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Supplement 
Formal Structure and Methods

This Supplement provides the formal methodological structure for the main text. It proceeds in a deliberate sequence:
1. S1–S3: Foundations and identification (axioms, validity constraints, canonical estimands, and identification conditions);
2. S4–S7: Rules, methods, and uncertainty (interpretation, design, measurement, power, and regime assignment under uncertainty);
3. S8–S11: Historical placement and application (trial generations, SPORT as a transitional β-quantifying exemplar, and candidate β-identification-ready clinical settings).
The purpose is not to add a parallel argument, but to supply the formal detail, diagnostics, and prospective design implications needed to support the central claim: when outcomes are jointly shaped by biology and choice, valid interpretation must follow the joint structure of (Δα, β). 
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[bookmark: _Toc230299589]S1 Axioms and Validity Constraints
This framework separates causal structure from the conditions needed to identify it. In preference-sensitive care, limits of design or identification are often mistaken for absence of effect. We therefore introduce a small set of axioms describing invariant features of outcomes when patient choice acts causally.
These axioms are not empirical hypotheses to be tested or modeling assumptions to be adjusted. Rather, they clarify how physical outcomes are jointly shaped by biological effects (α), preference-mediated effects (β), and clinical materiality, and how patterns such as divergence, attenuation, and crossover should be understood. This perspective is consistent with causal frameworks in which effects are defined within latent subgroups determined by treatment uptake or choice (principal stratification),S1 reinforcing the distinction between biological efficacy and selection-driven outcomes. 
For this reason, the axioms come before questions of estimation or power: they specify the causal structure that methods must either make identifiable or leave unresolved.
Some axioms are standard. A2 (Estimand–Data Concordance) and A3 (MCID Discipline) restate established requirements of causal identification and clinically grounded interpretation, ensuring effects are interpretable on a clinically meaningful scale. A5 (Identifiability Before Optimization) is also standard in form, but extends once β is treated as an estimand alongside α, requiring both be causally identified prior to estimation, design, or decision-making. In contrast, A1 (Dual Causation) generalizes the structural model of outcomes by admitting β explicitly rather than treating deviations from biological contrast as residual variation, and A4 (Regime Rule) introduces a classification absent from classical randomized inference, which operates implicitly within the α-dominant case. A6 (Non-Interference of Elicitation) arises from the distinct status of β: unlike α, which is observer-independent and defined ex ante, β depends on observed choice at decision time and therefore requires that preference measurement not function as an intervention.
The novelty lies in their coordination. Once β enters as an outcome-scale estimand, identifiability, interpretation, and design are jointly constrained by biological contrast and enacted choice; if elicitation alters uptake, or if β is not defined on the outcome scale, this structure no longer holds.
Table S1a summarizes the axioms. Together, they establish when preference is causally relevant, anchor interpretation to clinical materiality rather than statistical significance, and require that interpretation follow the joint structure of biological contrast and preference effect.  Based on the Axioms (A), Rules (R) and Methods (M) will follow as outlined in the main text and detailed in successive Supplement sections.
Table S1a. Axioms of β-identifying Clinical Inference
	Axiom
	Statement
(Invariant Claim)
	What This 
Permits
	What This 
Invalidates

	A1
	Dual Causation
(α + β)
	Physical outcomes in preference-sensitive care are jointly caused by biological treatment effects (α) and preference-mediated choice effects (β).
	Preference can causally affect physical outcomes.
	Treating preference or crossover as analytic noise.

	A2
	Estimand-Data Concordance
	Under nonadherence, ITT is not the biological estimand; α is identified as LATE/CACE, and β is the outcome-scale residual between observational and causal contrasts.
	Outcome-scale separation of biological and preference-mediated effects.
	Interpreting attenuated ITT effects as absence of efficacy.

	A3
	MCID Discipline
	Interpretation of ∣Δα∣ and β must be anchored to prespecified clinical materiality (MCID), 
not statistical significance alone.
	Regime-based interpretation grounded in clinical relevance.
	Clinical interpretation driven by statistical significance alone.

	A4
	Regime Rule
(∣Δα∣, β)
	Interpretation and trial logic are determined by the ordered pair (∣Δα∣, β); different regions obey different rules of inference.
	A principled taxonomy of trial contexts with rule-mediated consequences for decision and action.
	Uniform interpretation of trials irrespective of effect structure.

	A5
	Identifiability Before Optimization
	Claims about α and β require satisfied identification conditions; estimation follows identifiability.
	Explicit identification diagnostics as prerequisites for inference.
	Estimation or optimization without causal identifiability.

	A6
	Non-
Interference of Elicitation
	Preference and literacy measurement must not function as an intervention.
	Preference measurement without effect on treatment uptake.
	Measurement that alters treatment uptake.


