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Supplementary SA: Intervention Survey
Instructions:
This survey aims to assess your initial perceptions regarding ethical decision-making training. Your responses will remain confidential and will only be used for research purposes. Please answer all questions honestly.
Section 1: Likert Scale Questions
For the following questions, please indicate your level of agreement or perception on a scale of 1 to 5, where:
1 = Strongly Disagree / Very Poor
2 = Disagree / Poor
3 = Neutral / Moderate
4 = Agree / Good
5 = Strongly Agree / Excellent
1. How interested are you in the training materials and methods provided?
☐ 1 - Not interested at all
☐ 2 - Slightly interested
☐ 3 - Neutral
☐ 4 - Moderately interested
☐ 5 - Very interested
2. How do you rate your current ethical decision-making skills?
☐ 1 - Very poor
☐ 2 - Below average
☐ 3 - Average
☐ 4 - Above average
☐ 5 - Excellent
3. How satisfied are you with the feedback and evaluation you have received in past training?
☐ 1 - Very dissatisfied
☐ 2 - Dissatisfied
☐ 3 - Neutral
☐ 4 - Satisfied
☐ 5 - Very satisfied
Section 2: Open-Ended Question
4. Please describe your personal experience with ethical decision-making skills training so far.
(You may include details about previous training, challenges faced, or aspects you found useful.)








Thank you for your participation!
[bookmark: _Hlk200791530]Supplementary SB: Ethical Decision-Making Evaluation Rubric
Instructions for Evaluators:
For each criterion, select the score that best represents the student's performance. Each level contains three subcategories to ensure precision in assessment. The final score is the sum of all selected values across the seven criteria. The total score is then converted to a 0-100 scale using the calculation provided at the end.
Student Name: _____________________________________________________
Evaluator Name: ___________________________________________________
Date: _____________________________________________________________
1. Recognition of Ethical Dilemmas
Identifies and describes ethical dilemmas with clarity and precision.
☐ 100 - Demonstrates a superior understanding, identifying dilemmas with exceptional clarity and depth.
☐ 95 - Provides an exceptional and nuanced analysis of ethical dilemmas.
☐ 90 - Identifies all ethical dilemmas with thorough explanation and precise reasoning.
☐ 89 - Well-structured identification with minor gaps in analysis.
☐ 80 - Clearly describes ethical dilemmas, but lacks some depth.
☐ 70 - Identifies most ethical dilemmas with adequate explanation.
☐ 69 - Identifies dilemmas but lacks supporting argumentation.
☐ 60 - Recognizes ethical issues but provides limited detail.
☐ 50 - Identifies some ethical dilemmas but lacks clarity and precision.
☐ 49 - Shows weak understanding with limited engagement.
☐ 40 - Briefly mentions ethical dilemmas but lacks analysis.
☐ 30 - Recognizes few ethical dilemmas with minimal explanation.
☐ 29 - Recognizes some aspects but lacks clarity.
☐ 20 - Identifies one dilemma without justification.
☐ 10 - Attempts to identify but lacks coherence.
☐ 0 - Fails to recognize ethical dilemmas or provides inadequate explanation.
2. Evaluation of Alternatives
Analyzes multiple alternatives, considering their advantages and disadvantages.
☐ 100 - Demonstrates a deep, critical analysis of all possible alternatives.
☐ 95 - Provides a well-structured, comparative evaluation of multiple alternatives.
☐ 90 - Analyzes all alternatives comprehensively, considering both advantages and disadvantages.
☐ 89 - Strong comparative assessment with minor gaps.
☐ 80 - Evaluates multiple alternatives but lacks depth in some areas.
☐ 70 - Analyzes most alternatives with adequate consideration of advantages and disadvantages.
☐ 69 - Provides limited analysis with minimal engagement.
☐ 60 - Evaluates a few alternatives but does not compare effectively.
☐ 50 - Analyzes some alternatives but lacks depth.
☐ 49 - Shows weak understanding of alternative options.
☐ 40 - Mentions alternatives but lacks reasoning.
☐ 30 - Considers few alternatives with minimal analysis.
☐ 29 - Recognizes some aspects but lacks clarity.
☐ 20 - Identifies alternatives without justification.
☐ 10 - Attempts analysis but lacks coherence.
☐ 0 - Fails to consider alternatives or provides inadequate analysis.

