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"Paths of Meaning: Exploring Homotopy Type Theory (HoTT) Through 
Poetic Structures" seeks to bridge the gap between the abstract realms of 
mathematics and the evocative world of poetry. This paper delves into how 
Homotopy Type Theory, a profound extension of mathematical logic and 
topology, parallels the intricate structures and themes found in poetry. By 
using poetic forms to elucidate complex concepts such as types, paths, and 
equivalences in HoTT, we offer a novel perspective that makes these 
mathematical ideas more accessible and engaging. This interdisciplinary 
approach not only enhances the understanding of HoTT principles but also 
enriches literary analysis, demonstrating that the structure and 
transformation of ideas in mathematics can reflect similar processes in 
poetic expressions. Through detailed case studies and analyses, this paper 
highlights the synergy between mathematical and literary structures, 
suggesting new ways of interdisciplinary thinking and learning. 
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Introduction 

Introduction to Homotopy Type Theory: History, Development, and 
Key Principles 

Homotopy Type Theory (HoTT) is a modern branch of mathematics that 
integrates ideas from several classical fields, notably type theory, homotopy 
theory, and category theory. Emerging prominently in the early 21st 
century, HoTT builds upon the foundations laid by mathematicians such as 
Martin-Löf and Vladimir Voevodsky. The latter’s development of the 
univalence axiom and subsequent creation of a univalent foundations 
program significantly propelled the theory forward. HoTT reimagines type 
theory through the lens of homotopy, where types are seen as spaces, 
terms as points, and equalities as paths. This conceptual framework allows 
for a richer and more flexible understanding of mathematical structures, 
akin to how topological spaces are studied in homotopy theory. 

Key principles of HoTT include: 

• Types as Spaces: This principle posits that all types can be viewed as 
spaces or points within those spaces, providing a spatial intuition to 
the relationships between elements. 

• Identity Types: These types specify the notion of equality between 
elements within a type, interpreted as paths or homotopies in a 
space. 

• Higher Inductive Types: These are types that not only define points 
but also paths and higher-dimensional paths, allowing for the 
construction of complex mathematical objects like circles and spheres 
within the type theory itself. 

• Univalence Axiom: A revolutionary principle suggesting that 
equivalent types can be identified, which formalizes the intuitive 
notion that if two things are indistinguishable in all mathematical 
contexts, then they are essentially the same. 



3 
 

Explanation of the Metaphorical Use of Poems and Their Relevance to 
Mathematical Concepts 

The use of poetry as a metaphor for explaining the dense and abstract 
concepts of HoTT lies in the analogous nature of interpretation and 
structural complexity found in both fields. Just as poems employ various 
structures, rhythms, and layers of meaning to evoke responses or convey 
messages, HoTT uses types, paths, and equivalences to construct and 
explore mathematical ideas. The multidimensional paths in HoTT can be 
likened to the multiple readings or interpretations a poem might yield, 
where each reading opens different dimensions of understanding and 
insight. 

Objectives and Significance of Using Poetry to Explain HoTT 

The primary objective of employing poetic metaphors to elucidate HoTT is 
to make these sophisticated mathematical ideas more accessible and 
engaging to a broader audience, including those in the humanities. By 
drawing parallels with poetry, a field rich with intuitive and experiential 
learning, this approach aims to demystify the complexities of HoTT, making 
it not only more comprehensible but also relatable. 

The significance of this interdisciplinary approach extends beyond mere 
pedagogical advantages. It fosters a broader appreciation of the 
interconnectedness of human knowledge, highlighting how tools and ideas 
from one discipline can meaningfully inform and enhance understanding in 
another. Furthermore, by integrating concepts across disciplinary 
boundaries, this approach encourages innovative thinking and problem-
solving strategies, potentially leading to new insights and advancements in 
both fields. Through this exploration, the paper seeks to not only educate 
but also inspire a dialogue between mathematicians and literary scholars, 
enriching the academic landscape with a new and vibrant discourse. 
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Basic Concepts of HoTT 

Definition and Explanation of Types, Terms, and Type Judgments 

In Homotopy Type Theory (HoTT), the foundational concepts of types, 
terms, and type judgments form the basis for constructing and reasoning 
about mathematical objects and their relationships. 

• Types: In HoTT, a type can be thought of as a generalization of the 
concept of a set. However, unlike sets, types are regarded as spaces 
or potential collections of points. Each type represents a possible 
form of existence within the theory, such as natural numbers, real 
numbers, or even more abstract concepts like shapes or logical 
statements. 

