
Neural Darwinism and Consciousness 1

RUNNING HEAD: Neural Darwinism and Consciousness

Neural Darwinism and Consciousness

Tor Lehtonen

School of Humanities and Informatics

University of Skövde, Sweden

Bachelor Degree Project in Cognitive Science C, 15 ECTS

Spring 2008



Neural Darwinism and Consciousness 2

Submitted by Tor Lehtonen to the University of Skövde as a dissertation towards the degree of 

B.Sc. by examination and dissertation in the School of Humanities and Informatics. Work 

supervised by Katja Valli.

5. 6. 2008

I hereby certify that all material in this dissertation which is not my own work has been 

identified and that no work is included for which a degree has already been conferred on me.

Signature: _______________________________________________



Neural Darwinism and Consciousness 3

Abstract

Neural Darwinism (ND), also called the Theory of Neuronal Group Selection (TNGS) is a 

biological theory of brain development and function which is based on evolutionary and 

developmental principles. ND highlights the importance of selectionist processes underlying 

these principles. The aim of this literature review is to capture and summarize the essentials of 

both ND and its theoretical extensions, the Dynamic Core Hypothesis (TDCH) and Information 

Integration Theory, and reflect how ND as a theory accounts for a wide range of conscious 

phenomena such as general, informational and subjective conscious states. This is achieved by 

evaluating how 16 widely recognized properties of consciousness can be explained and 

accounted for with the theoretical framework of ND.
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INTRODUCTION

How does the brain enable the mind and its conscious contents? This question is under 

serious consideration among the scientific community and consists of a wide range of

approaches to the problem. One of these approaches is Neural Darwinism (ND), a theory that

tries to explain how the brain enables consciousness with the involvement of reentrant 

interactions between large neuronal populations in the thalamocortical system. ND was 

originally proposed in 1978 by Gerald Edelman and has since been further developed and

frequently updated (Edelman 1987, 1989, 2003, 2004; Edelman & Tononi 2000; Tononi, 2004).

ND is a biological theory of brain function and development which has its roots in Edelman’s

earlier work on immunology. ND is based on selectionist principles and complies with the 

outlines of biological evolution.  

Consciousness is one of the most fundamental features of our existence and at the same 

time, one of the most puzzling questions of modern science. It is described and experienced 

differently by diverse cultures at different times in the course of history, others contributing 

consciousness to a divine soul whereas others reduce it to the firing of neurons. Regardless of the 

approach, the phenomenon remains the same and the task of science is to explain it. Evidence 

from patients with neurological deficits provides reasonable scientific verification for the notion

that the brain and consciousness have a relationship. This relationship will be the main topic 

throughout this essay and will be reflected upon more generally when 16 properties of 

consciousness are discussed in relation to the extended ND. These properties are based on the 

considerations of Seth and Baars (2005) and resting on their outlook of the generally accepted 
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properties of consciousness. The stance taken in this essay is intentionally restricted to the 

biological aspects of consciousness. Due to the broad nature of the topic and space limitations of 

this essay opposing approaches are discussed only marginally or left out completely.

In this essay, I will start by going through the essential parts of ND and how the theory 

explains the function and development of the brain by giving details about selectionist processes 

underlying biological evolution. Then some relevant anatomical and functional aspects of the 

brain are covered and how these different brain areas contribute to consciousness aswell as how

specific deficits in these areas affect consciousness. Later the selectionist processes and the 

underlying brain mechanisms are related to the dynamic core hypothesis which elucidates how 

this hypothesis explains how a large group of neurons can contribute to - and sustain -

consciousness. Thereafter the information integration theory of consciousness is discussed and 

its relation to TDCH is clarified. Finally I will consider how ND copes with 16 widely 

recognized properties of consciousness and conclude by summarizing the explanatory power of

the extended framework of ND as a theory of consciousness. 

Selectionist processes and their features in biological evolution

Edelman (1987) explains that he originally proposed the theory of Neural Darwinism         

(that is, the theory of neuronal group selection) as an alternative explanation for the primary 

function of the brain in contrast with information processing theory which he intentionally

wanted to abandon. The main reason for the formulation of the theory was the current 

inconsistencies in the field of science regarding such questions as developmental, anatomical and 

physiological functions of the central nervous system; Edelman wanted a theory that explained 
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consciousness scientifically from a biological perspective which was based on the principle of 

natural selection. Edelman’s alternative approach consists of three fundamental principles, which 

are to be explained in the forthcoming chapter, but before going into details about ND it is 

important to specify an essential concept. The concept that needs to be clarified is epigenetic 

processes which seem to be essential to get a clear understanding of the theory of ND and its 

later extensions. Therefore these processes are briefly discussed before returning to the theory

itself.

