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In "HoTT Thoughts of Homotopy," we delve into the metaphorical 
application of mathematical concepts, specifically Homotopy Type Theory 
(HoTT), to illuminate the intricate processes underlying human cognition 
and consciousness. This exploration interprets cognitive transitions—those 
fluid moments between vague pre-thought and fully articulated ideas—as 
homotopic transformations, offering a novel lens through which to view the 
continuity and evolution of thought. Through a synthesis of ideas from 
mathematics, biophysics, and cognitive science, we construct a theoretical 
landscape where thoughts and consciousness are not static entities but 
dynamic, continuously evolving phenomena. This paper aims to enrich the 
dialogue between disciplines, inviting readers to reconsider the nature of 
thought, the structure of consciousness, and their impacts on our 
understanding of identity and existence. By integrating abstract theoretical 
concepts with existential and cultural reflections, we provide a 
comprehensive exploration of how our cognitive processes shape and are 
shaped by the world we navigate. 
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Introduction 

Premise 

In the quest to understand the elusive nature of consciousness and the 
genesis of thoughts, traditional empirical methods often encounter 
boundaries. These boundaries stem not from the lack of sophisticated tools 
or methods, but from the inherently intangible and subjective qualities of 
human thought and experience. This paper proposes a novel approach: 
leveraging mathematical and biophysical concepts as metaphors to explore 
the cognitive transitions between the vague, pre-linguistic sensations and 
articulated thoughts, particularly during the hypnagogic and hypnopompic 
states. Homotopy Type Theory (HoTT) and related mathematical constructs 
offer a rich vocabulary and framework that can be metaphorically aligned 
with the processes of thought formation and the fluid dynamics of 
consciousness. This alignment seeks not to quantify or measure but to 
provide a language that can articulate the complexity of cognitive 
experiences. 

Motivation 

The motivation for adopting a non-empirical, poetic framework arises from 
the recognition that some aspects of human experience are best explored 
through metaphor and narrative. Science, while immensely powerful, often 
strips away the subjective essence of its subjects to obtain objective truths. 
However, the realms of thought and consciousness resist such dissection 
because their truths are intrinsically tied to personal, subjective experiences. 
By using metaphorical interpretations of Homotopy and Type Theory, we 
propose a way to discuss these phenomena that respects their complexity 
and retains their richness. This approach allows us to contemplate the 
existential and ontological implications of cognitive science, inviting a 
broader philosophical discussion that transcends disciplinary boundaries. 
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Goals and Structure of the Paper 

The primary goal of this paper is to enrich the dialogue between 
mathematics, biophysics, and the philosophy of mind by introducing a 
conceptual framework that uses mathematical metaphors to interpret 
cognitive transitions. This paper aims to: 

1. Offer a novel interpretation of cognitive processes through the lens of 
mathematical and biophysical metaphors. 

2. Explore the philosophical implications of viewing thought formation 
as a dynamic, homotopic process. 

3. Stimulate interdisciplinary dialogue among mathematicians, 
biophysicists, philosophers, and cognitive scientists. 

The structure of the paper is organized as follows: 

1. Homotopy and Cognitive Transitions: We will delve into how the 
concept of homotopy in mathematics can metaphorically represent 
the fluid nature of thought evolution, illustrating the seamless 
transformation of pre-linguistic cognitive states into structured 
thoughts. 

2. Type Theory as a Framework for Cognitive States: This section will 
explore how type theory provides a scaffold for different cognitive 
states, offering a structured yet dynamic framework for 
understanding the stages of thought formation. 

3. The Role of Biophysics in Conceptualizing Thought Processes: 
Here, we will discuss the biophysical underpinnings of cognitive 
transitions, reinterpreted as natural forces that shape the cognitive 
landscape. 

4. Philosophical and Existential Implications: We will reflect on the 
existential questions raised by our framework, pondering the nature 
of thought, consciousness, and their implications for understanding 
the self and reality. 
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5. Artistic and Cultural Reflections: Finally, we will consider how these 
ideas intersect with cultural and artistic expressions, examining the 
impact of our theoretical approach on the arts and society. 

Through this structure, the paper will traverse the intersection of abstract 
mathematical thought and the tangible reality of human cognitive 
experiences, offering a comprehensive, albeit non-traditional, exploration of 
the mysteries of the mind. 

