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This design-based research study reports on a Learning Engineering (LE)
cycle embedded within the broader REAL CHEM courseware initiative,
examining how students use and perceive DOT, a generative AI tutor for
general chemistry. In Fall 2024, student awareness and engagement with
DOT were low, and interviews revealed reliance on external AI tools and
limited generative use. Guided by LE principles—human-centered design,
iterative refinement, and evidence-informed decision making—we redesigned
DOT by refining its base prompt and introducing AI Activation Points to make
the system more proactive and contextually aligned with student workflows.
Summer 2025 findings showed increased awareness, higher engagement,
and improved student satisfaction. Results illustrate how targeted, iterative
LE cycles can improve the effectiveness of AI-enabled learning supports at
scale.
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Introduction
REAL CHEM is a fully instrumented courseware environment for general chemistry developed at Carnegie Mellon University
and Arizona State University (CMU, 2022) and built around the OpenStax Chemistry 2e textbook (Flowers et al., 2009). REAL
CHEM integrates content, assessment, and analytics into a coherent instructional system designed to support student
learning, particularly for students historically underserved in STEM.

The design and evolution of REAL CHEM reflect core commitments of Learning Engineering (LE), an interdisciplinary field that
integrates learning sciences, instructional design, data, and human-centered methods to iteratively improve learning systems
through evidence (Baker et al., 2022; Goodell et al., 2023). Within this larger effort, this paper focuses on a bounded LE cycle
centered on DOT, the Digital Online Tutor.

DOT is a generative AI tutor embedded within the REAL CHEM interface. At the outset of this study, DOT functioned as an
omnipresent chat tool available to students but rarely used. This paper documents how learner data and interviews were used
to diagnose challenges related to awareness, trust, and use; inform targeted design decisions; and evaluate the impact of
those decisions.

Methods
Our methods follow a design-based research approach (Cobb et al., 2003) aligned with LE’s iterative design-test-refine cycles.
In Fall 2024, we conducted semi-structured interviews with 10 undergraduate students enrolled in REAL CHEM-supported
courses and analyzed DOT interaction logs from 473 students. Interview questions focused on awareness of DOT, use of AI
tools (e.g., ChatGPT), trust and accuracy perceptions, and decisions about when to seek AI support.

Findings from this cycle informed targeted design updates to DOT. In Summer 2025, we conducted a second round of
interviews (n=6) and analyzed interaction logs (n=172 students). Interview protocols were extended to probe student
experiences with the redesigned DOT and AI Activation Points.

Student-DOT interactions were coded into categories (e.g., content, course administration, platform issues, feedback, and
unserious conversation). Descriptive statistics were used to examine engagement patterns across cycles.

Results
In Fall 2024, student awareness and use of DOT was extremely limited. Half of interviewed students were unaware of the
feature, and only 11% of the 4,249 enrolled students interacted with DOT, most fewer than five times. Students reported relying
on external AI tools (e.g., ChatGPT, Gemini, Claude) and traditional resources such as peers, instructors, and YouTube.
Interaction data showed that queries were dominated by copied course questions (32%) and factual recall (29%), with limited
generative or explanatory use. Students also cited concerns about accuracy, verbosity, and poorly rendered mathematical
notation.

Based on these findings, we made two design changes. First, we refined DOT’s base prompt to prioritize concise, stepwise
explanations, avoid directly providing final answers, and reduce mathematical and formatting errors. Second, we introduced AI
Activation Points—structured moments where DOT proactively engages students at key points in the courseware—to improve
visibility and alignment with student workflows.
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Summer 2025 findings showed substantial improvement. All interviewed students were aware of DOT, overall interaction rates
increased to 36.2%, and student satisfaction ratings averaged 4.5/5. Activity-level and open-ended Activation Points were
perceived as timely and helpful, while page-level activations showed low engagement, suggesting the importance of precise
timing. Copying and pasting course questions into DOT decreased.

Discussion
These findings demonstrate how a focused LE cycle can improve student engagement with AI tutors embedded in
courseware. Rather than treating DOT as a static feature, learner data and qualitative insights were used to guide targeted,
human-centered design decisions and evaluate their impact. Results help explain why students often prefer general-purpose AI
tools over course-specific tutors and show how intentional design—proactivity, contextual relevance, and workflow alignment—
can narrow that gap.

More broadly, this study illustrates the value of nested LE cycles within large-scale courseware initiatives, enabling systematic
improvement of AI-enabled supports while remaining responsive to student needs.
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