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Supplementary 
Supplementary Table S1. Phase 1 validation of quadratically weighted agreement (WA) by domain. Mean WA between AI and instructor reports and the adjudicated expert reference standard. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. BCa, bias-corrected and accelerated.
	Domain
	AI WA mean (t; BCa lower)
	Instructor mean WA (t; BCa lower)

	Global communication
	0.891 (0.856; 0.858)
	0.834 (0.774; 0.778)

	Conversation structuring
	0.847 (0.801; 0.804)
	0.812 (0.754; 0.759)

	Clinical content
	0.875 (0.848; 0.852)
	0.890 (0.859; 0.863)


Supplementary Table S2. Phase 1 validation of quadratically weighted agreement (WA) by scenario and instrument. Mean WA between AI and instructor reports and the adjudicated expert reference standard. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. Scenario- and instrument-level estimates are descriptive. Their confidence bounds are not part of the prespecified confirmatory testing sequence. Abbreviations: BCa, bias-corrected and accelerated. LUCAS, Liverpool Undergraduate Communication Assessment Scale. SPIKES, Setting–Perception–Invitation–Knowledge–Emotions–Strategy. LPCS, lumbar puncture communication structure rubric. DCC, diabetes clinical content rubric. LPCC, lumbar puncture clinical content rubric. 
	Domain
	Scenario
	Instrument
	AI mean WA (t; BCa lower)
	Instructor mean WA (t; BCa lower)

	Global communication
	Diabetes
	LUCAS
	0.894 (0.839; 0.853)
	0.863 (0.789; 0.812)

	
	Lumbar puncture
	LUCAS
	0.887 (0.829; 0.831)
	0.806 (0.695; 0.719)

	Conversation structuring
	Diabetes
	SPIKES
	0.771 (0.733; 0.734)
	0.780 (0.719; 0.720)

	
	Lumbar puncture
	LPCS
	0.924 (0.903; 0.906)
	0.844 (0.733; 0.733)

	Clinical content
	Diabetes
	DCC
	0.893 (0.848; 0.859)
	0.895 (0.864; 0.870)

	
	Lumbar puncture
	LPCC
	0.858 (0.822; 0.826)
	0.885 (0.820; 0.837)


Supplementary Table S3. Phase 1 sensitivity analysis of Gwet’s AC2 by domain. Mean AC2 between AI and instructor reports and the adjudicated expert reference standard. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. AC2, Gwet's chance-corrected agreement coefficient; BCa, bias-corrected and accelerated.
	Domain
	AI mean AC2 (t; BCa lower)
	Instructor mean AC2 (t; BCa lower)

	Global communication
	0.784 (0.707; 0.707)
	0.657 (0.502; 0.498)

	Conversation structuring
	0.738 (0.637; 0.631)
	0.628 (0.492; 0.486)

	Clinical content
	0.683 (0.618; 0.630)
	0.731 (0.653; 0.666)


Supplementary Table S4. Phase 1 sensitivity analysis of Gwet’s AC2 by scenario and instrument. Mean AC2 between AI and instructor reports and the adjudicated expert reference standard. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. AC2, Gwet's chance-corrected agreement coefficient; BCa, bias-corrected and accelerated; LUCAS, Liverpool Undergraduate Communication Assessment Scale; SPIKES, Setting–Perception–Invitation–Knowledge–Emotions–Strategy; LPCS, lumbar puncture communication structure rubric; DCC, diabetes clinical content rubric; LPCC, lumbar puncture clinical content rubric.
	Domain
	Scenario
	Instrument
	AI mean AC2 (t; BCa lower)
	Instructor mean AC2 (t; BCa lower)

	Global communication

	Diabetes
	LUCAS
	0.778 (0.635; 0.638)
	0.708 (0.492; 0.512)

	
	Lumbar puncture
	LUCAS
	0.790 (0.688; 0.710)
	0.606 (0.331; 0.361)

	Conversation structuring
	Diabetes
	SPIKES
	0.595 (0.460; 0.455)
	0.567 (0.427; 0.449)

	
	Lumbar puncture
	LPCS
	0.880 (0.828; 0.827)
	0.690 (0.421; 0.374)

	Clinical content

	Diabetes
	DCC
	0.706 (0.587; 0.615)
	0.706 (0.601; 0.626)

	
	Lumbar puncture
	LPCC
	0.661 (0.575; 0.592)
	0.756 (0.615; 0.650)


Supplementary Table S5. Phase 2 primary analysis of paired total score differences (Δ) by domain. Mean Δ between AI and instructor reports, calculated as AI minus instructor on the 0 to 100 scale. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. Non-inferiority was assessed against the prespecified margin of minus 15 points. BCa, bias-corrected and accelerated.
	Domain
	Δ mean (t; BCa lower)

	Global communication
	1.04 (-9.99; -7.99)

	Conversation structuring
	4.16 (-4.19; -2.66)

	Clinical content
	-4.76 (-10.51; -11.40)


