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processing within molecular networks, bridging the gap 
between the physical and mental realms. This work exam-
ines the interplay between sensory data, cognitive biases, 
and emotional states in shaping awareness, emphasizing the 
dynamic and subjective nature of these processes.

Carruthers (2019) highlights phenomenal consciousness, 
the subjective aspect of experience that captures “what it 
is like” to perceive or feel. This form of consciousness, a 
subset of mental-state awareness, includes sensory experi-
ences such as seeing, hearing, and smelling, each marked by 
a distinctive qualitative character. Despite extensive study, 
consciousness remains a profoundly complex and contested 
concept. Competing theories variously regard it as emerg-
ing from intricate neural dynamics (Block 1992, 2007) or 
as a fundamental or emergent property of physical systems. 
Across neuroscience, psychology, philosophy, and cognitive 
science, ongoing research continues to integrate empirical 
findings and theoretical models to clarify the mechanisms 
and nature of conscious experience (Block 2019).

Philosophical inquiries into the nature of conscious-
ness have significantly expanded our understanding of this 
profound phenomenon. Discussions around the subjec-
tive, first-person experience of consciousness, known as 
"qualia", have emphasized the challenge of explaining the 

Preliminaries and introduction

The nature of the mind and its cognitive systems has cap-
tivated scholars across disciplines for centuries, bridging 
philosophy, psychology, and neuroscience (Nagel 1974; 
Damasio 1999). This article investigates the foundational 
processes underlying the formation of cognitive systems, 
proposing that these mechanisms are deeply embedded in 
chemical and physical interactions. Utilizing the Dynamic 
Kinetic Stability (DKS) framework (Pross 2012; Pascal and 
Pross 2023), the study explores how molecular networks 
evolve from simple chemical reactions into complex behav-
iors characteristic of cognition, ultimately giving rise to 
human consciousness.

The DKS framework provides a theoretical lens to 
understand self-organization, adaptability, and information 
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qualitative, phenomenal aspects of mental states (Nagel 
1974; Block 1992). Theories such as Integrated Information 
Theory (IIT) (Tononi 2008) and Global Workspace Theory 
(GWT) (Baars 1988) have sought to bridge the gap between 
the objective, third-person descriptions of neural activity 
and the subjective, first-person experience of consciousness.

These theories aim to elucidate how the complex inter-
play of neural processes gives rise to the rich, nuanced 
tapestry of human experience, offering deeper insights into 
the enigmatic nature of conscious awareness (Block 2007). 
By integrating philosophical perspectives with neurosci-
entific frameworks, IIT and GWT contribute to unraveling 
the mysteries of how physical systems generate subjective 
experience.

Chalmers (2009) delineates consciousness into two pri-
mary categories: the easy problem and the hard problem. 
He asserts that the hard problem of consciousness cannot 
be effectively tackled using reductionist approaches. Con-
versely, the easy problems can be addressed using standard 
cognitive science methods and can be elucidated in terms of 
computational or neural mechanisms. Some examples of the 
easy problems of consciousness include: 

1.	 The ability to perceive, classify, and respond to external 
stimuli: This refers to the capacity to sense, recognize, 
and react to various environmental cues and inputs.

2.	 The integration of various streams of information: This 
describes the process of combining and coordinating 
multiple sources of information into a coherent whole.

3.	 The ability to report on one’s mental states: This 
involves the capacity to express, communicate, and pro-
vide an account of one’s own internal experiences and 
thought processes.

4.	 The accessibility of mental states: This refers to the 
degree to which an individual’s mental states, such as 
thoughts, feelings, and perceptions, are readily avail-
able and can be accessed or reflected upon.

5.	 The capacity for attention: This describes the ability to 
focus, concentrate, and direct one’s cognitive resources 
towards specific stimuli or tasks.

6.	 The deliberate control of behavior: This involves the 
conscious regulation and purposeful guidance of one’s 
actions and responses.

7.	 The distinction between sleep and wakefulness: This 
refers to the clear differentiation and alternation between 
the states of being asleep and being awake, which are 
associated with distinct patterns of brain activity and 
levels of consciousness.

Chalmers (2018) has delineated the “easy problems” in 
cognitive science, so termed because we have established 
paradigms and methods for addressing them. To explain a 

particular cognitive function, we identify the appropriate 
neural or computational mechanisms responsible for that 
function. This task is straightforward in principle, and as 
Chalmers has noted, cognitive science has made steady 
progress in elucidating the underlying mechanisms for 
many “easy” cognitive capacities, such as perception, mem-
ory, language, and decision-making. This progress has been 
achieved through the integration of findings from various 
disciplines like neuroscience, psychology, and computer 
science.

Chalmers famously distinguishes the “easy problems” 
of consciousness, those concerning cognitive mechanisms 
such as perception, attention, and behavior, from the “hard 
problem,” which addresses the nature of subjective experi-
ence, or qualia. While the easy problems can, in principle, 
be explained through empirical investigation and mechanis-
tic models, the hard problem probes why and how physical 
processes give rise to the felt quality of experience.

This distinction reveals a profound conceptual gap 
between third-person descriptions of neural activity and the 
first-person reality of conscious experience. The hard prob-
lem challenges reductionist frameworks because subjective 
awareness appears irreducible to physical, computational, 
or behavioral accounts. Addressing it requires philosophi-
cal reflection alongside interdisciplinary approaches that 
consider emergent, holistic, and relational properties of 
mind, potentially extending beyond traditional scientific 
paradigms.

For cognitive science and philosophy of mind, the hard 
problem represents a central frontier. It calls for integrat-
ing phenomenology, metaphysics, and theories of complex 
systems to explore the unity of experience, the emergence 
of selfhood, and the intimate connection between aware-
ness and the physical world. Though progress is necessar-
ily gradual and methodologically demanding, grappling 
with these questions is essential for understanding the very 
nature of consciousness and what it means to exist as a con-
scious being.

Over recent decades, numerous theories have attempted 
to bridge this explanatory gap, each illuminating one aspect 
of consciousness but failing to account for its full phenom-
enological depth. Physicalist and functionalist theories, 
such as those proposed by Dennett (1991) and Churchland 
(2002), reduce consciousness to neural activity or informa-
tion processing. Yet, these approaches fall short of explain-
ing why subjective experience accompanies such processes, 
focusing instead on their causal and computational cor-
relates. As Levine (1983) and Nagel (1974) emphasize, 
these models do not bridge the explanatory gap, the tran-
sition from objective mechanisms to subjective awareness 
remains conceptually opaque.
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Other frameworks, such as Integrated Information The-
ory (Tononi 2008; Tononi and Koch 2015) and panpsychism 
(Goff 2019), seek to generalize consciousness as a funda-
mental property of physical systems. While these theo-
ries broaden the scope of inquiry, they often conflate the 
structural with the experiential: IIT, for instance, quantifies 
information integration, but does not explain why specific 
informational structures correspond to specific experiences. 
Similarly, panpsychism disperses consciousness across mat-
ter, transforming the problem rather than solving it.

Cognitive and representational approaches, such as 
Global Workspace Theory (Baars 1988; Dehaene and 
Changeux 2011) and Higher-Order Thought Theory (Rosen-
thal 2005), illuminate the organizational logic of conscious 
access but remain silent on the intrinsic subjectivity of 
experience. Recent predictive and neurodynamic models, 
such as those grounded in the free energy principle (Friston 
2023) or affective neurobiology (Solms 2021), suggest that 
consciousness may emerge from self-organizing inference 
and homeostatic regulation. These models provide valuable 
dynamical insights but still do not fully resolve the quali-
tative question of why such processes feel like something 
from the inside (Seth and Bayne 2022).

In this article, the process of developing cognitive sys-
tems in living beings is first explored, followed by an 
explanation of how these systems are enhanced to generate 
a sense of consciousness and awareness in the mind. The 
evolutionary and biological mechanisms underlying cogni-
tion are examined to illuminate the pathways through which 
complex mental states emerge from simpler processes. This 
exploration is intended to provide a comprehensive under-
standing of how experiences are constructed and interpreted 
by the mind, ultimately contributing to the knowledge of 
consciousness and the nature of self-awareness.

Within this framework, cognitive capacities in living 
systems are understood in terms of their functional and 
structural organization rather than through anthropomor-
phic interpretation. For instance, the decision-making or 
memory-like behaviors observed in bacteria exemplify ele-
mentary forms of cognition grounded in biochemical self-
regulation, manifestations of adaptive responsiveness rather 
than conscious or subjective mental states.

The cognitive systems of living organisms

According to Levin (2023), life begins as a quiescent oocyte 
governed by the laws of chemistry and physics, gradually 
developing into an organism capable of complex meta-
cognitive processes and aspirations. Although we perceive 
ourselves as unified Selves, intelligence is, in essence, a col-
lective phenomenon arising from the coordinated activity of 

countless cells working toward shared goals, preferences, 
and memories.

Cognition, as a fundamental property of life, enables 
organisms to adapt their physiology and behavior to chang-
ing conditions (Shapiro 2007; Lyon 2015). Even the simplest 
forms of life, Bacteria and Archaea, demonstrate cogni-
tive behaviors such as environmental sensing and adaptive 
response. This capacity was retained through evolution, par-
ticularly when a bacterial cell merged with an archaeal host 
to form the first eukaryotic ancestor about two billion years 
ago (Margulis 1993; Lane 2015). The continuity of these 
adaptive processes reveals that the roots of cognition extend 
deeply through evolutionary history, linking the collective 
intelligence of ancient cells to the integrated cognitive sys-
tems of modern multicellular life (McFall-Ngai 2013).