Minimal, invariant assumptions underlying β-identifying trial interpretation. These axioms define the conceptual space in which all subsequent canonical definitions (Table S2a), methods (Table S3), rules (Table S4), and regimes (Table S5) operate. These axioms do not prescribe a specific trial design, estimator, or policy. Rather, they define the constraints under which interpretation is possible. The four regimes in Table 3 (main text) and the rules governing interpretation and design follow logically from these axioms.
A6 Non-Interference of Elicitation. A6 sets a boundary between observation and intervention. In this framework, preference enters inference only through observed treatment choice, which defines β. This is revealed preference—treatment received under randomization. Choice is therefore the causal channel and fixes the estimand.
Preference can also be elicited. Surveys, literacy assessments, decision aids, and structured shared decision-making produce stated or constructed preferences rather than observed choice. These are not passive measurements. They act on the decision process that generates treatment uptake.
This establishes a governing distinction. Revealed preference defines β; elicited preference may alter it. If elicitation changes treatment uptake, observed choice no longer reflects the underlying decision process, and the estimand is altered.
This distinguishes preference from biological effect. α is defined ex ante and is invariant to observation. β is realized through choice and is therefore susceptible to elicitation. If measuring preference alters treatment uptake—through framing, prompting, timing, or literacy intervention—the estimand itself changes. β then no longer corresponds to the effect of enacted choice under the observed decision process.
This establishes the observer dependence of β. α remains invariant under observation; β depends on how the decision is constructed at choice. Measurement is valid only if it leaves that process unchanged. If elicitation acts as an intervention, β becomes a composite of preference and elicitation rather than the causal effect of choice.
A6 therefore requires that preference elicitation remain non-interfering: it must not alter treatment uptake. This is a condition of identifiability, not design preference. If violated, the α/β decomposition fails because the quantity attributed to choice is no longer invariant under observation.
Design Constraints. Where Table S1a defines structure, Table S1b defines validity, where the design constraints (D) specify the conditions under which the axioms can be implemented without bias or misidentification, governing identifiability, measurement discipline, and uncertainty reporting. These constraints do not introduce new causal assumptions; they state what must hold for estimates of α and β to be interpretable within the axiomatic framework.
This distinction matters. Failure to satisfy a design constraint limits permissible conclusions but does not contradict the underlying structure. Weak instruments, asymmetric elicitation, or inadequate uncertainty reporting do not deny the existence of preference-mediated effects; they render those effects unidentifiable or uninterpretable, requiring decision-limited ambiguity rather than rejection of the framework. By separating invariant structure from conditional validity, the framework avoids both overconfident inference and dismissal of causal structure as noise. Table S1b therefore serves both an operational and a protective role: it identifies where inference can fail and prevents failures of design from being misread as failures of theory. 
Table S1b. Design Constraints for Valid β-identifying Inference
	Constraint
	Statement
(Condition of Validity)
	Why It Is 
Required
	What Fails 
If Violated

	D1
	Instrument Validity
	Identification of α as LATE/CACE requires a valid instrument satisfying relevance, exclusion, independence, and monotonicity.
	Separates biological efficacy from selection.
	α conflates biology with choice; 
β is uninterpretable.

	D2
	Elicitation 
Non-Interference
	Preference elicitation must be neutral, symmetric, and timed so as not to influence choice.
	Preserves exclusion by keeping measurement distinct from treatment.
	β is contaminated by persuasion; 
literacy effects are misattributed.

	D3
	Provenance & Uncertainty Discipline
	Estimates must declare assumptions, diagnostics, and sensitivity.
	Prevents misclassification due to weak identification or overconfidence.
	Spurious 
α- or β-dominance.


These constraints specify the conditions under which the axioms in Table S1a can be operationalized without bias, misidentification, or over-interpretation. While the axioms describe the structure of preference-sensitive outcomes, the constraints govern when that structure can be reliably inferred from data. Violations do not falsify the axioms; they limit the conclusions that may be drawn.
[bookmark: _Toc230299590]S2 Canonical Estimands
We define a set of canonical causal estimands, listed in Table S2a, that render the axioms (A1–A5) operational while preserving clinical interpretability under the design constraints (D1–D3). These estimands separate biological and preference‑mediated contributions to outcomes (Dual Causation A1), enforce alignment between estimand and observable data under nonadherence (Estimand-Data Concordance A2), and ensure that interpretation can proceed on a common clinical outcome scale (MCID Discipline A3).
The biological treatment effect (α) is reported as the intention‑to‑treat (ITT) effect and, when nonadherence is present, as the local average treatment effect (LATE/CACE) identified using instrumental variables, subject to instrument validity and diagnostic requirements (Identifiability Before Optimization A5; Instrument Validity D1).S2 The net biological contrast (Δα) is defined as the difference between competing options on the same causal scale and represents the comparative effect targeted in randomized trials.
The preference‑mediated effect (β) is defined as the residual divergence between the observational (as‑treated) contrast and the causally identified biological contrast:S3,S4

β therefore captures the outcome‑relevant contribution of treatment selection under preference (Dual Causation A1), conditional on valid identification of α and concordance of causal and observational contrasts (Estimand-Data Concordance A2, Identifiability Before Optimization A5). Because β depends on the same outcome scale, its interpretation requires valid measurement conditions, including neutrality of elicitation and absence of confounding in the observational contrast (D2–D3).
All estimands are reported on a common clinical outcome scale—using continuous or time‑to‑event endpoints—so that α, Δα, and β are directly comparable and interpretable relative to a prespecified minimal clinically important difference (MCID), ensuring clinical materiality (A3). This alignment allows the joint structure (Δα, β) to be evaluated and routed according to the Regime Rule (A4).
This formulation replaces fragmented ITT, per‑protocol, and observational reporting by making explicit the causal quantities that enter regime classification. Interpretation is subsequently governed by diagnostic and rule‑based criteria anchored in identifiability (A5), measurement validity (D2), and uncertainty discipline (D3), rather than by estimands alone.

