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CodePath: an AI-personalised platform for learning programming.

[bookmark: _Toc237867242]Task 1.1  Project Management & Planning

[bookmark: _Toc237867243]Task 1.1.1  Project scope and proposed solution

This project proposes CodePath, a web-based platform for learning programming through interactive, browser-based coding exercises. Unlike generic tutorial sites, CodePath’s core value proposition is a personalised learning path: the system tracks each learner’s attempts and error patterns and recommends the next exercise accordingly, addressing a known weakness of one-size-fits-all e-learning platforms, where the same content is delivered to every learner regardless of ability [1]. Research on adaptive learning systems for programming education shows that recommendation-driven learning paths measurably improve learner confidence and completion rates compared with static course sequences [2], which supports the choice of personalisation as the project’s differentiator.

[bookmark: _Toc237867244]Task 1.1.2  Technologies and resources

The MVP scope covers three modules: (1) an interactive code editor and exercise library (React + TypeScript front end, Monaco Editor); (2) a Node.js/Express REST API with a PostgreSQL database storing users, exercises, attempts and progress; and (3) a code-execution sandbox. User-submitted code must never run directly on the host server; industry practice for online judges and coding platforms is to execute each submission inside an isolated, resource-limited Docker container per language runtime, returning only the output/errors to the API [3]. For the recommendation module, the MVP uses a rule-based “next best exercise” engine driven by attempt history, deferring a full ML model to a post-MVP phase — a deliberate scope constraint given the project’s time and compute budget.

[bookmark: _Toc237867245]Task 1.1.3  Timeline, schedule and constraints

The project is planned over an accelerated 8-week term, split into five stages:
1. Requirements & design — 2 weeks
1. Core platform build (editor, API, database) — 3 weeks (overlapping with design)
1. Sandbox integration & security hardening — 2 weeks
1. Recommendation engine — 2 weeks
1. Testing & deployment — 2 weeks
Key constraints: a single-developer team with a fixed 8-week deadline, no budget for paid cloud ML services, and the security requirement that arbitrary user code must be fully isolated from the host system. The compressed timeline means stages overlap (e.g. frontend and API/database work run in parallel) rather than following strictly sequentially.
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	Task
	Wk1
	Wk2
	Wk3
	Wk4
	Wk5
	Wk6
	Wk7
	Wk8

	Requirements gathering
	
	
	
	
	
	
	
	

	Design (architecture, ERD)
	
	
	
	
	
	
	
	

	Editor + Frontend build
	
	
	
	
	
	
	
	

	API + Database build
	
	
	
	
	
	
	
	

	Docker sandbox integration
	
	
	
	
	
	
	
	

	Security hardening
	
	
	
	
	
	
	
	

	Rule-based recommender
	
	
	
	
	
	
	
	

	Testing recommender logic
	
	
	
	
	
	
	
	

	Integration testing
	
	
	
	
	
	
	
	

	Deployment
	
	
	
	
	
	
	
	


Figure 1. CodePath project timeline across 8 weeks, by stage.
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CodePath will be developed using Agile, structured in Scrum-style one-week sprints with a prioritised backlog. Agile suits this project because requirements (e.g. exactly which recommendation logic to use) are expected to evolve as early prototypes are tested, and Scrum’s short, inspect-and-adapt cycles let the plan change direction cheaply if a sprint reveals a technical blocker such as sandbox performance issues [4]. Each sprint ends with a working increment (e.g. “editor + one exercise runs end-to-end”), which keeps the single-developer project de-risked within the tight 8-week window: if time runs out, the most valuable features are already complete rather than everything being half-built [5].
[bookmark: _Toc237867248]Task 1.2  Project Design

Two design artefacts support this project.
[bookmark: _Toc237867249]Task 1.2.1  System architecture diagram

Shows the client (React app) calling the Express API, which reads/writes PostgreSQL, dispatches submitted code to an isolated Docker sandbox pool for execution, and queries the recommendation engine for the learner’s next exercise. This clarifies trust boundaries: the sandbox is the only component that touches untrusted user code.
	Learner (Browser)

	↓  HTTPS

	React + TypeScript Frontend
(Monaco Code Editor)

	↓  REST calls

	Docker Sandbox Pool
isolated, per-language
containers
	↔  dispatch code
	Node.js / Express API
	↔  history
	Recommendation Engine
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	↓  reads / writes
	

	
	PostgreSQL Database
Users / Courses / Exercises
Attempts / Progress
	


Figure 2. CodePath system architecture.