 

Homotopy and Cognitive Transitions 

Defining Homotopy in Mathematics 

In mathematics, particularly in the field of topology, homotopy is a concept 
that refers to the idea of deforming one shape into another through a 
continuous set of stages. Two objects are homotopic if one can be 
transformed into the other without breaking or detaching any part of the 
object; essentially, they are "the same" under the lens of topology. This 
transformation is not just about the shapes themselves but encompasses 
the paths or functions defined on these shapes. A simple analogy might be 
stretching a rubber band into different shapes; as long as it does not break, 
the rubber band is considered homotopic to its original form. 

Metaphorical Application to Cognitive Transitions 

When applied metaphorically to cognitive science, homotopy can illustrate 
the fluid and evolving nature of thoughts and ideas. Thoughts can be 
envisioned as shapes or structures in the mind’s landscape, continuously 
transforming as our internal and external stimuli change. Just as a circle 
stretched into an oval remains fundamentally the same shape in homotopy 
theory, a thought, when developed or expanded, remains intrinsically linked 
to its original form. This metaphor allows us to conceptualize cognitive 
processes as flexible, continuous transformations, where ideas evolve and 
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adapt but maintain an underlying continuity that can be traced back to 
their origins. 

Cognitive Transitions and Homotopic Transformations 

To illustrate this metaphor, consider the process of problem-solving. An 
initial vague notion or a question (a simple geometric shape in our 
metaphor) undergoes various transformations as we gather more 
information, consider different perspectives, and apply logical reasoning 
(stretching and molding the shape). The end solution or refined idea is 
recognizably connected to the initial notion but has morphed into a more 
sophisticated and detailed form. 

Another example is the development of personal beliefs or values over 
time. A child’s understanding of concepts like justice or fairness (simple 
shapes) becomes more nuanced with age and experience (shapes 
undergoing complex transformations). Despite these changes, there 
remains a core, a traceable path, linking mature beliefs back to their simpler 
origins. 

Further, the seamless nature of thought evolution in creative processes, 
such as composing music or writing poetry, aligns closely with homotopic 
transformations. An initial burst of inspiration (a point or simple loop) can 
expand into complex compositions or narratives (intricate paths and loops), 
evolving fluidly as the creator iterates on and refines their initial ideas. Each 
stage of the creative process is linked, forming a continuous path in the 
cognitive landscape. 

By viewing cognitive transitions through the lens of homotopy, we can gain 
a deeper appreciation for the complexity and continuity of our thought 
processes. This perspective not only enriches our understanding of mental 
phenomena but also aligns with the fluid nature of how ideas form, evolve, 
and solidify in the human mind. This approach emphasizes that while 
thoughts may change shape and complexity, they are always connected in 



6 
 

a continuous, traceable manner, reflecting the fundamental principle of 
homotopy in a poetic and existential context. 

 

Type Theory as a Framework for Cognitive States 

Basics of Type Theory 

Type theory is a branch of mathematical logic and computer science that 
deals with the classification of entities into various "types," each defined by 
the kind of operations that can be performed on them and the kind of logic 
they adhere to. At its core, type theory provides a framework for 
constructing and organizing formal systems based on the concepts of 
function, application, and abstraction. In computer science, type systems 
help ensure correctness in programs by defining what computations are 
permissible, thereby preventing errors such as applying an incorrect 
operation to a data type. 

In mathematics, type theory offers a rigorous foundation for proofs and can 
be used to construct and work with complex mathematical objects. The 
theory distinguishes between different levels of abstraction—from simple 
types like natural numbers to complex types like functions or sets of 
numbers—each level building upon the previous ones in a structured 
manner. 

Metaphorical Application to Cognitive States 

When we apply type theory metaphorically to cognitive science, we can 
consider each type as representing a different state of consciousness or a 
different form of thought. For example, basic sensory experiences could be 
considered "primitive types," such as visual or auditory data types in a 
computational model of the mind. More complex thought forms, such as 
judgments or decisions, could be seen as "function types" that operate on 
or transform these basic types into more complex mental constructs. 
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This framework allows us to visualize the mind as a kind of "cognitive type 
system," where thoughts and experiences are structured according to the 
rules and operations applicable to their types. Just as in programming, 
where type systems help manage complexity and ensure the correct 
functioning of programs, in cognitive science, a type-theoretic framework 
can help us understand how different mental processes interact and how 
higher-order thinking emerges from basic sensory inputs. 