Table S2a. Canonical Co-Estimands: 
the Biological Effect (α), the Net Contrast (∣Δα∣), and the Choice Effect (β)
	Quantity
	Definition
(clinical scale)
	Estimator(s)
	Key 
Diagnostics
	Interpretive Role

	Biological (Treatment) Estimands

	α 
(ITT)
	Effect of 
assignment 
to treatment
	Difference in means; 
Cox, GLM
	Randomization 
balance
	Programmatic effectiveness

	α 
(LATE / CACE)
	Biological effect 
among compliers
	IV / 2SLS;
 CACE
	First-stage F, 
partial R²; 
monotonicity
	True biological efficacy

	Δα
	Net biological 
difference 
between options
	α₁ − α₀ 
same clinical scale
	CI vs MCID
	Determines 
α-dominance

	ΔOBS
	Observational 
(as-treated) 
contrast
	Regression-
adjusted
	Confounding 
sensitivity
	Raw outcome divergence

	Preference Estimands

	β
	Preference-
mediated effect
	ΔOBS − Δαcausal
	Consistency across 
β estimators
	Quantifies the 
role of choice

	Δβ
	Change in β 
across contexts 
(e.g., high-ML 
vs low-ML)
	β₁ − β₀ 
same clinical scale
	Balance / uptake checks; 
CI vs MCID
	Quantifies effect 
of 
informed choice


To report, on a single clinical scale, the biological effect (α), the net treatment contrast (∣Δα∣), and the preference-mediated effect (β), together with diagnostics and the implied regime. This table replaces fragmented ITT / per-protocol / observational comparisons by presenting all estimands side-by-side, aligned to clinical interpretation. Regime classification is performed using Table 3 in the main text; this table reports estimands only. All quantities are reported on the same outcome scale (e.g., AFT log-time, ODI points), enabling direct clinical comparison across estimands. β is not inferred from attitudes or surveysS3,S4; it is estimated from outcome data as the residual divergence between observational and causal contrasts. Δβ captures the incremental physical benefit of informed choice, net of biology, for example high medical literacy (ML) vs. low medical literacy.S5 It does not imply a change in α.
Interpretation of the estimands in Table S2a is governed by a small set of interpretive and diagnostic quantities, tabulated in Table S2b, familiar to clinical trialists but made explicit and rule-based.

Table S2b. Interpretive and Diagnostic Quantities
	
	Definition
(clinical scale)
	Estimator(s)
	Key 
Diagnostics
	Interpretive Role

	MCID 
comparison
	Clinical 
materiality
	Thresholded
	MCID 
pre-specified
	Clinical relevance

	Uncertainty
	Precision of 
α, β, Δα
	Sandwich SEs; 
bootstrap; 
perturb-the-minimand
	Width of CI
	Robustness

	Sensitivity
	Residual 
confounding risk
	E-values
	Magnitude vs plausibility
	Falsifiability

	Regime 
label 
(B)
	Position in 
(∣Δα∣, β) space
	Rule-based
	Δα vs MCID; 
β vs MCID
	Governs interpretation


Interpretive and diagnostic quantities governing when and how the causal estimands (α, Δα, β, Δβ) may be validly interpreted on a common clinical outcome scale. Each quantity corresponds to a requirement of the framework: MCID comparison (A3) establishes clinical materiality; uncertainty and sensitivity quantify precision and robustness; identification diagnostics (M3) determine whether causal separation is valid; and the regime label (B), derived from the joint position of (∣Δα∣, β) relative to MCID, governs interpretation under the Interpretation Rule (R1). Together, these quantities define the conditions under which inference is permitted, constrain conclusions when identification or precision is insufficient, and ensure that interpretation follows causal structure rather than estimator output alone.

[bookmark: _Toc230299591]S3 Identification and Assumptions
Because the estimands defined in section S2 above separate biological and preference-mediated components of outcomes, their interpretation depends on explicit identification conditions that determine when (∣Δα∣, β) is empirically recoverable versus conflated or only partially identified.
When nonadherence is present, identification of the biological effect (α) as the local average treatment effect (LATE/CACE) requires a valid instrument. Randomized assignment serves as this instrument under standard assumptions—relevance, exclusion, independence, and monotonicity—assessed using standard diagnostics, including first-stage strength and sensitivity to violations.S2 When satisfied, these permit causal recovery of α on a common clinical outcome scale despite incomplete adherence.S1
Identification of the preference-mediated effect (β) inherits these requirements, since β is defined relative to the causally identified biological contrast. β is therefore identifiable only when α is causally identified and an observational contrast based on treatment received is available on the same outcome scale. In this framework, β is a derived causal component representing the residual divergence between observational and biological contrasts.
Valid estimation of β also requires that patient choice or literacy elicitation function as measurement rather than intervention. Elicitation must be neutral, symmetric, and appropriately timed so as not to influence treatment uptake. Violations—such as asymmetric framing, differential information, or post-treatment measurement—compromise exclusion and render β uninterpretable. Under valid conditions, β captures the outcome consequence of treatment selection under preference, not a specific behavior such as adherence.
Two failure modes follow. Weak or invalid instruments preclude causal identification of α and therefore β. Violations of measurement neutrality contaminate β by inducing rather than observing choice. In either case, the joint structure (∣Δα∣, β) cannot be reliably decomposed, and the appropriate conclusion is decision-limited ambiguity.
Once identification is established, the remaining task is interpretive. Estimates of α and β, on a common clinical scale and evaluated relative to prespecified thresholds of clinical materiality, are then interpreted according to the regime-based rules in the following section, S4. 

