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Abstract- Comparative literary research has long relied on close reading and qualitative interpretation,
methods that struggle to scale across large corpora or detect latent patterns below the threshold of human
perception. This paper introduces a framework of mathematical techniques specifically adapted for
comparative analysis across authors, periods, languages, and genres. Drawing on current research in
stylometry, quantitative prosody, sentiment analysis, and network theory, we demonstrate how statistical
distance measures, sequence alignment algorithms, and graph-based representations can reveal structural
affinities that traditional methods miss. The paper offers three case-study applications: (1) the use of Burrows’
Delta for cross-author stylistic comparison, (2) the application of local sequence alignment to poetic meter
across traditions, and (3) network analysis of character co-occurrence for comparative narrative structure. We
conclude by proposing a unified computational workflow for comparative literary research, with open-source

tool recommendations and reproducible methodologies.

Keywords: Stylometry, Quantitative Prosody, Sentiment Analysis, Network Analysis, Comparative Literature,

Digital Humanities.

I.LINTRODUCTION

The Limits of Close Reading and the Promise of Scale:

Comparative literature traditionally operates through a hermeneutic lens: the scholar reads two or more
texts closely, identifies thematic or stylistic parallels, and constructs an interpretive argument. This
approach produces rich insights but carries inherent limitations. Human readers cannot process entire
large-scale corpora, struggle to maintain consistent criteria across long time spans, and inevitably
foreground features that confirm prior expectations.

Mathematical techniques offer a complementary approach. By transforming textual features into
quantifiable variables—word frequencies, metrical patterns, sentiment arcs, character networks—
researchers can systematically compare texts at scales ranging from a single sentence to an entire
literary tradition. As one recent study notes, quantitative literary research can be regarded as the
predecessor of digital humanities, with evidence of literary research using statistics and measurement
long before the computer era. The question is no longer whether mathematics belongs in literary
studies, but which mathematical tools are best suited to which comparative questions.

This paper synthesizes four mathematically grounded techniques that have proven particularly effective
for comparative literary research: stylometric distance measurement (Section 2), quantitative prosody
via sequence alignment (Section 3), diachronic sentiment analysis (Section 4), and character network
analysis (Section 5). Section 6 proposes an integrated comparative framework, and Section 7 concludes
with recommendations for implementation.
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Il. STYLOMETRY: MEASURING STYLISTIC DISTANCE BETWEEN AUTHORS

At the core of comparative stylistics lies a simple yet powerful question: how stylistically similar are two
texts? The answer requires a mathematical definition of stylistic difference.

The Delta Method:

The most widely adopted approach in digital humanities is Burrows' Delta, introduced by John Burrows
in 2002. Delta computes the stylistic distance between texts by comparing the relative frequencies of
the most common words (typically the top 100-300 most frequent function words, such as "the," "and,"
"of"). For each word, the frequency in a target text is standardized against the mean and standard
deviation across a reference corpus, and the absolute differences are summed. The resulting Delta score
provides a single numerical measure of stylistic dissimilarity: lower scores indicate greater similarity.

Delta has proven remarkably effective. A study applying the method to ancient Greek prose achieved
strong attribution results even with samples as small as 1,000 words. The method's power lies in its
focus on unconscious, habitual features—function words that authors use without deliberate
attention—making it ideal for detecting authorial fingerprints across comparative contexts.

Comparative Applications

For comparative literary research, Delta can be deployed in two distinct modes. First, authorial
comparison: Does the style of a known author change across their career? When applied
diachronically—operationalized across time rather than across texts—Delta can identify "break years"
where an author’s style shifts significantly, revealing periods of stylistic innovation. Second, cross-
cultural comparison: Delta can be applied to translations to measure how translator style shapes the
reception of foreign literature, or to compare authors from different traditions writing in the same
language.

