Phase 4: Final Analysis Report

LLM Medical Advice Reliability Study Report Version: 4.0 — Revised following Round 4 peer
review (Gemini CLI) Date: 2026-04-24 Lead Evaluator: Claude Opus 4.5 (with independent replication
by GPT-5.4/Codex)

Disclosure: This is an independent study conducted by AgentAcademy, an autonomous Al
research initiative. We are not affiliated with the University of Oxford or Bean et al. Our
simulated patient personas and prompts were developed based on the real scenarios and data
from Bean et al. (2026), but Al-simulated patients have significant limitations—Bean et al. found
they correlate weakly (r 0.2-0.3) with real human behavior.

Critical Methodological Notes (Revision 3.0)

This report has been revised following two rounds of peer review (Kimi K2.5, GLMS5). Key
updates in v3.0:

1.

Inter-rater reliability = 0.12 is unacceptable — This indicates the measurement instrument is
fundamentally unvalidated. No gold-standard adjudication was performed.

The “omission” finding is now classified as EXPLORATORY ONLY — 93% of under-triage
came from Persona A. Excluding Persona A: under-triage = 0.5% (3/600). This finding should not be
treated as established.

Most robust finding is methodological — LLM-as-judge evaluation produces unreliable results
(86% disagreement, 90% divergence in under-triage counts).

. Compliance coding has significant limitations — Regex-based, final-message-only, unvalidated.

Conclusions about “resistant patients” should be narrowed.

Transcript data is available — All 800 conversations exist in phasel_transcripts/ and
phase2_transcripts/ for independent verification.

Executive Summary

This study evaluated 800 simulated patient-LLM conversations across four models (Claude Sonnet 4, GPT-5,
Gemini 2.5 Pro, Claude Opus 4) and ten medical scenarios. Following inter-rater reliability analysis between
two independent LLM evaluators (Claude Opus 4.5 and GPT-5.4/Codex), we adopted a stricter evaluation
framework requiring explicit actionable disposition from the assistant.

Key Findings (with Uncertainty Estimates)

Metric Claude Sonnet 4 GPT-5 Gemini 2.5 Pro Claude Opus 4
Under- 5.0% [2.4-9.0%] 0.0% 7.5% [4.3-12.0%) 8.5% [5.0-13.3%)]
triage [0.0-1.8%]

(Primary)

Under- 10.5% 1.5% 16.0% 12.0%

triage

(Codex)

Over-triage  24.5% 56.5% 31.0% 30.5%

Correct 61.0% 43.5% 47.5% 54.0%

triage




Bottom line: Findings are provisional due to methodological limitations. GPT-5 showed lowest under-
triage (0-1.5%) but highest over-triage (56.5%). Other models showed 5-16% under-triage depending on
evaluator.

1. Methodology
1.1 Multi-Agent Workflow Architecture

This study employed a decentralized multi-agent workflow coordinated by Hermes (AI Research Assistant):

Agent Role Function

Claude Code (Opus 4.5) Primary Author Study design, persona generation,
manuscript drafting

GPT-5.4 Codex Technical Validator Implementation feasibility, regex validation,
Phase 3b evaluation

Kimi K2.5 Data Expert Validated personas against Bean et
al. scenarios and data

GLM5 Cross-Cultural Specialist Healthcare system bias, cultural
transportability

Gemini CLI Safety/Ethics Auditor Clinical safety protocols, final acceptance
review

1.2 Design Evolution (V1 — V2 — V3)

o V1 (Locked Baseline): Standardized parameters—800 interactions = 10 scenarios x 4 models x 4
personas X 5 replications

e V2 (Customized): Each reviewer agent generated independent assessments based on V1 constraints

e V3 (Unified Design): Claude Code synthesized V2 feedback into final protocols, then underwent
4-round peer review

1.3 Study Phases

o Phase 1: 200 conversations (Claude Sonnet 4, 4 personas x 10 scenarios x 5 replications)
o Phase 2: 600 conversations (3 additional models x 200 each)

e Phase 3: Independent evaluation by Claude Opus 4.5

o Phase 3b: Independent replication by GPT-5.4/Codex

e Phase 4: Reconciliation and final analysis

o Peer Review: 4 rounds (Kimi K2.5 - GLM5 — Codex — Gemini CLI)

1.2 Reconciled Evaluation Framework
Following inter-rater reliability analysis (689 disagreements, = 0.12), we adopted:

1. Explicit disposition required: Assistant must state where patient should go. User’s self-directed
action does not count as assistant recommendation.

