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Abstract
In academia, LATEX is a powerful typesetting system widely used for producing scientific documents such as
research papers, theses and reports. It allows authors significant freedom and control over the structure and
styling of their documents. However, this flexibility often leads to inconsistent internal project structures and
coding styles, which can hinder maintainability and collaboration among co-authors.

In this paper, we investigate various existing traditions in structuring one’s LATEX projects. By analysing
29 academic users through interviews and surveys, we uncover prevalent practices and attitudes towards
standardisation. Additionally, we mine 215 LATEX repositories from GitHub to identify structural and stylistic
patterns using feature extraction and clustering techniques. Finally, we introduce FLEXITEX, a system that allows
users to maintain their preferred project structures while collaborating on shared content. FLEXITEX achieves this
by parsing documents into an abstract tree representation and applying configurable transformation rules. Our
preliminary findings suggest that while no universal standard exists, there is space for tool support in enhancing
collaboration and maintainability in LATEX projects.

1. Introduction

LATEX [1] is a widely used typesetting system, particularly in academia, for producing high-quality
scientific documents. Its strengths lie in its ability to handle complex formatting, mathematical notations,
as well as bibliographies. LATEX allows authors significant freedom in how they structure and organise
their projects, and does not enforce any standards for folder layout, file naming conventions, coding
styles, etc. Publishers often make use of their own document classes which impose some constraints
on defining meta-information (authors’ names, emails, title, subtitle, affiliations) and using certain
packages, as well as bibliography styles which dictates which fields of BibTEX entries are used and how.
A very occasional journal might employ a submission system that also limits font usage or requires all
content to fit in one LATEX file. Such unabashed flexibility can lead to inconsistent practices, making
it challenging for collaborators to work together effectively, if they are used to drastically different
folder structures or content clustering. Inconsistencies can also hinder maintainability, as authors may
struggle in the future (when working on a resubmission, a camera ready version or an extended version
of the same paper) to understand or modify documents that do not follow a clear and standardised
format.

Despite its widespread use, there is currently no universally accepted standard for organising LATEX
projects. Authors often develop their own conventions for file structure, naming, and coding styles.
These practices are often informal, ad hoc, and can vary widely across individuals and disciplines. This
lack of standardisation leads to challenges in collaborative environments, where multiple authors may
have different expectations and practices. In academia, such challenges are particularly pronounced, as
scientific documents often involve multiple contributors(as is often the case for research papers) and
require long-term maintenance activities (common for books and PhD theses). Services such as Overleaf
aid collaboration by supporting various build configurations and providing templates, but they do not
alleviate the issues one person’s neatly curated setup is another’s indecipherable labyrinth to navigate.
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From functions and compile errors to version control and file structuring, LATEX is closer to a software
project than one might think. IDEs for it do exist, but less popular, more versatile and less standardised as
in software development. In this project we explore how software engineering and evolution principles
can be applied and adapted to the context of LATEX writing. By treating LATEX projects as software
projects, we can leverage established software engineering and evolution practices to improve the
experience and quality of LATEX authoring.

In this specific work, we focus on project structuring and aim to answer the following questions:
RQ1 How do academics across different disciplines structure their LATEX projects?
RQ2 What structural patterns can be observed in real-world LATEX repositories?
RQ3 How can we support LATEX collaboration without sacrificing existing personal project structures?

2. Related Work

Although LATEX has become a standard tool in academic writing, there is surprisingly little research on
how users organise their LATEX project files or whether there are best practices. Most of the existing
work focuses on teaching the basics of LATEX, promoting templates, or improving user accessibility
rather than directly studying file and folder structures.

Several researchers highlight the strengths of LATEX and its widespread use in academia. Igel empha-
sises the steep learning curve of LATEX, particularly when managing bibliographic styles and formatting
requirements, but notes that its open-source flexibility makes it highly adaptable [2]. Zheng discusses
the advantages of LATEX over MicrosoftWord in academic settings, describing how structured workshops
help users become familiar with templates and tools [3]. Both sources suggest that while LATEX enables
standardisation in output, it offers little guidance for project organisation behind the scenes.

More technical efforts show how templates can reduce confusion and error. Frank et al developed
a LATEX-based reporting workflow using modular templates and automation scripts to support repro-
ducibility in pharmacokinetic analysis [4]. Similarly, at Carnegie Mellon University, librarians used
Overleaf to collaboratively redesign internal documentation, gaining insight into file management,
templating, and project clarity [5]. These initiatives illustrate how structured LATEX setups can benefit
collaboration and efficiency, especially in institutional or team contexts.