Although there is no single accepted definition of cog-
nition, (Shettleworth 1998) offered one of the earliest sci-
entific formulations, describing it as “the mechanisms by 
which living things acquire, process, store, and act on infor-
mation from the environment”. Originally developed in the 
context of neural systems, this definition has since been 
extended to aneural organisms such as bacteria (Lyon 2015; 
Shapiro 2007).

Research over the past decades has revealed that cogni-
tive-like processes occur across diverse life forms, from sin-
gle-celled bacteria to plants (McFall-Ngai 2013). Bacteria, 
for instance, can sense and respond to environmental cues, 
make adaptive decisions, and coordinate collective behavior 
through biochemical signaling networks (Lyon 2015; Shap-
iro 2007). Similarly, plants perceive stimuli, transmit infor-
mation, and organize responses without a nervous system 
(Lane 2015).

This broadened view of cognition suggests that the mech-
anisms of information acquisition and adaptive response 
emerged early in life’s evolution, indicating that cognition 
is a fundamental property of living systems rather than one 
limited to organisms with nervous systems (Margulis 1993).

Higher-order cognitive functions encompass com-
plex mental processes that facilitate advanced reasoning, 
problem-solving, decision-making, and abstract thinking. 
These functions are built upon foundational cognitive abili-
ties such as awareness, emotion, perception, attention, and 
memory. They are predominantly associated with the pre-
frontal cortex and other brain regions involved in executive 
functions. Higher-order cognitive functions play a crucial 
role in adapting to novel situations, planning for the future, 
comprehending abstract concepts, and navigating social 
interactions. Some key examples include:

Executive Functioning: This includes skills such as 
planning, organizing, and controlling attention and behav-
ior to achieve goals. Executive functions are critical for 
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consciousness in plants, an emerging field known as plant 
neurobiology or plant cognition (Calvo 2017; Trewavas 
2020; Lamers 2020; Mallatt 2021; Shapiro 2021).

Plants use sensory structures such as photoreceptors 
to detect light intensity and quality (Briggs and Christie 
2002), and they can sense temperature, humidity, gravity, 
touch, and chemical signals from other organisms (Trewa-
vas 2003). These inputs guide adaptive behaviors, such as 
modifying growth to optimize light capture, compete for 
resources, or adjust developmental pathways in response to 
seasonal or biotic cues (Franklin and Whitelam 2007; Kar-
ban 2008).

Plants also communicate through volatile organic com-
pounds that warn neighbors of herbivores or attract predators 
of these herbivores, thereby coordinating defense responses 
(Heil and Karban 2010). Researchers employ methods such 
as measuring electrical activity (Volkov 2006), analyzing 
gene expression (Chamovitz 2012), and conducting behav-
ioral experiments to explore these processes. Collectively, 
these findings suggest that plant cognition represents a com-
plex and integrative system for environmental adaptation.

The cellular basis of cognitive mechanisms: 
from chemical processes to consciousness

Biopolymers are polymers derived from natural sources, 
either chemically synthesized from biological feedstocks 
or biosynthesized by living organisms. Compared to con-
ventional synthetic polymers, they offer advantages such 
as biodegradability, reduced environmental impact, and 
renewable resource potential.

Matange et al. (2023) proposed two conceptual models 
for the origin of biopolymers. The direct chemical synthe-
sis model posits that fundamental building blocks, such as 
amino acids and nucleotides, were produced abiotically on 
the Hadean Earth through processes including atmospheric 
reactions, volcanic activity, and impact events. These prebi-
otic molecules were subsequently incorporated into emerg-
ing biological systems and preserved through evolutionary 
continuity. In contrast, the chemical evolution model sug-
gests that primitive abiotic compounds were progressively 
replaced during chemical and early biological evolution by 
more stable or functionally advantageous molecules. As 
a result, the composition of modern biopolymers may not 
directly mirror that of the earliest prebiotic chemistry or ini-
tial evolutionary phases.

Four non-biological systems demonstrate self-preserv-
ing behaviors: reaction-diffusion “spots” (Pearson 1993), 
motile oil droplets (Toyota 2009), ramified charge-transport 
networks (Nakagaki et  al. 2000), and Bénard convection 
cells (Benard 1901). These systems move or reconfigure in 

self-regulation, decision-making, and adaptive thinking 
(Miyake et al. 2000).

Problem-Solving: The ability to analyze complex situa-
tions, identify patterns, and generate solutions. This often 
involves critical thinking, reasoning, and the ability to make 
inferences or deductions.

Abstract Thinking: The ability to think beyond concrete 
concepts, to consider hypothetical scenarios, and to engage 
in symbolic or conceptual reasoning (Kosslyn and Rosen-
berg 2006).

Theory of Mind: The capacity to understand that oth-
ers have thoughts, beliefs, and desires that may differ from 
one’s own, and to predict or interpret their behavior based 
on this understanding (Premack and Woodruff 1978).

Metacognition: The ability to reflect on and regulate 
one’s own cognitive processes, such as evaluating the effec-
tiveness of problem-solving strategies or monitoring one’s 
understanding of a topic (Flavell 1979).

These functions are considered to be "higher-order" 
because they involve the integration of simpler cognitive 
processes and are often critical for navigating complex, 
dynamic environments. They also play a key role in personal 
and social functioning, and are thought to be fundamental in 
the development of self-awareness and consciousness.

The evolutionary process has shaped the cognitive mech-
anisms observed across living organisms. A key component 
of this process is sensitization, the development of respon-
siveness to specific stimuli and the capacity to modify 
behavior accordingly. Through evolution, organisms have 
acquired the ability to sense and respond to environmental 
cues, thereby enhancing adaptability and survival (Eichen-
baum 2017).

By examining cellular and neural functions, research-
ers can trace how the nervous system and brain evolved to 
process information and produce adaptive responses. This 
includes exploring the molecular and cellular bases of neu-
ral communication, synaptic plasticity, and sensory integra-
tion (Kandel 2001).

Understanding the evolutionary foundations of cognition 
provides insight into the origins and diversification of cog-
nitive abilities, reveals parallels and distinctions across spe-
cies, clarifies mechanisms underlying cognitive disorders, 
and informs advances in artificial intelligence and robotics 
(Gallistel 2009; Hauser et al. 2002).

Although plants lack a centralized nervous system, they 
possess diverse sensory mechanisms that enable them to 
detect and respond to environmental changes. They can 
perceive variations in light, temperature, humidity, and 
the presence of other organisms, including herbivores and 
predators, adjusting their growth, development, and behav-
ior accordingly. This capacity has inspired research into 
the possibility of cognitive processes or even a form of 
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such as growth factors, hormones, or physical cues, by cel-
lular receptors. These receptors transmit signals into the 
cell, initiating intracellular signaling pathways (Alberts 
et al. 2014; Goodwin 2008).

Sensing information is a regulatory process that influ-
ences cellular decision-making and adaptation. The infor-
mation received by cells triggers a cascade of events, 
leading to the activation or inhibition of specific genes 
and proteins. This regulation can affect cellular behaviors, 
including changes in gene expression, cell shape, motility, 
and metabolism (Bar-Sagi and Hall 2000; Huang and Ferrell 
1996). By integrating and interpreting environmental cues, 
cells can make informed decisions and adapt their behav-
ior to optimize survival and function in their specific con-
text. Sensing and regulatory processes allow cells to adapt 
to changing conditions. Cells can dynamically adjust their 
responses based on the signals they receive, enabling them 
to fine-tune their behavior for optimal functionality. This 
adaptability is crucial during development, tissue repair, 
immune responses, and other physiological processes (Har-
ris 2013; Wu 2007).

Thus, the decision-making capabilities of cells, coupled 
with their sensing and regulatory processes, enable them 
to respond to environmental cues and adapt their behavior 
accordingly. These processes play essential roles in devel-
opment, tissue homeostasis, and overall organismal func-
tion, for more information see (Lyon 2015).

Koseska and Bastiaens (2017) explored how cellular 
identity, defined by morphology and function, arises from 
intracellular signaling networks that mediate intercellu-
lar communication. Through recursive interactions within 
and among these networks, dynamic biochemical solutions 
emerge, distinct from the behavior of isolated cells. This 
process generates cellular heterogeneity within tissues, indi-
cating that cell identity is not solely dictated by genetic code 
but is dynamically maintained in a more "cognitive" man-
ner. Their study also examines methods to measure infor-
mation flow within intracellular networks and shows how 
simple causal motifs in signaling pathways can produce 
complex, context-dependent behaviors.

According to Gilbert (2010) and Graf and Enver (2009), 
cells coordinate and maintain tissue homeostasis through 
signaling molecules such as hormones, neurotransmitters, 
and cytokines. Cellular identity is dynamically regulated 
by signaling inputs that adapt to environmental changes, 
reflecting intrinsic plasticity. This flexibility enables cells 
to modify their behavior within a tissue context rather than 
follow a fixed genetic program. Simple network motifs, 
including feedback and feedforward loops, underlie these 
signaling processes. Despite their simplicity, nonlinear 
biochemical interactions make them capable of produc-
ing complex, context-dependent behaviors. This dynamic 

ways that modify their environments, enhancing their likeli-
hood of persistence. Reaction-diffusion systems form stable 
patterns that adapt dynamically to chemical concentration 
changes, resembling natural self-organizing systems. Motile 
oil droplets, driven by surface tension gradients, alter local 
chemical concentrations, exhibiting primitive self-propul-
sion. Ramified charge-transport networks, as in the slime 
mold Physarum polycephalum, reorganize to optimize 
resource transport while minimizing energy dissipation. 
Bénard convection cells maintain stability by reconfigur-
ing fluid flows in response to thermal gradients. Together, 
these examples illustrate how environmental interaction and 
adaptive reorganization can support self-preserving behav-
iors in both natural and artificial systems.