Dynamic Structure of Cognitive Types 

In the fluid and continuously evolving landscape of thought, type theory 
offers a way to impose a dynamic yet structured framework. While thoughts 
and ideas are inherently fluid, changing with new information or shifting 
perspectives, the type-theoretic approach provides a scaffold that 
maintains coherence and continuity. Each cognitive state or thought form 
can be seen as a type, and the transformations between these types can be 
governed by specific rules, similar to how functions transform inputs in 
mathematics or programming. 

This structure allows for a nuanced understanding of mental processes. For 
example, consider the cognitive transition from a perception (a type) to a 
memory (another type). This transition involves specific cognitive functions 
that encode and retrieve information, akin to mathematical functions 
transforming numbers. By applying type theory, we can systematically 
explore how different cognitive functions interact, how errors in "type 
transformations" might lead to cognitive distortions, and how complex 
thought processes can be decomposed into simpler, foundational 
elements. 

Moreover, by utilizing a type-theoretic framework, we can also explore the 
modularity of the mind—how different cognitive modules (types) can be 
combined to form more complex cognitive processes (composite types). 
This approach not only helps in understanding the structural aspects of 
thought but also assists in modeling how thoughts evolve and interact 
within the mind's broader cognitive architecture. 
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Thus, type theory, when metaphorically applied to the study of 
consciousness and thought, provides a rich, structured, yet inherently 
dynamic way to conceptualize and explore the complexities of human 
cognition. This perspective enriches our understanding by offering a formal 
language through which the fluid nature of thought can be analyzed and 
described, bridging abstract concepts with tangible cognitive phenomena. 

 

The Role of Biophysics in Conceptualizing Thought Processes 

Biophysical Processes Underlying Cognitive Functions 

At the intersection of biology and physics, biophysics provides insights into 
the physical and chemical processes that drive biological systems, including 
the human brain. Cognitive functions, from perception to decision-making, 
are underpinned by a host of biophysical processes. These include the 
electrical activity of neurons, the biochemical signaling pathways, and the 
complex interactions within neural networks. 

Neurons communicate through synapses, using electrical impulses and 
neurotransmitter chemicals to transmit signals. This synaptic activity forms 
the basis of all cognitive functions, encoding and processing information. 
The modulation of these signals, through changes in synaptic strength or 
the formation of new synaptic connections, underlies learning and memory. 
Additionally, biophysical processes like ion channel functioning, energy 
metabolism, and molecular transport are crucial for maintaining the brain's 
integrity and responsiveness. 

Symbolic Interpretation of Biophysical Processes 

Symbolically, these biophysical processes can be viewed as the unseen 
drivers of thought and creativity. Just as a river shapes the landscape 
through erosion, deposition, and the creation of new pathways, biophysical 
processes shape the cognitive landscape by forming new thoughts, refining 
old ones, and discarding irrelevant or incorrect information. These 
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processes are the currents and flows within the brain, constantly reshaping 
the landscape of consciousness based on external stimuli and internal 
conditions. 

For instance, the action potential of a neuron, an all-or-nothing pulse, can 
be likened to a spark that ignites a cascade of cognitive activity, leading to 
thought, memory recall, or creative insight. Similarly, the synaptic plasticity 
that underpins learning and memory formation can be metaphorically 
viewed as the sculpting hands of an artist, continuously molding and 
adjusting the clay of our cognitive substrate to form the intricate sculptures 
of our thoughts and knowledge. 

Biophysical Processes as Natural Forces 

Biophysically, every thought and decision we make can be traced back to 
molecular and electrical changes in the brain—a true embodiment of 
natural forces at work. This perspective allows us to view these processes 
not merely as biological functions but as fundamental forces that drive the 
dynamics of consciousness, much like gravity governs the motion of 
planets. 

These natural forces of the brain ensure that our cognitive landscape 
remains dynamic and adaptable. They allow for the fluidity and flexibility 
needed to navigate complex and ever-changing environments. By viewing 
these forces as natural drivers, we can appreciate the complexity of 
cognitive phenomena and the robustness of the brain's architecture, which 
supports a wide range of cognitive capabilities from basic survival instincts 
to advanced creative and abstract thinking. 

In summary, by conceptualizing biophysical processes as natural forces that 
shape the landscape of consciousness, we emphasize their role not just in 
the functionality of cognition but in the continuous evolution and 
adaptation of our thought processes. This perspective enriches our 
understanding of cognition, providing a poetic yet profound view of how 
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the unseen biophysical dynamics within our brains contribute to the vibrant 
and ever-changing tapestry of human thought and creativity. 