Edelman (2004) explains epigenetic processes as neural connections controlled by neural 

activation patterns which are not predetermined by genes as in early stages of development but 

rather by the particular activations of neurons. As stated by Edelman himself: “neurons that fire 

together wire together” (Edelman, 2004, p. 29). As a consequence each human and animal has

highly individual networks of neurons and thus also individual brains even if some important 

principles of organization can be distinguished at a higher level of anatomy. 

The first fundamental principle of the theory of ND states that the “diversification of 

anatomical connectivity occurs epigenetically during development, leading to the formation by 

selection of primary repertories of structurally variant neuronal groups” (Edelman, 1987, p. 5). 

This diversification is caused by developmental actions of various selective mechanochemical 

events governing varying functions of the individual cells aswell as neuronal groups (cell 

division, cell death etc.) without causing changes in the underlying nucleic acid (DNA) of the 

cells. In other words; this first principle that Edelman calls developmental selection leads to the 

formation of diverse neural circuits during the process of development.

The second selective process according to Edelman “occurs during postnatal behavior 

through epigenetic modifications in the strength of synaptic connections within and between 
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neuronal groups” (Edelman, 1987, p. 5). This results in the formation of higher order neuronal 

groups (“secondary repertoire”) through adaptive behavior and produces anatomically variant 

neuronal groups that are more likely to underlie future behavior than the original anatomical 

neuronal populations (“primary repertoire”). This second principle is called experiential 

selection which leads to changes in the strengths of the synapses in the existing neuroanatomy, 

favoring others and weakening other circuits and leading to the formation of the secondary 

repertoire.

The third and final principle that Edelman calls reentrant mapping states that higher order 

neuronal groups interact through reentrant signaling and that such signaling is based on existing 

neural maps. These maps are linked to the secondary repertoire which emerged dynamically 

during the developmental process and these “reentrant interactions maintain spatiotemporal 

continuity in response to real world signals” (Edelman, 1987, p.5). This leads to dynamic 

formation of functioning neural pathways which constitute a repertoire for future neural

processes.  

So how do these three fundamental principles explain or contribute to the complex

development and functions of the brain? According to Edelman (1987), epigenetic mechanisms

alone cannot account for maintaining the spatiotemporal continuity but that different forms of 

mapping are considered to be a necessary condition for perceptual categorization. With mapping 

Edelman indicates that different neural groups in each map interact with other neuronal groups in 

other maps leading to a formation of functioning circuits that work degenerately through 

reentrant interactions. With degeneracy Edelman means that different structures can carry out the 

same function at different times. For clarification a neuron can be active during a perception of a 

stimulus at one time but passive temporally at another perception of the same stimuli. This 
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means that the whole brain works in a dynamic and constantly changing fashion between 

myriads of possible neurons and with astronomical numbers of possible neural circuits without 

stressing the importance of single neurons in perceptual categorization or phenomenal 

experience of a given phenomenal state. Although the astronomical number of possible neural 

connections Edelman and Tononi (2000) argue that for understanding how the brain functions 

globally we do not need to consider every nuclei of the brain but rather focus on some

topological arrangements of the brain such as the cortex, the thalamocortical system, basal 

ganglia and cerebellum and what Edelman calls value systems. 

The arrangement of the brain

In this chapter the focus is on the three topological arrangements that Edelman and 

Tononi (2000) argue are essential for understanding the global functioning of the brain. These 

arrangements are 1) the thalamocortical system which consists of the cerebral cortex and the 

thalamus, 2) a structure that links the cortex, the cerebellum, basal ganglia and hippocampus 

together and 3) the arrangement that Edelman and Tononi call the value systems.

The first topological arrangement, the thalamocortical system is a three dimensional 

meshwork of neurons that connects the thalamus reciprocally to the cortex and different cortical 

areas through corticocortical fibers. Reciprocal connections are axonal bundles that connect two 

regions of the brain in both directions; this is the anatomical basis for reentrant signaling. Both of 

these areas can be subdivided into highly specialized areas that carry out a vast amount of 

different functions and these specialized areas can be additionally divided into further specialized 

functional submodalitites. Within each of these areas different neurons carry out different tasks. 
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The majority of these subdivided cortical areas are jointly gathered as maps, meaning that the 

neuronal populations in one area are highly connected with neurons of another neighboring

cortical area, thus leading not only to anatomical segregation but also to anatomical integration. 

