[bookmark: tables]Tables
Table 1 Benchmark-sizing framework, showing item counts required to resolve a paired architectural contrast, ceiling probabilities, and the discreteness threshold of the exact McNemar test
Panel A. Items required for 80% power at alpha 0.05, by discordance scenario
	Scenario
	Discordance favouring the system, %
	Discordance favouring the comparator, %
	Net gain, pp
	Items required
	Achieved power at that size, %

	Large architectural gain
	14.0
	2.0
	12.0
	90
	80.5

	Moderate architectural gain
	10.0
	2.0
	8.0
	152
	80.0

	Target gain used for a priori sizing
	10.0
	2.5
	7.5
	184
	80.1

	Small architectural gain
	7.0
	2.0
	5.0
	302
	80.0

	Marginal architectural gain
	5.0
	2.0
	3.0
	640
	79.7

	Very small architectural gain
	4.0
	2.0
	2.0
	1251
	80.8


Panel B. Probability of a ceiling score, %, by bank size and true accuracy
	True accuracy, %
	n = 24
	n = 64
	n = 100
	n = 168
	n = 250

	99
	78.6
	52.6
	36.6
	18.5
	8.1

	97
	48.1
	14.2
	4.8
	0.6
	0.0

	95
	29.2
	3.8
	0.6
	0.0
	0.0

	93
	17.5
	1.0
	0.1
	0.0
	0.0


Panel C. One-directional discordance required for exact-test significance, with no discordance in the opposing direction
	Discordant items favouring the system
	Exact McNemar P

	3
	0.250

	4
	0.125

	5
	0.063

	6
	0.031

	7
	0.016

	8
	0.008


pp, percentage points. Panel A entries were obtained by Monte Carlo simulation over the trinomial distribution of paired outcomes with 40,000 replications per evaluated bank size, applying the exact McNemar test to each replication. Panel B entries are p raised to the power n. The threshold in Panel C does not depend on bank size, since bank size determines only the probability of accumulating the required number of discordant items.

Table 2 Item-level accuracy by responder and item-quality stratum on the 168-item expert-level dyslipidaemia benchmark
	Responder
	Correct/168
	Accuracy, %
	Wilson 95% CI
	Tier A correct/64
	Tier A, %
	Tier B correct/104
	Tier B, %

	NS-MML, full system (Arm 3)
	163/168
	97.0
	93.2-98.7
	63/64
	98.4
	100/104
	96.2

	Arm 2, orchestration without symbolic verifier
	152/168
	90.5
	85.1-94.1
	57/64
	89.1
	95/104
	91.3

	Arm 1, GPT-5.5 backbone alone
	148/168
	88.1
	82.3-92.2
	54/64
	84.4
	94/104
	90.4

	Claude Opus 4.8 (a)
	168/168
	100.0
	97.8-100.0
	64/64
	100.0
	104/104
	100.0

	Gemini 2.5 Pro
	141/168
	83.9
	77.6-88.7
	51/64
	79.7
	90/104
	86.5

	Endocrinologist A, dedicated lipid clinic
	148/168
	88.1
	82.3-92.2
	56/64
	87.5
	92/104
	88.5

	Endocrinologist B, dedicated lipid clinic
	148/168
	88.1
	82.3-92.2
	55/64
	85.9
	93/104
	89.4

	Internal-medicine specialist A
	141/168
	83.9
	77.6-88.7
	52/64
	81.2
	89/104
	85.6

	Internal-medicine specialist B
	134/168
	79.8
	73.1-85.1
	48/64
	75.0
	86/104
	82.7

	Cardiologist
	139/168
	82.7
	76.3-87.7
	51/64
	79.7
	88/104
	84.6

	Clinical pharmacologist and internist
	135/168
	80.4
	73.7-85.7
	49/64
	76.6
	86/104
	82.7

	All six physicians pooled
	845/1008
	83.8
	81.4-86.0
	311/384
	81.0
	534/624
	85.6


CI, confidence interval; NS-MML, neurosymbolic multi-agent system for lipidology. Tier A comprises the 64 items meeting all three pre-specified quality criteria, Tier B the 104 retained items failing at least one. (a) Claude Opus 4.8 generated one of the three independent reference keys and unanimity across those keys was the item-retention rule, so its accuracy is not independent of the reference standard. It is shown for completeness only and excluded from all inferential comparisons. All models were run deterministically on 9 July 2026 and physicians answered closed-book between 15 and 24 July 2026. Physician-majority opinion, defined as at least four of six correct, was correct on 148 of 168 items, that is 88.1%.