Supplementary Table S6. Phase 2 primary analysis of paired total score differences (Δ) by scenario and instrument. Mean Δ between AI and instructor reports, calculated as AI minus instructor on the 0 to 100 scale. Parentheses show the lower one-sided 97.5 percent t-based and BCa bootstrap confidence bounds. Scenario- and instrument-level estimates are descriptive. Their confidence bounds are not part of the prespecified confirmatory testing sequence. BCa, bias-corrected and accelerated; LUCAS, Liverpool Undergraduate Communication Assessment Scale; SPIKES, Setting–Perception–Invitation–Knowledge–Emotions–Strategy; LPCS, lumbar puncture communication structure rubric; DCC, diabetes clinical content rubric; LPCC, lumbar puncture clinical content rubric.
	Domain
	Scenario
	Instrument
	Δ mean (t; BCa lower)

	Global communication
	Diabetes
	LUCAS
	-6.25 (-22.80; -19.44)

	
	Lumbar puncture
	LUCAS
	8.33 (-8.50; -1.39)

	Conversation structuring
	Diabetes
	SPIKES
	-4.88 (-13.31; -12.46)

	
	Lumbar puncture
	LPCS
	13.19 (0.31; 4.17)

	Clinical content

	Diabetes
	DCC
	-6.91 (-13.23; -12.50)

	
	Lumbar puncture
	LPCC
	-2.60 (-13.89; -15.80)


Supplementary Table S7. Secondary outcomes by domain. Mean estimates for AI and instructor reports against the adjudicated expert reference standard, with two-sided 95 percent t-based confidence intervals in parentheses. Outcomes are coverage of reference standard positive items, W1CA, exact match accuracy, MAE, false negative rate, and false positive rate. W1CA, within-1-category agreement; MAE, mean absolute error.
	Domain
	Metric
	AI mean (95% t-CI)
	Instructor mean (95% t-CI)

	Global communication

	Coverage %
	97.90 (95.48–100.00)
	90.23 (81.93–98.53)

	
	W1CA %
	98.96 (96.74–100.00)
	92.71 (86.25–99.17)

	
	Exact match %
	69.38 (60.79–77.96)
	67.50 (56.58–78.42)

	
	MAE (0–100)
	17.50 (12.73–22.27)
	21.88 (14.35–29.40)

	
	False negatives %
	1.88 (0.00–4.02)
	7.50 (1.50–13.50)

	
	False positives %
	5.00 (0.23–9.77)
	5.00 (2.25–7.75)

	Conversation structuring

	Coverage %
	95.34 (91.84–98.84)
	94.24 (89.46–99.03)

	
	W1CA %
	94.27 (90.57–97.97)
	90.45 (85.63–95.27)

	
	Exact match %
	56.08 (47.66–64.49)
	53.39 (42.57–64.20)

	
	MAE (0–100)
	24.83 (19.07–30.58)
	28.08 (20.86–35.30)

	
	False negatives %
	3.12 (0.90–5.35)
	4.60 (0.79–8.41)

	
	False positives %
	15.02 (8.05–21.98)
	13.19 (7.07–19.32)

	Clinical content

	Coverage %
	95.08 (91.31–98.84)
	95.29 (92.12–98.45)

	
	W1CA %
	97.66 (95.58–99.75)
	97.30 (95.16–99.43)

	
	Exact match %
	57.16 (47.57–66.76)
	64.14 (53.29–75.00)

	
	MAE (0–100)
	22.59 (17.80–27.37)
	19.28 (13.76–24.80)

	
	False negatives %
	3.33 (0.61–6.04)
	3.36 (1.03–5.70)

	
	False positives %
	9.80 (5.41–14.18)
	9.32 (3.12–15.52)


Supplementary Table S8. Secondary outcomes by scenario and instrument. Mean estimates for AI and instructor reports against the adjudicated expert reference standard, with two-sided 95 percent t-based confidence intervals in parentheses. Outcomes are coverage of reference standard positive items, W1CA, exact match accuracy, MAE, false negative rate, and false positive rate. W1CA, within-1-category agreement; MAE, mean absolute error; LUCAS, Liverpool Undergraduate Communication Assessment Scale; SPIKES, Setting–Perception–Invitation–Knowledge–Emotions–Strategy; LPCS, lumbar puncture communication structure rubric; DCC, diabetes clinical content rubric; LPCC, lumbar puncture clinical content rubric.
	Domain
	Scenario
	Instrument
	Metric
	AI mean (95% t-CI)
	Instructor mean (95% t-CI)

	Global
communication

	Diabetes
	LUCAS

	Coverage %
	97.19 (92.80–100.00)
	95.04 (86.43–100.00)

	
	
	
	W1CA %
	97.92	 (92.99–100.00)
	91.67 (81.13–100.00)

	
	
	
	Exact match %
	72.50 (57.18–87.82)
	71.25 (55.49–87.01)

	
	
	
	MAE (0–100)
	16.25 (7.96–24.54)
	18.75 (8.82–28.68)

	
	
	
	False negatives %
	2.50 (0.00–6.37)
	3.75 (0.00–9.97)

	
	
	
	False positives %
	3.75 (0.00–9.97)
	6.25 (1.92–10.58)