[bookmark: _Toc230299592]S4 Rules of Interpretation and Design
Once α and β are identified, interpretation and action are governed by a small set of prespecified rules. These five rules introduce no new estimands or analytic techniques. Rather, they formalize how identified quantities are to be interpreted, how designs should be routed, and how conclusions should be drawn in preference-sensitive settings.
· R1 – Interpretation Rule The joint magnitude of ∣Δα∣ and β determines the appropriate mode of interpretation.
· R2 – Regime Rule Trial designs are routed by regime to reveal underlying structure.
· R3 – Power Rule Both biological and preference-mediated effects must be powered to resolve the causal structure.
· R4 – Measurement Rule Preferences and decision quality must be measured without violating identification.
· R5 – Complexity Drift Rule As clinical complexity rises, biological contrasts tend to compress while preference effects grow.
Together, these rules ensure that estimation serves interpretation, design follows structure, and action remains aligned with the mechanisms that generate outcomes.
[bookmark: _Toc230299593]R1 Interpretation Rule
The first rule governs interpretation. Given estimates of the net biological contrast (∣Δα∣) and the preference-mediated effect (β), conclusions follow from their joint magnitude relative to clinical materiality. When ∣Δα∣ exceeds the MCID, interpretation is α-first and classical randomized inference suffices. When ∣Δα∣ is small but β is clinically meaningful, interpretation becomes β-first and outcomes are understood as driven primarily by informed choice under biological equipoise. Intermediate cases require coprimary interpretation of α and β; when neither estimand is reliably identified, the appropriate conclusion is decision-limited ambiguity. This rule makes explicit that interpretation is not conventional but determined by effect structure, preventing both over-interpretation of null biological contrasts and under-recognition of clinically consequential preference effects.
[bookmark: _Toc230299594]R2 Regime Rule
The second rule governs design choice. Trial designs are selected to reveal the underlying regime, not to enforce an inferential tradition. In α-dominant settings, standard randomized designs are sufficient. In mixed or β-dominant settings, designs that permit estimation of β—such as preference-stratified randomization or instrumental-variable encouragement—are required. When identification is uncertain, designs should prioritize diagnostics over estimation, for example by strengthening instruments or using adaptive encouragement. Design is therefore not chosen first and interpreted later; it is routed by the expected location of the trial in (∣Δα∣, β) space, with the aim of making that location empirically legible.
[bookmark: _Toc230299595]R3 Power Rule
The third rule governs statistical power. In preference-sensitive care, powering a trial solely for ∣Δα∣ is insufficient: both ∣Δα∣ and β must be powered to support regime classification and interpretation. Trials powered for α but underpowered for β cannot distinguish α-dominant from β-dominant regimes and risk misinterpretation, even when statistically negative. Power therefore serves to resolve causal structure, not a single effect. Because β identification relies on variation in treatment uptake, allowing crossover weakens the first stage and inflates variance in α, while suppressing crossover maximizes precision for α by conditioning the trial on an α-dominant estimand. Power allocation must therefore be regime-appropriate: maximizing precision for α is efficient only when α is the dominant causal driver.
[bookmark: _Toc230299596]R4 Measurement Rule
The fourth rule governs measurement. Preferences, decision quality, and medical literacy must be measured in ways that preserve identification. Elicitation must be neutral, symmetric, and appropriately timed so that measurement informs choice without steering it. Asymmetric or retrospective measures contaminate β through persuasion or recall bias and undermine interpretability. Preference measurement is therefore a technical requirement of causal inference, not an optional or ethical add-on.
[bookmark: _Toc230299597]R5 Complexity Rule
The fifth rule governs external validity across populations. As age, multimorbidity, and polytherapy increase, biological contrasts tend to compress while patient-relevant trade-offs expand, producing predictable drift toward β-dominant regimes (Figure S1). Trials that are α-dominant in younger or less complex populations may therefore become preference-sensitive in older or more complex settings. Accordingly, analyzes should be reported by relevant complexity strata, and α-dominant conclusions should not be transported into settings where β is likely to dominate.
Together, these rules specify how identified estimates should be interpreted and how designs should be routed in preference-sensitive care. The methods that follow introduce no new assumptions; they simply operationalize these rules with minimal machinery so that statistical practice serves interpretation rather than substitutes for it. Figure S1 schematizes this drift by showing how increasing complexity compresses Δα while amplifying β, shifting settings toward mixed and β-dominant regimes.
Figure S1. Complexity-Driven Drift from α-Dominant to β-Dominant Regimes
[image: ]
Schematic representation of how increasing clinical complexity—through aging, multimorbidity, frailty, and polytherapy—compresses biological contrasts (Δα) while amplifying preference-mediated effects (β), shifting clinical decision settings and the trials that study them from α-dominant (B1) toward mixed (B2) and β-dominant (B4) regimes. Points illustrate representative locations at low, moderate, and high complexity, with the trajectory indicating progressive drift. This shift reflects a change in the underlying outcome-generating process: as therapeutic differences narrow and competing risks and trade-offs increase, outcomes depend more on patient choice (A1), and interpretation must follow the joint structure of (∣Δα∣, β) (R1). Under the Complexity Drift Rule (R5), identical trial designs may therefore carry different inferential meaning across clinical strata.
[bookmark: _Toc230299598]S5 Statistical Implementation
The methods that follow simply operationalize the prespecified rules with minimal machinery. Each component maps directly to one or more rules, covering identification of α and β, diagnostics and uncertainty, preference measurement, and regime-appropriate power. Together, they are sufficient—but not excessive—to implement the framework across regimes.
[bookmark: _Toc230299599]M1 Identify α Under Non-adherence
We estimate the biological treatment effect (α) on a clinically meaningful outcome scale, reporting both the intention-to-treat (ITT) effect and, when nonadherence is present, LATE/CACE identified via instrumental variables.S2 ITT captures programmatic effectiveness; LATE/CACE recovers biological efficacy among compliers under standard IV conditions (relevance, exclusion, independence, monotonicity). For time-to-event outcomes, α is expressed on a shared survival link (e.g., accelerated failure-time or semiparametric transformation models), ensuring comparability with ∣Δα∣ and β. Identification diagnostics—including first-stage F, partial R², and monotonicity checks—are reported with α.S6,S7 The aim is parsimony: one causal α, identified and displayed on the common clinical scale used throughout the analysis.