This means that when we perceive a stimulus it activates neurons within the same location and 

also neurons in different locations if they respond to a specific aspect of the stimulus. Neurons 

responding to similar aspects of the given stimuli are more tightly linked with reciprocal 

connections than neurons that respond to different aspects of that stimulus. This leads to 

synchronous neuronal firing patterns when a certain stimulus is presented. 

This same pattern of reciprocal connections can also be distinguished at higher level of 

anatomy where different cortical areas are reciprocally connected by either convergent or 

divergent connections to local or disperse parts of the brain. According to Edelman and Tononi 

(2000) these reciprocal connections provide a structural basis for reentrant signaling and 

distributed brain functions, leading to a unified response of highly differentiated parts of the 

brain. As a consequence the role of the thalamocortical system seems to be the integration of the 

activations of functionally separate neural assemblies into a unified whole. If the thalamocortical 

system is responsible for integration of information, this would also provide an explanation to

the lack of a central coordinating area of the brain. 

The second topological arrangement consists of the cerebellum, the basal ganglia and the 

hippocampus. In contrast with the complex reciprocal organization of the thalamocortical 

system, this second arrangement is far less complicated. The cerebral cortex is connected to these 

different structures of the brain through unidirectional pathways, meaning that each of these 

structures is fairly isolated from one other. From these different structures, synaptic activations

are projected either to the thalamus or straight back to the cortex. Each of these different
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structures have functions traditionally associated with them, even if Edelman and Tononi (2000) 

argue that all of these structures contribute to the execution of complex cognitive and motor 

actions. To get a clear understanding of these traditionally contributed functions they are briefly

discussed in a more detail before returning to discuss the third and final topological arrangement.

The basal ganglia are the largest subcortical structure in forebrain. According to Graybiel 

(1995) the basal ganglia resides in an optimal position to influence executive functions of the 

forebrain such as planning for movement. Diseases such as Parkinson’s and Huntington’s are 

results of functionally competing distinct pathways of the basal ganglia where the respective 

pathway does not function normally. The direct pathway releases movement and the indirect 

pathway inhibits movement. Simplistically one could say that Parkinson’s disease results from 

hyperactivity of the indirect pathway whereas Huntington’s disease results from over-activity of 

the direct pathway. The cerebellum is a large structure residing at the back of the brain and it is 

connected to the brainstem. It has a role in motor activity although it is also contributing to 

certain aspects of thought and language. The cerebellum is involved in the coordination and 

synchronization of movement. The final structure of the second topological arrangement is the 

hippocampus which gets inputs from many cortical areas and projects them back to the cortex. It 

is believed that the hippocampus has several responsibilities and it plays a crucial role in the 

formation of long term memories in the cortex.

The third arrangement that Edelman and Tononi (2000) call value systems consists of a 

small set of distributed neurons that are concentrated in specific nuclei of the brain stem and the 

hypothalamus. “Neurons belonging to these nuclei appear to fire whenever something important 

or salient occurs, such as a loud noise, a flash of light, or a sudden pain” (Edelman & Tononi, 

2000, p. 46). What is special about these particular nuclei is that they project to almost all parts 
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of the brain and their firing releases specific neurotransmitters called neuromodulators which

affect both neural activity and plasticity therefore having an overall affect on large parts of the 

brain. This indicates that these value systems have an adaptive function and that even small 

interferences in their function can have global consequences and therefore they are of most

importance when considering how the brain has evolved and enables consciousness.  

The case of Karen Ann Quinlan

As stated above, the three fundamental arrangements of the brain paint a picture of such a

complex system that if something goes wrong in the brain, something can certainly go wrong 

with the phenomenal aspects of consciousness. Therefore it is important to consider some 

neurological deficits disrupting the functions carried out by theses arrangements and thus 

illuminate their importance in relation to consciousness. This aspect is elucidated by laying the 

focus on the famous case of Karen Ann Quinlan who died in 1985 after she had remained 10 

years in vegetative state after a cardiac arrest (Kinney, Korein, Panigrahy, Dikkes, & Goode,

1994). The focus of my discussion will revolve around the neuropathological features of her 

brain and more closely on the role of the thalamus in her condition and its relation to the first 

topological arrangement.