• Terms: Terms are the elements or points that inhabit these types. For 
example, if we consider the type of natural numbers, then terms like 
0, 1, 2, etc., are members of this type. Each term can be seen as a 
specific instance or realization of its type. 

• Type Judgments: These are assertions about terms and their types, 
such as "x is a term of type X". Type judgments are critical for 
constructing and validating proofs and definitions within type theory, 
ensuring that all mathematical manipulations adhere to the defined 
types and their properties. 

Introduction to the Concept of Paths in HoTT, Explaining Identity 
Types and the Notion of Equivalence 

• Paths: In HoTT, paths represent ways of demonstrating that two 
terms of a type are equivalent or identical, similar to how one might 
show that two points in space are connected by a continuous curve. 
These paths are crucial in understanding the relationships between 
terms within a type and form the basis for defining identity types. 

• Identity Types: An identity type in HoTT is a way of expressing the 
idea of equality or sameness within the theory. For each pair of terms 
in a type, there is an identity type that contains the proofs or 
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evidences of their equality. These proofs are considered as paths in 
the type space. 

• Equivalence: Equivalence in HoTT extends the notion of simple 
equality. Two types are considered equivalent if there is a way to 
transform each term of one type into terms of the other type and vice 
versa, such that the structures and relationships between terms are 
preserved. This concept is closely linked to the univalence axiom, 
which formalizes this idea by asserting that equivalent types can be 
treated as identical. 

Simple Poetic Analogies to Explain Paths 

To make these concepts more tangible, consider a simple line of poetry, 
such as "The morning dew glistens". This line can be interpreted in various 
ways: 

• Literal Interpretation: Seeing it as simply referring to moisture on 
grass at sunrise. 

• Metaphorical Interpretation: Viewing the dew as a symbol of new 
beginnings or transient beauty. 

• Emotional Interpretation: Feeling a sense of calm or peace when 
imagining this scene. 

Each interpretation can be seen as a different path through the "space" of 
meanings the line holds. Just as in HoTT, where different paths can connect 
the same terms (showing their equivalence), different interpretations 
connect to the core elements of the poem but reveal different facets of its 
meaning. These paths not only illustrate the depth and multi-dimensionality 
of poetic interpretation but also mirror the flexible and interconnected 
nature of types and terms in Homotopy Type Theory. 
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Higher Homotopies and Their Poetic Counterparts 

Detailed Discussion on Higher Homotopies, Including Paths Between 
Paths and Their Significance in HoTT 

Higher homotopies in Homotopy Type Theory (HoTT) extend the concept 
of paths by introducing paths between paths, and even further, paths 
between those paths, ad infinitum. These represent higher-dimensional 
connections and transformations within the type spaces, offering a 
profound depth to the mathematical structure of types. 

• Paths Between Paths: In the simplest terms, if two paths 
demonstrate equivalences between the same terms (say, two different 
proofs that terms a and b are equivalent), a higher homotopy (path 
between these paths) shows how one can transform one path (proof) 
into another while staying within the bounds of the type. This concept 
is crucial for understanding complex relationships and equivalences in 
mathematical structures, especially when dealing with sophisticated 
or abstract types. 

• Significance in HoTT: Higher homotopies allow for a much more 
flexible and nuanced understanding of mathematical equality and 
equivalence. They enable mathematicians to account for and 
manipulate the ways in which equivalences themselves can be 
equivalent, thereby deepening the connectivity and the internal 
consistency of mathematical theories. They also lead to a richer 
conceptual landscape where one can explore an infinite hierarchy of 
relationships. 

Exploration of Complex Poetic Structures to Illustrate Higher 
Homotopies 

Just as higher homotopies reveal complex relationships within 
mathematical structures, complex poetic structures like sonnets and epics 
can illuminate the intricate interplay of themes, narratives, and stylistic 
transitions. These literary forms often contain layered meanings and 



7 
 

thematic evolutions that parallel the depth and complexity of higher 
homotopies. 

• Sonnets: Consider a sonnet with its strict structure, rhyming scheme, 
and volta (the turn of thought). Each line or quatrain can be seen as a 
path conveying a particular aspect of the poem’s overall theme. The 
volta, marking a shift in tone or perspective, can be likened to a 
higher homotopy, showing a transformation in the thematic "path" of 
the sonnet. 

• Epics: Epics provide a broader canvas, with extensive narratives that 
evolve through various stages. The transitions from one narrative arc 
to another, each maintaining thematic coherence yet shifting 
dramatically in terms of plot or character focus, serve as excellent 
examples of higher homotopies. These transitions connect different 
thematic "paths" across the epic, illustrating complex relational 
dynamics akin to those found in mathematical structures through 
higher homotopies. 

