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Abstract

Students enter CS1 courses with widely varying programming expe-
rience, mathematical maturity, and learning preferences. We propose
a framework called PathMX that addresses this challenge through a
“curriculum as code” methodology that treats curriculum materials as
structured, version-controlled repositories editable by both instructors
and LLM-based coding agents. When curriculum is authored as code
following clear conventions, agents can generate personalized content on
demand, enabling scalable differentiated instruction that was previously
impractical. Our CS1 case study demonstrates that this approach makes
true differentiated instruction achievable within the constraints of real
classroom teaching.

1 Introduction

CS1 instructors routinely face cohorts where students arrive with vastly differ-
ent readiness levels. The diversity arises from differences in prior programming
experience, mathematical maturity, formal reasoning abilities, and learning
preferences. Some students demonstrate their mastery of Python syntax be-
cause they have been coding since middle school. Others are confounded by
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the first for loop. Some grasp algorithmic thinking immediately, while others
require multiple explanations and/or varied examples before achieving under-
standing. This is not a flaw in our students. It is the reality of differences in
cognitive abilities, prior experiences, and educational backgrounds.

An effective response to this diversity is differentiated instruction, where
each student receives a truly tailored learning experience instead of a one-size-
fits-all model. As Tomlinson describes in her foundational work, differentiated
instruction is “a philosophy of teaching rooted in deep respect for students,
acknowledgment of their differences, and the drive to help all students thrive”
[17]. When done well, differentiation promotes inclusivity and equity by (1) ad-
dressing diversity in cognitive abilities, prior experiences, and learning profiles,
(2) enhancing engagement and motivation by connecting to student interests
and backgrounds, and (3) improving academic outcomes through appropri-
ately scaffolded instruction [16]. These goals align with Universal Design for
Learning (UDL) principles of providing multiple means of representation, en-
gagement, and expression [1].

However, true differentiated instruction is nearly impossible to deliver at
scale. For a typical CS1 class, an instructor implementing differentiated in-
struction might need to (among other tasks): (a) Create personalized learning
guides for students struggling with functions; (b) Generate project variants
that reflect diverse student interests, backgrounds, experiences, and identities;
(c) Provide detailed, individualized feedback on every coding assignment; and
(d) Adapt examples to match different backgrounds and interests. This rep-
resents only a fraction of what genuine differentiation demands. The time
investment required for true differentiation is unsustainable for any educator.

Thus, we make compromises. We create one set of assignments and hope
they work for most students. We provide individual feedback when possible,
but the time required limits how detailed or frequent it can be. We use the
same examples semester after semester. We know some students are not getting
what they need, but manually creating differentiated materials for each student
is unrealistic given time constraints and the limits of human creativity.

PathMX (Path Markdown eXtension) addresses this challenge. PathMX is
a “curriculum as code” methodology that treats curriculum materials as struc-
tured, version-controlled repositories editable by both instructors and LLM-
based coding agents. Existing platforms optimize for human authoring or
interactive delivery; none provide conventions specifically designed for agent-
based curriculum generation. When curriculum is authored as code following
clear conventions, agents can generate personalized content on demand. This
includes creating individualized student guides in minutes, generating project
variants tailored to different interests, drafting detailed code feedback for in-
structor review, and adapting materials to specific learning needs. As depicted
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Figure 1: Traditional approaches deliver identical materials to all students;
PathMX generates personalized variants through structured repositories and
agent-based content generation.

in Figure 1, the instructor stays in control of pedagogical decisions while agents
handle the time-consuming work of content generation and personalization.
We demonstrate this approach through a real classroom deployment: a CS1
course at Furman University in Fall 2025. Using PathMX, we created personal-
ized learning guides for individual students, generated themed project variants,
provided detailed code review feedback, and rapidly iterated on curriculum
improvements, all while maintaining version control and a unified curriculum
repository. Tasks that would have required many hours of manual authoring
and customization were often completed in minutes with agent assistance.
Our contributions described in this paper include:

e The PathMX methodology: markdown conventions, metadata structures,
and file organization that enable agent-based curriculum authoring.

e Practical workflows for creating personalized and differentiated curricu-
lum at scale, demonstrated through our CS1 case study.

e Lessons learned from real classroom deployment, including both benefits
realized and challenges encountered.