[bookmark: _Toc230299600]M2 Estimate β on a Common Scale
The preference-mediated (patient-choice) effect (β) is defined as the residual difference between the observational contrast and the causal biological contrast on a common clinical scale:
We estimate β using a prespecified estimator panel: a direct arithmetic estimator, a CACE-based estimator using ITT / π, and a 2SLS/IV residual estimator. Concordance across estimators, supported by sensitivity analyses, strengthens interpretation of β as a preference-mediated effect rather than residual confounding. Expressing β on the same outcome scale as α enables MCID-anchored interpretation and regime classification; without this alignment, β cannot be judged as clinically trivial or decisive relative to biology.S3,S4
[bookmark: _Toc230299601]M3 Is β Inference Permitted?
Identification and regime classification rely on explicit diagnostics of instrument validity and estimation strength. For identification of the biological effect (α) under nonadherence, we report standard instrumental-variable diagnostics, including the first-stage F statistic, partial R², and monotonicity checks. Weak instruments or violations of these conditions preclude reliable separation of α and β and require a decision-limited conclusion rather than substantive inference. Regime assignment is mechanical once identification is established. Trials are located in (∣Δα∣, β) space using identified estimates on a common clinical scale, each evaluated relative to a prespecified MCID. When either estimand is weakly identified or its uncertainty spans the MCID threshold, the appropriate regime is decision-limited ambiguity by rule. These diagnostics determine whether α-dominant, mixed, or β-dominant interpretation is permitted, or whether further design strengthening is required.S2
[bookmark: _Toc230299602]M4 How Precise is the Inference?
Precision and robustness are assessed using an uncertainty triad suited to mixed adherence and survival data. We report sandwich standard errors for IV/2SLS estimators; for censored outcomes, we use perturb-the-minimand resampling to obtain stable variance estimates for AFT or transformation-based models without imposing fragile parametric structure; and we add a nonparametric bootstrap as a cross-check.S6–S8 To assess residual confounding in ΔOBS (and therefore in β), we report E-values, quantifying the strength an unmeasured confounder would require to explain away the observed β (or Δβ when medical literacy is manipulated).S5,S9 Taken together, this approach preserves transparency while avoiding reliance on any single variance approximation.
[bookmark: _Toc230299603]M5 Conditions for Valid β Inference
To remain interpretable, preference and decision-quality elicitation must function as measurement rather than intervention, because β is valid only when the observational contrast (ΔOBS) reflects pre-existing preference-mediated treatment selection rather than behavior induced by elicitation itself.
This constraint is structural, not semantic. Asymmetric elicitation—unequal timing, framing, content, or intensity across arms—violates exclusion by differentially shaping uptake and thereby contaminating β. Symmetric elicitation, by contrast, preserves identifiability: when identical information is provided with the same content, framing, timing, and intensity across arms, elicitation acts as a constant and cancels in the contrast. Under these conditions, β remains an outcome-based measure of how patients act on preferences, not how preferences are manipulated.S8
We therefore treat medical literacy—defined as the patient’s understanding of relevant treatment options, trade-offs, and consequences sufficient to act on those differences in ways that affect physical outcomes—as a measurable but potentially intervention-like quantity.S5 When literacy-enhancing materials are delivered symmetrically, they can improve interpretability without altering the estimand; when delivered asymmetrically, they risk functioning as interventions on choice rather than neutral measurements.S10 SPORT exemplifies this structure: under near biological equipoise, uniform decision support revealed preference rather than inducing it.S11,S12
Decision support systems, including clinical decision support and AI-based ranking tools, are conceptually distinct from preference elicitation. When delivered symmetrically, they function analogously to neutral literacy enhancement and preserve β identifiability. When delivered asymmetrically, or when such systems generate recommendations in settings where β is non-trivial, they constitute an intervention that directly shapes uptake and contaminates β. Accordingly, in mixed and β-dominant regimes, decision support must defer to preference elicitation rather than act on it; automated ranking is appropriate only in α-dominant regimes. The resulting boundary conditions for AI deployment are developed elsewhere.S13,S14
When preference or literacy is the estimand (Δβ), symmetry is intentionally broken using regime-routed β-identifying designs, making uptake changes the target of inference rather than a bias. Prespecified materials, timing, symmetry status, and missingness must be reported, treating preference and literacy capture as conditions of valid causal inference.
[bookmark: _Toc230299604]M6 Powering Joint (∣Δα∣, β) Inference
Powering only α is insufficient in preference-sensitive care. Trials must be powered jointly for α and β, with β power determined not only by outcome variance and event rates (for survival outcomes), but critically by the compliance gap (π) governing instrument strength and the magnitude and variability of treatment uptake. Because β is defined as the residual between observational and causal contrasts, its precision depends on both the stability of ΔOBS and the strength and precision of α (via IV estimation), making weak instruments a primary driver of β underpowering.
Accordingly, powering for β requires attention to (i) expected uptake variation and crossover rates, which generate identifying variation; (ii) first-stage strength (π, F-statistic), which governs variance inflation in α and therefore β; (iii) alignment of ΔOBS and Δα on a common outcome scale; and (iv) clinically meaningful thresholds (MCID), since regime classification depends on whether β can be distinguished from trivial effects. We therefore report β-power contours over plausible combinations of π and variance and prespecify interim triggers based on first-stage F and π for sample-size re-estimation or design adaptation.
Joint powering enables trials to resolve causal structure—α-dominant versus β-dominant—rather than merely declare null biological effects or leave preference-mediated contributions unrecognized.S15 