3. Justification of Decisions
Provides logical and well-supported justifications for decisions made.
☐ 100 - Offers an exceptionally well-structured, evidence-based justification.
☐ 95 - Demonstrates advanced reasoning with clear argumentation.
☐ 90 - Provides thorough, logical justifications supported by strong evidence.
☐ 89 - Strong logical reasoning with minor weaknesses.
☐ 80 - Justifies decisions effectively but lacks depth.
☐ 70 - Provides adequate justifications with some supporting evidence.
☐ 69 - Justifications are incomplete or weakly articulated.
☐ 60 - Some reasoning is given, but lacks clarity and evidence.
☐ 50 - Justifications are present but lack strong support.
☐ 49 - Weak reasoning with limited support.
☐ 40 - Attempts justification but lacks coherence.
☐ 30 - Provides minimal justifications with weak evidence.
☐ 29 - Recognizes reasoning but lacks clarity.
☐ 20 - Provides minimal reasoning with no supporting evidence.
☐ 10 - Identifies decision without justification.
☐ 0 - Fails to provide justifications or provides illogical ones.
4. Consideration of Consequences
Considers both short-term and long-term consequences of decisions.
☐ 100 - Provides a sophisticated, in-depth analysis of consequences.
☐ 95 - Clearly distinguishes between immediate and future impacts.
☐ 90 - Thoroughly considers both short-term and long-term consequences.
☐ 89 - Strong analysis with minor gaps.
☐ 80 - Recognizes multiple consequences but lacks detailed evaluation.
☐ 70 - Adequately considers consequences but may miss some aspects.
☐ 69 - Provides limited analysis of consequences.
☐ 60 - Identifies basic consequences but does not elaborate.
☐ 50 - Considers consequences but lacks depth.
☐ 49 - Shows weak consideration of consequences.
☐ 40 - Briefly acknowledges consequences but lacks depth.
☐ 30 - Minimally considers consequences.
☐ 29 - Limited understanding of consequences.
☐ 20 - Attempts to analyze but lacks coherence.
☐ 10 - Recognizes only one consequence.
☐ 0 - Fails to consider consequences.
5. Contextualization of Cases
Understands and integrates ethical decisions within broader social, technical, and environmental contexts.
☐ 100 - Contextualizes the case within multiple frameworks, demonstrating deep insight.
☐ 95 - Offers a structured, well-supported contextual analysis.
☐ 90 - Thoroughly contextualizes the case within its broader environment.
☐ 89 - Strong contextual understanding with minor gaps.
☐ 80 - Recognizes context but lacks detailed exploration.
☐ 70 - Adequately contextualizes the case but may miss some broader implications.
☐ 69 - Provides a limited contextual analysis.
☐ 60 - Identifies basic context but does not expand on it.
☐ 50 - Contextualizes the case but lacks depth.
☐ 49 - Weak integration of context into the decision.
☐ 40 - Mentions context but fails to analyze its relevance.
☐ 30 - Minimally contextualizes the case.
☐ 29 - Limited recognition of broader implications.
☐ 20 - Attempts contextualization but lacks coherence.
☐ 10 - Recognizes some context but does not apply it.
☐ 0 - Fails to contextualize the case.
6. Application of Ethical Principles
Identifies and applies relevant ethical principles to the case.
☐ 100 - Demonstrates a superior understanding and application of ethical principles, integrating multiple perspectives and justifying decisions with strong theoretical support.
☐ 95 - Provides a well-structured analysis and application of ethical principles, with minor gaps in theoretical justification.
☐ 90 - Identifies and thoroughly applies relevant ethical principles, demonstrating strong reasoning and alignment with ethical frameworks.
☐ 89 - Applies ethical principles effectively, with minor inconsistencies in reasoning.
☐ 80 - Identifies and applies ethical principles, but lacks depth in explanation.
☐ 70 - Adequately applies ethical principles but may not fully align with theoretical frameworks.
☐ 69 - Identifies ethical principles but demonstrates only basic application.
☐ 60 - Applies some ethical principles, but does not fully justify their relevance.
☐ 50 - Applies ethical principles but lacks depth in analysis and coherence.
☐ 49 - Shows weak application of ethical principles, lacking a structured approach.
☐ 40 - Mentions ethical principles but does not demonstrate understanding of their relevance.
☐ 30 - Minimally applies ethical principles without providing sufficient justification.
☐ 29 - Limited application of ethical principles, with unclear reasoning.
☐ 20 - Attempts application but lacks coherence and depth.
☐ 10 - Recognizes ethical principles but does not apply them to the case.
☐ 0 - Fails to identify or apply ethical principles in the case.
7. Assessment of Social Impact
Evaluates the social impact of decisions on various stakeholders.
☐ 100 - Provides a sophisticated, in-depth analysis of the social impact, considering diverse stakeholder perspectives and long-term implications.
☐ 95 - Demonstrates strong awareness of social impact, analyzing multiple stakeholder perspectives with minor gaps in evaluation.
☐ 90 - Thoroughly evaluates social impact on all relevant stakeholders, integrating ethical considerations and potential consequences.
☐ 89 - Strong evaluation of social impact, with minor omissions in stakeholder analysis.
☐ 80 - Adequately evaluates social impact, but lacks depth in certain areas.
☐ 70 - Recognizes and evaluates social impact on most stakeholders, though some considerations are underdeveloped.
☐ 69 - Identifies some social impacts but lacks depth in stakeholder analysis.
☐ 60 - Evaluates social impact but does not fully assess long-term implications.
☐ 50 - Identifies social impact but provides a minimal explanation of its relevance.
☐ 49 - Shows weak understanding of social impact, with limited discussion of stakeholders.
☐ 40 - Briefly acknowledges social impact but lacks meaningful analysis.
☐ 30 - Minimally evaluates social impact without discussing key stakeholders.
☐ 29 - Limited assessment of social consequences, lacking coherence.
☐ 20 - Attempts to analyze impact but lacks structure and clarity.
☐ 10 - Recognizes the concept of social impact but does not apply it to the case.
☐ 0 - Fails to evaluate the social impact of decisions.