Collectively, this work establishes agent-based curriculum authoring as a
viable path toward scalable differentiated instruction.

2 Related Work

Several platforms enable instructors to create interactive computing textbooks.
Runestone Interactive [12] pioneered the open-source interactive textbook
model, supporting embedded code execution, visualizations, and auto-graded



exercises. The platform [4] now serves thousands of daily learners across many
textbooks authored in reStructuredText. OpenDSA [15] introduced a modu-
lar, community-driven approach for algorithm visualization textbooks, where
instructors can customize content selections for their courses. LiaScript [2] rep-
resents the closest technical analog to PathMX, extending standard Markdown
with interactive elements and using a browser-based compiler that requires no
server infrastructure.

The application of software engineering practices to curriculum manage-
ment has gained traction in the past few years. Rodriguez et al. [13] defined
“courseware as code” principles at the U.S. Army Cyber School, where all
educational content is stored in machine-readable markup in GitLab reposi-
tories. RepoBee [9] provides a command-line interface for managing student
Git repositories at scale, enabling batch repository generation and automated
assignment distribution. Hsing and Gennarelli [6] found that GitHub use in CS
courses predicted better learning outcomes in a large-scale study of students.

Recent work has explored using large language models for educational con-
tent creation in computing courses. Sarsa et al. [14] demonstrated that LLMs
could generate programming exercises with problem descriptions and solutions.
However, only approximately 31% of generated exercises had sample solutions
that passed their accompanying automated tests. This was primarily due to
issues with test quality rather than solution correctness. MacNeil et al. [11]
deployed GPT-generated code explanations in a web development textbook,
finding them more helpful and accurate than student-created explanations.
Leinonen et al. [10] confirmed that LLM explanations were rated as more
accurate and easier to understand than those created by students.

Adaptive learning systems adjust content difficulty during student interac-
tion. Ericson et al. [3] studied adaptive Parsons problems that dynamically
adjust difficulty based on student performance, both within individual prob-
lems and between successive problems. Their study found that students solving
adaptive Parsons problems completed practice exercises more efficiently than
those writing equivalent code, while achieving similar learning gains. Fonseca
et al. [5] explored differentiated instruction in a PHP programming course
using ongoing progress monitoring to adjust content based on student perfor-
mance. While these systems successfully personalize learning experiences, they
require pre-authored content pools and adapt only within existing materials,
leaving the challenge of creating differentiated content in the first place.

PathMX synthesizes elements from these traditions while enabling instruc-
tors to generate differentiated curriculum at scale. Existing platforms excel at
delivering interactive content to students or supporting human collaboration
on curriculum, but lack the structured conventions needed for agent-based edit-
ing. LLM tools can generate individual exercises or explanations, but cannot



maintain consistency across an entire curriculum repository. Adaptive systems
personalize content during student interaction, but require pre-authored con-
tent pools and offer no solution to the authoring bottleneck. Similarly, UDL
[1] advocates for curriculum designed from the beginning with multiple means
of representation, engagement, and expression. However, implementing these
principles at scale faces the same authoring bottleneck as differentiated instruc-
tion. Even in computing education contexts where UDL has been successfully
applied [7], creating multiple pathways requires substantial upfront investment
that grows with class size and content diversity.

PathMX addresses these limitations by treating curriculum as version-
controlled repositories with explicit file organization and metadata conven-
tions. These conventions make curriculum both human-editable and agent-
processable. This enables LLM agents to generate differentiated content while
instructors maintain control through templates, style guides, and review work-
flows. Rather than adapting content during student interaction, PathMX gen-
erates differentiated variations in advance, enabling instructor review and pre-
serving agency over pedagogical decisions.