In 1975 Karen Ann Quinlan was found unconscious at a party after she had supposedly 

ingested sedatives and alcohol. She had suffered a cardiopulmonary arrest and when she was 

found, she was not breathing, she had no pulse, and she was unresponsive. After she had been 

taken to the emergency room, her pulse returned and she was placed in a ventilator. After the 

first twelve hours her normal vital signs had returned and she even responded to auditory stimuli 
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by opening her eyes but the damage caused by shortage of oxygen and blood supply (hypoxic 

ischemic injury and cerebral edema) due to the cardiac arrest had injured her brain severely. The 

worst damage was to the intratalaminar nuclei of the thalamus simultaneously leaving the

cerebral cortex in a relatively good condition. After a period of time (months) she was removed 

from the ventilator but surprised everyone by continuing to breathe independently of the 

ventilator. She was moved to a nursing home where she remained in a persistent vegetative state

with intact arousal patterns until she died nine years later from a massive infection in her lungs

(Kinney et al., 1994).

According to Kinney et al. (1994) the case of Quinlan supports the hypothesis that the 

thalamus plays a crucial role in a persistent vegetative state and maybe more importantly in this 

context, Quinlans condition elucidates and gives evident support of the interdependent relation of 

the thalamus and the cerebral cortex which according to Edelman and Tononi (2000) is of 

fundamental importance in relation to consciousness.

  

Primary and higher order consciousness, the remembered present

According to Edelman and Tononi (2000) there are four requirements that are needed to 

be recognized before understanding how primary consciousness evolved. They define primary 

consciousness as “the ability to generate a mental scene in which a large amount of diverse 

information is integrated for the purpose of directing present or immediate behavior” (Edelman 

& Tononi, 2000, p. 103). The four requirements needed to understand how primary 

consciousness evolved are: perceptual categorization, development of concepts, value-category 

memory and reentrant processes. 
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With perceptual categorization Edelman and Tononi (2000) mean that we are able to 

make useful categories of world signals. This occurs through reentrant signaling between 

different brain maps and simultaneously among different sensory modalities. The development 

of concepts is closely related to perceptual categorization. Concepts can be seen as abstractions 

among some common features of different perceptual categorizations. These abstractions are 

achieved as the brain actively maps among signaling brain regions responding to different 

perceptual categories. In other words, concepts arise as the brain maps activities in various brain 

regions. Value-category memory is closely related to the TNGS and the value systems discussed 

above. The capacity to form adaptive responses in relation to established memories is what 

Edelman and Tononi (2000) call value-category memory. The final requirement for a model of 

primary consciousness is the reentrant processes which are essential for the generation of the 

mental scene. The reentrant processes bind the activations of different brain maps into a 

temporally synchronized simultaneous firing of neural assemblies resulting in a coherent output.

So how do these four requirements lead to the evolution of primary consciousness? 

According to Edelman and Tononi (2000) new reentrant connections emerged between the areas 

that were responsible for perceptual categorization and the value-category memory, namely 

between structures in the thalamocortical system. This led to the construction of a mental scene 

that Edelman and Tononi (2000) call the remembered present referring to the “specious present” 

of William James. Animals with the capability to form a remembered present had a higher 

possibility to survive in comparison with animals that did not have that capability and therefore 

the emergence of primary consciousness was a highly valuable trait worth passing to next 

generations. 

According to Edelman and Tononi (2000) higher order consciousness started to surface
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as neural changes in the brain led to the emergence of language. Once linguistic capabilities had

emerged a self could be constructed from references to internal states and through social 

interactions. This in contrast leads to the rich phenomenology which is available for us today, 

with such conceptions as beliefs, plans, abstract thoughts and imagination. As Edelman and 

Tononi (2000) state when discussing the emergence of higher order consciousness: “It liberates 

imagination and opens thought to the vast domains of metaphor. It can even lead to a temporary 

escape, while still remaining conscious, from the temporal shackles of the remembered present”

(Edelman & Tononi, 2000, p. 193). But what was the evolutionary step that made higher order 

consciousness possible? 

The emergence of new reentrant neural connections between conceptual and linguistic

areas (Broca`s and Wernicke`s area) was the primary reason for the emergence of higher order 

consciousness from the scene of primary consciousness which had no notion of the past or the 

future (the remembered present). The emergence of language relates the past and the future to the 

remembered present and makes us free from it. The aim of the next chapter is to elucidate how 

the dynamic core in the thalamocortical system manages to create the scene of primary 

consciousness from where higher order consciousness emerges. 

The dynamic core hypothesis

The dynamic core hypothesis (TDCH) is an extension to Edelman’s original theory of 

ND. In a nutshell the dynamic core enables consciousness by reentrant signaling of the 

thalamocortical system with other areas contributing to the dynamic core but not as extensively. 