Final Score Calculation
· Step 1: Sum the selected values across all seven criteria.
· Step 2: Convert the total score to a 0-100 scale using the following formula:
Final Score = (Total Score / 700) × 100

Final Score = ___________________
Grading Scale
· 90-100: Excellent performance
· 80-89: Strong performance with minor areas for improvement
· 70-79: Satisfactory, but needs further development
· Below 70: Needs significant improvement in ethical decision-making skills















[bookmark: _Hlk208038658]Supplementary SC: Ethical Decision-Making Simulation –Control & Experimental Groups
This appendix provides condition-specific materials for both the Experimental group (AI–VR) and the Control group (non-VR, instructor-led role-play). Both conditions share the same scenario, learning objectives, and assessment rubric (see Additional file 1, Appendix B). Timing, turn counts, and decision requirements are kept comparable across conditions.
SC1. Shared scenario context (applies to both conditions)
Students address an AI-driven loan approval system accused of discriminatory outcomes. The exercise simulates an emergency board meeting at [Company Name], where the student acts as Ethics Advisor and must reach a defensible decision under legal, financial, and social pressures.
SC2. Experimental condition: AI–VR with Avatar Prompts
SC2.1 System prompt (copy/paste into the VR/AI platform)
	You are simulating an emergency board meeting at [Company Name] regarding an AI-driven loan approval system that shows discriminatory outcomes. The student is the Ethics Advisor.

Objectives:
- Elicit recognition of the ethical dilemma.
- Probe analysis of alternatives (pause, modify, defend; oversight; remediation).
- Elicit justification grounded in ethical principles and stakeholder impacts.
- Challenge reasoning with realistic pushback.
- Conclude with a decision and rationale.

Simulation rules:
- Keep a professional tone; 1–2 turns per stakeholder, ≤ 80 words each.
- Adapt difficulty to the student’s responses; avoid giving the answer.
- Surface legal, financial, and social trade-offs; avoid implausible technical claims.

Stakeholder personas (draw from as needed): CEO, CFO, Legal Counsel, Consumer Advocate, AI Engineer, Investor Representative.

Flow:
1) CEO frames urgency and problem.
2) CFO and Legal present financial/legal risks.
3) Consumer Advocate and AI Engineer challenge assumptions and remedies.
4) Twist: breaking news increases public scrutiny; reassess.
5) CEO requests a final decision; student justifies.
6) Close with performance summary: 2 strengths + 2 targets (recognition, alternatives, justification, consequences, social impact).


SC2.2 Avatar turn templates (examples)
· CEO (opening): "Thank you for joining on short notice. Our loan algorithm appears to deny a higher rate of applications from marginalized communities. We need your ethical recommendation—pause, modify, or defend—and why."
· CFO: "Pausing the system could cost millions this quarter. What safeguards would justify that expense?"
· Legal Counsel: "Regulators may view inaction as negligence. Which immediate steps reduce liability?"
· Consumer Advocate: "What remedy addresses the harm already caused? How will you prevent recurrence?"
· AI Engineer: "Mitigation may require reweighting features and new data collection. What’s your acceptable timeline and governance?"
· CEO (decision): "State your final recommendation and the ethical principles guiding it."
SC2.3 Interaction flow (experimental)
1. Introduction → frame urgency and assign roles.
2. Financial/legal risks foregrounded by CFO and Legal.
3. Stakeholder pushback → fairness, bias, feasibility constraints.
4. Unexpected twist → public scrutiny escalates.
5. Final justification → student provides decision with ethical, legal, and business rationale.
6. AI-generated feedback → 2 strengths + 2 targets aligned with rubric dimensions.