According to Kepa et al. (2017), our perspective extends 
the Darwinian framework to prebiotic chemical evolution. 
Rather than following traditional approaches, we propose 
applying an evolutionary account to autonomous systems 
composed of diverse chemical precursors, including (bio)
molecules and their supramolecular assemblies. Under suit-
able physico-chemical conditions, these molecular species 
and assemblies can mutually reinforce one another through 
interactions such as chemical transformations, recognition 
and control relationships, self-assembly, pattern formation, 
collective synchronization, and physical boundary effects.

Understanding the evolutionary trajectory of living 
organisms also requires examining cellular function, which 
is essential for sustaining life. While all organisms share 
basic self-maintenance capacities, the human brain exhibits 
exceptional functional complexity. Cognitive mechanisms 
have evolved through sensitization processes within living 
systems, reflecting broader evolutionary progression. Study-
ing cellular functions and their relationship to cognition 
provides insights into how organisms have developed the 
ability to sense, respond to, and interact with their environ-
ment (Agozzino 2020; Allen 2009; Pascal and Pross 2022).

Cell decision-making is a universal process enabling 
cells to assess and respond to environmental cues, critical 
for adaptation, survival, and multicellular coordination. As 
noted by Balázsi et al. (2011), cells determine their actions 
or "fates" based on environmental signals without requir-
ing genetic changes. This phenomenon spans all biological 
levels, from viruses and bacteria to mammals, contributing 
to pattern formation and development. Cellular decision-
making often relies on feedback networks that regulate the 
stability or reversibility of decisions. Additionally, cells’ 
sensing mechanisms, which detect and interpret environ-
mental signals, are essential for guiding these decisions and 
enabling adaptive responses.

Cells possess sophisticated sensing mechanisms that 
enable them to detect and interpret environmental cues. 
Sensing involves the recognition of extracellular signals, 
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processes could manifest, blurring the line between the liv-
ing and non-living (for more information see Azar 2022, 
2024a). This research carries profound implications for our 
understanding of the origins of life. It urges us to reconsider 
the idea that life arose solely from non-living matter through 
a gradual accumulation of complex chemical reactions. 
Instead, Pascal and Pross propose that cognitive phenomena 
might have been present even in the early stages of chemi-
cal evolution, indicating that the roots of cognitive behavior 
may extend deeper into the prebiotic world than previously 
thought. Regarding the transition from a non-living to a liv-
ing chemical state, extensive research has been conducted, 
as an examples see (Merindol and Walther 2017; Lehn 2007; 
Ziemann 2009; Agozzino 2020; Kaklauskas 2022; Jeziorski 
2022; Slootbeek 2022; Stewart 2019; Trefil 2009, and Pas-
cal and Pross 2022).

Dynamic Kinetic Stability (DKS) and non-equilibrium 
states are central to understanding the emergence of life 
(Pross 2012). These mechanisms govern the formation and 
persistence of complex chemical systems through autoca-
talysis, feedback loops, and self-organization (Kauffman 
1993; Prigogine 1984), forming the groundwork for primi-
tive information processing and adaptive responsiveness 
(Shapiro 2007). The evolutionary progression from simple 
prokaryotes to multicellular organisms reflects increas-
ing sophistication in communication, signaling, and neural 
development, linking chemical dynamics to biological cog-
nition (Alberts et al. 2014). This continuity underscores the 
deep roots of cognitive systems in physico-chemical prin-
ciples and supports an integrated view of mind and matter 
(Pross 2012; Morowitz 2002).

Unlike static kinetic stability, where systems remain in 
local energy minima, dynamic kinetic stability, as described 
by Prigogine (1972), depends on continuous energy flow. 
Pascal and Pross (2022) introduced the concept of an ener-
gized dynamic kinetic state, a non-equilibrium condition in 
which chemical systems can display rudimentary cognitive-
like behavior. Such systems, maintained by constant energy 
and material exchange, can sense and respond to stimuli, 
exhibit memory-like dynamics, and perform simple deci-
sion-like processes.

These findings blur the traditional boundary between 
living and non-living matter, suggesting a continuum of 
organization where DKS systems serve as precursors to 
biological cognition, bridging the physical, chemical, and 
biological domains.

The DKS system and its supportive environment are inti-
mately connected, with the DKS system’s very existence 
being dependent on the continuity of that connection. This 
umbilical connection between the system and its supportive 
environment creates what is effectively an ‘inside’ linked 
to its ‘outside’. Notably, the ‘inside-outside’ relationship 

organization accounts for cellular heterogeneity, special-
ization, and adaptability. For further discussion on cellular 
cognitive systems and their evolution, see Tyson and Novak 
(2010) and Peter et al. (2023).

Shapiro (2021) shows that all living cells, even simple 
prokaryotes, possess intrinsic abilities to sense and respond 
to internal and external changes, capacities essential for sur-
vival, growth, and adaptation. Prokaryotes such as bacte-
ria and archaea exhibit complex regulatory networks that 
enable chemotaxis, biofilm formation, and genetic adapta-
tion to stress. Through quorum sensing, they communicate 
via chemical signals to coordinate collective behaviors, 
including gene regulation, bioluminescence, and virulence. 
These findings challenge the notion of prokaryotes as simple 
organisms, revealing deeply rooted cognitive behaviors that 
process information and support adaptive responses across 
life’s evolutionary history.

Dynamic kinetic stability (DKS)

Building on the preceding discussion, it can be inferred that 
living organisms possess cognitive systems, raising the fun-
damental question of how these systems have evolved. This 
section explores the issue at a foundational level.

According to Pascal and Pross (2022), non-living physical 
and chemical systems respond to external perturbations pre-
dictably, following the laws of thermodynamics. These sys-
tems naturally progress toward states of higher entropy and 
lower free energy in accordance with the Second Law. For 
example, physical systems respond to changes in tempera-
ture, pressure, or applied forces through thermal expansion, 
phase transitions (e.g., melting or boiling), or deformation, 
reflecting the system’s tendency to reach a new equilibrium 
that minimizes free energy (Kondepudi and Prigogine 1998; 
Lineweaver and Egan 2008; England 2013).

Similarly, chemical systems at equilibrium respond to 
disturbances such as changes in reactant concentrations or 
environmental conditions by shifting to re-establish equi-
librium, as described by Le Chatelier’s principle (Le Chat-
elier 1884). These shifts manifest in altered reaction rates, 
product yields, or other observable characteristics. The cru-
cial insight is that non-living systems, whether physical or 
chemical, respond to perturbations in predictable ways that 
minimize free energy and maximize entropy, as formalized 
in classical thermodynamics (Gibbs 1873; Prigogine 1967).

The exploration of the energized dynamic kinetic state by 
Pascal and Pross (2022) suggests the existence of alterna-
tive pathways for the emergence of cognitive behavior. This 
challenges the traditional view that mental capabilities are 
exclusive to living organisms. By activating specific chemi-
cal systems into this state, they propose that basic cognitive 
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and the emergent complexity of living cognition, outlining 
the foundations of life’s physical and mental evolution, such 
as: 

1.	 Sensitivity to Stimuli: Chemical systems in a DKS 
state exhibit a form of primitive perception by respond-
ing to environmental changes. For example, changes 
in pH, temperature, or energy availability can lead to 
specific reactions, akin to how organisms perceive and 
respond to stimuli. This sensitivity represents the first 
step toward more complex sensory systems (Prigogine 
1978a).

2.	 Pattern Recognition: Reaction networks within DKS 
systems can stabilize recurring chemical patterns, which 
may represent an early form of recognizing and repli-
cating favorable environmental conditions. Such behav-
ior parallels the biological concept of learning through 
reinforcement, albeit at a chemical level (Kauffman 
1993).

3.	 Decision-Like Behavior: Some reaction pathways in 
DKS systems demonstrate selective behavior. These 
systems can "choose" pathways based on energy effi-
ciency or environmental compatibility, mirroring deci-
sion-making processes in biological organisms. For 
instance, studies on reaction networks in far-from-equi-
librium conditions show that they can adaptively switch 
pathways to sustain themselves in fluctuating environ-
ments (England 2013).

These properties suggest that proto-mentality arises when 
chemical systems in a DKS state begin processing environ-
mental inputs and adaptively responding to them, exhibit-
ing the earliest signs of intentional behavior. Situating these 
proto-mental processes within the DKS framework clarifies 
how consciousness could have evolved incrementally from 
dynamic chemical organization. As Morowitz (1992) notes, 
the transition from simple chemical networks to complex 
biological systems is characterized by increasing organi-
zation and responsiveness, forming the basis for cognitive 
complexity.

Pascal and Pross further demonstrate that the DKS frame-
work, integrated with Darwin’s evolutionary insights, delin-
eates the physical pathway through which primitive mental 
phenomena developed into higher consciousness. This view 
bridges the material and mental realms, showing that life’s 
cognitive dimension originates in prebiotic dynamics. 
In line with Darwin’s hypothesis, cognition appears as a 
fundamental property of life, emerging gradually through 
self-organizing, non-equilibrium interactions rather than 
appearing suddenly with the first organisms.

