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1. Narrative

Major Goals, Objectives, and Research Questions
This project set out to design, build, and empirically evaluate an AI-powered adaptive learning platform for introductory Python programming education (CS I). Many students struggle with traditional CS I instruction, which offers limited individualized feedback and does not adapt to each learner’s pace or prior preparation; meta-analyses report failure and withdrawal rates of approximately 33% in CS I worldwide. Building on a generative AI-based adaptive learning framework previously proposed by the project lead, the team developed a fully functional platform that integrates a 14-chapter mastery-based curriculum with a 5-gate progression system and a comprehensive suite of large language model (LLM)-driven tools, and conducted a within-subjects crossover pilot study to evaluate its impact on student learning and perceptions.
The study addressed three research questions:
· RQ1: Does an AI-assisted adaptive learning platform produce greater learning gains than traditional instruction in an introductory programming course, as measured by quiz scores and open-ended Q&A assessments?
· RQ2: How do students perceive the AI-assisted adaptive learning system in terms of ease of use, usefulness, self-efficacy, engagement, learning effectiveness, and satisfaction?
· RQ3: What structural relationships exist among perceived usefulness, perceived ease of use, self-efficacy, engagement, learning effectiveness, and satisfaction in the context of an AI-assisted adaptive learning system?
Research Design, Methods, and Data Analysis
The platform was built on the Django web framework (Python) and integrates the OpenAI API to power its AI-driven educational tools, which include a Python Coding Practice module, Interactive Quizzes, a Debug Lab, a Code Review tool, an Interview Preparation module, a Project Builder, and a context-aware Study Buddy assistant. Its 14-chapter mastery-based curriculum is aligned with a free, open-access Python textbook authored by School of Computing faculty and published through Affordable Learning Georgia, and each chapter enforces a 5-gate progression in which students must score 80% or higher on coding exercises, a 20-question multiple-choice quiz, and a 5-question open-text Q&A before advancing. The platform was deployed as part of the university’s Center for AI infrastructure and is publicly accessible at https://learning.mgacenterforai.org.
To evaluate the platform, the team conducted a within-subjects crossover pilot study with CS I students at a state university in the southeastern United States during the Spring 2026 semester. Students were randomly assigned to two groups; in one experimental week one group used the AI-assisted platform while the other followed the traditional classroom procedure, and the conditions were reversed in a later week so that every student experienced both modes of instruction. Each session followed a pre-test, lecture, lab, and post-test cycle. Academic performance was measured through chapter quizzes and open-text Q&A items, and student perceptions were measured with a post-experimental survey adapted from the Technology Acceptance Model and validated instruments for self-efficacy, engagement, learning effectiveness, and satisfaction; the survey scales showed strong internal consistency. Quantitative analyses included repeated measures ANOVA, independent-samples t-tests with effect-size estimates, and structural equation modeling of the survey responses.
Findings and Implications
On the multiple-choice quizzes, students who used the AI-assisted platform consistently outperformed their peers in the traditional condition, demonstrating a meaningful improvement in learning gains. On the open-ended Q&A items, the advantage of the AI-assisted condition was even more pronounced, indicating that the platform was particularly helpful for tasks that require students to construct and explain their reasoning rather than simply recognize correct answers. Across both assessments, students made significant learning gains over each instructional cycle, and although the small pilot sample limited the statistical power of formal interaction tests, the practical magnitude of the difference between conditions was substantial. Survey data analyzed with structural equation modeling revealed a coherent pattern: students’ perceptions of the platform’s usefulness strongly shaped their self-efficacy and engagement, which in turn drove perceived learning effectiveness and overall satisfaction, while surface-level ease of use played a much smaller role.
Taken together, these findings provide encouraging preliminary evidence that a generative AI-based adaptive learning platform can produce educationally meaningful gains in introductory programming, particularly on higher-order, open-ended tasks that require students to construct and explain their reasoning. The survey results suggest that the functional utility of an AI-assisted tool, rather than its surface usability, is what drives downstream effects on student confidence, engagement, perceived learning, and satisfaction. By aligning a mastery-based AI tutor with a free open-access textbook and delivering it through a publicly accessible web platform, the project also demonstrates that AI-augmented adaptive instruction can be offered at no cost to students, supporting Affordable Learning Georgia’s mission of expanding equitable access to high-quality course materials.