[bookmark: _Toc230299605]S6 Design Archetypes and Wiring
Table S3 summarizes how a minimal set of methods (M1–M6) operationalizes the prespecified rules across regimes, ensuring that statistical practice supports identification, diagnostics, and interpretation rather than driving conclusions by convention. 
Table S3. Cross Reference Map — Methods → Rules & Regimes
	Method 
(M)
	Purpose / What it does
	Supports Rules(s) (R)
	Essential in Regime(s)
	Diagnostics / Required outputs

	[bookmark: _Toc229607841][bookmark: _Toc229610179][bookmark: _Toc230262767][bookmark: _Toc230299606]M1
	Identify α (ITT + LATE/CACE)
	Recovers biological effect under 
non-adherence 
on clinical link
	R1, R2, R3, R5
	B1, B2, 
B3, B4 (all)
	ITT & LATE;S2 
IV assumptions box; 
survival-scale α; 
CI/SE

	[bookmark: _Toc229607842][bookmark: _Toc229610180][bookmark: _Toc230262768][bookmark: _Toc230299607]M2
	Define / 
estimate β
	Quantifies preference-mediated effect aligned 
to α scale
	R1, R2, R3, 
R4, R5 (all)
	B2, 
B4 (primary); 
B3 (rule-out)
	β via 
ΔOBS − Δαcausal; estimator panel; 
MCID & CI

	[bookmark: _Toc229607843][bookmark: _Toc229610181][bookmark: _Toc230262769][bookmark: _Toc230299608]M3
	Instrument & regime diagnostics
	Confirms identifiability; labels regime
	R1, R2, R3, R5
	B2, B3, B4
	First-stage F, partial R²; monotonicity; regime label

	[bookmark: _Toc229607844][bookmark: _Toc229610182][bookmark: _Toc230262770][bookmark: _Toc230299609]M4
	Uncertainty & sensitivity
	Quantifies precision / robustness
	R1, R2, R3, R4, R5 (all)
	B2, B3, B4 (most critical)
	Sandwich SEs; perturb-resampling; bootstrap; 
E-values

	[bookmark: _Toc229607845][bookmark: _Toc229610183][bookmark: _Toc230262771][bookmark: _Toc230299610]M5
	Conditions for Valid β Inference
	Measures preferences without steering or confounding
	R4
	B2, B3, B4
	Timing audit; neutrality checklist; adherence linkage

	[bookmark: _Toc229607846][bookmark: _Toc229610184][bookmark: _Toc230262772][bookmark: _Toc230299611]M6
	Joint power & interim 
re-estimation
	Ensures adequate power for α & β; adapts to realized F/π
	R3, R5
	B2, B3, B4
	β power-contours; 
N tables; 
re-estimation triggers


Mapping of the minimal methods set (M1–M6) to the prespecified rules (R1–R5) and the regimes (B1–B4) in which they are required, showing how statistical implementation supports identification, interpretation, and design within β-identifying inference. Each method serves a distinct role in the inferential pipeline: M1 and M2 identify and estimate the core causal estimands (α, β) on a common clinical scale; M3 establishes identifiability and governs regime assignment through diagnostic thresholds; M4 quantifies uncertainty and robustness; M5 enforces measurement conditions required for valid β inference; and M6 ensures adequate power to resolve causal structure. Across regimes, the table makes explicit that methods are not interchangeable: α-dominant settings rely primarily on standard causal estimation, whereas mixed and β-dominant regimes require additional diagnostics, preference measurement, and joint powering to preserve identifiability. Under the Regime-Routing Rule (R2) and Interpretation Rule (R1), this wiring ensures that estimation supports regime classification and interpretation rather than substituting for it. The table therefore formalizes how a minimal methods kit implements the axioms and rules in practice, linking identification (A5), measurement constraints (A6; R4), and power (R3, R5) to regime-specific inference, and ensuring that conclusions follow causal structure rather than analytic convention.
[bookmark: _Toc230299612]S7 Regime Assignment Under Uncertainty
This section specifies how regime assignment and interpretation proceed when estimates of Δα and/or β are uncertain relative to prespecified MCID thresholds.
The main text defines regime assignment by the joint magnitude of (Δα, β) on a common scale with accompanying uncertainty and identification diagnostics. Assignment is deterministic given identified estimates, MCID thresholds, and uncertainty bounds, without subjective weighting or post-hoc judgment. Here we specify:  
1. the treatment of confidence intervals (CIs) that straddle MCID thresholds;
2. interpretation of point estimates exceeding MCID under limited precision; and
3. constraints on permissible conclusions imposed by uncertainty under the regime rules.
No new estimands, assumptions, or methods are introduced. This supplement clarifies how existing regime rules (R1 to R3) operate near MCID boundaries for clinical trial evidence.
[bookmark: _Toc230299613]S7.1 Principle: Regime Assignment Is Conservative Under Uncertainty
Regime labels (B1–B4) are inferential conclusions, not point-estimate classifications. When uncertainty prevents a determinate conclusion that an estimand exceeds or falls below MCID, the appropriate regime is decision-limited ambiguity (B3). This follows directly from the axioms and rules of the framework:
· A3 (MCID Discipline) Interpretation is anchored to clinical materiality;
· A5 (Identifiability Before Optimization) Inference requires identification and sufficient precision;
· R1 (Interpretation Rule) Valid interpretation requires resolution of the joint (∣Δα∣, β) structure.
Thus, indeterminacy is resolved by rule, not by convention.
[bookmark: _Toc230299614]S7.2 Decision Logic for CI-Crossing Near MCID
Let MCID be prespecified on the clinical outcome link used to report both ∣Δα∣ and β.
[bookmark: _Toc229607850][bookmark: _Toc230299615]Step 1. Assess Identification
Before regime assignment:
· α must be causally identified (e.g., LATE/CACE with adequate first-stage strength);S2
· β must be defined on the same outcome link as α;
· identification diagnostics (e.g., first-stage F, sensitivity) must meet prespecified thresholds.
When identification conditions are not satisfied, the appropriate conclusion is design-limited ambiguity (B3).
[bookmark: _Toc229607851][bookmark: _Toc230299616]Step 2. Compare Estimates and CIs to MCID
Both point estimates and confidence intervals are evaluated relative to MCID. Confidence intervals are interpreted with respect to clinical materiality, not hypothesis-testing nulls.
Case A: ∣Δα∣ CI entirely exceeds MCID
· ∣Δαlower∣ ≥ MCID
→ α is decisively clinically meaningful; the biological contrast is clinically decisive.
Proceed to assess β:
· if β < MCID → B1 (α-dominant)
· if β ≥ MCID → B2 (mixed)
Case B: ∣Δα∣ CI entirely below MCID
· ∣Δαupper∣ < MCID
→ biological equipoise
Proceed to assess β:
· if βlower ≥ MCID → B4 (β dominant)
· if β CI < MCID → B3 (decision-limited)
(Neither biology nor preference is definitively resolved.)
Case C: ∣Δα∣ CI straddles MCID
· ∣Δαlower∣ < MCID < Δαupper
→ biological effect is uncertain at the level of clinical materiality.
By rule:
· α-dominance cannot be concluded;
· β-dominance cannot be excluded.
Regime assignment: B3 (decision-limited ambiguity)
Interpretive consequence:
· Comparative or dominance conclusions are not supported by the evidence.
· Additional design strength (instrumentation, power, elicitation quality, or stratification) is required before substantive interpretation.
[bookmark: _Toc229607852][bookmark: _Toc230299617]Step 3. Evaluate β Under Uncertainty
β is evaluated symmetrically. When:
· β point estimate ≥ MCID, but CI straddles MCID
· βlower < MCID < βupper
Interpretation:
· Preference-mediated effects may be clinically consequential, but the evidence is insufficient to resolve their materiality.
Regime assignment remains B3, even if Δα suggests biological equipoise.
Interpretive consequence:
· Preference-first conclusions are not supported by the trial evidence.
· The appropriate evidentiary conclusion remains decision-limited.
Regime assignment under uncertainty follows a conservative, rule-based logic anchored to clinical materiality and summarized in Table S4. Classification depends on whether the confidence intervals for ∣Δα∣ and β lie above, below, or across a prespecified MCID on a common outcome scale. As shown in Table S4, when the CI for ∣Δα∣ lies entirely above MCID, biological effects are clinically decisive, yielding α‑dominant or mixed interpretation depending on β. When the CI for ∣Δα∣ lies entirely below MCID, biological equipoise is established and interpretation depends on β.
When the CI for ∣Δα∣ straddles MCID, biological dominance cannot be concluded and regime assignment defaults to decision‑limited ambiguity (B3), as indicated in Table S4. The same applies when β is not resolved relative to MCID: even when point estimates suggest clinically meaningful effects, insufficient precision precludes dominance classification. This rule ensures that dominance is concluded only when clinical materiality is resolved, preventing over‑interpretation and distinguishing true biological or preference effects from insufficient evidence.
Table S4. Decision Table for Regime Assignment Near MCID
	∣Δα∣ vs MCID (CI)
	β vs MCID (CI)
	Regime
	Interpretation
	Action