Mathematical Formulation of Higher Homotopies Using Categorical 
Language and Higher-Dimensional Algebra 

To mathematically formalize higher homotopies, we employ the language 
of category theory and higher-dimensional algebra. 

• Category Theory: This field provides tools for discussing objects 
(such as types or spaces) and morphisms (functions or paths) in a 
structured way. Higher category theory, dealing with n-categories, is 
particularly suited to discussing higher homotopies where morphisms 
between morphisms (and so on) are treated systematically. 

• Higher-Dimensional Algebra: This branch of mathematics considers 
algebraic structures extending beyond traditional boundaries, 
incorporating multiple dimensions that naturally align with the 
concept of higher homotopies. Algebraic topologists use structures 
like simplicial sets and complex cubes to model the types, paths, and 
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higher paths within HoTT, giving a robust framework to understand 
how these different layers of relationships interconnect. 

By bridging the gap between these mathematical formulations and poetic 
analogies, we can provide a comprehensive and accessible approach to 
understanding higher homotopies, enriching both the mathematical 
comprehension and the poetic appreciation of their respective complexities 
and interconnections. 

 

Equivalence and Equivalences in Poetry 

Deep Dive into the Concept of Equivalence in HoTT and Its Importance 

In Homotopy Type Theory (HoTT), equivalence plays a foundational role, 
transcending the classical notion of equality by incorporating the structural 
and functional similarities between types. Equivalence in HoTT is not just 
about two objects being the same in quantity or quality but also involves 
their roles and behaviors within mathematical systems being 
interchangeable. 

• Types and Equivalence: Two types are considered equivalent in 
HoTT if there is a way to convert elements of one type to another 
such that all relational properties and structures are preserved. This 
goes beyond mere bijective functions to involve a richer, more 
interconnected understanding that respects the inherent properties of 
the types involved. 

• Importance in Mathematical Structures: Equivalence in HoTT allows 
mathematicians to treat complex mathematical structures more 
flexibly. By recognizing equivalent types, one can simplify problems, 
reduce redundancy, and maintain a higher level of abstraction, 
thereby enhancing both the elegance and efficiency of mathematical 
reasoning. 
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Poetic Metaphors for Equivalence: Multiple Interpretations of the 
Same Poem, Adaptations Across Different Cultures or Eras 

Poetry provides a fertile ground for exploring the concept of equivalence 
through its capacity for multiple interpretations and cultural adaptations. 
Each reading or adaptation of a poem can be seen as discovering an 
equivalent 'type' of the original, where the essence and impact are 
maintained even as the form or context changes. 

• Multiple Interpretations: Just as types in HoTT can be equivalently 
transformed while preserving relationships, a poem can yield multiple 
valid interpretations that maintain its thematic and emotional core. 
For example, interpreting a poem through a feminist lens versus a 
historical lens can offer distinct insights, yet each preserves the 
poem's integral meanings and impacts. 

• Cultural Adaptations: Poems adapted or translated into different 
cultural or temporal contexts illustrate another layer of equivalence. 
Despite changes in language or cultural references, a successful 
adaptation preserves the original's emotional and thematic 
resonance, akin to maintaining structural integrity in type 
equivalence. 

Formal Discussion on Univalence Axiom and Its Implications, Paralleled 
with Examples from Literary Theory 

The univalence axiom in HoTT posits that if two types are equivalent, they 
are identical in the theory. This axiom is revolutionary as it formalizes the 
notion that mathematical truths can be transferred across equivalent 
structures, thus broadening the scope of where and how certain truths 
apply. 

• Univalence Axiom: This principle profoundly affects how 
mathematicians approach the concept of identity and equivalence, 
allowing for a more fluid and flexible application of mathematical 
theories across different contexts and fields. 
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• Implications in Literary Theory: Paralleling this, in literary theory, 
the idea that different critical approaches (like psychoanalytic, 
Marxist, feminist) might yield equivalently valid interpretations of a 
text suggests a literary form of the univalence axiom. Each approach 
provides a unique lens, yet all are considered valid within the 
framework of literary analysis, provided they maintain fidelity to the 
text's integral elements. 

By comparing these notions from HoTT with literary interpretations, we see 
how deep structural and thematic transformations (equivalences) retain a 
core identity across various expressions and adaptations. This parallel 
enhances our understanding of both mathematical and literary frameworks, 
highlighting the universal utility of the concepts of equivalence and 
identity. 