Thus, the DKS framework offers a coherent mechanism 
for understanding how mental precursors evolved from 

between the DKS system and its environment emerges 
without the need for a compartment or separation barrier. 
This relationship is ontological rather than structural. The 
environment provides the necessary energy and material 
transfers that sustain the dynamic kinetic state, highlighting 
the interdependence and intrinsic connection between the 
system and its surroundings. This deep integration between 
the DKS system and its environment is a crucial aspect that 
must be considered when exploring the potential for such 
systems to exhibit rudimentary cognitive-like behaviors. 
The environment is not just a passive backdrop, but an 
active participant in the system’s dynamics and stability.

Within the Dynamic Kinetic Stability (DKS) framework, 
the emergence of mentality from non-equilibrium physical 
systems can be examined as a natural extension of dynamic 
interdependence between system and environment. The 
existential dependence of a DKS system on continuous 
energy and material exchange represents a rudimentary 
form of proto-mentality (Prigogine 1984; Kauffman 1993). 
This ongoing interaction generates a primitive “sensitivity” 
to environmental conditions (Tononi 2004), which, though 
not yet cognitive, marks an early stage in the evolution of 
mental phenomena (Baars 1988).

The DKS system’s sustained non-equilibrium state 
enables feedback-driven adaptation to environmental fluc-
tuations, shifting reaction pathways, stabilizing favorable 
dynamics, and maintaining function under resource varia-
tion (Morowitz 1992). To preserve its dynamic organiza-
tion, the system develops boundaries, analogous to cellular 
membranes, that regulate energy and matter exchange, fos-
tering internal self-organization through autocatalytic feed-
back loops (Kauffman 1993; Pross 2012).

Such autocatalytic and self-regulating mechanisms con-
stitute the logical structure of DKS, where stability arises 
from continuous interaction rather than equilibrium. These 
features lay the groundwork for information processing, 
environmental responsiveness, and primitive decision-like 
behavior (Sporns 2011; Dehaene 2014). As replication 
emerges, evolutionary processes amplify these proto-cogni-
tive traits, linking chemical self-organization to the origins 
of biological cognition and agency.

Hence, DKS provides a coherent framework for tracing 
the evolution of life and mind as a continuum, from chemi-
cal self-maintenance to cognitive complexity, bridging the 
material and mental domains (Lifson 1997; Szathmáry and 
Gladkih 1989; Azar 2024c). Within this framework, self-
organizing chemical systems form dynamic, functional rela-
tionships with their environment, giving rise to behaviors 
that resemble primitive mental processes such as sensitivity 
to stimuli, pattern recognition, and decision-like responses. 
Through this continuous interaction, the DKS system 
becomes a conceptual bridge between chemical dynamics 
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and subjective experience, by showing how these men-
tal phenomena can emerge from the physical processes of 
non-equilibrium systems. The interdependent and dynamic 
nature of DKS processes is central to both the material 
aspects of cognition (neural and biochemical interactions) 
and the subjective experience of the mind, thus providing 
a holistic model that links the cognitive to the physical 
(Varela et al. 1991).

The DKS perspective allows for a seamless transition 
between the physical and cognitive realms by viewing cog-
nition as an emergent property of physical systems in non-
equilibrium states. It highlights the continuous evolution of 
complexity, from chemical interactions to awareness and 
higher-order cognitive functions, effectively bridging the 
material and mental domains.

The dynamic processes underlying the 
emergence of cognitive systems

The mind is a complex and captivating aspect of human 
existence, serving as the center of our experiences and cog-
nitive functions. Despite centuries of study by philosophers, 
psychologists, neuroscientists, and cognitive scientists, it 
remains an enigmatic phenomenon (Block 1992; Chalmers 
1996). At its core, the mind represents the processes unfold-
ing in the brain and nervous system, from basic sensory per-
ception to complex reasoning and creativity (Shettleworth 
1998). It shapes our behaviors, attitudes, beliefs, and inter-
actions with the world (Damasio 1999).

Understanding the mind requires exploration across 
multiple disciplines, including psychology, neuroscience, 
philosophy, and cognitive science. Each field offers unique 
perspectives, from neural mechanisms to philosophical 
implications (Gazzaniga 2005; Dennett 1991). Research-
ers aim to uncover the mysteries of consciousness, memory, 
awareness, perception, and subjective experience (Metz-
inger 2009).

The cognitive processes of the mind emerge as a result 
of the chemical activities occurring within the brain, aimed 
at rendering the organism’s awareness conscious and 
facilitating the recognition of its own cognitive processes 
(Damasio 1999; Clark 1997). This advancement is primar-
ily enabled by language, a neural mechanism that allows 
access to and manipulation of brain experiences, overlaying 
self-generated thoughts onto the sensation of internal pro-
cessing (Boroditsky 2001; Jackendoff 2002). Understanding 
the limitations of introspection can elucidate the brain-mind 
relationship and reveal the operational formula responsible 
for generating and sustaining human consciousness (Metz-
inger 2009; Varela et  al. 1991 and Zhao 2009). This text 
represents an interdisciplinary integration of neuroscience 

dynamic physical systems, revealing cognition as an intrin-
sic aspect of nature and extending the roots of mentality to 
the very origins of life.

The Dynamic Kinetic Stability (DKS) framework pro-
vides a conceptual bridge between the physical and cog-
nitive domains by offering a model through which the 
evolution of mental processes can be traced back to physical 
systems, particularly non-equilibrium chemical processes. 
Here’s how this connection is made:

Emergence from Non-Equilibrium Systems: DKS pos-
its that complex cognitive systems emerge from non-equi-
librium states where dynamic interdependence between a 
system and its environment leads to self-organized behav-
iors. In simpler terms, the processes that underlie cognitive 
functions (such as awareness and decision-making) can be 
seen as arising from the interactions within complex physi-
cal systems that are in constant flux, akin to the dynamic 
balance of chemical reactions at equilibrium (Haken 2006).

Physical-Chemical Processes Leading to Proto-Cog-
nition: According to the DKS framework, the stability of 
the system is contingent upon constant interactions with 
its environment. This physical and chemical interaction 
gives rise to the first rudimentary forms of mental func-
tions, such as sensitivity to stimuli, which can be consid-
ered precursors to cognition (Prigogine 1967). This initial 
state of proto-mentality in non-living systems progressively 
evolves into more sophisticated cognitive phenomena, such 
as awareness.

Interdependence between Mind and Matter: The DKS 
model suggests that the material and cognitive domains are 
not distinct and separate but interdependent. The molecu-
lar and chemical structures that define living systems are 
inherently capable of generating cognitive processes when 
subjected to dynamic, non-equilibrium conditions. By fram-
ing cognitive processes as emergent properties of complex 
physical systems, DKS blurs the boundary between the mind 
and the material, making it possible to study both domains 
within a unified framework (Barabási 2002).

Information Processing as a Continuum: At the core of 
the DKS perspective is the idea that the processing of infor-
mation, which is central to cognition, has its origins in sim-
ple physical processes. For instance, the continual exchange 
of energy and material within a system creates conditions 
that support the transfer and processing of information, 
which is a precursor to cognitive functions like memory and 
decision-making. Thus, DKS enables a continuous, step-
wise progression from basic thermodynamic and chemical 
processes to the higher-order cognitive functions observed 
in more advanced organisms (Maturana 1980).

Bridging the Metaphysical and Physical: The DKS 
framework also allows for an exploration of the metaphysi-
cal aspects of cognition, such as awareness, intentionality, 
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replaced by more stable ones, acts as a primitive form of 
“learning,” through which the system identifies advanta-
geous variations.

This perspective situates the origins of mentality within 
the realm of chemistry, aligning with Darwin’s view in The 
Origin of Species that evolution encompasses both physical 
and mental dimensions from its inception. In DKS systems, 
internal modifications influence external conditions through 
kinetic selection, inherently directed toward achieving 
greater dynamic kinetic stability, just as changes in con-
ventional physical systems strive toward thermodynamic 
stability.

Consciousness can be regarded as an intrinsic compo-
nent of the broader adaptive processes exhibited by living 
organisms in response to environmental conditions. Under-
standing its function and the mechanisms through which it 
operates constitutes a central challenge in the study of life 
and mind. When an environmental disturbance occurs, such 
as a sudden change or challenge in external conditions, the 
primary objective of adaptation is to activate and coordinate 
processes capable of counteracting or mitigating its effects. 
This adaptive response entails a dynamic interplay between 
cognitive regulation and physical activity, reflecting the 
system’s capacity to integrate perception, evaluation, and 
action.

Pross and Pascal (2017) propose that chemical systems 
evolving toward greater dynamic kinetic stability (DKS), 
and ultimately toward life, must exhibit three essential 
properties. First, they must possess the capacity for self-
reproduction, enabling the persistence and transmission of 
intrinsic characteristics or information to subsequent gen-
erations. This self-replicative property provides continuity 
and resilience in fluctuating environments. Second, these 
systems must allow for structural variation, encompassing 
mechanisms such as mutation, recombination, or other forms 
of molecular rearrangement. Variation enables the explora-
tion of novel configurations and traits, thereby facilitating 
adaptation to changing conditions. Finally, maintaining 
a far-from-equilibrium state is fundamental: a continuous 
input of energy is required to sustain dynamic behavior and 
prevent decay into thermodynamic equilibrium. This sus-
tained energy flux drives the emergence of complexity and 
the adaptive organization that characterizes living systems.

As indicated in the preceding section, the importance of 
the DKS concept in the context of life is that it describes 
not just certain chemical systems, but the entire class of liv-
ing things (Pross 2012; Kauffman 1993). The DKS frame-
work encompasses both chemical and biological systems, 
offering a theoretical description for the entire evolutionary 
process from chemical to biological. This comprehensive 
approach allows us to understand the continuity of evolution 

and evolutionary perspectives, synthesizing relevant data to 
form a coherent narrative (Deacon 1997; Gazzaniga 2005).