[bookmark: _Toc237867250]Task 1.2.2  Entity-Relationship Diagram (ERD)

Models the core data structure: Users, Courses, Exercises, Attempts and Progress, showing how attempt history (correctness, time taken, error type) feeds the recommendation logic described above.

[image: ]
Figure 3. CodePath entity-relationship diagram.
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 Innovation route of CodePath

[bookmark: _Toc237867252]Task 2.1  PEST & SWOT Analysis: Duolingo, Inc.
Duolingo is chosen as the comparator company because it shares CodePath’s core mechanism — AI-driven, gamified, personalised learning — applied at large commercial scale, making its strategic environment directly instructive for CodePath’s own positioning.

[bookmark: _Toc237867253]Task 2.1.1  PEST Analysis

	Political
	Economic

	Tightening regulation of children’s data and AI training: the 2026 FTC COPPA amendments require separate, verifiable parental consent before a child’s data can be used to train AI models [6].
	Strong edtech monetisation: Duolingo’s revenue grew 35% YoY to $1.04B with a 72.2% gross margin, showing freemium + subscription models can scale profitably.

	Social
	Technological

	Growing demand for informal, mobile-first, gamified learning; habit-forming design (streaks, leaderboards) now expected by users [7].
	AI-native competitors are emerging that blur the line between tutoring and practice, pressuring incumbents to keep investing in personalisation.


Figure 4. PEST analysis of Duolingo, Inc.
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	Strengths
Massive user base and brand recognition (100M+ MAU, 8M+ paid subscribers); an AI/data-driven personalisation moat; a gamified engagement loop [7].
	Weaknesses
Heavy reliance on converting free users to paid subscribers; limited depth for advanced learners and real conversational practice.

	Opportunities
Expansion into new subject verticals beyond language — the same gamified, AI-personalised model could apply directly to programming education, as CodePath proposes.
	Threats
Regulatory tightening around children’s data and AI-training consent; intensifying competition from AI-native learning tools [6].


Figure 5. SWOT analysis of Duolingo, Inc.
[bookmark: _Toc237867255]Task 2.1.3  Legal & Ethical Considerations

Because Duolingo’s user base includes minors, the platform must navigate the 2026 COPPA amendments, which for the first time explicitly require separate, verifiable parental consent before a child’s data can be used to train AI models, and mandate a written data-retention policy [6]. Commentators have also raised concerns about the ethics of using engagement and behavioural data, gathered through everyday product interactions, to train commercial AI models without fully transparent disclosure to users. This is directly relevant to CodePath: as a platform whose core feature is AI-driven personalisation, it must build in explicit, separate consent for any AI-training use of learner data, data minimisation, and a published retention policy from day one, rather than retrofitting compliance once the user base includes under-18 learners.
[bookmark: _Toc237867256]Task 2.2  Innovation: Implementing CodePath in a Large Organisation
If CodePath were built and operated inside a large organisation rather than by a single developer, the practical element of the project would extend beyond the Agile/Scrum sprints described in Task 1.1.5 into the following enterprise practices and tools.


[bookmark: _Toc237867257]Task 2.2.1  Development
The project’s sprints would sit inside a wider platform engineering model, where a central platform team provides standardised, reusable building blocks — CI/CD templates, sandbox infrastructure, observability tooling — as an internal developer platform that the CodePath team consumes rather than rebuilding from scratch, reducing duplicated effort across product teams [8].
[bookmark: _Toc237867258]Task 2.2.2  Deployment
The Docker-based code-execution sandbox described in Task 1.2.1 would be containerised and deployed on Kubernetes for elastic scaling of coding-exercise workloads, orchestrated through a GitOps-style CI/CD pipeline (e.g. GitHub Actions or Azure DevOps) in which every change to the recommendation engine or sandbox configuration is automatically tested and passed through a policy-as-code gate before reaching production [9].
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Figure 6. CI/CD deployment pipeline for CodePath in a large organisation.
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Once live, the platform would rely on continuous observability (logging, tracing, alerting) to catch sandbox failures or recommendation regressions early, with DevSecOps practices embedding automated security scanning into the pipeline to keep the sandbox hardened against new attack patterns [10]. As the rule-based recommender evolves toward a full ML model (flagged as a future phase in Task 1.1.2), the organisation would adopt MLOps practices — versioned datasets and models, automated retraining pipelines, and model-drift monitoring — integrated into the same CI/CD backbone [10].
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[bookmark: _Toc237867261]Task 3.1  Developing New Skills