 

Case Studies: Poetic Analyses and Mathematical Equivalents 

Selection of Poems and Detailed Analysis Through the Lens of HoTT 

For this section, we will analyze two distinct types of poems: a classic 
English sonnet and a modern free verse poem. These selections will allow 
us to explore how different poetic structures and themes can be 
understood through the concepts of Homotopy Type Theory (HoTT). 

1. Sonnet (Shakespeare's Sonnet 18, "Shall I compare thee to a 
summer's day?"): 

• Structure: The structured form of the sonnet, with its quatrains 
and final couplet, offers a clear analogy to types and terms in 
HoTT, where each line represents a term and the overall 
quatrain structure can be thought of as a type. 

• Thematic Paths: The transition from the description of beauty 
to the eternal nature of poetry mirrors paths in HoTT, showing 
how the theme evolves yet remains tethered to its initial form. 
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2. Modern Free Verse (Mary Oliver’s "Wild Geese"): 
• Fluid Structure: Unlike the sonnet, this poem’s free verse 

structure challenges more rigid interpretations, analogous to 
more flexible types in HoTT where the rules are less defined and 
paths more fluid. 

• Thematic Evolution: The themes of nature’s beauty and 
personal liberation create multiple paths within the poem, each 
offering different insights yet connected through the overall 
narrative. 

Correspondence Between Poetic Analysis and Mathematical 
Formulation Using Homotopy and Type Theory Tools 

• Mathematical Formulation of Themes and Structures: 
• Using the concept of types, each poem can be seen as a 

complex type where each stanza or line represents a term. 
• Paths in HoTT can be modeled as the thematic transitions 

within the poems. For the sonnet, the shift in tone at the volta 
can be mathematically modeled as a path that shifts the type's 
internal structure while maintaining its identity. 

• In the free verse, the looser structure allows for a more diverse 
set of paths, modeling the varied emotional responses the 
poem might elicit. 

• Higher Homotopies: 
• These can be seen in the interplay between different 

interpretations or readings of the same lines. In both poems, 
one could model a higher homotopy as a path between 
different interpretations, showing how one interpretation can 
smoothly transition into another, maintaining a coherent 
thematic link. 
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Discussion on the Interplay Between Literal and Metaphorical 
Interpretations as Seen in Both Fields 

• Literal vs. Metaphorical: In poetry, the literal interpretation of a line 
or stanza might offer a direct understanding, while the metaphorical 
interpretation opens up deeper, often more subjective insights. 
Similarly, in HoTT, the literal interpretation of a type might deal with 
its straightforward mathematical properties, while metaphorical 
interpretations might explore more abstract or theoretical aspects. 

• Implications for Analysis: 
• This duality enriches the analysis of both poems and 

mathematical theories. In poems, appreciating this interplay 
helps deepen the understanding of the text’s impact and 
nuances. 

• In mathematics, especially in HoTT, recognizing the interplay 
between literal (direct) and metaphorical (abstract) 
interpretations helps in exploring new ways of understanding 
and applying types and equivalences. 

By examining these case studies, we demonstrate how HoTT not only 
provides a robust framework for understanding mathematical concepts but 
also offers a unique perspective for analyzing and appreciating poetry. This 
interdisciplinary approach enhances our understanding of both fields, 
revealing the rich, layered nature of interpretation and analysis across 
disciplines. 

 

Implications and Applications 

Enriching Understanding in Mathematics and Literary Analysis 

The interdisciplinary approach of using Homotopy Type Theory (HoTT) to 
analyze poetry bridges the gap between abstract mathematical concepts 
and the nuanced interpretations of literary works. This synergy not only 
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makes complex mathematical ideas more accessible but also enriches 
literary analysis by introducing a structured way of examining poetic texts. 

• For Mathematics: Employing literary metaphors to explain concepts 
like types, paths, and equivalences in HoTT can make these ideas 
more relatable and intuitive, particularly for students and researchers 
from non-mathematical backgrounds. This approach demonstrates 
the applicability of mathematical theories in unexpected contexts, 
thereby broadening the appeal and understanding of mathematics. 

• For Literary Studies: Introducing mathematical frameworks like HoTT 
into literary analysis can provide a new toolset for exploring the 
structure and meaning of texts. This method offers a fresh perspective 
on how themes and narratives evolve within and across works, akin to 
tracing paths and transformations in mathematical spaces. 

Potential Implications for Educational Methodologies 

Integrating HoTT with literature in educational settings could revolutionize 
how abstract mathematical concepts are taught and understood. By linking 
these concepts to poetry and stories, educators can leverage familiar and 
engaging content to scaffold the learning of more challenging material. 

