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WIP: Integrating Reflective and Ethical Generative Al Chatbot to Enhance Learning in
Online Engineering Education

1. Introduction

Engineering education is fundamentally practice-driven and iterative: students learn by applying
concepts across varied problems, articulating assumptions, and evaluating trade-offs. In
asynchronous online courses, providing sustained, individualized feedback that supports this type
of reasoning is challenging because instructor interaction is necessarily limited [1]. Large language
models (LLMs) and conversational agents offer a potential mechanism for scaling formative
dialogue, but generic chatbots often provide solutions without pedagogical scaffolding, which can
reinforce passive, answer-seeking behavior [2].

Prior research on artificial intelligence, supported learning in engineering education highlights
both instructional potential and pedagogical risk, particularly in introductory and online contexts.
Early work on intelligent tutoring systems demonstrated that adaptive dialogue and automated
feedback can improve engagement and conceptual understanding when aligned with learning
objectives and grounded in cognitive theory [3], [4].

Recent work highlights the role of data-driven and analytics-based approaches in improving
student engagement and learning in online engineering education [5]-[7]. Studies on LLMs
emphasize their ability to support explanation, reflection, and iterative reasoning, yet caution that
unstructured use may promote surface learning, shortcut problem solving, and reduce epistemic
effort [8], [9]. In higher education, scholars have noted growing concerns about academic integrity
and overreliance on generative Al, particularly in foundational courses where students are still
developing professional judgment and problem-framing skills [10]-[12]. Advances in artificial
intelligence and continual learning systems further support adaptive knowledge representation and
scalable instructional design [13]-[16]. In parallel, research emphasizes experiential, simulation-
based, and industry-aligned learning environments as essential for developing professional skills
and preparing students for complex engineering challenges [17]-[20].

Ethics education research consistently underscores the importance of scenario-based learning,
reflective writing, and guided discussion to foster ethical sensitivity, stakeholder awareness, and
principled decision-making [21], [22]. Accreditation and professional bodies similarly emphasize
that ethical reasoning must extend beyond rule memorization to include contextual analysis and
justification [23], [24]. While conversational agents have been explored in higher education to
support reflection and metacognition [25]-[27], few studies examine discipline-specific chatbots
explicitly designed around professional codes of ethics in engineering. Consequently, there
remains a gap in the literature regarding how scaffolded, ethics-focused conversational agents can
be integrated into introductory engineering courses to support ethical reasoning without displacing
student ownership of analysis, an issue this study begins to address.

This work-in-progress (WIP) reports the design and early implementation of a discipline-specific
ethical reasoning chatbot. The chatbot is framed as an “ethics mentor” grounded in the National
Society of Professional Engineers (NSPE) Code of Ethics [24], embedded in Introduction to
Engineering (ENGR 101).



2. Theoretical framework

This design is guided by two complementary foundations: metacognitive reflection and scenario-
based ethical reasoning. Reflection supports students in monitoring their thinking, integrating
conceptual and procedural knowledge, and evaluating the validity of their solutions.

In engineering education, reflective activities help students surface assumptions, connect
mathematical reasoning to physical intuition, and strengthen transfer across contexts [28]. At the
same time, reflection is frequently underemphasized due to time constraints and the prevalence of
solution-focused instruction, motivating structured supports that can be embedded directly within
coursework. Ethical reasoning is also central to professional formation and is stated in ABET
student outcomes related to ethical and professional responsibility. Effective ethics instruction
requires guided engagement with authentic dilemmas where technical, environmental, human, and
societal factors intersect. Scenario-based learning is important as it requires students to justify
trade-offs and consider stakeholder perspectives, rather than merely recalling a professional code.

A key implication for generative Al is that conversational fluency is not equivalent to instruction.
LLMs are not inherently pedagogical and can provide answers without scaffolding, reinforcing
passive learning unless intentionally designed around disciplinary reasoning and structured
prompts. Accordingly, the chatbot described in this WIP adopts a discipline-specific design
philosophy: it is structured around ethical reasoning practices (issue framing, evidence-based
justification, code mapping, and professional action planning) rather than answer generation.

Instruction follows a practice-to-application structure: students first use the chatbot with a practice
case to learn the interaction format, then apply the same reasoning structure to a course-adopted,
real-world ethical scenario that has been used previously in ENGR 101 as a written ethics
assignment. Figure 1 shows the instructional sequence for chatbot-supported ethical reasoning
activities in the Introduction to Engineering ethics module.
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Figure 1: Instructional sequence for chatbot-supported ethical reasoning activities in the ENGR 101.
3. Preliminary results

The chatbot is implemented in ENGR 101 as part of the Engineering Code of Ethics module
through a custom web application embedded within the course learning management system.
Students complete the chatbot activity within the course environment and submit the resulting
transcript as their assignment artifact. The chatbot follows an assignment-aligned sequence
intended to generate a submission-ready reasoning trace. First, students summarize the case
(stakeholders and central dilemma) and the chatbot probes for missing elements to ensure a
sufficiently detailed starting point. Next, it supports “engineer role framing” by prompting students



to identify likely engineering responsibilities and constraints (e.g., scope, client pressure,
schedule/budget, and regulatory requirements). Students then select at least two NSPE
Fundamental Canons they judge relevant and justify why they apply using specific case details; if
students struggle, the chatbot provides limited hints but does not choose for them.