	
	Lumbar
puncture

	LUCAS

	Coverage %
	98.61 (95.33–100.00)
	85.42 (69.53–100.00)

	
	
	
	W1CA %
	100.00 (100.00–100.00)
	93.75 (83.38–100.00)

	
	
	
	Exact match %
	66.25 (54.48–78.02)
	63.75 (44.82–82.68)

	
	
	
	MAE (0–100)
	18.75 (11.77–25.73)
	25.00 (11.41–38.59)

	
	
	
	False negatives %
	1.25 (0.00–4.21)
	11.25 (0.00–22.59)

	
	
	
	False positives %
	6.25 (0.00–15.12)
	3.75 (0.00–8.08)

	Conversation
structuring

	Diabetes

	SPIKES

	Coverage %
	90.68 (85.19–96.17)
	94.04 (85.59–100.00)

	
	
	
	W1CA %
	88.54 (84.08–93.01)
	86.46 (79.55–93.36)

	
	
	
	Exact match %
	42.71 (38.24–47.17)
	52.60 (46.45–58.76)

	
	
	
	MAE (0–100)
	34.38 (30.89–37.86)
	30.47 (24.81–36.13)

	
	
	
	False negatives %
	6.25 (3.02–9.48)
	3.65 (0.00–8.72)

	
	
	
	False positives %
	24.48 (15.09–33.87)
	20.83 (11.90–29.76)

	
	Lumbar
puncture
	LPCS 
	Coverage %
	100.00 (100.00–100.00)
	94.44 (87.42–100.00)

	
	
	
	W1CA %
	100.00 (100.00–100.00)
	94.44 (87.42–100.00)

	
	
	
	Exact match %
	69.44 (61.21–77.68)
	54.17 (30.13–78.20)

	
	
	
	MAE (0–100)
	15.28 (11.16–19.39)
	25.69 (10.40–40.99)

	
	
	
	False negatives %
	0.00 (0.00–0.00)
	5.56 (0.00–12.58)

	
	
	
	False positives %
	5.56 (0.59–10.52)
	5.56 (0.59–10.52)

	Clinical
content

	Diabetes

	DCC

	Coverage %
	91.54 (84.91–98.17)
	93.53 (88.33–98.72)

	
	
	
	W1CA %
	96.71 (93.44–99.98)
	97.37 (95.02–99.72)

	
	
	
	Exact match %
	67.11 (57.77–76.44)
	65.79 (51.68–79.90)

	
	
	
	MAE (0–100)
	18.09 (12.05–24.14)
	18.42 (11.87–24.97)

	
	
	
	False negatives %
	5.26 (0.56–9.97)
	3.95 (0.84–7.06)

	
	
	
	False positives %
	9.87 (3.45–16.28)
	14.47 (2.77–26.17)

	
	Lumbar
puncture

	LPCC
	Coverage %
	98.61 (95.33–100.00)
	97.05 (92.47–100.00)

	
	
	
	W1CA %
	98.61 (95.33–100.00)
	97.22 (92.92–100.00)

	
	
	
	Exact match %
	47.22 (31.72–62.73)
	62.50 (42.07–82.93)

	
	
	
	MAE (0–100)
	27.08 (19.87–34.29)
	20.14 (9.34–30.94)

	
	
	
	False negatives %
	1.39 (0.00–4.67)
	2.78 (0.00–7.08)

	
	
	
	False positives %
	9.72 (1.97–17.47)
	4.17 (0.00–8.97)


Supplementary Table S9. Blinded variance re-estimation after the first 10 sessions. Power was recomputed for the planned final sample (N = 16) using the standard deviation observed across the first 10 sessions, with the effect held at the prespecified planning value (WA, μ = 0.881; Δ, μ = 0). Observed standard deviations were at or below the planning assumptions in all domains (WA, 0.10; Δ, 20), so the planned sample of 16 sessions was retained without adaptation. Power was computed from the noncentral t distribution with one-sided α = 0.025. For Phase 1, the weighted agreement validity test assessed H₀: μ ≤ 0.80 versus H₁: μ > 0.80. For Phase 2, the non-inferiority test assessed H₀: μ ≤ −15 versus H₁: μ > −15 for the paired total score difference Δ on the 0–100 scale. AI, artificial intelligence; Δ, paired total score difference between AI and instructor reports; SD, standard deviation; WA, quadratically weighted agreement.
	Metric
	Domain
	Alternative (H1)
	Planning SD
	Observed SD
	N
	Power (α = 0.025)

	WA
	Global communication
	0.881
	0.1
	0.0764
	16
	0.977

	WA
	Conversation structuring
	0.881
	0.1
	0.0891
	16
	0.924

	WA
	Clinical content
	0.881
	0.1
	0.0465
	16
	1.000

	Δ
	Global communication
	0 (margin −15)
	20
	17.26
	16
	0.901

	Δ
	Conversation structuring
	0 (margin −15)
	20
	15.98
	16
	0.939

	Δ
	Clinical content
	0 (margin −15)
	20
	4.35
	16
	1.000
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