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Abstract

When students work on self-paced, unsupervised practical assign-
ments in Machine Learning courses, teachers have little visibility
into the difficulties students encounter. In our Machine Learning
course, students completed a practical assignment using JELAI an
Al-supported programming environment. The recorded student-
Al interactions were classified into pedagogically meaningful cat-
egories and visualized in a teacher-facing dashboard. An initial
evaluation showed that teachers found the dashboard useful, while
also identifying areas for improvement. We describe our experi-
ence and discuss the potential and challenges of using student-Al
interactions to improve teaching practice.
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1 Introduction

The growing adoption of Al-supported programming environments
in computing education has created new opportunities for both
students and teachers. Tools that provide personalized on-demand
feedback allow students to work through practical assignments at
their own pace, reducing the dependence on instructor availability.
However, this independence comes at a cost: teachers lose visibility
into the difficulties students encounter, making it harder to adapt
instruction to student needs [5].

Learning analytics research has long argued that capturing and
surfacing student behavior data can meaningfully support teach-
ing [2]. Teacher-facing dashboards, in particular, have been pro-
posed as a practical mechanism for translating raw interaction data
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into actionable insights, helping instructors identify struggling stu-
dents, common misconceptions, and gaps in understanding [6]. Yet
most existing dashboards focus on behavioral metrics such as time-
on-task or submission counts, rather than the semantic content of
student questions and struggles.

The rise of Al tutoring and programming assistants introduces
a new and largely untapped data source: the questions students
ask AI while working [4, 5]. Analyzing these interactions offers
a window into student thinking that traditional log data cannot
provide. Early work on student-Al interaction analysis has shown
that such data can reveal patterns in conceptual confusion and help-
seeking behavior [1], although its application to teacher-facing
tools remains underexplored.

In this paper, we build on these strands of research by collecting
and categorizing student-Al interactions from a Machine Learning
course and presenting them through a teacher-facing dashboard. We
describe our design process, the proposed pedagogical classification
scheme, and the teachers’ initial responses to the resulting tool.

2 System Design

To visualize student-Al interactions in a teacher-facing dashboard,
we follow the pipeline shown in Figure 1. Students complete the ML
assignment in JELAI [7], a web-based environment that integrates
a Jupyter notebook interface with an Al chatbot to provide on-
demand Python programming assistance. When a student submits
a question, the chatbot returns a response while the question is
automatically classified into predefined pedagogical categories. The
labeled questions and responses are stored in a SQLite database
and retrieved for visualization in the teacher-facing dashboard.
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Figure 1: Overview of the proposed pipeline, including the
ML assignment, student questions submitted through JELAI
chatbot, question classification and visualization of the re-
sults in a dashboard.

2.1 Data Collection

We collected data during a pilot study in a second-year undergrad-
uate Machine Learning course at Delft University of Technology,
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The Netherlands. The course is mandatory for Computer Science
and Engineering students and focuses on understanding and imple-
menting core machine learning algorithms. For this study, students
were invited to complete an optional Neural Networks assignment
using JELAI [7] as their programming environment. While working
on the assignment, they could ask the chatbot questions, and all
interactions were logged for analysis with students’ informed con-
sent. A total of 13 students participated, generating 99 student-Al
interactions covering assignment clarification, code debugging, and
explanations of machine learning concepts.

2.2 Data Processing

We aim to categorize student-Al interactions into five pedagogi-
cally motivated categories [8]: Code Implementation, Concept, Error
Debugging, Contextual, and Other. To that end, we fine-tuned a
RoBERTa-base model on StudyChat [3], a publicly available dataset
of student dialogues following the same labeling scheme. We then
manually labeled our collected interactions and used them as a held-
out test set. The classifier achieved 68% accuracy, with most errors
involving the Contextual category, often confused with Concept
and Error Debugging. This likely reflects the ambiguity of student
questions, which frequently combine multiple concerns, suggesting
that multi-label classification may better capture their complexity.

2.3 Data Presentation

The dashboard prototype was developed using the Plotly Dash and
embedded into the JELAI as a JupyterHub service. It primarily relies
on visualizations to present analysis results. The dashboard con-
tains three main tabs. The Course Overview tab, shown in Figure 2,
provides aggregated insights across assignments, including cate-
gory distributions and question counts. The Assignment Overview
tab displays a selected assignment’s question distribution, rule-
based comparison with the course average, student activity time-
line, keyword cloud, question list. The Student Overview tab shows
individual statistics, including total questions, category distribution,
comparison with class average, and timeline of student questions.
A fourth tab allows teachers to adjust chatbot prompt settings, such
as system instructions, learning objectives, and assignment descrip-
tions. These tabs address 18 predefined design questions identified
with educators at the course, assignment, and student levels. The
design prioritizes at-a-glance readability and enables teachers to
identify assignment-level difficulty patterns and students who may
need additional support.

3 Expert Review

To examine whether the dashboard prototype effectively helps
teachers understand the learning difficulties students encounter
in machine learning assignments, we conducted an expert review
with 7 participants.

The results of the review indicate that participants generally
perceived the interaction-based analytics and dashboard as useful
to support their understanding of students’ learning difficulties
in machine learning assignments. They also highlighted several
limitations and areas in which the dashboard could be improved.
They expressed a desire for in-depth analysis, such as question
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Figure 2: Example screenshot of the Course overview tab in
the teacher-facing dashboard.

clustering, pattern of student questioning, and relating interactions
to assignment performance.

4 Future Work

A key direction for future work is to collect larger-scale interaction
data over a full course. This would enable a more robust analysis of
interaction patterns, better training and validation of classification
models, and exploration of whether interactions can inform timely
instructional interventions. Multi-label classification should also be
explored to better capture the complexity of student questions. Em-
bedding the dashboard in a real course over a longer period would
allow teachers to integrate analytics into their daily teaching prac-
tice. Combining interaction data with teacher feedback could reveal
how the dashboard influences instructional decisions, such as adapt-
ing lectures or lab support, moving beyond perceived usefulness
toward measurable impact. Replicating the study across multiple
machine learning courses would further support the generalization
of the findings.
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