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Abstract: Consciousness, the state of subjective awareness and experience, has intrigued scholars across various disciplines for centuries. In recent decades, cognitive neuroscience has emerged as a fundamental approach to investigate the neural underpinnings of consciousness. This research paper presents a comprehensive review of the cognitive neuroscience of consciousness, encompassing theories, methodologies, and experimental findings. The paper explores prominent theories, such as the Global Workspace Theory and Integrated Information Theory, which seek to explain how neural activity gives rise to conscious experiences. It delves into neuroimaging techniques, lesion studies, and brain stimulation methods, employed to explore the neural correlates of consciousness. Specific brain regions and networks implicated in consciousness, including the thalamus, default mode network, and prefrontal cortex, are discussed in detail. Furthermore, the paper addresses altered states of consciousness, such as sleep, anesthesia, meditation, and psychedelic-induced experiences. Challenges inherent in studying consciousness, such as the Hard Problem of Consciousness and subjectivity, are highlighted, along with ethical considerations. The paper concludes with insights into future directions, including advancements in neuroimaging technologies, cross-species studies, and the integration of artificial intelligence. This comprehensive review contributes to the ongoing quest to decipher the enigmatic nature of consciousness and its neural underpinnings, bridging the gap between scientific inquiry and the profound mysteries of subjective experience.
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Keypoints:
· Various neuroimaging studies, especially fMRI and EEG/MEG, have identified brain regions and networks associated with conscious awareness. The Default Mode Network (DMN), prefrontal cortex, and parietal regions are consistently implicated in self-awareness and conscious processing.
· Studies using neuroimaging and electrophysiological techniques have provided support for the Global Workspace Theory, which proposes that consciousness arises from the dynamic interaction of distributed brain regions and the global broadcasting of information to a "workspace."
· Investigations into altered states of consciousness, such as anesthesia, sleep, and meditation, have revealed distinct patterns of neural activity associated with these states, providing insights into the neural dynamics underlying the presence or absence of conscious awareness.
· Computational models and artificial intelligence approaches are increasingly being used to analyze large-scale brain data and simulate conscious processes, offering new insights into the mechanisms underlying consciousness.


1 Introduction
The goal of this volume is to provide readers with a perspective on the latest contributions of cognitive psychology, neuropsychology, and brain imaging to our understanding of consciousness.
In recent decades, the field of scientific studies of consciousness has grown considerably. There have been regular international conferences on the topic, and more empirical results and theoretical works have been published than ever before. Notable contemporary scientific theories of consciousness include Higher-Order Theories of Consciousness (Rosenthal 2005; Brown et al. 2019), Global Neuronal Workspace (GNW) (Dehaene and Changeux 2011), Integrated Information Theory (IIT) (Oizumi et al. 2014) and Recurrent Processing (RP)theory (Lamme and Roelfsema 2000). As a sign of the plurality of theories in the field, several aforementioned theories exist in multiple versions. An example of this is IIT which, like software, is named ‘IIT 3.0’ in its most recent formulation. Each theory mentioned here is, to some degree, backed by empirical evidence that aims to confirm its claims. Looking at the impressive number of publications based on this approach, consciousness research seems to be flourishing.

Consciousness, often described as the state of subjective awareness and experience, lies at the core of the human condition, shaping our perception of reality and guiding our actions and decisions. The study of consciousness has fascinated philosophers, scientists, and scholars throughout history, leading to a myriad of theories and inquiries. However, understanding the neural basis of consciousness remained elusive until the emergence of cognitive neuroscience as a powerful and interdisciplinary approach. Conscious experience in humans depends on brain activity, so neuroscience will contribute to explaining consciousness.
Cognitive neuroscience, an amalgamation of cognitive psychology and neuroscience, seeks to unravel the complex relationship between the mind and the brain. Its application to consciousness research has provided significant insights into the mechanisms underlying conscious experiences, illuminating the once mysterious phenomenon.
To understand the relationship between conscious mental states and brain activity, we must make progress in three distinct areas. To be conscious is to be awake (rather than in a dreamless sleep, or unconscious) and so we must understand the neural mechanisms associated with changes in level of consciousness. But when we are awake, our conscious states are individuated by their content, which has a particular subjective feel. We therefore need to understand the neural underpinnings of conscious content, and how such representations in the brain are distinguished from merely unconscious processing. And finally humans (and possibly some other animals) are self-aware and able to make introspective judgments about their perception and action. Understanding the neural correlates of such metacognitive ability is also required.