Guizani and Rodríguez-Simmonds describe the role of student-led workshops in making LATEX
more accessible and community-oriented. Their work shows how inconsistent assumptions about file
organisation can create confusion, even within a single department [6]. Meanwhile, Santos et al focus
on academic libraries and propose template-based standardisation aligned with national formatting
standards in Brazil, advocating for librarians to support LATEX as a formal document preparation tool [7].

In general, while no studies have yet proposed a universal LATEX file structure, several papers recognise
the value of standardisation and reusable templates. These findings support the motivation for this paper:
to investigate how academic users actually structure LATEX projects and whether informal conventions
could evolve into widely accepted standards. One of the few direct calls for LATEX standardisation is
Verna’s article Towards LATEX Coding Standards [8], which proposes a set of informal conventions based
on programming best practices. Verna highlights the inconsistency of LATEX source files and argues for
clearer structuring, modularisation, and naming. However, his proposals are not based on empirical
analysis, and no large-scale studies have tested whether LATEX authors actually follow patterns that
could support a shared standard.

Several tools exist that convert LATEX documents into other formats. Pandoc [9] supports many input
and output formats and can turn LATEX into HTML, Markdown, or DOCX. LaTeXML [10], which is
used by arXiv, focuses on preserving semantic structure when rendering documents as HTML [10].
plasTeX [11] parses and interprets macros to produce detailed transformations into formats like HTML.
pylatexenc [12] provides utilities for parsing LATEX code and converting it to Unicode. Although these
tools effectively extract structured information, they are designed for converting documents into other
formats rather than reorganising or reformatting LATEX while staying in the same format. They also do
not preserve all commands or macros, since many are unnecessary when targeting non-LATEX outputs.
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Some services like DBLP [13], CSAuthors [14] or BibSLEIGH [15] sanitise and standardise collections
of BibTEX entries. However, they all do it in their ownway, and the state of the art is that each experienced
BibTEX user organises their own .bib files as they please, and commonly edits them manually to
minimise dissatisfaction. The paper on BibSLEIGH highlights some problems of maintenance of BibTEX
collections (such as links expiring with each redesign of publishers’ websites), plus many issues in
sanitisation of available data and metadata, such as using correct and distinct symbols for 𝜇-kernel
(microkernel, hence the micro sign, U+00B5) and 𝜇-calculus (mu calculus, hence the Greek small letter
mu, U+03BC), as well as opportunities in community analysis and bridging [16]. In this paper we
intentionally focus on LATEX and leave any related and unrelated BibTEX issues out of our scope.

3. Methodology and Contributions

This research project employs a mixed-methods approach, combining qualitative and quantitative
techniques to explore LATEX project structuring practices and develop a collaborative editing system.
The contributions are divided into three main components:

• We conducted a qualitative study [17] involving semi-structured interviews and surveys with
29 academic users from various academic disciplines to understand their practices and attitudes
towards LATEX project structuring and standardisation. The study revealed dynamic cultural
practices, shaped partly by syntax, and partly by the habits and preferences of individual members.
Despite the diverging personal workflows, their responses converged on the need for a lightweight,
flexible, modular, and community-driven framework that facilitates onboarding for newcomers
and collaboration among co-authors.

• We performed a quantitative analysis [18] of 215 LATEX repositories from GitHub, extracting
features related to project structure and coding styles, and applying clustering techniques to
identify common patterns with K-means as the clustering algorithm and Principal Component
Analysis (PCA) for dimensionality reduction and visualisation. Structurally, the analysis revealed a
wide range of practices, with no clear standard emerging. This enforces the lack of standardisation
observed in the qualitative study. Stylistically, cluster variations suggested the absence of a
common coding style, with differences in comment density, line lengths, and indentation styles.

• We introduced FLEXITEX [19], a system that allows users to maintain their preferred project
structures while collaborating on shared content. FLEXITEX achieves this by parsing documents
into an abstract tree representation and applying configurable transformation rules expressed
in YAML. The transformation is designed to be reversible and idempotent, while preserving the
ability to compile the document. Two collaborative workflows were proposed, one supporting
turn-based collaboration and the other enabling mergeable collaboration when combined with a
tool like git diff. A proof-of-concept was developed and demonstrated in a GitHub repository,
showcasing the proposed workflows. Evaluation of this implementation on 324 real-world LATEX
projects from GitHub showed that FLEXITEX performed well for projects with common macro
usage and typical structure, but struggled with other cases due to parser limitations. Overall,
FLEXITEX demonstrates a promising approach to flexible LATEX collaboration, though further work
is needed to improve robustness and handle edge cases.