Table 3 Paired comparisons of NS-MML against each inferentially eligible responder, by item-quality stratum
Panel A. All items, n = 168
	Comparison, NS-MML versus
	b
	c
	Risk difference, pp
	95% CI (Tango)
	Exact McNemar P
	Holm-adjusted P

	Arm 2, orchestration without symbolic verifier
	13
	2
	+6.5
	+1.5 to +18.3
	0.007
	NA

	Arm 1, GPT-5.5 backbone alone
	16
	1
	+8.9
	+2.6 to +21.7
	<0.001
	NA

	Gemini 2.5 Pro
	27
	5
	+13.1
	+4.9 to +27.7
	<0.001
	NA

	Endocrinologist A, dedicated lipid clinic
	17
	2
	+8.9
	+2.6 to +21.8
	<0.001
	0.001

	Endocrinologist B, dedicated lipid clinic
	20
	5
	+8.9
	+2.6 to +21.9
	0.004
	0.004

	Internal-medicine specialist A
	27
	5
	+13.1
	+4.9 to +27.7
	<0.001
	<0.001

	Internal-medicine specialist B
	33
	4
	+17.3
	+7.5 to +33.3
	<0.001
	<0.001

	Cardiologist
	29
	5
	+14.3
	+5.6 to +29.4
	<0.001
	<0.001

	Clinical pharmacologist and internist
	30
	2
	+16.7
	+7.2 to +32.5
	<0.001
	<0.001


Panel B. Tier A, high-quality items, n = 64
	Comparison, NS-MML versus
	b
	c
	Risk difference, pp
	95% CI (Tango)
	Exact McNemar P
	Holm-adjusted P

	Arm 2, orchestration without symbolic verifier
	7
	1
	+9.4
	+0.8 to +34.5
	0.070
	NA

	Arm 1, GPT-5.5 backbone alone
	9
	0
	+14.1
	+2.6 to +41.8
	0.004
	NA

	Gemini 2.5 Pro
	13
	1
	+18.8
	+4.6 to +48.9
	0.002
	NA

	Endocrinologist A, dedicated lipid clinic
	7
	0
	+10.9
	+1.4 to +36.9
	0.016
	0.031

	Endocrinologist B, dedicated lipid clinic
	9
	1
	+12.5
	+1.9 to +39.4
	0.021
	0.031

	Internal-medicine specialist A
	12
	1
	+17.2
	+3.8 to +46.6
	0.003
	0.010

	Internal-medicine specialist B
	16
	1
	+23.4
	+6.9 to +55.7
	<0.001
	0.002

	Cardiologist
	13
	1
	+18.8
	+4.6 to +48.9
	0.002
	0.007

	Clinical pharmacologist and internist
	15
	1
	+21.9
	+6.1 to +53.4
	<0.001
	0.003


Panel C. Tier B, other retained items, n = 104
	Comparison, NS-MML versus
	b
	c
	Risk difference, pp
	95% CI (Tango)
	Exact McNemar P

	Arm 2, orchestration without symbolic verifier
	6
	1
	+4.8
	+0.2 to +20.0
	0.125

	Arm 1, GPT-5.5 backbone alone
	7
	1
	+5.8
	+0.5 to +21.6
	0.070

	Gemini 2.5 Pro
	14
	4
	+9.6
	+1.9 to +27.9
	0.031

	Endocrinologist A, dedicated lipid clinic
	10
	2
	+7.7
	+1.1 to +24.8
	0.039

	Endocrinologist B, dedicated lipid clinic
	11
	4
	+6.7
	+0.8 to +23.4
	0.118

	Internal-medicine specialist A
	15
	4
	+10.6
	+2.3 to +29.3
	0.019

	Internal-medicine specialist B
	17
	3
	+13.5
	+3.7 to +33.5
	0.003

	Cardiologist
	16
	4
	+11.5
	+2.7 to +30.8
	0.012

	Clinical pharmacologist and internist
	15
	1
	+13.5
	+3.8 to +33.4
	<0.001


b, items answered correctly by NS-MML and incorrectly by the comparator; c, the converse; pp, percentage points; CI, confidence interval. Holm adjustment was applied within the pre-specified family of six physician comparisons in each stratum. Comparisons against the nested arms and against Gemini 2.5 Pro belong to separate pre-specified families and are reported unadjusted. Claude Opus 4.8 is excluded for the reason given in Table 2.