2. Resulting Practice Recommendations

· Pair AI-assisted adaptive tools with free or open-access textbooks so that the entire CS I learning stack – readings, practice, formative assessment, and AI tutoring – is available to students at no cost.
· Adopt mastery-based progression (e.g., an 80% proficiency gate) for coding exercises, quizzes, and open-text Q&A so that students consolidate understanding before advancing, rather than accumulating gaps in foundational concepts.
· Constrain generative AI tutors with Socratic, scaffolded prompts that provide hints and guiding questions rather than complete solutions, in order to preserve productive struggle and discourage over-reliance on AI-generated code.
· Implement guardrails against hallucination by scoping LLM responses to the current chapter content and verifying code-related outputs, since confidently stated but incorrect explanations are especially harmful to novice learners.
· Treat self-reported engagement as only one indicator of learning; in this study, engagement scores were modest even though learning gains were large, so faculty should triangulate AI-tool evaluation with objective performance data.
· Provide an instructor dashboard alongside the student-facing tools so faculty can monitor gate completion, tool usage, time on task, and assessment performance, and intervene proactively with struggling students.
· Design AI-assisted courseware with the Technology Acceptance Model in mind: prioritize perceived usefulness (clear pedagogical value tied to course outcomes), since usefulness – not surface ease of use – was the dominant driver of self-efficacy, engagement, and satisfaction in this study.
· Pilot new AI-assisted modules with a within-subjects crossover design when feasible, so that each student serves as their own control and small CS I cohorts can still yield interpretable effect sizes.

3. Future Plans
 
The team plans to continue this line of research and disseminate the findings broadly. A manuscript reporting the platform’s design and the pilot study results, titled “Development and Evaluation of an AI-Powered Adaptive Learning Platform for Introductory Programming Education,” has been completed and submitted to Issues in Information Systems (Volume 26, Issue 1, 2026), an open-access peer-reviewed journal indexed in EBSCO; this venue was selected so that the research is freely available to faculty, students, and practitioners. Conference presentations at computer science education and educational technology venues are planned to share key findings with the broader community and to gather peer feedback on next-stage design decisions.
Looking ahead, the team plans to conduct a larger-scale, full-semester comparative study to provide the statistical power needed to detect interaction effects and to test the robustness of the pilot findings across additional CS I topics. Follow-up studies will also examine which specific platform features (e.g., Debug Lab, Study Buddy, Code Review) contribute most to learning gains, in order to guide prioritized development. Work is underway to replace the OpenAI API with a fine-tuned open-source language model trained specifically on programming and CS fundamentals, which would eliminate ongoing API costs, give the team full control over model behavior, and strengthen long-term sustainability. The instructor dashboard will be expanded with additional learning analytics, including predictive indicators for at-risk students and exportable assessment reports, and the team intends to explore integration with the institutional learning management system so the platform can be embedded into existing CS course workflows. Finally, the architecture will be generalized so that other Affordable Learning Georgia institutions can adapt it for their own open-access CS curricula.

4. Supplementary Files

Three supplementary deliverables are provided alongside this final report:
· The developed AI-powered adaptive learning platform itself, which is publicly accessible at https://learning.mgacenterforai.org. The platform hosts a 14-chapter mastery-based Python curriculum, a 5-gate progression system, and a suite of AI-driven tools (coding practice, quizzes, Debug Lab, Code Review, Interview Preparation, Project Builder, and Study Buddy). It is openly available to students, faculty, and the public at no cost, and may be shared freely.
· The platform’s source code, provided as a ZIP archive of the Django application that powers https://learning.mgacenterforai.org. The archive contains the web application code, curriculum content, prompt templates for the AI tool suite, and configuration files needed to deploy a local instance. These software files can be shared with the public under an open license.
· The written research paper, “Development and Evaluation of an AI-Powered Adaptive Learning Platform for Introductory Programming Education,” provided as a Word document. The manuscript presents the full design rationale, system architecture, methodology, results, and discussion underlying this project, and has been submitted to Issues in Information Systems (Volume 26, Issue 1, 2026) for peer-reviewed open-access publication. This paper can be shared with the public.
No identifiable student data are included with this report. The de-identified pilot study datasets and analysis scripts used to generate the quantitative results reported in the accompanying manuscript are available from the project lead upon reasonable request, subject to the project’s IRB protocol; consistent with ALG policy, these data sets are not shared in the public ALG repository.