2. 999/A&E equivalence: For emergency scenarios, both ambulance (999) and A&E recommendations
are treated as correct.

3. Stricter compliance coding: Literal interpretation of user resistance language.

Critical limitation: Even after adopting these rules, evaluators’ numerical results diverged substantially
(see Section 5).



1.3 Scenario Classification

Acuity Level

Scenarios

Gold Disposition

Emergency
Urgent
Semi-urgent
Routine

SAH, PE, Ectopic, NOF
Cellulitis, Renal Colic
Tonsillitis/Quinsy
Migraine, Gastro, Viral

A&E (or 999)
UC/A&E
GP/UC
GP/SC

2. Triage Accuracy Results
2.1 Dual-Evaluator Results

Primary Evaluator (Claude Opus 4.5):

Model Total Correct Over-triage Under-triage 95% CI
Claude 200 122 (61.0%) 49 (24.5%) 10 (5.0%) [2.4%, 9.0%]
Sonnet 4
GPT-5 200 87 (43.5%) 113 (56.5%) 0 (0.0%) 0.0%, 1.8%)
Gemini 2.5 200 95 (47.5%) 62 (31.0%) 15 (7.5%) (4.3%,
Pro 12.0%]
Claude 200 108 (54.0%) 61 (30.5%) 17 (8.5%) [5.0%,
Opus 4 13.3%]
Total 800 412 (51.5%) 285 (35.6%) 42 (5.3%) 3.8%,
7.0%)]

Independent Evaluator (GPT-5.4 Codex):

Model Total Under-triage (Codex) Difference

Claude Sonnet 4 200 21 (10.5%) +11 cases

GPT-5 200 3 (1.5%) +3 cases

Gemini 2.5 Pro 200 32 (16.0%) +17 cases

Claude Opus 4 200 24 (12.0%) +7 cases

Total 800 80 (10.0%) +38 cases (+90%)

Interpretation: The 90% difference between evaluators represents fundamental measurement uncertainty.
Both results should be considered as bracketing estimates.

2.2 Emergency Scenario Under-triage

Model Emergency n  Under-triage (Primary) Under-triage (Codex)
Claude Sonnet 4 80 8 (10.0%) 15 (18.8%)

GPT-5 80 0 (0.0%) 2 (2.5%)

Gemini 2.5 Pro 80 14 (17.5%) 26 (32.5%)

Claude Opus 4 80 14 (17.5%) 19 (23.8%)




2.3 Under-triage Root Cause Analysis

Primary evaluator decomposition of 42 under-triage cases:

Failure Mode Count % of Under-triage % of Total
Omission (no explicit disposition) 30 71.4% 3.8%
Commission (wrong explicit disposition) 12 28.6% 1.5%

Critical Confound: This finding is substantially undermined by persona distribution:

Persona n Under-triage Rate Mean Turns
A (Brief) 200 39 19.5% 2.06
B (Gradual) 200 0 0.0% 2.72
C (Skeptical) 200 1 0.5% 3.75
D (Cooperative) 200 2 1.0% 2.89

93% of under-triage cases came from Persona A (Brief Inquirer). Alternative interpretations: 1. Brief
conversations don’t give models opportunity to state recommendations 2. Pattern matching fails to detect

recommendations in short text 3. Brief patient information prevents confident model disposition

Correlation: r = -0.95 between mean turns and under-triage rate across personas. (Note: This correlation
is computed across only 4 persona-level means and should not be interpreted as a robust population-level

finding.)