In other words; consciousness emerges when the thalamocortical system interacts with itself, 
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thus behaving as a functional cluster. A functional cluster is distinguished by “strong mutual 

interactions among a set of neuronal groups over a period of hundreds of milliseconds” (Edelman 

& Tononi, 2000, p. 139). The dynamic core hypothesis explains and gives detailed predictions of 

how general properties of consciousness arise from the specific neural processes underlying 

them. These general properties of consciousness are briefly discussed in this chapter and in more 

detail later in this essay when the explanatory power of ND is considered and how 16 widely 

recognized properties of consciousness cope with the theory, but for now the focus will be on the

central part of the dynamic core hypothesis which is based on the following two statements.

1. “A group of neurons can contribute directly to conscious experience only if it is

part of a distributed functional cluster that, through reentrant interactions in the 

thalamocortical system, achieves high integration in hundreds of milliseconds”.

2. “To sustain conscious experience, it is essential that this functional cluster be 

highly differentiated, as indicated by high values of complexity”. 

(Edelman & Tononi, 2000, p.144)

The dynamic core is a constantly changing process which can not be localized in any certain part 

of the brain but it is rather defined as functional interactions among distributed neuronal groups.

These groups that participate in conscious processes can at another time contribute to 

unconscious processes. Therefore such findings as the neural correlates of consciousness are 

only fractions of a far more complicated puzzle. They do not capture the dynamic nature that 
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underlies the conscious process and this is also supported by studies on for example, binocular 

rivalry. I will now explain how the dynamic core enables qualia and hopefully confine the 

complex nature of the subject.  

According to Edelman and Tononi (2000) “qualia are high-order discriminations among a 

large number of states of the dynamic core and that, as such, they are both highly integrated and 

extraordinary informative” (Edelman & Tononi, 2000, p. 155). So every conscious state and 

qualia is a process and we experience them because they are discriminated from highly unified 

and informative states by the functional cluster in the thalamocortical system. In other words, 

consciousness is a discrimination in the N dimensional space (N represents different neuronal 

groups that are active in the dynamic core at any given time with the amount ranging between 

103 and 107). The reentrant anatomy of the thalamocortical system enables the dynamics of high 

neural complexity, thus the thalamocortical system suits well in maintaining conscious 

experience. 

Edelman and Tononi (2000) argue that the dynamic core hypothesis does not substitute 

qualia itself; it only gives an explanation of how qualia is entailed by neural processes, how they 

emerge and how we could understand them. This is maybe best understood by an analogy to 

Edelman’s (2004) rationalization of how forecasting a hurricane does not create one. It is only a 

prediction based on what we know about the current laws governing our universe. This same 

analogy applies also to the causal features of consciousness. According to Edelman (2004) it is 

not consciousness that is causal but the underlying neural processes from where consciousness 

emerges, thus following the same lines as the other branches of natural sciences without any 

divine interventions.
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Neural integration and differentiation, measuring complexity 

Because of the limitations of current brain imaging techniques it is impossible to study 

the brain in a magnitude that would be needed to explain the behavior of large groups of 

neuronal populations. Consequently researchers have turned their focus to computer modeling in 

the search for an explanation to how the brain integrates the functions of highly differentiated 

neural populations. This problem is perhaps better known as the binding problem. According to 

Edelman and Tononi (2000) simulations of reentrant processes of reciprocal connections 

synchronize the distributed neural interactions into a global unity in a time window of 100-250 

milliseconds, thus solving the problem. 

According to Tononi (2004), the information integration theory asks and tries to answer

some of the questions arising from TDCH. To be precise, why some parts of the brain generate 

consciousness and others do not? Furthermore why particular parts of the brain produce the 

specific sensory qualities of consciousness? Tononi (2004) presents his theory to answer these 

questions. It is partly based on the assumptions made by TDCH, namely that consciousness is 

both highly differentiated and integrated. The theory further claims that consciousness is 

measurable and that consciousness can be associated with specific neural assemblies rather than 

with others. 

According to Tononi (2004) the specific matter regarding integration and differentiation 

is that during a perception of a stimulus an enormous amount of possible information is ruled out 

while the stimuli is still perceived as a whole. Tononi (2004) argues that we can measure the 

subsets of elements that can integrate information and correspond to our experience of a given 

state. These experiences are what he calls “complexes” which he defines as “individual entities 
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that can integrate information” (Tononi, 2004, p. 6). He further states that the correspondence of 

consciousness with these complexes fits well into the current knowledge of the activity of the 

thalamocortical system. According to the theory, the amount of information integrated in a given 

system corresponds to the degree of subjective experience in that system regardless of what that 

particular system is made of consequently having implications on various fields of science.