3 PathMX: Curriculum as Code

PathMX (Path Markdown eXtension) is a set of conventions for authoring
human and agent-friendly curriculum repositories. Hyperlinks between docu-
ments create paths through the curriculum that can be followed by humans and
agents alike. The three primary principles of PathMX are depicted in Figure 2
and are described as follows:

1. Curriculum is represented as Markdown files with minimal metadata in
a single version-controlled repository

2. Markdown files are “type hinted” to indicate their role within the cur-
riculum domain

3. Hyperlinks are used to link related files, create learning sequences, and
provide additional context for agent and human authors

Storing curriculum in a source-controlled repository provides automatic ver-
sion control, history, and branching. These are essential capabilities for any
collaborative authoring process, including collaboration with agents. Agents
and humans make mistakes, and version control is critical for inspecting, com-
paring, and recovering from those mistakes.

Markdown serves as the foundation of PathMX for several reasons. It is
both human-readable and machine-parseable, is the Al-native lingua franca for
documentation and LLM-based tooling, and it is widely supported and easily
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Figure 2: PathMX principles: version-controlled Markdown with type hints
and hyperlinked knowledge graphs.

transformed into other formats. Modern coding models (e.g., GitHub Copilot,
Gemini Code, etc.) are trained extensively on Markdown and are adept at
reading, writing, and editing it without additional training or customization. In
addition, many popular document authoring tools natively support Markdown,
making it a natural choice for curriculum authors.

The repository also acts as an automatic context boundary (or “harness”)
for agents. Modern agents use standard file-based tools (e.g., 1s, find, grep)
to navigate and search within this boundary. Many agent systems allow
repository-specific instructions to be provided via a file such as AGENTS.md,
and expose tools for code exploration and editing. In addition, many mod-
ern agents maintain lightweight embeddings of repository contents, effectively
creating a semantic index for efficient search and natural language retrieval.

Another important feature of Markdown is its support of hyperlinks. Agents
can follow these links to navigate the curriculum and to understand the rela-
tionships between different parts of the repository. This is a powerful capability
for bringing in additional context simply by following links. On the tooling side,
as shown in Figure 3, this allows for a knowledge graph to emerge naturally
from the curriculum content as it is built.

While simply adding and linking Markdown files in a repository provides
benefits out-of-the-box, we found that applying domain-specific “type hints”
produced additional inference gains. Because agent-based tools often browse a
repository in directory-tree form, we add sub-extensions to markdown files by
encoding their role in the filename. For example:

e csl.outcomes.md indicates a file containing course learning outcomes
e lecture-1.slides.md indicates lecture slides

e week-4.lab.md indicates a lab assignment
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Figure 3: An example markdown file graph with links, type hints, and front-
matter illustrating automatic agent inference.

e project.template.md indicates a project template

e week-4.project.spec.md infers a project specification using the project
template

See the companion repository! for an example specification file and the
resulting output.

We found that agents were often able to infer the necessary context and next
actions from file listings alone. This lightweight naming convention provides
structure for agent inference while remaining flexible enough to accommodate
new material types as the curriculum evolves. In some cases, additional meta-
data is necessary to guide agent inference and build tools. We use YAML
frontmatter as a simple mechanism to attach metadata to Markdown files.
This metadata can include learning outcomes, difficulty levels, prerequisites,
tags, and other information that supports deterministic processing (e.g., build
pipelines) and inference-based behaviors (e.g., personalized recommendations).

Hyperlinks are used to link in the necessary context for both agents and
students. Agents will naturally follow links when prompted to perform a
task. For example, linking a rubric to a project (e.g., project-1.project.md
— project-1.rubric.md) allows the agent to automatically evaluate work
against the rubric without additional instruction.