[bookmark: _Hlk208038472]Fig. SC1. User Interface of the VirtualSpeech Platform for AI-Driven Role-Play
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SC3. Control condition: Instructor-led role-play (non-VR)
SC3.1 Facilitator script (copy/paste into the VR/AI platform)
	Facilitator opening (read aloud):
“We have convened an emergency board meeting at [Company Name]. An AI-driven loan approval system appears to yield discriminatory outcomes. You are the Ethics Advisor. Your task is to reach a defensible decision—pause, modify, or defend—and justify it considering legal, financial, and social impacts.”

Instructions to participants:
- We will simulate 1–2 turns per stakeholder persona.
- Keep each contribution under 80 words.
- Avoid giving the answer away; challenge reasoning and request justification.
- The final minute is for your decision and rationale.

Turn protocol:
1) CEO frames urgency and problem.
2) CFO and Legal present financial/legal risks.
3) Consumer Advocate and AI Engineer challenge assumptions and remedies.
4) Twist: breaking news increases public scrutiny; reassess.
5) CEO requests a final decision; student justifies.
6) Facilitator delivers a brief summary using the rubric dimensions: recognition, alternatives, justification, consequences, social impact.


SC3.2 Role cards (handouts)
· CEO — Prioritizes reputation and stakeholder trust; requests a clear decision and rationale.
· CFO — Emphasizes financial risk, continuity of operations, and investor expectations.
· Legal Counsel — Focuses on compliance, regulatory exposure, and litigation risk.
· Consumer Advocate — Centers fairness and harm to marginalized groups; demands concrete remedies.
· AI Engineer — Discusses model limitations, data bias, and feasible mitigation options.
· Investor Representative — Presses for swift, market-calming action and governance clarity.
SC3.3 Interaction flow (control)
1. Introduction → facilitator assigns roles and sets word limit.
2. Financial/legal risks raised by CFO and Legal.
3. Stakeholder pushback → fairness, bias, feasibility constraints.
4. Unexpected twist → public scrutiny escalates.
5. Final justification → student provides decision with ethical, legal, and business rationale.
6. Facilitated feedback → brief oral summary mapped to rubric dimensions (no AI-generated feedback).
SC3.4 Materials for control condition
· Printed role cards (C3.2), one per stakeholder.
· Timer or phone stopwatch (to enforce ≤ 80 words/turn).
· Facilitator guide (C3.1) with the twist prepared on a separate slip.
· Rubric excerpt for quick debrief (see Additional file 1, Appendix B).
SC4. Post-exercise reflection questions (both conditions)
· What was the core ethical issue in this scenario?
· Which stakeholders were most affected, and how did their perspectives shape your reasoning?
· What decision did you make and why?
· Which alternatives did you consider or reject, and on what basis?
· What are the short- and long-term social impacts of your decision?
· If you had completed the other modality (VR vs. role-play), how might your experience differ?
SC5. Fidelity and parity across conditions
Keep number of turns, word limits, and decision requirements comparable across conditions. Use the same scoring rubric (Appendix B) for both groups. The experimental condition receives AI-generated feedback (2 strengths + 2 targets), whereas the control condition receives a brief facilitator summary mapped to the same dimensions.







[bookmark: _Hlk208038693]Supplementary SD: Preliminary Statistical Assumptions Check
Prior to conducting inferential analyses, key statistical assumptions were evaluated. The Shapiro–Wilk tests confirmed that score distributions did not significantly deviate from normality in either group; for example, the experimental group’s post-intervention scores yielded W = 0.991, p = .57, and all other cases showed similarly non-significant results. Similarly, Levene’s test indicated homogeneity of variances between the control and experimental groups at both the pre-intervention (F = 0.675, p = .41) and post-intervention phases (F = 0.813, p = .37). As detailed in Table 6, these results support the use of parametric tests, validating the subsequent application of paired- and independent-sample t-tests to assess the intervention’s impact on ethical decision-making competencies.

[bookmark: _Hlk208038499]Table SD1. Assumption Tests for Normality and Homogeneity of Variances
	Test
	Group
	Phase
	Statistic
	p-value
	Interpretation

	Shapiro–Wilk Normality Test
	Control
	Pre-Intervention
	0.961
	p= 0.12
	Normality assumed

	
	Control
	Post-Intervention
	0.974
	p= 0.32
	Normality assumed

	
	Experimental
	Pre-Intervention
	0.980
	p= 0.24
	Normality assumed

	
	Experimental
	Post-Intervention
	0.991
	p= 0.57
	Normality assumed

	Levene’s Test of Equality
	Both Groups
	Pre-Intervention
	0.675
	p= 0.41
	Homogeneity of variances assumed

	of Variances
	Both Groups
	Post-Intervention
	0.813
	p= 0.37
	Homogeneity of variances assumed



Note. p-values > .05 in Shapiro–Wilk and Levene’s tests indicate normality and homogeneity of variances, supporting the use of parametric tests.
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