Properties of consciousness and the explanatory power of Neural Darwinism 

The framework of ND and its theoretical extensions TDCH and the information 

integration theory of consciousness explain the emergence of consciousness by reentrant 

activations in the thalamocortical system which entails discriminations among enormous 

varieties of possible core states. My aim in this chapter is to reflect how ND manages to explain 

16 properties of consciousness and elucidate the explanatory power of the theory. The properties 

of consciousness discussed will cover both physiological and phenomenal aspects of 

consciousness. The discussion is based on the publication of Seth and Baars (2005) who state 

that their intention is to review the empirical evidence that any theory of consciousness should 

account for. According to their own definition “it is widely believed that consciousness involves 

widespread, relatively fast, low amplitude interactions in the thalamocortical core of the brain, 

driven by current tasks and conditions. Any theoretical framework should take these facts into 

account” (Seth & Baars, 2005, p.3). 

1. The range of conscious contents
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According to Seth and Baars (2005) the wide range of different contents of consciousness 

seems obvious. Edelman and Tononi (2000) explain the range of contents by the involvement of 

particular neuronal groups in the dynamic core at a given time. The whole state of the dynamic 

core should be considered in every particular experience. In other words, a conscious event is 

discriminated among different states of the N dimensional space. Thus the wide range of 

conscious contents arises as different neural populations influence the N dimensional space. 

Consequently the extended ND accounts well for the range of the contents of consciousness.     

2. Widespread brain effects

According to Seth and Baars (2005) conscious events are related to widespread brain 

effects. Dehaene et al. (2001) argue that if a visual perception is consciously recognized then 

widespread activations can be registered in several areas of the brain whereas unconscious inputs 

are localized at the sensory cortex. This is also supported by Kreiman, Fried and Koch (2002) 

who studied the response of individual neurons to flash suppression (masking). According to 

their findings the majority of the visually selective neurons followed perceptual alterations rather 

than inputs straight to the retina hence supporting the evidence of widespread brain effects in 

visual perception. This evidence is consistent with TDCH which argues that the core is affected 

and interacts also with areas outside the thalamocortical system, for example the value systems. 

According to Seth and Baars (2005) ND and its extensions account moderately for widespread 

brain effects.

3. Informative conscious contents



Neural Darwinism and Consciousness 21

According to Seth and Baars (2005) TDCH accounts well for the informative features of 

conscious contents. They state that consciousness is associated with aspects of informative 

contents that may require responses to surprising or novel conditions. Edelman and Tononi 

(2000) specify their use of the word to account for its relation to TDCH. They define information 

as “the reduction of uncertainty among a number of alternatives” (Edelman & Tononi, 2000, p. 

125). What they mean is that every time we experience a conscious state it is selected among a 

huge number of available alternative states of the N dimensional space.     

4. The rapidly adapting and fleeting nature of conscious events

Seth and Baars (2005) argue that the instantaneous sensory experience of a stimulus lasts 

about as long as the sensory memory and that our cognitive presence does not last more than 30 

seconds. Seth and Baars (2005) give a clarifying example of how the dynamic core would always 

end in a pit of a simple imaginary landscape of the N dimensional space consisting of only one 

attractor, the pit. If we imagine a landscape that is rich in its attractors and constantly unfolding

with mountains and peaks etc. the evolving dynamic core would migrate from one attraction to 

another and cause different behaviors in the observer. “Conscious scenes in this case would 

indeed be fleeting, their evanescence driven by the continual evolution of the dynamic core” 

(Seth & Baars, 2005, p.14). Bressler and Kelso (2001) introduce the term metastability which is 

closely connected to the use of the term complexity by Edelman and Tononi (2000). The 

attention of metastable systems can be captured by such attractors as defined above, but there is 

not a single dominating attractor, rather they are relatively changing over time. This kind of brain 
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dynamicity is also supported by studies on EEG and certain brain dysfunctions like 

schizophrenia could be accounted for by parasite attractors disrupting the metastability (Hoffman 

& McGlashan, 2001). The rapid adaptivity and fleetingness of conscious events are well 

accounted for by the extended ND

5. Internal consistency

Baars (1988) argues that consciousness is characterized by a consistency constraint. He 

means that if we are presented simultaneously with two or more inconsistent stimuli only one of 

them gains conscious access. The extended ND accounts for this consistency constraint because 

each conscious state is an integration of the whole dynamic core and thus the synchronous firing 

of different neural assemblies cause global states in the core. According to Seth and Baars (2005) 

the core can be split under certain conditions. Callosotomy (split brain surgery) which may cause 

dual consciousness, one in each hemisphere, is a clarifying example of a divided dynamic core. 