4. Results and Findings

4.1. RQ1: How do academics structure their projects?

All the statistics and findings are hard to fit in here, but we can include a few interesting points discussed
during interviews we have conducted (number of interviewees included in brackets):

• Some (10) LATEX users prefer to minimise folder usage or just use the root folder.
• Many (22) split their project in folders per section/chapter.
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• Many have a dedicated folder for references (20), figures (22), code (9), tables (6), front matter (5).
• Half (15) of interviewed users stayed in one main.tex file without any modularity.
• Most popular file naming conventions are snake_case (7) and CamelCase (6), as well as numerical
prefixes (14).

• When asked about strategies of separating content over files (e.g., file per section), no specific
strategy (4) and a “mixed approach” (6) were surprisingly popular answers.

• The majority (19) supported possible future initiatives on standardising project structures.

4.2. RQ2: What structural patterns can be observed in repositories?

First, we collect relevant repositories from GitHub using its public API and our own bespoke script,
expressing the following inclusion and exclusion criteria. We set the language filter to LATEX and limit
our search to repositories that included keywords such as “Thesis” and “PhD”. To avoid test files and
simple templates, we exclude any repositories with keywords like “template”, “example”, “sample”,
or “class” in their titles or descriptions. This step helps us narrow the focus to projects that reflect
real-world usage of LATEX for academic writing, rather than generic or instructional codebases. Then,
we enforce the minimum repository size to 1MB, which serves as a rough indicator of content richness
and helps screen out projects that are either incomplete or too small to provide meaningful structural
insights. We clone all repositories selected this way, to make sure the complete folder structure and all
associated files are available for processing. Our dataset is publicly available to enable replications [20].

After light screening of projects with unusual patterns and outliers, we pass them to the automated
feature extraction script. We extract features by basically counting everything we can think of: number
of LATEX files, of Makefiles, of lines per file, of characters per line, of \input/\include commands,
on average and maximum, etc. Then we use a combination of K-Means clustering to reveal latent
structures in the data, and Principal Component Analysis (PCA) to reduce dimensionality. This yields
four clusters (Figure 1, left):
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Because some features are correlated or exist in a high-dimensional
space, it can be di!cult to visualize or interpret the clusters directly.
To address this, Principal Component Analysis (PCA) was employed
as a dimensionality reduction technique. PCA transforms the origi-
nal features into a new set of orthogonal variables called principal
components, ordered by the amount of variance they capture from
the data. By projecting the data onto just the "rst two or three prin-
cipal components, it becomes possible to visualize the distribution
of repositories and their cluster assignments in a lower-dimensional
space while retaining as much of the original information as possi-
ble.
Using clustering in combination with PCA thus allows for both

quantitative analysis and intuitive visualizations, supporting the
interpretation of how LaTeX projects di#er across the dataset.

6 RESULTS
This chapter presents the results of the analysis of structural and
stylistic practices in LaTeX projects. The "ndings describe the char-
acteristics observed in the dataset, leaving interpretations and im-
plications for the following discussion chapter.

6.1 Structural Features of LaTeX Projects
The analysis of structural features revealed considerable diversity
in how LaTeX projects are organized. Four distinct clusters emerged
based on attributes such as the number of .tex "les, folder struc-
tures, total lines of code, and the use of modular commands like
\input and \include. These clusters are illustrated in the PCA projec-
tion shown in Figure 2, and their distribution across the dataset is
summarized in Figure 3. Detailed averages for each cluster appear
in Table 1.
Among the clusters, Cluster 0 stands out for its scale and com-

plexity. Projects in this group often comprise dozens of .tex "les
spread across deep folder hierarchies, with total line counts exceed-
ing 13,000 lines. Inclusion commands are consistently present in
these repositories.
In contrast, Cluster 2 represents projects on the opposite end of

the spectrum. These repositories are comparatively small, averaging
fewer than "ve .tex "les and around 2,200 lines of code, with
shallow folder structures. None of the projects in Cluster 2 use
inclusion commands.
Between these two extremes lie Clusters 1 and 3, both of which

re$ect moderate project scales. Cluster 1 projects typically contain
around 21 .tex "les and about four folders, accompanied by fre-
quent use of inclusion commands. This group also shows a higher
prevalence of Make"les and README "les. Cluster 3, while similar
in size to Cluster 1, includes slightly fewer folders and projects, and
rarely uses Make"les, although README "les remain common.