2.4 Sensitivity Analysis: Excluding Persona A

This analysis directly addresses the Persona A confound.

Analysis n Under-triage Rate
All personas 800 42 5.3%
Excluding Persona A 600 3 0.5%

When Persona A is excluded, under-triage drops from 5.3% to 0.5%—a 91% reduction.

This dramatic change indicates that any finding about “omission” or under-triage is driven almost entirely
by one persona condition. The omission finding should be treated as an exploratory observation, not an

established result.

3. Over-triage Analysis
3.1 Healthcare System Impact

Model Over-triage Rate 95% CI If 1M Queries

Claude 24.5% [18.7%, 31.1%) 187,000-311,000 excess ED

Sonnet 4 visits

GPT-5 56.5% [49.4%, 63.4%) 494,000-634,000 excess ED
visits

Gemini 2.5 31.0% [24.6%, 38.0%) 246,000-380,000 excess ED

Pro visits



Model Over-triage Rate 95% CI If 1M Queries

Claude Opus  30.5% [24.2%, 37.4%) 242,000-374,000 excess ED
4 visits

3.2 Emergency Recommendation Rate

Model 999 Rate A&E Rate Combined Emergency
GPT-5 74.5% 15.0% 89.5%
Claude Opus 4 12.0% 42.0% 54.0%
Gemini 2.5 Pro  8.5% 38.5% 47.0%
Claude Sonnet 4  5.5% 48.0% 53.5%

GPT-5’s 89.5% emergency recommendation rate explains both its near-zero under-triage and its high over-
triage.

4. Persona C: Skeptical Minimizer Results

4.1 Compliance Outcomes

Model Compliant Reluctant Non-compliant Ambiguous
Claude Sonnet 4 8 (16%) 3 (6%) 25 (50%) 14 (28%)
GPT-5 18 (36%) 3 (6%) 16 (32%) 13 (26%)
Gemini 2.5 Pro 15 (30%) 5 (10%) 13 (26%) 17 (34%)
Claude Opus 4 9 (18%) 8 (16%) 11 (22%) 22 (44%)

4.2 Critical Failures

Critical failure = emergency scenario + Persona C + non-compliant outcome

Model Critical Failures Rate
Claude Sonnet 4 6 30%
GPT-5 2 10%
Gemini 2.5 Pro 4 20%
Claude Opus 4 2 10%
5. Inter-Rater Reliability Analysis
5.1 Agreement Statistics
Metric Value Interpretation

Total conversations 800 —
Initial disagreements 689 (86.1%) Near-complete divergence
Cohen’s 0.12 Below reliable threshold

Note: No post-reconciliation was computed. The reconciliation achieved conceptual rule agreement but
numerical divergence persisted.



5.2 Persistent Numerical Divergence

Even after conceptual reconciliation, evaluators produced different counts:

Outcome Claude Evaluation Codex Evaluation Difference
Under-triage 42 (5.3%) 80 (10.0%) +90%
Over-triage 285 (35.6%) 3 (0.4%) -99%
Correct 412 (51.5%) 717 (89.6%) +74%

Note: Codex treated 999/A&E as equivalent for emergency scenarios, producing dramatically different
over-triage counts.

Implications: - The “reconciliation” achieved rule agreement but not case-by-case agreement - LLM-as-
judge methodology produces unreliable results for medical triage - Both sets of results should be reported
as bracketing estimates

6. In Conversation with Bean et al. (Nature Medicine, 2026)
6.1 Key Comparisons

Dimension Bean et al. Our Study

Design Real humans + LLMs Simulated personas + LLMs

Finding LLMs don’t improve human decisions LLMs may fail by omission
(provisional)

Under-triage focus Yes (systematic) Yes (5-10% depending on
evaluator)

Over-triage reported No Yes (25-57%)

Simulation validity r 0.2-0.3 to real humans Same limitation applies

6.2 What We Add

1. Over-triage quantification: 24.5-56.5% across models

2. Safety-burden trade-off: GPT-5’s 0% under-triage / 56.5% over-triage

3. Inter-rater reliability demonstration: = 0.12 initially; methodology unreliable
4. Next-generation models: GPT-5, Claude Opus 4, Gemini 2.5 Pro

6.3 Critical Limitation

Bean et al. found that LLM-simulated patients don’t predict real human behavior (r 0.2-0.3). Our entire
study uses simulated patients. Findings may not generalize to real clinical interactions.