	CI ≫ MCID
	CI < MCID
	B1
	α-dominant
	Biological superiority supported

	CI ≫ MCID
	CI ≥ MCID
	B2
	Mixed
	Joint biological and preference effects supported

	CI < MCID
	CI ≥ MCID
	B4
	β-dominant
	Outcomes vary materially with preference

	CI < MCID
	CI < MCID
	B3
	Decision-limited
	Evidence insufficient for dominance conclusions

	CI straddles MCID
	any
	B3
	Indeterminate
	Evidence insufficient for dominance conclusions


Decision logic for classifying trials into regimes (B1–B4) based on the joint position of the net biological contrast (∣Δα∣) and the preference-mediated effect (β) relative to a prespecified minimal clinically important difference (MCID), incorporating uncertainty through confidence intervals (CIs). Regime assignment is determined by evaluating whether ∣Δα∣ and β exceed, fall below, or straddle MCID on a common clinical scale. When the CI for ∣Δα∣ lies entirely above MCID, biological effects are clinically decisive (B1 or B2 depending on β). When ∣Δα∣ lies below MCID, interpretation depends on β, distinguishing β-dominant (B4) from decision-limited settings (B3). Crucially, when the CI for ∣Δα∣ crosses MCID—or when β is not definitively above or below MCID—regime assignment defaults to decision-limited ambiguity (B3). This conservative rule reflects MCID discipline (A3) and the requirement that identification and precision precede interpretation (A5), operationalized through the Interpretation Rule (R1). The table therefore distinguishes true biological or preference dominance from insufficient identification, preventing over-interpretation of estimates that do not resolve clinical materiality. Resulting actions follow directly from regime classification: biological recommendation (B1), joint inference (B2), preference-first interpretation (B4), or deferral and further design strengthening (B3).
[bookmark: _Toc230299618]S7.4 Illustrative Examples
[bookmark: _Toc229607854][bookmark: _Toc230299619]Example 1: ∣Δα∣ Uncertain Near MCID
· ∣Δα∣ = 6 points (MCID = 5)
· 95% CI: 2 to 10
· β = 4 points (CI: 1 to 7)
Despite ∣Δα∣ point estimate > MCID:
· ∣Δα∣ CI straddles MCID → α dominance not established
· β CI straddles MCID → preference effect unresolved
Regime: B3
Interpretation: The trial reveals causal structure but does not support dominance conclusions.
[bookmark: _Toc229607855][bookmark: _Toc230299620]Example 2: Apparent Equipoise With Imprecise β
· ∣Δα∣ = 1 point (CI: –2 to 3)
· β = 6 points (CI: –1 to 13)
Although β point estimate exceeds MCID:
· β CI crosses MCID → preference materiality is unresolved
Regime: B3, not B4.
Interpretation: Preference-dominant conclusions are not supported by the evidence.
[bookmark: _Toc229607856][bookmark: _Toc230299621]Example 3: Clear β-Dominance
· ∣Δα∣ = 0.5 (CI: –1 to 2)
· β = 8 (CI: 6 to 11)
Here:
· ∣Δα∣ CI entirely < MCID → equipoise
· β CI entirely ≥ MCID → decisive preference effect
Regime: B4
Interpretation: Outcomes vary materially with patient preference under biological equipoise.
[bookmark: _Toc230299622]S7.5 How Uncertainty Propagates to Action
Uncertainty does not weaken the framework; it restricts the set of conclusions that can be drawn and, in doing so, determines the appropriate interpretive and design response.
· B1 / B2 (α-dominant or mixed): When clinical materiality is resolved for ∣Δα∣ (and, in B2, for β), conclusions about biological dominance or joint effects are supported. Action may proceed on the basis of biological efficacy alone (B1) or in combination with preference-mediated effects (B2), with interpretation anchored to the identified causal structure.
· B4 (β-dominant): When biological equipoise is established and β is resolved relative to MCID, preference-mediated interpretation is supported. Action shifts accordingly toward preference-first decision making, where outcomes depend materially on informed treatment choice rather than biological superiority.
· B3 (decision-limited ambiguity): When uncertainty prevents resolution of clinical materiality for ∣Δα∣ and/or β, interpretation is constrained:
· No biological dominance is supported;
· No preference dominance is supported;
· Conclusions are limited to diagnosing limitations in identification, precision, or design. The appropriate response is not interpretation, but design strengthening—through improved instrument strength, increased sample size, enhanced measurement, or stratified analysis—to resolve the underlying causal structure.
Decision-limited ambiguity is therefore a valid evidentiary outcome rather than a failure of trial conduct or analysis. It reflects a principled boundary on inference imposed by uncertainty relative to clinical materiality. Importantly, asymmetric uncertainty does not alter regime classification: unless the confidence intervals for ∣Δα∣ and β resolve their position relative to MCID, interpretation remains decision-limited by rule. In this way, uncertainty is propagated not into weaker conclusions, but into appropriately restricted ones, preserving alignment between evidence, causal structure, and clinical action.