 

Philosophical and Existential Implications 

Existential Implications of an Abstract Cognitive Framework 

Adopting an abstract, metaphorical framework to view thought processes 
invites profound existential implications. When we describe cognitive 
transitions using concepts from homotopy type theory and biophysics, we 
elevate these transitions from mere biological phenomena to existential 
experiences that reflect deeper truths about our nature. This approach 
suggests that thoughts and consciousness are not just biological outputs 
but are woven into the fabric of what it means to be human. 

This perspective also prompts a reevaluation of the self as not static but as 
a dynamic, continuously evolving entity. Each thought process can be seen 
as an act of becoming, where identity and understanding are not fixed but 
are constantly reformed through the continuous flow and transformation of 
thoughts and experiences. 

Philosophical Questions About the Nature of Consciousness and the Origin of 
Ideas 

By framing cognitive processes in terms of homotopy and type theory, we 
raise significant philosophical questions about the nature of consciousness 
and the origin of ideas. For instance, if thoughts can be mapped as paths 
that transform continuously, what does this suggest about the permanence 
or ephemeral nature of ideas? How do we reconcile the fluidity of thought 
with our perception of stable mental states? This framework also challenges 
us to consider whether consciousness itself could be viewed as a complex 
topological space, characterized by continuous transformations rather than 
discrete states. 
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Furthermore, this approach compels us to ask where ideas truly originate. If 
ideas are the result of continuous transformations of simpler cognitive 
elements, can any thought be truly original, or is it merely a new 
configuration of existing cognitive paths? And how does the communal or 
shared aspect of language and culture influence the shape and trajectory of 
these cognitive paths? 

Impact on Our Understanding of Self and the Universe 

Viewing thought processes through this abstract framework has significant 
implications for our understanding of both self and the universe. It suggests 
that understanding the self requires understanding the complex interplay 
of cognitive processes that govern our perceptions, decisions, and 
interactions. The self is not merely a product of internal narratives but also 
a participant in a broader, interconnected cognitive landscape where each 
thought potentially influences and reshapes that landscape. 

Moreover, this perspective aligns with the philosophical view that the 
universe is not merely a collection of physical entities interacting in space 
and time but is also a construct shaped by our perceptions, interpretations, 
and cognitive engagements. Our thoughts and consciousness play a central 
role in constructing the reality we experience, highlighting the 
interconnectedness of all cognitive entities and suggesting that our 
understanding of the universe is inherently tied to our understanding of our 
own minds. 

By adopting this metaphorical framework, we not only gain a new 
vocabulary to discuss and explore the mysteries of consciousness and 
cognition but also invite a deeper contemplation of existential themes, 
challenging and expanding our philosophical boundaries. This approach 
does not seek definitive answers but rather enriches the dialogue between 
our inner cognitive experiences and the outer world, offering a richer, more 
nuanced understanding of our place in the universe. 
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Artistic and Cultural Reflections 

Influence on Artistic Expressions 

The metaphorical framework of cognitive processes, as informed by 
concepts such as homotopy and type theory, offers a rich source of 
inspiration for artists and writers. This abstract approach to understanding 
the mind can translate into visual and narrative arts in several impactful 
ways. For instance, artists might use the idea of continuous transformation 
(homotopy) to create artworks that visually represent the fluidity and ever-
changing nature of human thought and emotion. These could take the 
form of installations or interactive pieces that evolve with viewer 
interaction, symbolically reflecting the dynamic nature of cognitive 
processes. 

In literature, writers might explore narratives that parallel the concept of 
cognitive transitions, crafting stories where characters' thoughts and 
perceptions continuously evolve, mirroring the theoretical transformations 
discussed in the framework. This could lead to experimental narrative 
structures where the flow of consciousness is depicted as a series of 
interconnected, evolving thoughts, challenging traditional linear 
storytelling. 