Living organisms display a diverse array of cognitive 
behaviors, showcasing their capacity to engage with and 
respond to their surroundings (Maturana 1980; Nehaniv 
and Dautenhahn 2002). This cognitive prowess extends 
beyond complex organisms and is evident even in the most 
elementary life forms, such as bacteria. These microorgan-
isms are equipped with sophisticated mechanisms enabling 
them to perceive and react to various environmental cues, 
including chemical, physical, and biological signals (Packer 
et al. 2017; Shapiro 2017). From detecting changes in nutri-
ent availability, pH levels, and temperature to responding 
to light and the presence of other microbes, bacteria dem-
onstrate remarkable cognitive abilities essential for their 
survival and adaptation (West et al. 2007; Ben-Jacob et al. 
1998).

According to Maturana (1980); van Duijn (2017); Lyon 
(2015), all living organisms possess inherent cognitive abil-
ities, being aware of themselves and their surroundings, and 
continually requiring energy and resources for self-mainte-
nance. They actively engage with their environment, driven 
by the overarching goals of survival and reproduction. This 
understanding of cognition as intrinsic to all life forms is 
increasingly recognized (Maturana 1980; van Duijn 2017; 
Lyon 2015). Even bacteria, representing the simplest pro-
karyotic life forms, exhibit remarkable capabilities to sense 
and respond to a wide array of environmental cues. Lyon 
(2015) has even suggested that bacteria engage in decision-
making, communication, manipulation, and cooperative 
behaviors akin to higher organisms. Additionally, Ramana-
than and Broach (2007) propose that bacteria may possess 
rudimentary forms of thinking. Hence, irrespective of the 
terminology used, it is now widely accepted that advanced 
cognitive abilities are inherent across all levels of life (Lyon 
2015; Ramanathan and Broach 2007; Shapiro 2021).

According to Pascal and Pross (2022), cognition is rooted 
in material causation and produces material outcomes 
within both the cognitive system and its environment. They 
propose that cognitive processes emerge from fundamen-
tal material interactions and cannot exist apart from their 
physical foundations. The physical and mental capacities of 
life originate in a state of Dynamic Kinetic Stability (DKS), 
a non-equilibrium, energy-driven condition at the level of 
chemical organization.

This framework highlights the deep interconnection 
between material processes and cognitive functions, sug-
gesting that the emergence of consciousness is inseparable 
from the chemical and physical dynamics of living systems. 
Perception, in this view, arises through the continuous inter-
action between a DKS system and its environment. The pro-
cess of kinetic selection, where less stable replicators are 
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According to the authors, evolution encompasses not 
only the physical but also the mental aspects of life, aligning 
with Darwin’s suggestion in On the Origin of Species (Den-
nett 1995). The mental facet of life is thus integral to the 
replicative DKS state, where ongoing dynamic interactions 
with the environment give rise to rudimentary cognition and 
perception. This framework provides a physico-chemical 
basis for understanding how mental properties may origi-
nate from material processes.

Symbolic topological structure of cognitive 
systems

According to Pascal and Pross (2023), the physical and 
chemical feasibility of the mind’s emergence and its sub-
sequent utilization by nature became possible once a rep-
licative chemical system with dynamic kinetic stability 
emerged.

Building on the preceding discussion, diverse topologi-
cal frameworks for cognitive systems can be formulated by 
examining the sensory responses of materials to external 
stimuli. Such frameworks align with earlier works in cogni-
tive science and material systems, such as Sporns (2011) 
and Tononi (1994), which emphasize the structural and 
functional organization of cognitive processes. By inves-
tigating the interaction between the physical properties of 
materials and cognitive processes, these frameworks facili-
tate an understanding of the intricate relationship between 
metaphysical aspects of cognition, such as awareness and 
intentionality (Chalmers 1996), and their physical underpin-
nings. This topological analysis reveals the dynamic inter-
play between physical and metaphysical states, offering a 
robust foundation for identifying fundamental principles 
that drive the emergence and evolution of cognitive systems 
(Clark 1997; Dehaene 2014).

The formation of cognitive systems within a chemi-
cal compound can be understood as a process governed 
by the interplay of dynamic natural forces inherent in the 
substance. Studies on self-organization and emergent com-
plexity in chemical systems, such as Prigogine (1984), and 
Kauffman (1993), demonstrate how such interactions lead 
to transformations within compounds, giving rise to com-
plex cognitive functionalities. These emergent properties 
parallel those observed in higher cognitive processes and 
align with the principles of dynamic systems theory (Kelso 
1995). This transformation signifies an evolutionary mile-
stone, highlighting the adaptability and self-organizing 
potential of chemical systems (Pascal 2013). Furthermore, 
it underscores the interconnectedness of natural forces and 
their ability to produce higher-order structures capable of 

in physical and chemical terms, effectively bridging the gap 
between non-living and living systems (Haken 2006).

The DKS state, whether chemical or biological, is inher-
ently dependent on its environment. This state of total 
dependence can be thought of as inducing the beginnings of 
’awareness’, an awareness by the DKS system of its envi-
ronment. On the one hand, the DKS system is materially 
distinct and separate from its environment, yet due to its 
total dependence on its environment, it is necessarily aware 
of that environment (Varela et al. 1991).

Within this duality lies the origin of self-awareness that 
derives from external awareness. This description proposes 
the physical means by which a mental dimension could 
emerge. Awareness is not a physical attribute but rather a 
mental one. Though mental attributes derive from physical 
circumstances, they are inherently non-physical, meaning 
they cannot be detected and measured by physical means 
(Chalmers 1996). Thus, the dependence of an ’inside’ (the 
DKS system) on its ’outside’ (the system’s environment) 
gives rise to the foundation of a mental domain, a non-phys-
ical relationship between a physical system and its support-
ing environment. Thus, one might say that the DKS state is 
the seed from which the mental state could sprout, while the 
evolutionary process is the mechanism by which that mental 
dimension could emerge and develop, thereby giving rise 
to its distinct and unique functional capabilities (Deacon 
2012). This perspective suggests that the roots of cognition 
and consciousness are deeply embedded in the fundamen-
tal principles of physics and chemistry, gradually evolving 
through natural processes to form the complex mental func-
tions observed in advanced organisms (Noble 2006; Pascal 
and Pross 2016).

Pascal and Pross (2023) conclude that the emergence 
of the mind and its subsequent exploitation by nature were 
physicochemically feasible once a replicative chemical DKS 
system was able to emerge. The mental dimension was not a 
late evolutionary discovery associated with the appearance 
of neurons and brains, but is inherent in the DKS state’s 
ontological nature and therefore fundamental to the evolu-
tionary process. This perspective suggests that the roots of 
cognitive and mental capabilities are deeply embedded in 
the basic principles governing the DKS state, providing a 
foundational framework for understanding the evolution of 
consciousness from a chemical and physical standpoint.

Pascal and Pross (2022) propose that perception emerges 
from the dynamic interplay between replicative DKS sys-
tems and their supportive environments. The DKS system, 
a kinetic phenomenon driven by self-organization and repli-
cation, undergoes kinetic selection, “learning” which varia-
tions are advantageous. This capacity for replication enables 
both memory and adaptive behavior, revealing a primitive 
mental dimension.
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The emergent properties of the mind include: 

1.	 The brain integrates diverse sensory inputs, much like 
how DKS systems integrate environmental stimuli to 
stabilize their behavior (Friston and Stephan 2007). This 
integration forms the basis of perception and awareness, 
as described by Integrated Information Theory (IIT), 
which suggests that consciousness arises from the inte-
gration of distributed neural signals into a unified expe-
rience (Tononi 2008).

2.	 Consciousness emerges from the continuous activity of 
large-scale neural networks operating far from equilib-
rium (Engel et al. 2001). Just as DKS systems maintain 
their stability through dynamic interactions and energy 
dissipation, consciousness depends on ongoing corti-
cal activity, synchronization, and predictive processing 
mechanisms (Friston 2018).

3.	 Proto-mentality evolves into intentionality as neural 
systems develop mechanisms for goal-directed behav-
ior, forming the basis of thought and action (Dennett 
1995). The ability of the brain to anticipate and generate 
actions through hierarchical predictive coding (Clark 
2016) mirrors how DKS systems evolve to optimize 
their stability. These mechanisms allow for autonomous 
decision-making, reinforcing the link between neural 
dynamics, intentionality, and cognitive agency.

This perspective situates the brain as a DKS system whose 
non-equilibrium dynamics, adaptability, and self-sustaining 
processes generate higher cognitive functions, ultimately 
leading to the emergence of consciousness, intentionality, 
and agency.

On the other hands, by tracing the principles of DKS 
through successive levels of complexity, we can construct a 
unified framework for understanding how the mind emerges 
from the brain. DKS, a concept rooted in the thermodynam-
ics of far-from-equilibrium systems, explains how systems 
maintain stability through continuous energy dissipation 
and adaptation (Pross 2012). This principle can be applied 
across multiple scales of complexity, from chemical sys-
tems to the emergence of cognition as follows:

Chemical Dynamics: At the molecular level, energy 
flows and self-organization in chemical systems create the 
foundation for life. DKS governs the behavior of these sys-
tems, enabling the emergence of proto-metabolic networks 
and autocatalytic cycles (Pascal 2013). These processes, 
which are far from thermodynamic equilibrium, give rise to 
the first hints of proto-mentality, a precursor to more com-
plex forms of cognition (Deacon 2012).