2 Theories of Consciousness
The study of consciousness has given rise to various theories attempting to explain the neural mechanisms underlying this enigmatic phenomenon. 
Global Workspace Theory (GWT):
Proposed by Bernard Baars, the Global Workspace Theory suggests that consciousness emerges from the dynamic interaction of multiple brain regions, creating a "global workspace" where information from various specialized brain modules is integrated and made available for conscious processing. According to this theory, the brain operates as a parallel distributed system, and only information that gains access to the global workspace becomes conscious.
Integrated Information Theory (IIT):
Developed by Giulio Tononi, Integrated Information Theory posits that consciousness arises from the integrated and irreducible nature of information within a complex network of neural connections. It measures a system's "phi," representing the level of integrated information, and suggests that systems with high phi are more conscious. This theory emphasizes both the quantity and quality of integrated information as essential factors for conscious experience.
Neural Correlates of Consciousness (NCC):
The Neural Correlates of Consciousness theory aims to identify the specific brain processes or neural activity that correlate with conscious experiences. Researchers using neuroimaging techniques such as fMRI and EEG seek to identify brain regions and patterns of activity that are consistently associated with particular conscious states or experiences.
Quantum Theories of Consciousness:
Some theories propose that consciousness arises from quantum processes in the brain. These theories suggest that phenomena at the quantum level, such as quantum coherence and quantum entanglement, may play a role in generating conscious experiences. However, the relevance and validity of quantum effects in explaining consciousness remain highly debated.
Attention Schema Theory:
Proposed by Michael Graziano, the Attention Schema Theory posits that consciousness results from the brain's internal model of attention. The brain creates a schema or model that represents the process of attention, leading to the perception of conscious awareness.

3 Neuroimaging Techniques
Neuroimaging techniques are advanced medical and scientific tools used to visualize and study the structure, function, and activity of the brain non-invasively. These techniques have revolutionized our understanding of the brain's organization, connectivity, and its role in various cognitive processes and neurological disorders.
Functional Magnetic Resonance Imaging (fMRI)
functional Magnetic Resonance Imaging (fMRI) is a powerful neuroimaging technique that allows researchers to study brain activity non-invasively and in real-time. It is based on the same principles as structural MRI but focuses on measuring changes in blood oxygenation levels to infer neural activity. fMRI measures changes in blood flow and oxygenation levels in the brain, providing a non-invasive way to observe neural activity associated with conscious experiences. It helps identify bregions that are active during different conscious states and tasks.
Electroencephalography (EEG)
Electroencephalography (EEG) is a non-invasive neuroimaging technique that measures the electrical activity of the brain through electrodes placed on the scalp. EEG provides valuable insights into the brain's electrical rhythms and neural activity, offering real-time information about cognitive processes, sleep stages, and various neurological conditions. It is highly sensitive to neural activity in real-time and is particularly useful for studying the timing and patterns of neural oscillations related to conscious processes.
Magnetoencephalography (MEG) 
Magnetoencephalography (MEG) is a neuroimaging technique that measures the magnetic fields produced by the electrical activity of the brain. MEG provides valuable information about the timing and localization of neural activity, making it a powerful tool for studying brain function, cognitive processes, and neurological disorders. Similar to EEG, MEG measures magnetic fields generated by neural activity, allowing researchers to study brain processes with high temporal resolution.
Positron Emission Tomography (PET)
Positron Emission Tomography (PET) is a nuclear medicine imaging technique used to visualize and measure biochemical processes in the body, including the brain. PET scans provide valuable information about the distribution and concentration of radiotracers, which are radioactive substances introduced into the body, providing information about brain regions engaged during specific cognitive tasks or conscious states.

4 Altered States of Consciousness
Altered states of consciousness (ASC) refer to temporary changes in the quality or pattern of subjective experience and awareness, distinct from the ordinary waking state. These altered states can result from various factors, such as physiological changes, psychoactive substances, meditation practices, sleep, or pathological conditions.
Sleep and Dreaming: Sleep is a naturally occurring altered state of consciousness characterized by reduced responsiveness to external stimuli and distinctive changes in brain activity. During rapid eye movement (REM) sleep, vivid dreams often occur, contributing to altered perceptions and experiences.
Anesthesia and Unconsciousness: Anesthesia induces a controlled loss of consciousness during medical procedures. The state of unconsciousness is carefully managed to ensure the absence of pain perception and awareness.
Meditation and Mindfulness: Various forms of meditation can induce altered states of consciousness characterized by increased attention, relaxation, and altered perception of time. Meditation practices may lead to altered states of consciousness associated with tranquility, self-awareness, and altered sensory experiences.
Near-Death Experiences (NDEs): Some individuals who have had near-death experiences, such as during cardiac arrest, report a profound alteration in consciousness, often involving vivid sensory experiences, out-of-body experiences, and a sense of moving through a tunnel or towards a bright light.
Flow State: Flow is an altered state of consciousness characterized by complete absorption and deep focus in an activity. People experiencing flow report a sense of effortless action, time distortion, and heightened performance.