In a case like callosotomy, the consistency constraint would apply to each individual core rather 

than to the whole brain. According to Seth and Baars (2005) the extended ND accounts well for 

the internal consistency of consciousness.    

6. Limited capacity and seriality

Consciousness is surprisingly limited in its capacity. A clarifying example of this is the 

famous “seven plus or minus two” limit of the working memory (Miller, 1956). Even if Seth and 

Baars (2005) argue that consciousness is not strictly identified with either working memory or 
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selective attention its limitations are similar in nature. The extended ND (Edelman & Tononi, 

2000, p.151) explains that these capacity limitations may be caused by “specific properties of 

temporal summation mechanisms” and “the precision and speed of synchronization needed 

among neurons that constitute the dynamic core”. According to Seth and Baars (2005) further 

research is needed on the subject and that the extended ND accounts moderately for the limited 

capacity and seriality of consciousness.   

7. Sensory binding

The question is how a unified perception of, for example a visual scene is generated by a 

functionally segregated brain? According to Seth and Baars (2005) most of the available 

explanations can be divided into two categories: into those that explain sensory binding through 

attention or executive mechanisms and to those that explain binding through synchronization of 

neural groups (extended ND). Where attention seems to have an active role in combining visual 

features at spatial locations in the brain, ND emphasizes the automatic features of the binding 

process. According to Edelman (2003) sensory binding is based on the correlations that reentry 

entails on synchronously active brain regions and that those regions are selectively favored. Seth 

and Baars (2005) propose contradicting evidence to the theory of neural synchrony but they state 

that reentrance and synchrony as mechanisms solve the binding problem even if the mechanisms 

based on attention are not yet entirely explained. Seth and Baars (2005) argue that the extended 

ND accounts well for sensory binding.           

8. Self attribution
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Self attribution means that the given conscious experiences of a person are always 

attributed to the experiencing self. The extended ND states that primary consciousness is related 

to the remembered present where it arises from the interactions between the self and the external 

world, more precisely between sensory inputs and the value-category memory (Edelman, 1989; 

Edelman & Tononi, 2000). Higher order (reflective) consciousness arises as new reentrant loops 

connect linguistic areas with pre-existing neuroanatomy which leads to the ability to refer to 

one’s internal states and further communicate them to others. In other words, the self is an 

interpreter of the conscious experiences of that particular person. According to Seth and Baars 

(2005) the extended ND accounts moderately for self attribution.  

9. Accurate reportability

Accurate reportability is a widely accepted feature of consciousness and obviously a way 

of communication between persons. According to the extended ND (Edelman & Tononi, 2000) 

reportability is based on the linguistic capabilities arising from higher order consciousness and 

that reentrant processes in widespread areas of the brain contribute to this process. Seth and 

Baars (2005) argue that the extended ND accounts moderately for the accurate reportability of 

the contents of consciousness.  

10. Subjectivity and the perspective of the observer
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Seth and Baars (2005) refer their discussion on subjectivity to the distinction made by 

Chalmers (1995) between the “easy” and the “hard problem” of consciousness, meaning that 

there is an explanatory gap between the science of consciousness and the qualitative experience 

of consciousness. Edelman (2004) responds to the distinction by stating that the role of science is 

not to replicate the phenomenon it explains. “In other words, coming up with a scientific theory 

that explicitly solved the hard problem would be like developing a theory of hurricanes that was 

actually windy” (Seth & Baars, 2005, p. 19). Edelman (2004) further explains that the brain 

entails qualia as the dynamic core discriminates among numerous available states in the N 

dimensional space, thus subjectivity is a property of neural activity and a necessarily a feature of 

the brain. Seth and Baars (2005) conclude that the extended ND accounts moderately for 

subjectivity.    

11. Focus-fringe structure

According to Seth and Baars (2005) the fringe conscious contents are rather vague and 

distinct as compared with more focal aspects of consciousness. The tip of the tongue 

phenomenon is an apparent example of a fringe state. According to the definition of Maril, 

Wagnerand and Schacter (2001) the tip of the tongue state “refers to temporary inaccessibility of 

information that one is sure exists in long-time memory and is on the verge of recovering (Maril 

et al. 2001, p. 1). Their study revealed that retrieval failures that were accompanied by the tip of 

the tongue state could be associated with activations in the prefrontal cortex and the cingulate 

gyrus, consequently relating the state with the activations of cognitive control mechanisms trying 

to resolve the problem. The extended ND associates the fringe states with various neuronal 
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groups consisting “primarily of neuronal groups in prefrontal cortex, supported by prefrontal-

thalamic reentrant loops or cingulate-thalamic loops” (Seth & Baars, 2005, p. 20). According to 

Seth and Baars (2005) the extended ND needs further development to account for the focus-

fringe structure of consciousness. 