Table 4 Three-arm ablation with realised power and the item count that each contrast would require
	Contrast
	Scope
	b
	c
	Risk difference, pp
	95% CI (Tango)
	Exact McNemar P
	Realised power, %
	Items for 80% power

	Arm 2 versus Arm 1, orchestration increment
	All items
	8
	4
	+2.4
	+0.0 to +11.7
	0.388
	13.3
	1051

	Arm 2 versus Arm 1, orchestration increment
	Tier A
	4
	1
	+4.7
	-0.2 to +26.5
	0.375
	9.7
	295

	Arm 2 versus Arm 1, orchestration increment
	Tier B
	4
	3
	+1.0
	-0.1 to +13.4
	1.000
	2.4
	>1600

	Arm 3 versus Arm 2, verification and abstention increment
	All items
	13
	2
	+6.5
	+1.5 to +18.3
	0.007
	80.0
	169

	Arm 3 versus Arm 2, verification and abstention increment
	Tier A
	7
	1
	+9.4
	+0.8 to +34.5
	0.070
	44.4
	115

	Arm 3 versus Arm 2, verification and abstention increment
	Tier B
	6
	1
	+4.8
	+0.2 to +20.0
	0.125
	31.6
	237

	Arm 3 versus Arm 1, total architectural increment
	All items
	16
	1
	+8.9
	+2.6 to +21.7
	<0.001
	97.7
	100

	Arm 3 versus Arm 1, total architectural increment
	Tier A
	9
	0
	+14.1
	+2.6 to +41.8
	0.004
	90.0
	66

	Arm 3 versus Arm 1, total architectural increment
	Tier B
	7
	1
	+5.8
	+0.5 to +21.6
	0.070
	44.3
	187


Arm 1, GPT-5.5 backbone alone; Arm 2, backbone with multi-agent orchestration and the symbolic verifier disabled; Arm 3, the complete NS-MML. The arms are strictly nested. Realised power was computed by the simulation used for sizing, evaluated at the observed discordance rates and the analysed bank size. Required item counts are post-hoc sizing statements conditional on the observed discordance rates.

Table 5 Post-hoc sizing requirements for every reported contrast, with realised power and interpretive status
	Contrast
	Scope
	n analysed
	b
	c
	Risk difference, pp
	Exact P
	Realised power, %
	Items for 80% power
	Status

	Total architectural increment, Arm 3 versus Arm 1
	All items
	168
	16
	1
	+8.9
	<0.001
	97.7
	100
	Resolved

	Total architectural increment, Arm 3 versus Arm 1
	Tier A
	64
	9
	0
	+14.1
	0.004
	90.0
	66
	Resolved

	Total architectural increment, Arm 3 versus Arm 1
	Tier B
	104
	7
	1
	+5.8
	0.070
	44.3
	187
	Underpowered

	Verification increment, Arm 3 versus Arm 2
	All items
	168
	13
	2
	+6.5
	0.007
	80.0
	169
	Resolved, at the margin

	Verification increment, Arm 3 versus Arm 2
	Tier A
	64
	7
	1
	+9.4
	0.070
	44.4
	115
	Underpowered

	Verification increment, Arm 3 versus Arm 2
	Tier B
	104
	6
	1
	+4.8
	0.125
	31.6
	237
	Underpowered

	Orchestration increment, Arm 2 versus Arm 1
	All items
	168
	8
	4
	+2.4
	0.388
	13.3
	1051
	Unresolvable at feasible scale

	Orchestration increment, Arm 2 versus Arm 1
	Tier A
	64
	4
	1
	+4.7
	0.375
	9.7
	295
	Underpowered

	Orchestration increment, Arm 2 versus Arm 1
	Tier B
	104
	4
	3
	+1.0
	1.000
	2.4
	>1600
	Unresolvable at feasible scale

	Stratum interaction, architectural benefit Tier A versus Tier B
	Both strata
	168
	NA
	NA
	+8.3
	0.104
	34.8
	498
	Hypothesis

	Abstention on the probe set, Arm 3 versus Arm 1
	Probe
	46
	37
	0
	+80.4
	<0.001
	100.0
	20
	Resolved

	Hard-stop violations, Arm 1 versus Arm 3
	Probe
	46
	9
	0
	+19.6
	0.004
	90.7
	47
	Resolved

	Hard-stop violations, Arm 2 versus Arm 3
	Probe
	46
	5
	0
	+10.9
	0.063
	38.2
	99
	Underpowered


pp, percentage points. Resolved denotes a contrast reaching two-sided P below 0.05 at realised power of at least 80%. Underpowered denotes a non-significant contrast at realised power below 80%. Unresolvable at feasible scale denotes a contrast whose required item count exceeds what expert-authored, expert-adjudicated banks can plausibly supply.

Table 6 Abstention behaviour, hard-stop rule violations, calibration, and seed-to-seed reproducibility
Panel A. Abstention and safety on the 46-item probe set of items with no unanimous reference key
	Responder
	Declined to answer/46
	%
	95% CI
	Hard-stop violations/46
	%
	95% CI

	NS-MML, full system (Arm 3)
	39/46
	84.8
	71.8-92.4
	0/46
	0.0
	0.0-7.7

	Arm 2, orchestration without symbolic verifier
	11/46
	23.9
	13.9-37.9
	5/46
	10.9
	4.7-23.0