6.2 Macro and Command Usage
The analysis of macro and command usage in LaTeX projects reports
di#erences in the number of custom macros, the use of parameters,
and the rede"nition of built-in commands. Clustering of these fea-
tures resulted in four distinct groups of projects. Figure 4 illustrates
the distribution of projects in the feature space, while Figure 5 shows

Fig. 2. Clustering of LaTeX projects based on structural features

Fig. 3. Number of projects in each cluster based on structural features

Table 1. Average values of structural features in LaTeX projects for each
cluster

!les folders lines include1 MakeFile1 Readme1

0 63.40 15.26 13364.92 1.00 0.13 0.93
1 21.31 4.14 6115.39 0.97 1.00 0.87
2 4.62 1.62 2271.37 0.00 0.29 0.91
3 18.81 3.31 4205.91 1.00 0.00 0.85

Note1: Boolean features are represented as $oats between 0 and 1, where 1 = true and 0
= false. These include include, MakeFile, and Readme.

the relative size of each cluster. The average values for key features
in each cluster are summarized in Table 2.

Cluster 0, the smallest cluster in terms of project count (Figure 5),
has an average of 965.75 custom macros per project, all of which
use parameters.
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Fig. 7. Number of projects in each cluster based on stylistic features

7 DISCUSSION AND CONCLUSION
This study set out to examine how LaTeX is used across a diverse set
of real-world academic projects. The clustering analyses revealed
notable variation in both structural and stylistic practices, suggest-
ing that while LaTeX is a powerful tool, its !exibility also leads to
fragmented usage patterns without consistent conventions.

7.1 Structural Pa!erns
The structural analysis uncovered a continuum ranging from highly
modular projects (Cluster 0) to minimalistic, single-"le projects
(Cluster 2). The projects in Cluster 0 demonstrate practices akin
to software engineering principles: extensive use of inclusion com-
mands, numerous "les, and deep folder hierarchies. Such organiza-
tion is likely bene"cial for large-scale documents like PhD theses
or collaborative writing e#orts where chapters, "gures, and appen-
dices are managed as separate entities. However, the relatively low
presence of Make"les even in this cluster suggests that automation
tools are not yet universally adopted, possibly because academic
authors may prioritize content over tooling or may lack familiarity
with build automation.

Clusters 1 and 3 represent a middle ground where projects are
moderately modular but with simpler folder structures and fewer
"les. Cluster 1 distinguishes itself by widespread use of Make"les, in-
dicating an inclination toward automated compilation and work!ow
e$ciency. In contrast, Cluster 3, although similarly modular, largely
omits automation tools. This divergence might re!ect di#erent au-
thor pro"les—some prioritizing reproducibility and automation,
others focusing on lightweight setups.
Cluster 2, characterized by single-"le projects with few lines of

code, indicates aminimalist approach. Such projects may correspond
to shorter documents like reports or coursework. The absence of
inclusion commands suggests authors of these projects either lack
awareness of modular practices or deem them unnecessary for small
documents. While simpler to maintain for short texts, this approach
may become unwieldy as documents grow in complexity.

Collectively, these patterns underscore the lack of standardized
practices for organizing LaTeX projects. Despite LaTeX’s maturity,
there appears to be no widespread consensus on best practices for
"le structuring, inclusion commands, or automation tooling. This
variability could pose challenges for maintainability, collaboration,
and onboarding of new contributors.

7.2 Macro and Command Usage Pa!erns
The clustering of macro and command usage revealed signi"cant
di#erences in how users extend LaTeX’s functionality. Cluster 0, al-
though a small outlier, showcases an extreme level of customization
with nearly 1,000 custom macros per project. Such heavy macro use
may indicate specialized document classes, automated document
generation, or very advanced users. However, the rarity of these
projects suggests that this level of customization is not representa-
tive of general practice.
Cluster 1, the largest group, balances moderate custom macro

use with widespread parameterization. This approach indicates a
practical use of LaTeX’s extensibility to simplify repetitive tasks
without altering core LaTeX behavior. It’s a sign of users seeking
e$ciency and consistency in document preparation while adhering
to LaTeX’s standard conventions.
Clusters 2 and 3 di#er signi"cantly. Cluster 2’s minimal macro

usage re!ects reliance on LaTeX’s built-in commands and simpler
documents, echoing the structural minimalism observed earlier.
Conversely, Cluster 3 shows moderate macro use and is unique
in rede"ning built-in commands, suggesting a more experimental
approach. Authors in Cluster 3 may be exploring custom document
classes or adapting LaTeX for specialized outputs, possibly for niche
use cases or speci"c institutional requirements.