With these conventions in place, an instructor can scaffold a new course
by creating a folder with a small set of Markdown files and high-level instruc-
tions to the agent (e.g., “Generate a lab assignment that introduces loops using
examples from the cohort’s interests”). Instructors may reuse existing mate-
rials as templates or author new materials from scratch. In our deployment,

Ihttps://github.com/pathmx/cs1-example
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Figure 4: Sample export pipeline configuration used in our deployment.

agents performed best when expectations and standards were clearly specified
in this initial scaffolding. Style guides, example project specifications, outcome
descriptions, and type-hinted ontologies provided a robust starting point for
agent-assisted authoring in the CS1 context.

Once the initial scaffolding exists, agents can generate a variety of curricu-
lum artifacts, including personalized learning guides, project variants, code
review comments, and other course materials. Instructors then review and re-
fine these artifacts using standard code-review tools and workflows (e.g., pull
requests, inline comments).

When materials are ready for student use, the same repository serves as
the source of truth for export into multiple delivery formats, including PDF,
HTML, GitHub repositories, and web applications (see Figure 4). These export
pipelines are optional and can be adapted to the constraints of a particular
course or institutional environment. Because Markdown is a widely supported
source format, PathMX repositories can be integrated with existing tools and
learning management systems with relatively little additional infrastructure.

4 CS1 Case Study

PathMX was developed in practice during a CS1 course teaching introduc-
tory Python programming to a cohort of 18 students. The class included a
wide range of prior programming experience, and most were not computer sci-
ence majors. The goal was to introduce fundamental programming concepts
through project-based learning that mirrored real-world practices. Because of
the diverse interests and backgrounds, the course was designed to be highly
personalized and flexible. The instructor defined course outcomes at a high
level and then tailored them to students’ interests and level using the PathMX
methodology described in Section 3.

Throughout the course, when students showed interest in particular tools or
instructors identified gaps in understanding, we created projects and tutorials



to support their learning. We recorded student preferences in anonymized “per-
sona” files (e.g., student-<anon_id>.persona.md) to avoid sharing personally
identifiable information with the agent. This allows for robust personalization
while complying with FERPA and other privacy regulations.

The PathMX methodology supported the lightweight collection of quali-
tative and quantitative information about students’ aptitudes, interests, and
learning goals. This information could be pasted or dictated into the agent
tool, then automatically placed in the appropriate persona and cohort files.
Information about the student’s working environment, such as operating sys-
tem, IDE, and prior programming experience, was also collected and used to
generate more aligned and effective materials. Much of it was collected during
lecture ice-breakers (for example, favorite artist, movie, or book), with more
detailed information about goals and learning gaps gathered during office hours
and direct interactions with the instructor. This kind of rapid transfer of qual-
itative data to a structured file would have been less tenable with traditional
authoring tools.

Once enough information had been collected into personas, agents could
perform cohort analysis by querying the repository. A taste profile for the
cohort was created based on students’ expressed interests and used to generate
themed labs and practice exercises. Based on instructor observation, students
showed higher interest and engagement with the themed curriculum than in
prior sections of the same course that used more traditional static material.
As an example, one student with prior Python experience worked on more
advanced projects while keeping the same general theme and goals as the rest
of the class. This allowed the student to be challenged at an appropriate level
while still participating in shared discussions and activities.

Templates were used to scaffold new labs based on the cohort’s taste pro-
file and the course’s topical flow. We wrote brief lab specification files (e.g.,
lab-<number>.spec.md) that described each lab’s learning objectives, require-
ments, and constraints. The agent then used the template, the theme, and the
taste profile to generate lab materials. We instructed agents to avoid letting
thematic elements overshadow core learning objectives. For the CS1 course, the
instructor used Deckset, a Markdown-based presentation tool, so lab materials,
guides, and quizzes could be created directly from class lectures.