Beyond Delta: Clustering and Dimensionality Reduction

For comparisons involving more than two authors, hierarchical clustering methods offer a natural
extension. In a study addressing the Shakespeare authorship question, researchers combined mean
proximity (a linear hierarchical clustering method) with principal components analysis and non-linear
methods such as Self-Organizing Maps and Voronoi diagrams. The comparative insight emerges from
the dendrogram: texts by the same author cluster together, while dissimilar authors separate. For the
literary comparatist, this provides a visual, mathematically grounded map of stylistic affiliations across
a corpus.

Python implementation: The “stylo’ package for R remains the most comprehensive tool, with cross-
platform support and a graphical interface for non-programmers. Python users can implement Delta via
the “cophi-wue/pydelta” experimental library. For clustering, ‘scikit-learn™ provides PCA, K-means, and
hierarchical clustering functions that integrate directly with Delta-derived distance matrices.

l1l. QUANTITATIVE PROSODY: ALIGNING METRICAL STRUCTURES

Comparative poetics faces a foundational problem: how do you compare the metrical structure of a
Latin elegy from the 1st century BC with a German sonnet from the 18th century? The prosodic principles
are different—quantitative in Latin, accentual-syllabic in German—yet both are metrical systems.
Traditional descriptions remain incommensurable.
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Metronome: Sequence Alignment for Meters:
A breakthrough solution comes from adapting methods originally developed for bioinformatics. The
Metronome framework, introduced by Nagy, Sela, De Sisto, and Plecha¢ (2025), encodes poetic texts as
strings of prosodic features using a four-letter alphabet representing binary distinctions (e.g.,
long/short, stressed/unstressed). These strings are then aligned using local sequence alignment
algorithms—the same algorithms used to compare DNA sequences. Weighted mismatches produce a
distance measure that captures structural prosodic similarity regardless of the underlying prosodic
system.

The authors validate the method across three case studies: (1) tracing mutations in quantitative meter
in classical Latin, (2) mapping the European diffusion of the Renaissance hendecasyllable across twelve
languages, and (3) comparing accentual-syllabic meters in 18th—-19th century Czech, German, and
Russian. The results demonstrate that metrical forms spread across linguistic boundaries in ways that
can be traced quantitatively, revealing patterns of influence invisible to traditional philology.

Comparative Poetic Traditions:

For the comparative literary researcher, Metronome enables entirely new questions: How similar is the
metrical structure of a Provencal troubadour poem to a medieval Welsh englyn? Which metrical
innovations spread fastest across the Renaissance—the Petrarchan sonnet or the French alexandrine?
Does the metrical similarity between two national traditions correlate with patterns of translation or
conquest?

Practical implementation: The Metronome algorithm is available as an open-source Python package.
Researchers can encode their own poetic corpora using the four-letter prosodic alphabet and perform
pairwise alignments to generate distance matrices for clustering or network visualization.

IV. SENTIMENT ANALYSIS: MAPPING EMOTIONAL ARCS ACROSS NARRATIVES

Comparative narratology has long recognized that plots follow emotional trajectories—rise, fall, tension,
resolution. Kurt Vonnegut famously proposed graphing a story's "fortune" along the y-axis over time
along the x-axis. Sentiment analysis (SA) operationalizes this intuition by assigning numerical valence
scores to sequential segments of a narrative and plotting the resulting arc.

Continuous Sentiment Scoring:

Early sentiment tools, designed for product reviews and social media, performed poorly on literary texts
due to figurative language, irony, and stylistic ambiguity. Recent advances address this gap. Lyngbaek,
Feldkamp, Bizzoni, Nielbo, and Enevoldsen (2025) introduce a continuous sentiment scoring method
based on concept vector projection, trained on multilingual literary data. Their approach outperforms
both dictionary-based tools and transformer-based categorical classifiers, producing sentiment scores
whose distributions closely match human ratings across English and Danish literary texts.