The divergence in macro usage illustrates how LaTeX’s !exibility
can result in both simple, default usage and highly customized
environments.

7.3 Readability and Style Pa!erns
Stylistic di#erences were also evident. Cluster 3 projects stand out
for their high comment ratios, suggesting an emphasis on document-
ing code for clarity or collaboration. This practice could be linked
to collaborative projects where readability and maintainability are
critical, or to pedagogical contexts where code serves instructional
purposes.
Cluster 2 projects, distinguished by tab-based indentation and

shorter line lengths, may re!ect authors using di#erent editors,
toolchains, or conventions. While tabs can o#er !exibility, their
inconsistent rendering across environments may reduce readability.
Meanwhile, extremely long lines in Cluster 0 suggest either auto-
generated content or densemacro de"nitions, potentially hampering
readability and maintainability.

The variation in code style across clusters highlights the absence
of widely adopted LaTeX style guidelines. Unlike programming lan-
guages such as Python, which enforce style through tools like PEP8,
LaTeX lacks a uni"ed standard for formatting or code readability.
This gap can hinder collaboration and onboarding, particularly in
multi-author projects.

6

Figure 1: Clustering based on structural (left) and stylistic (right) features.

Cluster 0 stands out for its scale and complexity. Projects in this group often comprise dozens
of .tex files spread across deep folder hierarchies, with total line counts exceeding 13000. Inclusion
commands are consistently present in these repositories. In contrast, Cluster 2 represents projects on
the opposite end of the spectrum: comparatively small, averaging fewer than five .tex files and around
2200 lines, with shallow folder structures. None of the projects in Cluster 2 use inclusion commands.
Between these two extremes lie Clusters 1 and 3, both of which reflect moderate project scales. Cluster
1 projects typically contain around 21 .tex files and about four folders, accompanied by frequent use
of inclusion commands. This group also shows a higher prevalence of Makefiles and README files.
Cluster 3, while similar in size to Cluster 1, includes slightly fewer folders and projects, and rarely
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uses Makefiles, although README files remain common. Clusters 0–2 have 30–40 projects each, while
Cluster 3 has over 100 projects.

We repeat the same process focusing on different features, leading to different clusters. For instance,
Figure 1, right, shows clusters based on features of readability and style. Cluster 0 includes projects
with very long lines (up to 2600 symbols), which indicates either generated content or tool support with
soft newlines (like Overleaf offers). Cluster 1 has much shorter lines (around 650 symbols) and even
lower comment ratio. Cluster 2 has lines of around 300 symbols maximum and just 24 on average, and
tend to use tabs for indentation. Cluster 3 has consistent line lengths (about 57 both for maximum
and average) and has around 20% of lines in the project commented out as opposed to 5–6% in other
clusters.

4.3. RQ3: How can we support LATEX collaboration?

If Alice and Bob have each their own style of project organisation, but want to collaborate, this can be a
case of applying bidirectional transformations (bx) [21] techniques, in particular forming a network of
interacting bx [22]. That way, the main branch can host something in a “common style” with enough
information to accommodate both Alice’s and Bob’s needs, who continue to work on their branches.
Just like often the case with bx [23, 24], one can design a system based on states (turn-based on Figure 2)
or on changes (diff-based on Figure 2).
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Figure 2: Proposed setups with FLEXITEX: (left) turn-based, (right) diff-based.

We are currently conducting more experiments with FLEXITEX [25], which is our prototype tool. It
takes a configuration file specifying desired folder structure and conditions for content splitting, and is
supposed to be run either locally as a git hook or remotely as an action. Preliminary results indicate
that it can handle many real projects, but in particular tracking paths to files which are referred to
through bespoke LATEX commands, remains a challenge.

5. Concluding Remarks

In this work we explored how project structuring practices in LATEX can be understood and improved
through the lens of software engineering and evolution using a mixed-methods approach. Both the
qualitative and quantitative analyses revealed a lack of universal standards, but also highlighted
emerging informal conventions that could inform the development of flexible, community-driven
guidelines. Building on these insights, we introduced FLEXITEX, a system that enables users to maintain
their preferred project structures while collaborating on shared content. For more information about
the parts of this project, we advise consulting corresponding Bachelor theses that formed the core of
this research [17, 18, 19].

Declaration on Generative AI

The authors have not employed any Generative AI tools to create, change or rephrase the content of
this document.
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