Mid-to-late term projects were presented in a “choose your own adventure”
style (reflecting UDL’s multiple means of engagement), where students selected
a focus area and completed the project from that perspective. For example, a
data science project was offered with Web, Game, or Scientific Computing focus
areas. The same datasets were shared across tracks and the students could
complete one or more based on their interests. Table 1 shows that students
appreciated being able to align projects with their own interests and goals, with



Table 1: Student perceptions of CS1 using PathMX (n = 17).

Prior Experience None: 41%, <1 yr: 47%, 1-3 yrs: 12%
Key Measures (1-5 scale, mean £ SD)
Materials relevant to interests 4.00 £ 0.79
Project choice increased motivation 4.47 £ 0.72
Themed examples increased engagement 3.82 £ 0.88
Feedback specific and helpful 4.35 + 1.00
Guides helped when struggling 4.24 + 0.83

mean ratings of 4.0-4.5 (on a 5-point scale) for materials relevance, project
choice motivation, feedback quality, and guide helpfulness.

Differentiated instruction also raises challenges with feedback. To provide
high-quality and fair feedback across curriculum variants, we created feedback
harnesses (e.g., <student_id-project_id>.feedback.harness.md). These
harnesses were generated from students’ code pulled into the repository via
the GitHub CLI and converted to Markdown using a pre-established template.
Each harness included commit history, code snapshots, project specification,
a rubric, and agent-specific instructions. Agents generated accurate, specific
feedback from these harnesses, and the same artifacts were helpful in human
review as a record of student progress. In some cases, feedback was delivered
as GitHub Issues with checklists and line-specific comments for each student.

The instructor remained central in this workflow and actively reviewed and
iterated on the curriculum and feedback alongside agents. Agentic tools sup-
ported side-by-side collaboration and naturally created checkpoints that could
be reviewed or rolled back as needed. Agent-based IDEs are continuing to im-
prove these workflows and make a strong copilot for curriculum authoring. The
version-controlled repository provided a history of the curriculum’s evolution
and captured snapshots of student work for later reference and analysis.

Overall, the PathMX methodology enabled rapid iteration and mid-
semester improvements. Student feedback was incorporated into the repository,
and agents generated new versions of the curriculum materials in response.
This allowed the curriculum to be updated in real time and for students to
receive timely feedback on their work. We found that this instructor-mediated
on-demand generation was preferable to real-time student-facing agents that
lacked editorial oversight or sufficient course-specific context.
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5 Student Impact and Educational Integration

PathMX enabled just-in-time instruction and the deployment of curriculum
materials to where students were already engaged. Students could access the
curriculum in a variety of formats, including GitHub repositories, PDFs, and
web applications. A custom integration with GitHub Classroom enabled bi-
directional syncing of feedback-based curriculum materials with students’ work.
The custom integration itself was built with agentic assistance in the same
repository as the curriculum materials.

Because the content was presented in the most appropriate medium for the
students, a centralized Learning Management System (LMS) was not needed
or used. Students were able to access the curriculum and feedback in the con-
text of their own work. This allowed for much more direct and personalized
instruction and feedback as the class progressed. In some cases, students would
request additional materials for concepts they were struggling with. We gen-
erated personalized tutorials and guides for these concepts using the PathMX
methodology, which helped them catch up with the class and get back on track.
The line-by-line feedback was constructive for students to learn how to refactor
and improve their code.

Several students expressed interest in more creative applications of coding,
such as gaming or building out web interfaces. We were able to create project
variants for these interests, and students were able to choose from a variety
of paths to follow. The culminating project was the final project in which
students defined their own project requirements with guidance from the in-
structor. These student-authored specifications were transformed into unique
guides for each student. As the project progressed, snapshots of students’ work
were created at key checkpoints. Guides were then automatically updated to
reflect progress, changes, and next steps for the project based on the students’
current committed work.

Overall, students were able to engage with the curriculum in a way that was
more aligned to their own interests and goals and calibrated to the proximal
edge of their learning curve. They received direct, detailed, and actionable
feedback throughout the course and the instructor perceived that students
progressed more quickly and confidently than in prior offerings of the course.