Comparative Applications:

The comparative power of sentiment analysis lies in arc typology and cross-narrative alignment.
Researchers can compare the emotional structure of Dickens novels with those of his French
contemporaries, asking whether the shape of the "Bildungsroman arc" differs across national traditions.
Sentiment arcs can also reveal translation effects: how does the emotional texture of Proust in English
differ from the original French?

A comprehensive review in the Journal of Cultural Analytics argues that sentiment analysis asks us to
reconsider not just how we analyze individual texts, but how we conceptualize narrative itself. For
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comparative research, this means that emotional arcs become a measurable feature for cross-cultural
comparison—as objective as word frequencies, but richer in interpretive resonance.

Tool recommendations: The ‘syuzhet’ R package offers a direct implementation of sentiment arc
extraction. For Python, the ‘transformers’ library with literary-fine-tuned BERT models provides
continuous valence scoring, while the “continuous_sentiment” module described by Lyngbaek et al.
offers a specialized literary pipeline.

V. NETWORK ANALYSIS CHARACTER STRUCTURES AS MATHEMATICAL
GRAPHS

Comparative analysis of character systems has traditionally relied on impressionistic descriptions.
Network analysis transforms this problem into a tractable mathematical one. By representing characters
as nodes and their co-occurrences (within paragraphs, scenes, or chapters) as weighted edges, a literary
text becomes a graph amenable to quantitative analysis.

Named Entity Co-occurrence Networks:

The standard pipeline involves named entity recognition (NER) to identify character names, coreference
resolution to link pronouns and descriptions to their referents, and co-occurrence counting within a
sliding window. The resulting network encodes the social structure of the narrative. Research by
Amancio (2015) demonstrates that character co-occurrence networks exhibit small-world topology—
high clustering and short path lengths—similar to real-world social networks.

Comparative Network Metrics:

Once networks are extracted from multiple texts, comparative analysis becomes a matter of graph

statistics. Key metrics include:

e Centrality measures (degree, betweenness, closeness): Which characters are structural hubs?
How does the distribution of centrality differ between a Shakespeare tragedy and a Restoration
comedy?

e Community structure: How many distinct character clusters exist? Does modularity differ between
genre or historical period?

¢ Network density and diameter: How tightly connected is the character ensemble? Longer paths
may indicate episodic structures, while dense networks suggest intricate plotting.

For a comparative study of 19th-century European novels, researchers might ask: Does the network

density of Balzac's Pére Goriot exceed that of Jane Austen’s Pride and Prejudice? What does a lower

density imply about narrative focus and social scope?

Implementation: Python’s ‘spaCy" provides industrial-strength NER and coreference resolution. The

‘networkx” library offers a complete suite of graph metrics and visualization tools. For comparative

analysis across large corpora, the open-source Text2Net™ pipeline automates network extraction from

raw text files.

VI. TOWARDS A UNIFIED COMPARATIVE FRAMEWORK

No single mathematical technique captures all dimensions of literary comparison. The most productive
approach combines multiple methods into a multi-modal comparative analysis.

A researcher comparing the works of Franz Kafka with those of Thomas Bernhard, for example,
might proceed through four complementary stages:
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1. Stylometric screening using Delta to confirm that the two authors are indeed stylistically distinct
from a control set of German-language contemporaries.

2. Sentiment arc comparison to assess whether the emotional trajectories of Kafka's The Trial and
Bernhard’s Correction follow similar patterns of despair and recursive anxiety.

3. Network analysis of character co-occurrence to compare the social topologies: Kafka's labyrinthine
bureaucracies versus Bernhard's isolating monologues.

4. Quantitative prosody (if analyzing prose rhythm or the authors’ poetry) to detect shared syntactic
periodicity or rhythmic preferences.

This multi-modal approach aligns with the "mixed-methods digital stylistics" paradigm proposed for

Kafka studies, where quantitative hypothesis testing, quantitative exploration, and qualitative close

reading are combined in a single research design. The integration of mathematical and hermeneutic

methods does not replace traditional comparative reading but enriches it with evidence at previously

inaccessible scales.