	Arm 1, GPT-5.5 backbone alone
	2/46
	4.3
	1.2-14.5
	9/46
	19.6
	10.7-33.2

	Gemini 2.5 Pro
	1/46
	2.2
	0.4-11.3
	11/46
	23.9
	13.9-37.9


Panel B. Calibration and uncertainty quantification on the analysed bank
	Responder
	Accuracy, %
	Mean stated confidence, %
	Overconfidence gap, pp
	Expected calibration error
	Brier score
	Confidence AUROC

	NS-MML, full system (Arm 3)
	97.0
	95.8
	-1.3
	0.042
	0.017
	0.902

	Arm 2, orchestration without symbolic verifier
	90.5
	93.3
	+2.8
	0.054
	0.055
	0.879

	Arm 1, GPT-5.5 backbone alone
	88.1
	94.3
	+6.2
	0.062
	0.082
	0.769

	Gemini 2.5 Pro
	83.9
	94.4
	+10.5
	0.105
	0.118
	0.847


Panel C. Seed-to-seed reproducibility across seeds 11, 23, 37, 51, and 67, applied to all four automated responders
	Responder
	Mean per-item disagreement across seeds, %
	Items identical across all five seeds
	Gwet AC1 across seeds
	Single-seed accuracy range, %
	Five-seed majority-vote accuracy, %

	NS-MML, full system (Arm 3)
	1.3
	158/168
	0.97
	94.6-96.4
	97.0

	Arm 2, orchestration without symbolic verifier
	3.0
	145/168
	0.93
	85.7-88.7
	90.5

	Arm 1, GPT-5.5 backbone alone
	6.7
	122/168
	0.83
	81.0-85.1
	88.1

	Gemini 2.5 Pro
	9.9
	98/168
	0.72
	74.4-79.8
	83.3


pp, percentage points; AUROC, area under the receiver operating characteristic curve for the discrimination of correct from incorrect responses by stated confidence; CI, confidence interval. A hard-stop violation is a recommendation contraindicated under NS-MML Rule Base v1.0, scored blind to responder identity. The overconfidence gap is mean stated confidence minus observed accuracy.

Table 7 Evidence status of each claim, with the supporting or limiting quantity
	Claim
	Evidence status
	Supporting or limiting quantity

	The benchmark-sizing framework specifies item counts that determine which contrasts are resolvable
	Demonstrated, and applied prospectively
	Moderate-gain scenario and ceiling constraint each required 152 items, bank built to 168 analysed items, the more demanding 7.5-point target of 184 items not reached, realised power reported for every contrast (Tables 1, 4, 5)

	NS-MML is more accurate than its own backbone
	Demonstrated
	+8.9 pp, b = 16, c = 1, P < 0.001, realised power 97.7%

	NS-MML is more accurate than every individual physician on Tier A items
	Demonstrated
	Risk differences +10.9 to +23.4 pp, Holm-adjusted P 0.002 to 0.031

	Symbolic verification accounts for most of the architectural increment
	Demonstrated on the full bank
	+6.5 of +8.9 pp, P = 0.007, realised power 80.0%

	Multi-agent orchestration alone improves accuracy
	Not demonstrated and not excluded
	+2.4 pp, P = 0.388, realised power 13.3%, approximately 1051 items required

	Symbolic verification improves accuracy within Tier A specifically
	Partially demonstrated
	+9.4 pp, P = 0.070, realised power 44.4%, approximately 115 items required

	The architectural benefit is larger on high-quality items
	Hypothesis, point estimates consistent
	Interaction +8.3 pp, 95% CI -1.7 to +18.3, P = 0.104, approximately 498 items required

	NS-MML abstains appropriately on under-determined items
	Demonstrated
	39/46 against 2/46 for the backbone, +80.4 pp, P < 0.001

	Symbolic verification prevents contraindicated recommendations
	Demonstrated on the probe set
	0/46 against 9/46 for the backbone, P = 0.004

	NS-MML is better calibrated than the comparators
	Demonstrated descriptively
	Expected calibration error 0.042 against 0.062 and 0.105, Brier 0.017 against 0.082 and 0.118

	NS-MML is more reproducible across seeds
	Demonstrated descriptively
	Cross-seed disagreement 1.3% against 6.7% and 9.9%

	Item quality can be measured and used to stratify a bank prospectively
	Demonstrated
	Gwet AC1 0.78, three pre-specified criteria, 64 against 104 items

	Classical discrimination indices are bounded by the reference panel’s ability range
	Demonstrated analytically and empirically
	Physician totals spanned 14 of 168 items, 38 of 64 Tier A items carried discriminating information

	The architecture improves clinical decisions, workflow, or patient outcomes
	Not addressed, future protocol
	No clinician acted on any output, prospective clinician-in-the-loop design specified under Future work

	Findings generalise beyond dyslipidaemia or beyond single-best-answer items
	Not addressed, future protocol
	Single domain, static vignettes, external replication specified under Future work


pp, percentage points.
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