Biological Complexity: Life evolves through iterative 
interactions with the environment, driven by the principles 
of DKS. Biological systems achieve dynamic stability by 

advanced cognitive processes, thereby bridging the gap 
between chemical foundations and cognitive complexity.

According to the explanations of the previous sections, 
the brain can indeed be conceptualized as a Dynamic 
Kinetic Stability (DKS) system, operating in a state of con-
stant interaction with its internal and external environments. 
In this view, the brain is not merely a static organ but a 
complex system exhibiting properties reminiscent of DKS 
systems, which maintain stability while constantly adapting 
and evolving in response to perturbations (Pascal and Pross 
2023).

The brain, like DKS systems, operates in a continuous 
non-equilibrium state that requires constant energy dissi-
pation. Neural metabolic processes, synaptic transmission, 
neurotransmitter release, and ion transport, sustain activity 
far from equilibrium, paralleling energy flows in DKS sys-
tems (Friston 2010; Prigogine 1978b). These energy-depen-
dent processes prevent entropy-driven disorder, supporting 
dynamic stability.

Neuroplasticity allows the brain to reorganize in 
response to environmental stimuli, reinforcing beneficial 
patterns while discarding less useful ones (Pascual-Leone 
et al. 2005). This adaptive restructuring mirrors the selec-
tive stabilization of DKS systems. Predictive coding models 
further illustrate how the brain continuously refines internal 
representations to align with external reality (Clark 2013).

Operational integrity is maintained through homeostatic 
and allostatic mechanisms (Sterling and Eyer 1988), which 
balance internal states via dynamic control systems, from 
synaptic homeostasis (Turrigiano 2012) to large-scale auto-
nomic regulation. This interplay of stability and flexibility 
exemplifies the same principles of feedback, self-organiza-
tion, and adaptation that define DKS systems.

The DKS properties of the brain form the foundation 
for mental phenomena, as dynamic interactions and energy 
flows within neural systems create the conditions for higher 
cognitive functions. As a non-equilibrium system, the brain 
sustains continuous metabolic activity and information pro-
cessing, maintaining stability while adapting to environ-
mental changes (Friston 2010; Pross 2012).

Neuroplasticity enables learning, problem-solving, and 
other cognitive processes (Pascual-Leone et  al. 2005), 
while homeostatic and allostatic mechanisms ensure sta-
bility amid ongoing change (Sterling and Eyer 1988). This 
balance of flexibility and regulation allows for dynamic, 
context-dependent thought (Turrigiano 2012).

The mind emerges as an integrative phenomenon when 
neural dynamics reach critical complexity, producing prop-
erties that transcend individual neural components (Tononi 
Tononi 2004). Large-scale neural networks generate sub-
jective experience and higher-order cognition through inte-
grated information processing (Clark 2013).
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X2: The primary consciousness set involves the initial 
translation and processing of input data within the mind.

X3: The awareness and attention set encompasses know-
ing, perceiving, and being cognizant of events or stimuli.

X4: The analyzing set involves the review and analysis 
of data.

X5: The memory set represents the storage and retrieval 
of information.

X6: The character mentality and mood set includes emo-
tions, moods, and character traits that influence the mind’s 
state.

X7: The system components coordinator set serves as the 
central part of the system, facilitating communication and 
coordination among various components.

X8: The quality of will to accomplish an output set refers 
to the determination and motivation to achieve desired 
outcomes.

X9: The curiosity along with perception set involves a 
deep sense of curiosity and exploration of phenomena or 
concepts without immediate analysis.

X10: The other molecular, physiological, chemical, and 
physical conditions set represents additional factors related 
to the molecular, physiological, chemical, and physical 
aspects that influence the mind.

These interactive elements develop in sophistication 
over time, shaping the agent’s cognitive architecture. While 
reducible to computational mechanisms, the system as a 
whole facilitates increasingly complex modes of under-
standing, reasoning, and experiencing the world from the 
agent’s perspective. The continuous evolution of these 
cognitive utilities is central to the emergence of advanced 
general intelligence. As the agent’s cognitive architecture 
evolves, it incorporates more intricate feedback loops and 
adaptive processes, allowing for a richer and more nuanced 
interaction with its environment. This progression enhances 
the agent’s ability to abstract, categorize, and synthesize 
information, leading to a more profound and comprehensive 
grasp of its surroundings.

These components∗ have emerged as a result of the 
evolution of the γ system. They are introduced to facili-
tate a deeper understanding of the relationship between 
the DKS system, the functioning of the mind, and the pro-
cesses through which experiences are generated within the 
mind. The proposed topology for the mind seeks to reveal a 
structured arrangement of system components∗ (Xi, where 
1 ≤ i ≤ 10), encapsulating the functionality of a system 
resembling that of a human. However, it is important to rec-
ognize that simpler entities, such as artificial intelligence, 
plants, or insects, may lack some or all of these components. 
Together, these components contribute to the operation of 
the mind, encompassing sensory processing, consciousness, 
awareness, memory, emotional states, analytical abilities, 

continuously adapting to environmental changes, a process 
that aligns with the concept of autopoiesis (Maturana 1980). 
This self-sustaining organization allows living systems to 
maintain their integrity while evolving toward greater com-
plexity (Kauffman 1993).

Neural Systems: The brain inherits and refines the prin-
ciples of DKS, with neurons acting as energy-dissipating 
units within a highly dynamic and adaptive system. Neural 
networks exhibit properties of self-organization and critical-
ity, allowing them to balance stability and flexibility (Beggs 
2008). This dynamic balance is essential for information 
processing and the emergence of higher-order functions 
(Tononi and Edelman 1998).

Emergent Mind: The mind arises from the intricate inter-
play of neural dynamics, achieving higher-order stability 
through DKS. This stability manifests as cognition, self-
awareness, and intentionality, features that are consistent 
with the Integrated Information Theory (IIT) of conscious-
ness (Tononi 2004). The mind, as an emergent phenomenon, 
reflects the brain’s ability to organize and stabilize complex 
patterns of activity across multiple scales (Friston 2010).

This progression illustrates how DKS serves as a uni-
fying principle, bridging the gap between the physical 
processes of the brain and the emergence of the mind. By 
integrating insights from thermodynamics, systems biology, 
and neuroscience, we can better understand the continuum 
from chemical dynamics to conscious experience.

The relationship between DKS processes and the emer-
gence of the mind can be understood as a continuum of 
complexity. DKS provides the foundational principles of 
dynamic interaction, energy flow, and adaptability, which 
are preserved and elaborated upon in the evolution of bio-
logical systems. The brain’s dynamic, far-from-equilibrium 
nature allows it to exhibit the hallmarks of DKS, ultimately 
giving rise to the emergent phenomenon of the mind. This 
perspective unites the physical, chemical, and cognitive 
dimensions of life within a single coherent framework.

Assuming that γ is a chemical compound that exhibits 
responsiveness to its environment, the forthcoming discus-
sion will symbolically describe the process by which this 
compound can be transformed into a complex cognitive sys-
tem, such as the brain of a living organism. Following this, 
the analysis will explore how the brain generates the subjec-
tive experience of consciousness. Based on the information 
provided in the preceding sections, the cognitive system of γ 
undergoes continuous development and evolution. This pro-
cess involves creating and refining cognitive subsystems or 
"utilities" that are integral components ( or components∗) 
of γ’s overall cognition. Key cognitive of the Mind utilities 
may include (for more information see Azar 2024b):

X1: The sensation set represents the reactivity of molec-
ular reactions associated with sensory input.
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modulating the processing and interpretation of sensory 
information within the confines of the mind (the primary 
consciousness set, X2). This dynamic interplay between 
RCS and sensory input underscores the intricate relationship 
between material dynamics and the foundational aspects of 
consciousness.

Moreover, RCS dynamics are posited to exert a signifi-
cant influence on the cognitive systems attentional processes 
(the awareness and attention set, X3). By shaping the stabil-
ity and energy landscape within cognitive systems, DKS 
may play a pivotal role in governing the allocation of cogni-
tive resources and the focus of awareness. This suggests that 
the dynamic nature of DKS could be intricately intertwined 
with the cognitive system capacity to sustain attention on 
specific stimuli or tasks, thereby impacting cognitive per-
formance and perceptual processing.

Furthermore, RCS interactions are contemplated to 
extend their influence to the mind’s executive functions (the 
analyzing set, X4). As the mind navigates the complexities 
of decision-making, problem-solving, and planning, DKS 
dynamics may serve as a guiding force, influencing the flex-
ibility and adaptability of cognitive processes. This dynamic 
interplay suggests that DKS could offer a novel lens through 
which to understand how the mind adjusts its strategies in 
response to changing environmental demands, shedding 
light on the intricate dance between material dynamics and 
cognitive functioning.

Additionally, RCS dynamics are conjectured to extend 
their reach to the domain of emotional regulation processes 
within the mind (the character mentality and mood set, X6). 
By modulating the energy landscape and neurotransmitter 
pathways, RCS interactions may exert a subtle yet profound 
influence on the intensity and duration of emotional experi-
ences. This implies that the dynamic interplay between RCS 
and emotional regulation processes could shape emotional 
responses and mood states, offering intriguing insights into 
the interface between material dynamics and emotional 
states.

Within the philosophical realm, the influence of RCS 
dynamics on the mind’s semantic processing abilities is 
contemplated (the memory set, X5). By shaping semantic 
networks and associations, RCS interactions may impact 
how individuals encode, store, and retrieve semantic knowl-
edge. This suggests that the stability and energy landscape 
of RCS systems could play a pivotal role in language com-
prehension, production, and semantic memory retrieval, 
underscoring the profound implications of material dynam-
ics for cognitive processes and linguistic cognition.

