that behavior is not only studied where 
conclusions are most likely to mainstream and be reproduced by other scholars, but also because the 
neural processes built are based on the same underlying principles of the findings. Becoming particularly 
interested in behavioral criteria as the object of interesting subjects in popular paradigms sets the ground 
for connectivity research. Different cortical areas work in synergy when it comes to cerebral networks 
involved in decision-making [18, 19]. 

APPLICATIONS OF UNDERSTANDING DECISION-MAKING IN COMPLEX 
ENVIRONMENTS 

Neuroscience is unlocking the multitude of ways animals make decisions in complex environments. Some 
of the factors that affect the decision-making process include most of the attributes of the decision, 
including the alternative, the agent that propels the decision, and the context in which the decision is 
made. Understanding how animals make decisions, mapping those decision-making circuits in the brain, 
and potentially manipulating them provide a valuable perspective to considering the origins of decisions 
and the potential neurobiological underpinnings of disorders such as addiction and other impulsive 
syndromes. However, these insights could also prove incredibly useful and far-reaching in other aspects of 
biology and genome science, including informing conservation strategies, understanding animal models 
of human disease, and potentially even taking advantage of model results to drive advances in robotics. 
The approaches and methods for interacting with model organisms with very tiny brains can translate 
into new metrics for engaging with technology at the interface of our sensory environment and our own 
decision-making circuits [20, 21, 22]. 

CONCLUSION 
Understanding the neuroscience of decision-making in complex environments provides significant 
insights into how organisms, including humans, navigate and respond to their surroundings. The 
integration of sensory inputs, the role of the prefrontal cortex, and the consideration of risk and 
uncertainty are crucial in shaping decision-making processes. These findings have broad implications, 
from improving artificial intelligence systems to developing better strategies for managing human 
behavior in various domains. By further exploring these neural mechanisms, we can enhance our ability to 
predict and influence decision-making in complex and dynamic settings. 
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