6 Instructor Experience and Lessons Learned

The benefits of the PathMX methodology were evident in the instructor’s ex-
perience. The methodology allowed for much more personalized instruction
and feedback as the class progressed. In practice, creating personalized as-
signments and guides took under five minutes of agent interaction plus a few
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minutes of instructor review, compared to an estimated 30—60 minutes of man-
ual authoring. Because of the time savings, the instructor was able to focus
on higher-level pedagogical decisions and personal attention to students rather
than on routine content creation.

For instructors considering PathMX, we recommend the following based on
our experience:

e Start with a small set of materials in a version-controlled repository.

e Build a style guide and clearly defined outcomes and scope early and
iterate on them as the course progresses.

e Keep students’ personal data private, secure, and anonymized for agent
interactions.

Despite significant benefits, several challenges emerged. In early projects,
when fewer examples were present, agents sometimes generated material that
was beyond the students’ current level of understanding. More explicit doc-
umentation about the scope of the course was created to avoid content drift.
This underscores the importance of the instructor’s role in vetting material
before it is released to students.

Agents were often too helpful and would spell out the solution to the prob-
lem rather than guide the student to the solution. In practice, this required
explicitly instructing agents not to reveal complete solutions, but instead to
provide scaffolded guidance that led students through the problem-solving pro-
cess without giving away answers.

We invite instructors to explore the PathMX methodology and tools to
realize the benefits of personalized, differentiated, and scalable instruction in
their own courses. We have provided a sample repository with instructions
and guides for how to get started?>. We also encourage instructors to share
their experiences and feedback with us so we can continue to improve the
methodology and tools.

7 Future Work

This work represents an initial exploration of agent-assisted curriculum de-
velopment. Our observations come from a single semester deployment with
18 students. Larger-scale research studies are warranted to formally measure
the impact of the PathMX methodology on student learning and instructor
efficiency. We are currently designing a controlled study to evaluate PathMX
across multiple CS contexts.

2https://github. com/pathmx/cs1-example
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Additional areas of exploration include assistive automated grading and as-
sessment, the use of PathMX agents for real-time feedback and tutoring, as
well as automated skill mapping derived from student code and pre-assessment
data. The PathMX methodology also lends itself to generating student-facing
support materials that surface and correct common student misconceptions,
building on prior work that systematically identifies misconceptions in intro-
ductory programming |[8].

We are also investigating implications for agent-friendly Learning Object
Repositories (LoRs), alternative learning object formats, adaptive learning
pathways, and student-facing tutoring agents.

8 Conclusions

Authoring curriculum as structured, version-controlled code enables modern
agent-based tools to deliver differentiated instruction at a scale that was previ-
ously impractical. PathMX provides a practical path forward, with conventions
and workflows that work today while remaining flexible enough to evolve as
the technology matures.

Our CS1 case study suggests that this approach makes differentiated in-
struction more attainable in actual practice. By enabling rapid generation of
multiple representations and engagement pathways, PathMX operationalizes
UDL principles at scale. In a single semester, we created personalized learning
artifacts for each student, generated project variants tailored to different inter-
ests, and provided detailed, actionable code review feedback while preserving
instructor control and oversight using familiar software engineering workflows.
This allowed us to iterate on the curriculum throughout the semester and
maintain consistency and quality across all materials. The same conventions
that support agent inference, namely type hints, frontmatter metadata, and
hyperlinks, also improved human navigation, reuse, and mid-term iteration.

At the same time, this work is exploratory and intentionally modest in
scope. Questions about long-term outcomes, instructor workload, and stu-
dent equity across diverse contexts remain open and motivate the future work
described in the previous section. We argue that PathMX provides a prac-
tical way forward and a viable design space for next-generation computing
education: one that keeps instructors in control but allows for truly scalable
differentiated instruction that meets students in their own context.
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