• In Mathematics Education: Using poetic structures to illustrate 
complex theories such as HoTT can help demystify these topics for 
students. For example, explaining higher homotopies through the 
multi-layered interpretations of a poem can make the abstract 
concept more tangible and memorable. 

• In Humanities Education: Teaching literary analysis through the lens 
of HoTT encourages students to consider texts through a more 
analytical and structured approach, promoting a deeper 
understanding of both the form and substance of literary works. 
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Exploration of Other Areas in the Humanities Where HoTT Could Be 
Applied Metaphorically 

The metaphorical application of HoTT can extend beyond poetry to other 
humanities disciplines, providing a rich framework for analysis and 
interpretation across various fields. 

• Philosophy: Concepts of identity and equivalence in HoTT can be 
applied to philosophical discussions about identity, change, and 
persistence over time. Philosophical treatments of objects and their 
properties could benefit from the rigorous structure provided by type 
theories. 

• Historical Analysis: The study of historical narratives and documents 
might use HoTT to explore how different interpretations or 
perspectives of the same event are connected, much like paths and 
homotopies illustrate connections between different mathematical 
objects. 

• Art Criticism and Theory: Artistic styles and movements could be 
analyzed in terms of transformations and equivalences, with HoTT 
providing a framework for discussing how different artistic elements 
and techniques relate and evolve across works and periods. 

This interdisciplinary approach not only highlights the versatility and 
relevance of HoTT across various fields but also promotes a more 
integrated and holistic academic environment. By fostering cross-
disciplinary dialogue and application, such approaches can enhance 
creativity, critical thinking, and a deeper appreciation of both the sciences 
and the humanities. 
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Conclusion 

Recapitulation of Key Findings and Their Implications for Future 
Research in Mathematics and Literary Studies 

This paper has explored the innovative application of Homotopy Type 
Theory (HoTT) to the analysis of poetry, demonstrating how mathematical 
concepts can illuminate the structural and thematic complexities of literary 
texts. Through detailed case studies, we showed that HoTT provides a 
valuable framework for understanding the interconnectedness of poetic 
themes, structures, and interpretations, akin to the connections between 
types, paths, and equivalences in mathematics. 

The interdisciplinary approach discussed here not only enhances the 
comprehension and appreciation of both fields but also opens new avenues 
for research. In mathematics, the application of literary analysis techniques 
can lead to more intuitive and accessible explanations of complex theories. 
Conversely, in literary studies, the structured approach of HoTT can offer 
new methodologies for text analysis, especially in understanding the 
evolution and interplay of themes and narratives. 

Reflection on the Effectiveness and Limitations of the Metaphorical 
Approach 

The metaphorical use of poetry to explain HoTT has proven to be an 
effective educational tool, making abstract mathematical concepts more 
approachable and engaging. This approach taps into the intuitive 
understanding and emotional resonance that poetry evokes, facilitating a 
deeper engagement with HoTT. 

However, there are limitations to this approach. The complexity and 
abstract nature of HoTT might not be fully captured by poetic metaphors, 
which can sometimes oversimplify or obscure the precise mathematical 
details. Furthermore, the effectiveness of this method can depend heavily 
on the background and interests of the audience, potentially limiting its 
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applicability to those who are already inclined towards both mathematics 
and literature. 

Suggestions for Further Interdisciplinary Research Projects 

Building on the findings of this study, several avenues for further 
interdisciplinary research can be proposed: 

1. Extended Analysis Across Genres: Future research could explore the 
application of HoTT to other literary genres, such as drama or 
narrative fiction, to see how different forms of literature can be 
analyzed through the lens of type theory and homotopies. 

2. Educational Implementation Studies: Implementing this 
interdisciplinary approach in educational settings across different 
levels and observing its effects on student understanding and 
engagement would provide valuable insights into its efficacy and 
adaptability. 

3. Cross-Disciplinary Workshops and Symposia: Organizing 
workshops that bring together mathematicians, literary scholars, and 
educators to discuss, develop, and refine the use of HoTT in literary 
analysis could foster ongoing dialogue and collaboration between 
these disciplines. 

4. Technology-Enhanced Learning Tools: Developing interactive tools 
that use HoTT principles to analyze and visualize literary texts could 
further enhance understanding and provide innovative ways to 
engage with both fields. 

By continuing to explore and expand upon these interdisciplinary 
connections, researchers and educators can enhance the richness and 
depth of both mathematical and literary studies, ultimately contributing to 
a more integrated understanding of human knowledge and creativity. 
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