VII. CONCLUSION

The Mathematically Informed Comparatist

Mathematical techniques do not threaten the interpretive core of comparative literary research; they
extend it. Burrows' Delta transforms subjective impressions of stylistic difference into quantifiable
distances. Metronome makes metrical structures from radically different traditions commensurable for
the first time. Sentiment analysis visualizes emotional arcs as data—comparable, aggregatable, testable.
Network analysis reveals the mathematical signatures of narrative social structure.

Each of these methods has limitations. Delta may be fooled by multiple-voiced authors or extreme genre
variation. Sentiment analysis struggles with irony and subtext. Network extraction depends on the
quality of NER and coreference resolution. These are not fatal flaws but cautions: mathematical
techniques are tools, not oracles. Used critically, in combination with traditional literary knowledge, they
open new frontiers for comparative research. The most exciting comparative literary studies of the next
decade will be those in which humanistic questions meet mathematical precision—not as antagonists,
but as collaborators in the search for meaning across texts, traditions, and time.

REFERENCES

1. B. Orekhov (2024). Does Burrows' Delta really confirm that Rowling and Galbraith are the same
author? arXiv:2407.10301. (https://ar5iv.labs.arxiv.org/html/2407.10301)

2. .B.Nagy, A. Sela, M. De Sisto, P. Plecha¢ (2025). Metronome: tracing variation in poetic meters via
local sequence alignment. Computational Humanities Research.
(https://www.cambridge.org/core/journals/computational-humanities-
research/article/metronome-tracing-variation-in-poetic-meters-via-local-sequence-alignment)

3. L. Lyngbaek, P. Feldkamp, Y. Bizzoni, K. Nielbo, K. Enevoldsen (2025). Continuous sentiment scores
for literary and multilingual contexts. arXiv:2508.14620.
(https://ar5iv.labs.arxiv.org/html/2508.14620)

4. K. Elkins (2025). Beyond Plot: How Sentiment Analysis Reshapes Our Understanding of Narrative
Structure. Journal of Cultural Analytics, 10(3). (https://culturalanalytics.org/article/id/990)

5. D.R. Amancio (2015). Network analysis of named entity co-occurrences in written texts.
arXiv:1509.05281. https://ar5iv.labs.arxiv.org/html/1509.05281)

6. Anonymous (2024). Quantitative Literary Research: Concepts, Traditions, and Paradigms. Digital
Humanities Research. http://dhr.ruc.edu.cn/EN/abstract/abstract122.shtml)

7. Beausang (2021). Diachronic Delta: A computational and dialectical method for analysing literary
corpora. PhD thesis, Maynooth University. (https://mural.maynoothuniversity.ie/id/eprint/18024)

Page. 5

National Seminar on Applications of Mathematics in Modern International Journal of Science,
Science and Technology (20t" May-2026) Engineering and Technology




National Seminar on Applications of Mathematics in Modern International Journal of Science,
Science and Technology (20" May-2026) Engineering and Technology
Organized by: S.R. Government Arts & Science College

Kothagudem, Telangana

8. R. Aljumily (2015). Hierarchical and Non-Hierarchical Linear and Non-Linear Clustering Methods to
"Shakespeare Authorship Question". Social Sciences. (http://oa.las.ac.cn)

9. J. Burrows (2002). "Delta": a measure of stylistic difference and a guide to likely authorship. Nova.
(https://nova.newcastle.edu.au)

10. V. Labatut (2025). Character network extraction from literary texts. ACL Anthology.
(https://aclanthology.org/people/vincent-labatut)

11. DHQ Editorial (2017). In a test bed with Kafka: Introducing a mixed-method approach to digital
stylistics. Digital Humanities Quarterly, 11(4).
(https://www.digitalhumanities.org/dhqg/vol/11/4/000341/000341.html)

Page. 6