Thus, the evolution and promotion of RCS within the 
cognitive system of γ provide the foundational framework 
for the creation of the conscious experience. By shaping 
sensory processing, attentional focus, cognitive integration, 

motivation, curiosity, and other physiological and environ-
mental factors influencing mental functioning. The afore-
mentioned components∗ can be aptly described as γ arms, 
which have gradually developed over an extensive period. 
These formations result from internal chemical and physical 
transformations within the γ system, as well as the influence 
of external environmental factors.

Building on the aforementioned principles, the DKS 
facilitate an evolutionary process within matter that results 
in the formation of rudimentary cognitive systems (RCS) 
embedded in physical substances. This process is driven 
by the continuous interactions between material properties 
and external stimuli, which lead to the self-organization of 
increasingly complex systems. As these cognitive systems 
evolve, they undergo hierarchical layers of complexity, 
ultimately culminating in the emergence of the advanced 
cognitive systems characteristic of the human mind. This 
progression underscores the relationship between funda-
mental physical processes and the gradual development of 
cognitive functions, providing a framework for understand-
ing how simple material systems can give rise to the sophis-
ticated mental faculties observed in higher organisms.

The first step in evolution involves the self-organization 
of matter, driven by material properties and external stimuli. 
Initial molecular reactivity gives rise to rudimentary systems 
capable of sensing and responding to their environment, 
such as simple organisms reacting to light or temperature 
(Tennie et al. 2009). Chemical compounds, including those 
in plants and microorganisms, exhibit adaptive responses to 
environmental cues, marking the earliest stage of cognitive 
function (Baluška et al. 2009). Feedback loops arising from 
repeated interactions enable these systems to adjust behav-
ior based on past stimuli, forming the basis for higher-level 
mental processes (Hohwy 2013).

As complexity increases, cognitive subsystems, or utili-
ties (X1 to X10), emerge, enhancing the system’s ability 
to process information, interact with the environment, and 
develop mental capacities (Jablonka and Lamb 2005). These 
utilities evolve hierarchically, with each layer supporting 
increasingly sophisticated functions (Laland and Odling-
Smee 2011). The integration of these subsystems underlies 
advanced cognitive processes, enabling complex behaviors 
and the emergence of higher mental states (Sporns 2011).

This progression illustrates the gradual evolution from 
simple molecular interactions to complex cognition, pro-
viding a framework for understanding how early material 
dynamics could give rise to the advanced cognitive systems 
characteristic of human consciousness (Sterelny 2004).

RCS, as a fundamental aspect of material dynamics, 
holds the potential to influence the reactivity of molecular 
reactions associated with sensory input (the sensation set, 
X1). In this light, RCS may act as a subtle orchestrator, 
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sensitivities in X2, which are perceived or experienced as 
different colors.

At this stage, the chemical composition γ may still 
appear to function as a simple system, and it is referred to 
as such within this context. The various sensors that give 
rise to the system’s components (Xi, where 1 ≤ i ≤ 10) are 
collectively referred to as "advanced sensors of all genera-
tions" (ASAG), or simply "sensors". It is important to note 
that these sensitivities develop incrementally due to a com-
bination of environmental factors external to the system and 
chemical and physical reactions within the system.

Let us consider the scenario where the set of sensitivities 
of the system γ to its environment is represented by X1. 
Over time, the activities of X1 give rise to secondary sen-
sitivities within the system, denoted as X2, which exhibit 
responsiveness to the groupings of elements in X1. The ele-
ments of X2 demonstrate varying degrees of sensitivity to 
individual elements or groupings within X1, meaning each 
element in X2 manifests a specific sensitivity to a corre-
sponding element or grouping in X1.

The emergence of X2 primarily results from the molecu-
lar sensitivities of the system γ, which undergo chemical 
and physical reactions in response to changes in the states 
of X1. Notably, X1 is sensitive not only to external environ-
mental conditions but also to internal reactions, including 
those originating from X2. This interaction forms a continu-
ous and regular feedback loop between X1 and X2.

As this cyclic process persists, the sensitivities of both 
X1 and X2 are progressively enhanced, leading to their 
refinement and improvement. The sustained interaction and 
mutual refinement of these sensitivities contribute to the 
system’s increased ability to adapt and respond effectively 
to environmental changes. This process can be shown as 
below,

α =⇒ X1(α) ⇐⇒ X2(X1(α)),� (1)

where α is a message received from environment.
As the ongoing process unfolds, a subsequent generation 

of sensitizers arises within the system that are specifically 
attuned to the performance and alterations of X2. This new 
category of sensitivities is represented by X3. It is crucial to 
emphasize that all of these sensitivities, including those in 
X1 and X2, are rooted in molecular, chemical, and physical 
interactions occurring within the system γ. The sensitivi-
ties represented by X3 respond to the dynamics and changes 
within X2, which, in turn, are influenced by the activities of 
X1. These molecular-level sensitivities enable the system 
to perceive and react to the performance and modifications 
occurring in the previous generations of sensitivities.

By incorporating this multi-layered framework of sen-
sitivities, the system γ can exhibit a hierarchical structure 

emotional regulation, and dynamic interaction with the 
environment, RCS dynamics contribute to the richness and 
complexity of conscious awareness, allowing individuals to 
perceive, interpret, and experience the world around them in 
a meaningful and subjective manner.

In the following, the process that leads to the creation 
and activity of γ-components∗, resulting in the experience 
of consciousness, will be briefly explained. In this process, 
the chemical and physical conditions of γ are shaped by the 
ecological conditions of the environment, which facilitates 
the formation and evolution of the cognitive system.

Consider the existence of a set of sensitivities within the 
γ system, represented by X1. Over time, the activities of X1 
give rise to the emergence of secondary sensitivities within 
the intricate framework of the γ system. These newly devel-
oped sensitivities, collectively referred to as X2, exhibit 
notable responsiveness to the groupings of elements in X1. 
Each element of X2 manifests a distinct sensitivity to either 
an individual element or a collective configuration of ele-
ments from X1, thereby displaying a spectrum of respon-
siveness. The emergence of X2 is primarily attributed to 
the molecular sensitivities inherent to the γ system. These 
sensitivities, chemical and physical in nature, react dynami-
cally to fluctuations in the states of X1. It is essential to note 
that, beyond its responsiveness to external environmental 
stimuli, X1 demonstrates a reciprocal sensitivity to inter-
nal processes, including those originating from X2. This 
reciprocal interaction establishes an ongoing cyclic process. 
This continuous cycle fosters the progressive enhancement 
of sensitivities within both X1 and X2, ultimately leading 
to their refinement and further development. Such dynamic 
interplay underscores the evolutionary potential of the γ 
system, enabling it to adapt and evolve in complexity over 
time.

As the process progresses, a new generation of sensitiz-
ers is generated, sensitive to the performance and changes of 
X2. An example of these sensitizers can be represented by a 
category denoted as X3. It is important to emphasize that all 
these sensitivities are molecular, chemical, and physical in 
nature, occurring within γ.

The elements of X3 exhibit functional reactivity that 
depends on the changes in the elements of X2. Addition-
ally, during the evolution of γ, further components, such as 
X3, X4, X5, and so on, may arise in parallel as subsequent 
sensors within the system. Consequently, the system’s com-
ponents, including the sets X1, . . . , X10, develop unique 
sensitivities to their constituent elements, which are refined 
over time. As this process unfolds, a one-to-one correspon-
dence is established among the system’s components. For 
example, if γ is considered to be the brain, different frequen-
cies of light received by X1 evoke varying, corresponding 
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further assume that each element Ai in X1 corresponds to 
an element Bi in X2 for all 1 ≤ i ≤ n.

Each element b in Bi is responsive to the interactions 
of its corresponding element a in Ai. We can define a 
function f12 from X1 to X2, such that f12(Ai) = Bi for 
all 1 ≤ i ≤ n. For instance, in the context of animals, A1 
and A2 can represent the set of auditory and visual sen-
sors, respectively, while B1 and B2 denote the correspond-
ing sensory experiences in the mind. In this case, b1 ∈ B1 
and b2 ∈ B2 are sensitive to alterations and molecular 
reactions of a1 ∈ A1 and a2 ∈ A2, respectively. Similarly, 
there are functions from X2 to other components, such as 
X3 = {C1, C2, · · · , Cn}, where f23 is a function from X2 
to X3 such that f23(Bi) = Ci for all 1 ≤ i ≤ n. The func-
tion f23 determines our awareness of the elements in X2.

Thus, the primary functions that connect the system com-
ponents (which can be caused by nervous systems) are as 
follows:

β = {fij : Xi → Xj | 1 ≤ i, j ≤ n}.

The combination of elements β reflects the activity of the 
system and transforms incoming messages or internal pro-
cesses into an output message. In this context, the system 
components are interdependent. For instance, the perfor-
mance of elements in X5 hinges on changes taking place in 
the elements of X2 and X3.

The performance of elements in some system components 
may depend on the elements in multiple components. For 
instance, consider the sensitivity of an element in X4 that 
reacts to changes in both X3 and X5. To illustrate this con-
cept more simply, suppose we experience two sounds repre-
sented by c1 and c′

1, both of which belong to f23(f12(A1)). 
These experiences can serve as inputs to another experience 
in X4, where the sensitivity to two experiences, c1 and c′

1, 
is compared. This sensitivity, which is generated in X4, is 
referred to as the analyzing sensitivity of the system. The 
collection of analyzing sensitivities of the system, which are 
stored in the memory component in various ways, form the 
basis of the analysis component, i.e., X4. The activity of 
analyzing sensitizers may be the outcome of events occur-
ring in nature. In some cases, system sensitizers establish a 
one-to-one correspondence between themselves and events 
in nature, leading to the creation of an analyzing sensor. 
The working process of other sensors are also explained 
similarly.