Reflection in Literature and the Arts 

In literature, the impact of such a framework can be profound, influencing 
both the content and form of literary works. Poets and writers may adopt 
non-linear, fluid narrative styles that reflect the homotopic transformations 
of thoughts, weaving stories that loop and recur in thematic and symbolic 
patterns, much like the mathematical concept of paths in homotopy. 
Moreover, this approach can inspire a new genre of speculative fiction that 
delves into the nature of consciousness and perception, exploring how 
identity and reality are constructed through our cognitive processes. 
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Visual arts can also embody these ideas through abstract expressionism or 
conceptual art, where the focus is on depicting the intangible processes of 
thought and perception rather than concrete realities. Artists might create 
pieces that invite viewers to interpret and re-interpret them, engaging in a 
mental process of continuous transformation that mimics the cognitive 
processes discussed. 

Cultural Significance of a Poetic and Metaphorical Interpretation 

Interpreting cognitive processes in a poetic and metaphorical way carries 
significant cultural significance. It challenges the dominance of empirical 
and materialistic perspectives in our understanding of human nature, 
offering a more holistic view that values subjective experience and 
introspective insight. This approach can democratize the discourse around 
cognitive science, making it more accessible and relatable to the general 
public, thereby fostering a deeper public engagement with science and 
philosophy. 

Furthermore, this poetic framing can serve as a cultural critique of the ways 
modern societies prioritize objective over subjective knowledge. By 
highlighting the beauty and complexity of subjective experiences of 
thought and consciousness, this framework can encourage a more 
empathetic and nuanced approach to human interactions and societal 
challenges. 

Overall, adopting this framework in artistic and cultural contexts not only 
enriches the arts but also deepens our collective understanding of the 
human condition. It bridges the gap between the scientific and the 
existential, inviting everyone to reflect on the profound mysteries of 
thought, consciousness, and reality through the accessible mediums of art 
and narrative. 
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Conclusion 

Insights Gained from Theoretical Exploration 

This theoretical exploration, melding abstract mathematical concepts such 
as homotopy and type theory with biophysical understandings to interpret 
cognitive processes, has yielded several key insights. Firstly, it suggests that 
cognitive transitions can be conceptualized as continuous, fluid 
transformations, akin to the mathematical idea of homotopy. This offers a 
novel way of understanding the seamless nature of thought evolution, 
highlighting the inherent connectivity and fluidity of our cognitive 
landscape. Secondly, by applying type theory as a framework for cognitive 
states, we have been able to illustrate how different thoughts and states of 
consciousness can be structured yet dynamically interact, providing a more 
nuanced comprehension of mental processes. 

Benefits and Limitations 

The use of abstract, metaphorical frameworks to understand complex 
cognitive and existential phenomena offers significant benefits. It allows for 
a deeper, more holistic approach that incorporates not only the empirical 
aspects of cognition but also its experiential and subjective dimensions. 
This approach fosters a richer dialogue between different disciplines, 
encouraging a cross-pollination of ideas from mathematics, philosophy, 
neuroscience, and the arts. However, there are also limitations to such an 
approach. Metaphorical frameworks, while valuable for theoretical 
exploration, can sometimes obscure precise mechanisms and lead to 
interpretations that, though insightful, remain speculative without empirical 
verification. They may also be challenging to communicate to those not 
familiar with the underlying abstract concepts. 

Areas for Further Exploration 

Looking forward, there are several areas where empirical research could 
intersect with these theoretical ideas to both ground them in observable 
phenomena and extend their reach. Neuroscientific research could 
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investigate the neural correlates of the cognitive transitions described 
metaphorically through homotopy and type theory. For instance, imaging 
studies could explore how neural pathways are reconfigured during creative 
thinking or problem-solving processes, providing a biological basis for the 
proposed metaphors. 

Additionally, interdisciplinary studies combining cognitive science, 
philosophy, and computational modeling could attempt to simulate the 
dynamic processes described in the paper, offering a way to test the validity 
and utility of these metaphors. These simulations could help bridge the gap 
between abstract theoretical concepts and practical applications in artificial 
intelligence and cognitive modeling. 

In the arts, empirical studies on the impact of these metaphorical 
frameworks on creativity and perception could provide insights into how 
these ideas influence artistic production and audience interpretation. Such 
research would not only validate the cultural implications discussed but 
also deepen our understanding of the interplay between cognitive theory 
and artistic practice. 

In conclusion, this exploration into the metaphorical use of homotopy and 
type theory for understanding cognitive processes opens up a fertile 
ground for both theoretical and empirical exploration. It challenges us to 
think creatively about the intersections of mathematics, biophysics, and 
cognitive science, encouraging a more integrated approach to exploring 
the depths of human thought and consciousness. 
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