Engineering Code of Ethics Mentor
Total tokens remaining for the course: 43892 Help & FAQ Reset Chat Export Chat ~
a
Welcomel! I'm Engineering Code of Ethics Mentor, your guide for exploring professional dilemmas using the NSPE Engineers’ Code of
Ethics—with scenarios grounded in aerospace and aviation contexts. I'll help you think through stakeholders, risks, professional duties.
and how specific parts of the Code apply
To get started, just tell me what you'd like to do. For example, you might type:
“Let’s do a practice case.”
I'll generate an interactive scenario and guide you through 4-5 decision points.
“Let's do a practice case about [topic].”
e.g., “Let's do a practice case about flight test data integrity,” or *...about schedule pressure vs safety.”
“Ethics check: [your situation].” (please anonymize—no names, company/org details, or proprietary info)
e.g., “Ethics check: I'm an intern and my supervisor asked me to sign off on resulis | didn’t verify._"
You can also say, “I'm unsure which Code sections apply to.._,” and we’ll map it together.
[ Let's do a practice case J
v
<)

Figure 2: The screenshot of the chatbot used in the ENGR 101 course, Ethics Module

Figure 2 shows the chatbot environment for Engineering Code of Ethics, implemented in ENGR
101. The core analytic portion is an iterative Ethics Map. For each canon selected, students
articulate (1) what the provision requires or prohibits in their own words, (2) which case facts
connect to that duty, and (3) what engineers might have done or failed to do, explicitly noting
where evidence is insufficient. To preserve student ownership, the chatbot uses open-ended
questions and nudges; when students ask for a single correct answer, the chatbot redirects them
toward constructing a defensible argument grounded in the NSPE Code and case evidence. The
final stages focus on professional decision-making and reflection, including communication,
documentation/escalation if overruled, and boundaries around refusal to approve or seal work.

Figure 3 shows the month-by-month percentage of ethics discussion in ENGR 101 students
scoring >80%, comparing 2022-23, and 202425, (before and after emergence of Al) with the y-
axis constrained to 70-100% to emphasize variation. Across both academic periods, student
performance remains consistently high, generally clustering in the upper-80s to mid-90s range.
The 202223 line shows relatively stable performance across months, with a slight dip in the spring
and fall terms but overall limited variability. In contrast, 2024-25 exhibits greater month-to-month
fluctuation, including a noticeable decline in early spring followed by recovery in later terms.
Overall, the figure highlights that while high achievement is sustained in both periods, 2024-25
displays increased variability compared to the more stable pattern observed in 2022-23, a
difference that becomes more apparent with the tighter y-axis scaling.
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Figure 3: The month-by-month percentage of Ethic Discussion in ENGR 101 for students scoring >80%, before and
after emergence of Al

Because the project is in an initial phase, preliminary results are necessarily focused on feasibility
and on the planned evaluation strategy rather than validated learning gains. The instructional
design enables an exploratory comparison of student responses to the same ENGR 101 ethics
scenario under two conditions: (1) prior offerings without chatbot guidance (baseline) and (2)
current offerings with chatbot support (intervention). Performance will be evaluated using the
existing assignment rubric emphasizing ethical issue identification, stakeholder recognition,
justification using ethical principles or professional codes, and clarity/coherence of reasoning.
Student perceptions will be collected via a short voluntary survey with Likert-scale and open-
response prompts designed to capture whether the chatbot influenced ethical trade-off thinking and
stakeholder awareness.

4. Conclusions

This WIP introduces a discipline-specific ethical reasoning chatbot integrated into an online
Introduction to Engineering ethics module. The design addresses a core limitation of generic LLM
chatbots, answer generation without learning scaffolds, by structuring ethical reasoning as a guided
process: case framing, role and constraint identification, explicit mapping to NSPE canons,
iterative justification through an Ethics Map, and professional action planning. Grounded in
metacognitive and scenario-based ethics frameworks, the chatbot is intended to function as a
learning partner that preserves student ownership of the argument while extending formative
dialogue into asynchronous settings. Next steps include implementing the planned descriptive
comparison between baseline and chatbot-supported cohorts using rubric-based scoring,
qualitative review of written responses, and analysis of anonymized transcripts and survey
feedback to identify patterns in how students frame issues, justify decisions, and incorporate
stakeholder considerations. Findings will inform iterative refinement of prompt structure, scenario
framing, and integration timing to strengthen how conversational scaffolds support ethical
reasoning in introductory engineering education.
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