Taking CodePath forward gives me a structured opportunity to develop skills across the full software delivery lifecycle rather than a single narrow technique. On the technical side, I intend to strengthen full-stack development (React/TypeScript, Node.js/Express, PostgreSQL), gain hands-on experience with Docker-based sandboxing and container security, and build my first working recommendation-logic engine — an area I have only studied theoretically so far. Building a complete, documented project also directly supports employability: research on software-engineering student portfolios reports that 87% of employers rate tangible work samples above formal qualifications alone [11], and a data-driven study of student teams found that project-based, Agile coursework surfaces both technical and soft skills — communication, self-management, prioritisation — that are difficult to assess from grades alone. Running the project through the Scrum sprints planned in Task 1.1.5 will also develop project-management skills I would not get from coursework alone: backlog prioritisation, estimating under a fixed deadline, and making deliberate scope trade-offs (e.g. deferring the ML recommender, as documented in Task 1.1.2).

[bookmark: _Toc237867262]Task 3.2  Positive Impact on Society

Programming skills are increasingly treated as a foundational literacy rather than a specialist skill: UNESCO frames coding as a gateway to digital literacy that lets young people, especially girls and underrepresented groups, participate actively in a technology-driven society. At the same time, a widening digital skills gap is recognised as a barrier to employability and economic participation, particularly for underserved communities who lack structured, low-cost training pathways. CodePath’s free, browser-based, no-install design directly targets this barrier: because it requires no local setup and adapts to the learner’s pace through AI-driven recommendations rather than assuming prior knowledge, it lowers the entry barrier that keeps many beginners — particularly those without access to formal computer science education — from starting at all. Scaled beyond a student project, this kind of accessible, adaptive coding education could contribute in a small way to closing the digital skills gap that the World Economic Forum identifies as a growing constraint on economic and social mobility [12].

[bookmark: _Toc237867263]Task 3.3  Risks, Challenges and Mitigations
Three risks stand out as most likely to affect this project:
   Scope creep. As a solo developer on a fixed 8-week deadline (Task 1.1.3), it is easy to keep adding features (e.g. building the full ML recommender early) at the expense of finishing the MVP. Mitigation: the scope was deliberately fixed in Task 1.1.2 (rule-based recommender only, ML deferred), and Scrum’s sprint backlog is used to reject new requests mid-sprint rather than absorbing them immediately [13].
   Security risk in the code-execution sandbox. Running arbitrary user-submitted code is inherently dangerous if the sandbox is misconfigured, potentially exposing the host system. Mitigation: the architecture in Task 1.2.1 isolates all code execution inside resource-limited Docker containers with no direct host access, and the Task 2.2.3 DevSecOps approach adds automated security scanning to the pipeline before any change reaches production.
   Single point of failure (solo development). With one developer, illness, competing deadlines, or an underestimated task can stall the whole project with no one to cover. Mitigation: each Scrum sprint is scoped to end with a working, demonstrable increment (Task 1.1.5), so partial progress is never wasted, and the Gantt chart’s built-in overlap between stages (Task 1.1.4) gives some slack to absorb minor delays without missing the final deadline.

[bookmark: _Toc237867264]Conclusion
This reflection has set out how CodePath, an AI-personalised platform for learning programming, will be taken forward: an 8-week Agile build (Task 1) grounded in a realistic technology stack and two supporting design artefacts, positioned against a real-world comparator, Duolingo, whose PEST/SWOT profile and legal exposure around children’s data and AI (Task 2) directly inform the compliance approach CodePath must build in from the start. Beyond the technical deliverable, the project is a deliberate opportunity to build full-stack, DevOps and project-management skills that are difficult to acquire from coursework alone, while the platform’s free, adaptive, no-install design gives it a genuine — if modest — role in widening access to programming education. The main risks are well understood and already designed against: scope is fixed and deferred features documented, the code-execution sandbox is isolated by design, and the sprint structure limits the damage a single point of failure could cause. Taken together, the plan is realistic for a single-developer, fixed-deadline project, and the reflection process itself has clarified which parts of the original idea (the AI recommender in particular) are genuinely MVP-critical versus desirable future work.
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No additional appendices are included: all supporting diagrams, tables and figures (Gantt chart, system architecture, ERD, PEST, SWOT, and CI/CD pipeline) are embedded directly within the relevant task sections above.
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