It is important to note that the experience of conscious-
ness in the evolutionary mind emerges from an interplay of 
sensors or sensitivities (ASAG). These sensors are estab-
lished through a one-to-one correspondence with the eco-
logical processes of the environment. The internal processes 
of the system, in conjunction with its interactions with 

that facilitates its ability to adapt, learn, and respond to its 
environment in a nuanced and sophisticated manner. The 
molecular, chemical, and physical nature of these sensi-
tivities underscores the fundamental basis upon which the 
system’s information processing and behavior are built. The 
elements of X3 exhibit functional reactivity that depends on 
the changes of X2 elements.

Indeed, as the evolution of the system γ progresses, 
additional components such as X3, X4, X5, and so on, 
can emerge in parallel as subsequent sensors within γ. 
These components contribute to the expanding complexity 
of the system and its ability to sense and interact with its 
environment. The system components, including the sets 
X1, X2, X3, X4, X5, and so forth, develop distinct sensi-
tivities to their constituent elements, which become more 
refined over time. This refinement is a result of the ongo-
ing interactions and feedback loops between the different 
components of the system. As the process continues, a one-
to-one correspondence is established between the system 
components and their specific sensitivities. To illustrate this, 
let’s consider the analogy of γ representing the brain. The 
initial set of sensitivities X1 could correspond to the brain’s 
sensory inputs, such as the reception of different frequencies 
of light. This input then evokes corresponding sensitivities 
in X2, which we perceive or experience as different colors. 
The establishment of such a correspondence between the 
different components of the system enables the system to 
interpret and make sense of the information it receives from 
its environment. It underscores the interconnectedness and 
interplay between the various sensitivities and components 
within γ, allowing for a rich and nuanced perception of the 
world.

At this juncture, the chemical composition γ may appear 
to be a simple system, and we refer to it as such. The vari-
ous sensors that give rise to the system’s components (Xi, 
where 1 ≤ i ≤ 10) are collectively referred to as "advanced 
sensors of all generations" (ASAG), or simply "sensors" if 
there is no ambiguity. It is important to note that these sensi-
tivities develop incrementally due to a combination of envi-
ronmental factors external to the system and chemical and 
physical reactions within the system.

The behavior of elements in X1 over time results in 
the emergence of second-generation sensitizers, denoted 
as X2. The functioning of sensors facilitates the genera-
tion of X2 from X1, while the development of X1 is, in 
turn, promoted by X2. This iterative process continues as 
X2 generates X3, and X3 further promotes the develop-
ment of X2. The relationship between the system’s com-
ponents during their generation or development may persist 
depending on the inherent nature of the system. Assuming 
X1 = A1, A2, . . . , An and X2 = B1, B2, . . . , Bn, we can 
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 Conclusion

Cognitive systems arise from the dynamic interplay between 
chemical sensors, external stimuli, and internal processes. 
These interactions foster the development of distinct char-
acteristics within compounds, ultimately leading to the 
emergence of living organisms with increasingly advanced 
cognitive mechanisms, the mind.

The mind encompasses a spectrum of abilities, includ-
ing awareness, perception, memory, learning, and deci-
sion-making, all supported by biological structures such 
as nervous systems and brain architectures. Through the 
integration of these mechanisms, organisms exhibit sophis-
ticated behaviors, adapt to their environments, and engage 
in complex cognitive processes.

Cognitive abilities, including conscious experiences, 
vary widely across species. For example, an ant’s percep-
tion of sound differs fundamentally from a human’s experi-
ence of music, and reptiles and humans perceive light and 
color in distinct ways. These variations reflect the diverse 
evolutionary adaptations of cognitive systems to the eco-
logical and biological contexts of each species.

The exploration of Dynamic Kinetic Stability (DKS) and 
its role in conscious experience reveals the intricate inter-
play between material dynamics and cognitive processes 
within the mind. Through the evolution and refinement of 
DKS, the cognitive system undergoes dynamic transforma-
tions that contribute to the emergence of consciousness. 
DKS plays a pivotal role in shaping sensory processing, 
attentional focus, cognitive integration, and dynamic inter-
actions with the environment, collectively defining the rich 
and complex landscape of conscious awareness.

By understanding how DKS dynamics influence con-
scious experience, we gain deeper insights into the funda-
mental nature of cognition and the mechanisms underlying 
subjective awareness. Further investigation into the relation-
ship between DKS and consciousness promises to enhance 
our understanding of the mind-brain connection and pave 
the way for advancements in neuroscience, philosophy, and 
cognitive science. Ultimately, the study of DKS provides 
a robust framework for unraveling the mysteries of con-
sciousness and delving into the profound complexities of 
human cognition.

The DKS framework not only provides a plausible mech-
anism for bridging the gap between the physical and the 
mental but also opens new pathways for addressing several 
long-standing debates in the philosophy of mind. By ground-
ing cognition and consciousness in the thermodynamic 
logic of self-organizing systems, the DKS approach could 
contribute to reconciling disputes such as internalism versus 
externalism, where mental content may be understood as a 
dynamic interplay between internal regulatory processes 

environmental conditions, have evolved into a dynamic 
functional relationship. Over time, this function has been 
continuously refined, giving rise to two critical relationships: 
one between the components of the mind and the environ-
mental conditions, and another among the components of 
the mind itself. A conscious experience of a phenomenon, 
such as α, can be understood as a neural sensitivity encoded 
as a message in the mind under this functional framework, f, 
and its components. This conscious experience can be math-
ematically represented as f(X1, X2, . . . , X10)(α).

The relationship between the cognitive systems of liv-
ing organisms and their environment, mediated by sensor 
activity,(ASAG), is a universal phenomenon, with variations 
arising primarily from differences in the number and type of 
their constituent components.

This conceptualization aligns with Baluška et al. (2009), 
who emphasize the role of signaling networks in plants, 
illustrating an early form of ecological correspondence 
between the organism and its environment. The evolution of 
the mind’s predictive capacity, enabling the construction of 
conscious experience from environmental stimuli, has been 
further explored by Hohwy (2013), who discusses the role of 
predictive processing in the brain’s adaptive responses. The 
refinement of internal functions through continuous interac-
tion with the environment is echoed in Laland and Odling-
Smee (2011), who present the concept of cultural niche 
construction, influencing cognitive development in humans. 
Moreover, the interrelation between various components of 
the brain is explored by Sporns (2011), who emphasizes the 
role of brain networks in cognitive functions, supporting 
the notion of a functional network underlying conscious-
ness. Tennie et  al. (2009) also examine the emergence of 
cumulative culture in humans, driven by a cognitive bias 
towards social learning, shedding light on the evolutionary 
factors that contribute to the formation of consciousness. 
Jablonka and Lamb (2005) further elaborate on the evolu-
tionary nature of cognitive processes, offering insights into 
how both genetic and epigenetic factors contribute to cogni-
tive and conscious experiences. Lastly, Sterelny (2004) dis-
cusses the evolution of human cognition, highlighting the 
influence of external pressures and environmental factors on 
the development of the mind.

The recent explanations may offer a compelling theoreti-
cal framework for understanding the cognitive systems of 
the mind or a philosophical perspective on the processes 
underlying its activity. However, to establish a precise con-
nection between these descriptions and the underlying bio-
logical or molecular details processes, further theoretical 
and experimental studies are essential.
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minds may be reframed through the lens of shared dynamic 
stability, suggesting that the recognition of other conscious 
entities arises from the detection of similar patterns of recur-
sive self-maintenance and adaptive organization. Moreover, 
issues surrounding mental causation, emergentism, and the 
unity of consciousness may find fresh interpretations within 
this framework, which conceives mental phenomena as 
both physically instantiated and functionally emergent from 
far-from-equilibrium dynamics. Philosophically, further 
examination is needed to clarify how the DKS framework 
interfaces with theories of representation, intentionality, and 
intersubjectivity, and whether it can offer a unifying per-
spective that integrates biological, physical, and phenom-
enological domains. In this sense, adopting the DKS view 
holds the promise not only of addressing the traditional 
“hard” and “easy” problems of mind but also of reshaping 
the conceptual landscape of the philosophy of mind itself.

The process involving components (X1 through X10) 
represents a gradual evolution from simple, reactionary sys-
tems to more complex cognitive architectures. This pro-
gression encompasses increasing sophistication in feedback 
loops, neural integration, and emotional regulation, ulti-
mately giving rise to advanced mental processes such as 
reasoning, self-awareness, and consciousness. Through the 
principles of DKS and the stepwise evolution of these cog-
nitive utilities, the brain develops a highly intricate mental 
topology. This topology enables organisms to experience the 
world not merely in a reactive manner but through deeply 
integrated, subjective, and interpretive processes. The seam-
less integration of these cognitive functions underpins the 
development of advanced general intelligence, culminating 
in the human mind’s remarkable capacity to reason, learn, 
plan, and understand the world in profound and dynamic 
ways. This hierarchical, feedback-driven evolution is fun-
damental to the emergence of the mind, with each cogni-
tive utility progressively building upon its predecessors. 
Together, these components form a sophisticated system 
capable of supporting conscious experience and higher-
order cognition.q
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