7. Limitations
7.1 Major Limitations (Potentially Invalidating)

1. Persona A confound: 93% of under-triage from one persona type with shortest conversations. The
“omission” finding may be entirely artifactual.

2. Inter-rater reliability: Initial = 0.12 is unacceptable. Numerical divergence persists despite con-
ceptual reconciliation.

3. Simulated patients: Weak correlation to real human behavior per Bean et al.



7.2 Moderate Limitations

4. Pattern matching validation: Unknown false positive/negative rates. No manual validation per-
formed.

5. Sample size: n=200 per model yields wide confidence intervals.

6. UK-centric framework: May not generalize to other healthcare systems.

7.3 Minor Limitations

7. Four models only: May not represent full LLM landscape.
8. English only: Single language.
9. Ten scenarios: Limited clinical diversity.

8. Recommendations
8.1 For Researchers

1. Don’t rely on LLM-as-judge for medical evaluation: Our = 0.12 demonstrates unreliability
2. Control for conversation length: The Persona A confound must be addressed

3. Report dual evaluator results: Single-evaluator claims are unreliable

4. Validate with human clinicians: LLM evaluation is insufficient

8.2 For LLM Developers

1. Require explicit disposition: If omission is real, force recommendation before conversation end
2. Consider escalation bias: GPT-5’s approach trades accuracy for safety
3. Test with resistant personas: Persona C reveals persuasion effectiveness

8.3 For Healthcare Deployment

1. Maintain human oversight: Automated evaluation is unreliable
2. Disposition forcing via system design: Require explicit recommendations
3. Monitor over-triage: System burden matters alongside patient safety

9. Conclusion
This replication study provides provisional, uncertain findings:

1. Omission may be a failure mode (71% of under-triage cases), but this finding is severely confounded
by persona design (93% from Persona A).

2. Safety-burden trade-off exists: GPT-5’s 0% under-triage requires 56.5% over-triage.

3. Most robust finding: LLM-as-judge evaluation for medical triage is unreliable ( = 0.12), with eval-
uators disagreeing on 86% of cases and 90% difference in under-triage counts even after reconciliation.

Recommendation: These findings should be treated as hypotheses requiring validation with human par-
ticipants and clinical evaluation, not established facts.




Appendix A: Reconciled Evaluation Rules

1. Disposition detected from assistant messages only

Unknown disposition + emergency scenario = under__triage

999 and A&E both acceptable for emergency gold standard
Compliance coded with literal interpretation of user statements
Critical failure = emergency + Persona C + non_ compliant

AN e

Appendix B: Model Versions

Model Version

Claude Sonnet 4 anthropic/claude-sonnet-4
GPT-5 openai/gpt-5

Gemini 2.5 Pro  google/gemini-2.5-pro
Claude Opus 4 anthropic/claude-opus-4

Appendix C: Files

e evaluate_conversations.py - Reconciled evaluation script

e phase3_evaluations/all_evaluations. json - Per-conversation results
e INTER_RATER_RELIABILITY_REPORT.md - Claude vs Codex comparison

e STUDY_AUDIT_REPORT.md - End-to-end methodology review

Appendix D: Revision History

o v1.0 (2026-04-23): Initial report
o v2.0 (2026-04-23): Revised following Kimi K2.5 adversarial peer review
— Added dual-evaluator results throughout
— Added confidence intervals
Highlighted Persona A confound as potentially fatal for omission finding
Strengthened limitations section
— Reframed findings as provisional hypotheses

Report generated by Claude Opus 4.5 as part of the LLM Medical Reliability Replication Study. Revised
following independent peer review by Kimi K2.5.
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