12. Consciousness facilitates learning

The extended ND describes the process of learning in two steps. Firstly by the isolation 

and localization of the neuronal assemblies which are involved in novel aspects of motor and 

cognitive acts which themselves are largely dependant of the basal ganglia and mediated by the 

activity of the value systems and secondly by establishing these cognitive and motor acts into 

novel sequences. According to Seth and Baars (2005) the extended ND contributes to our 

understanding of why consciousness is associated with novel acts like learning. They also argue 

that once learnt behavior is expressed it may not require consciousness and that learning and the 

expression of learnt behavior is often associated with the basal ganglia (Graybiel, 1995).  

According to Seth and Baars (2005) further development on the extended ND is needed if the 

theory wants to account for consciousness in relation to learning.

13. Stability of conscious contents relative to sensory input

Seth and Baars (2005) argue that the stability of consciousness is astonishing in relation 

to the constantly varying inputs from different sensory modalities. They further argue that 

conscious concepts and beliefs are rather stable and that deep-rooted beliefs may last as long as a 
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lifetime. The extended ND accounts for the stability of consciousness by the built-in dynamics of 

the core aswell as by perceptual categorization (categorization of world signals) which is in itself 

more stable than the sensory inputs that underlie categorization. The metastable (self-limiting) 

nature of the dynamic core may also contribute to the stability of the contents of consciousness 

by reducing sensory information before it comes to the core. According to Seth and Baars (2005) 

the extended ND needs more development if it is to account for the stability of the contents of 

consciousness.         

14. Allocentricity of the objects of experience in an egocentric framework

Allocentricity according to Seth and Baars (2005) is a general feature of consciousness 

“in which representations of object position are stable with respect to observer position” (Seth & 

Baars, 2005, p.22). In other words, the external world remains stable regardless of our 

observations of it, thus allocentricity promotes the stability of consciousness in for example 

object recognition. According to Seth and Baars (2005) further development of the extended ND 

is needed regardless of the verity that it is consistent with diverse aspects of allocentricity.

15. Consciousness is useful for voluntary decision making

Seth and Baars (2005) relate the concept of voluntary decision making to intentionality, 

that is, being about something or directed towards something. They also distinguish between 

conscious and unconscious intentionality where as conscious intentionality is seen as voluntary 

decision making whereas unconscious intentionality is related to automatic skills, implicit 
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learning etc. “Both conscious and unconscious intentionality have obvious utility in ensuring that 

the brain operations are functionally adapted to the world” (Seth & Baars, 2005, p.23). They 

further state that the executive mechanisms governing voluntary decision making are well suited 

to novel conditions where automatic responses of a person may not be enough to cope in such 

situations. The extended ND explains that conscious events are fundamentally intentional and 

about something because they are in themselves highly informative discriminations and thus 

confine the very nature of intentionality. Seth and Baars (2005) consider that the extended ND

accounts moderately for the notion of the usefulness of consciousness in voluntary decision 

making. 

16. Involvement of the thalamocortical system

According to Seth and Baars (2005) the extended ND accounts well for the involvement 

of the thalamocortical system in relation to consciousness. TDCH explains that the reentrant 

neuroanatomy of the thalamocortical system allows the linkage between perceptual 

categorization and value-category memory consequently producing the scene of primary 

consciousness. 

Conclusions

Neural Darwinism and the extended framework engendered around it has become a 

productive outline in the scientific search of consciousness. It runs through our neuroanatomical 

origins and development of the brain to global explanations of the emergence of primary- and 
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higher order consciousness and how these states are generated and discriminated in our brain by 

the dynamic core in the thalamocortical system leading to the qualitative experiences of 

consciousness. The theory emphasizes distinctly functioning neural assemblies and arrangements 

in the brain in relation to consciousness, each contributing to consciousness relative to their 

biological functions, without underestimating the global functions of the brain. The theory 

further highlights the importance of constantly changing neural populations underlying each 

conscious state and the reentrant signaling between the thalamus and the cortex that can be seen 

as fundamental for the emergence of consciousness in the light of the theory. 

The extended theory has the benefit of enjoying apparently wide support in the scientific 

community of consciousness research, elucidating and accounting for several widely accepted 

general features of consciousness. Even if some of the general features of consciousness need 

further research on the behalf of the theory, its explanatory power regarding consciousness is

worth noticing.
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