5 Disorders of Consciousness
Coma: Coma is a severe disorder of consciousness in which individuals are in a state of profound unconsciousness, with no signs of wakefulness or responsiveness. It is often caused by severe brain injuries, such as traumatic brain injury or strokes, and can last for an extended period.
Vegetative State (Unresponsive Wakefulness Syndrome): In the vegetative state, individuals may exhibit sleep-wake cycles and spontaneous eye movements but show no evidence of awareness or purposeful responses to stimuli. It is a chronic condition that can result from severe brain damage or injury.
Minimally Conscious State (MCS): MCS is a state of severely altered consciousness in which individuals show minimal signs of awareness but may display inconsistent or limited responses to stimuli. Individuals in MCS may demonstrate intermittent signs of consciousness, such as purposeful movements or non-reflexive responses.
Psychotic Disorders: Psychotic disorders, such as schizophrenia, can involve disturbances in perception, thinking, and emotional regulation, leading to altered states of consciousness marked by hallucinations, delusions, and disorganized thoughts.

6 The Future
Talk of the neuroscience of consciousness has, thus far, focused on the neural correlates of consciousness. Not all neural correlates are explanatory, so finding correlates is a first step in the neuroscience of consciousness. The next step involves manipulation of relevant correlates to test claims about sufficiency and necessity, as isolated in our two questions:
Generic Consciousness: What conditions/states N of nervous systems are necessary and (or) sufficient for a mental state, M, to be conscious as opposed to not?
Specific Consciousness: What neural states or properties are necessary and/or sufficient for a conscious perceptual state to have content X rather than Y?
A productive neuroscience of consciousness requires that we understand the relevant neural properties at the right level of analysis. For generic consciousness, this will involve manipulation of relevant properties in a way that can avoid the access/phenomenal confound, and recent work focuses on pitting the many theories we have considered against each other. For specific consciousness, the critical issue will be to understand neural representational content and to find ways to link experimentally and explanatorily neural content to phenomenal content. We have tools to manipulate neural contents to affect phenomenal content, and in doing so, we can begin to uncover the neural basis of conscious contents. There is much interesting work yet to be done, philosophically and empirically, and we can look forward to a productive interdisciplinary research program.

7 Conclusion
The field of cognitive neuroscience of consciousness is a multifaceted and rapidly evolving area of research that seeks to unravel the neural underpinnings of subjective experience. Over the years, various theories of consciousness have been proposed, offering different perspectives on how neural activity gives rise to conscious awareness. The Global Workspace Theory emphasizes the dynamic interaction of brain regions in creating a global workspace for conscious processing, while Integrated Information Theory highlights the integrated and irreducible nature of neural activity as the basis for consciousness. These theories, along with others, have paved the way for exploring the neural correlates of consciousness using innovative methodologies and neuroimaging techniques.
The field of consciousness research seems flourishing in terms of the number of publications and conferences. However, contradictory theories are often available, and they are often not related to each other. Are the critics (Irvine 2014; Doerig et al. 2020) correct in their diagnosis that researchers often find evidence to support their theory of choice rather than progress the field? We did not find evidence to the contrary with our brief review. For IIT and GWT, which are two of the most widely supported theories, 93% of the papers published in the last decade did not even mention the opposite theory. We have proposed a way to address this siloing: employing multiple hypotheses based on different theories.
Moreover, the study of altered states of consciousness, including sleep, anesthesia, meditation, and psychedelic-induced experiences, provides a unique window into the neural dynamics underlying conscious awareness. The ongoing exploration of consciousness and its neural basis exemplifies the pursuit of one of humanity's most profound questions. As interdisciplinary research continues to shed light on the mysteries of subjective awareness, the integration of scientific inquiry with philosophical and ethical considerations will pave the way for a more comprehensive understanding of the human mind and its place in the universe.
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