[bookmark: _Toc230299623]S8 Evolution of β Across Trial Generations
To make the novelty explicit, it helps to place β in the lineage of trial designs (Table S5a). The progression is not simply greater attention to preference, but a sequence: divergence without decomposition, accommodation without estimation, post hoc β quantification, and finally prospective β identification under prespecified rules. β-identifying trials are thus not preference-sensitive trials in richer language, but a distinct epistemic stage in which preference enters identification, interpretation, and design.S16–S18,S3,S4,S10,S11
Earlier paradigms revealed parts of the structure, but did not fully read it. In Chalmers, divergence between randomized and non-randomized estimates was visible, but not decomposed, leaving ambiguity instead of causal structure.S16 Later preference-aware designs, including ProtecT and related preference-trial approaches, acknowledged or accommodated heterogeneity in uptake, yet did not define preference as an outcome-scale estimand.S17,S18 They recognized that choice mattered in practice, but lacked a formal language for separating biology, selection, and preference-mediated effects.S16–S18
SPORT is transitional in this sequence. Randomized assignment, observed uptake, and a common outcome scale made α and β separable in principle, and later analyzes quantified β directly from the data. Yet SPORT neither prespecified β nor classified regimes prospectively, nor did it supply the rule structure needed once Δα proved small. The trial was structurally legible but conventionally unread: its causal architecture emerged only retrospectively and only outside α-centric norms.S3,S4,S10,S11
What distinguishes β-identifying trials is not greater realism or sharper attention to preference. It is the prospective integration of axioms, rules, and methods before results are read. Table S5b makes this plain: the present framework differs from prior paradigms not by being “more pragmatic,” but by coordinating structural claims, interpretive rules, and analytic methods in advance. Under this structure, crossover changes status: no longer bias or nuisance, but potential identifying variation when the relevant conditions hold.S3,S4,S16–S18
This progression also shows why β-identifying trials grow more important as ∣Δα∣ narrows. Where biological contrasts are large, α-centric trials suffice because biology dominates outcomes. But as complexity rises and trade-offs become more preference-sensitive, α-only interpretation grows less adequate. The question is no longer only which treatment works better biologically, but when outcomes depend materially on who chooses what. β-identifying trials answer that question prospectively by making preference-mediated effects visible on the same clinical scale as biological effects and linking them to rule-governed interpretation. S3,S4
Table S5a. Progression of β Across Trial Generations
	
	Chalmers (1981)
	ProtecT 
	SPORT
	β-Quantifying Secondary Analyses
	β-Identifying Trials 
(This Paper)

	Primary 
aim
	Compare designs
	Compare treatments
	Compare treatment strategies
	Decompose divergence
	Identify and 
interpret 
causal structure

	Preference acknowledged
	Implicit
	Explicit
	Implicit / descriptive
	Explicit
	Explicit and 
structural

	Observational contrast available
	External
	Internal (switching)
	Internal (crossover + cohort)
	Yes
	Yes 
(required)

	β defined as estimand
	No
	No
	No
	Yes
	Yes 
(prespecified)

	β quantified on outcome scale
	No
	No
	No
	Yes
	Yes

	Identification conditions explicit
	No
	No
	No
	Partial
	Yes 
(axioms & constraints)

	Role of 
crossover
	Bias
	Nuisance
	Analytic problem
	Source of β
	Primary 
identifying 
variation

	Regime classification possible
	No
	Implicit
	Implicit
	Retrospective
	Prospective & 
rule-mediated

	Appropriate conclusion when unresolved
	Ambiguity
	“No clear winner”
	“Inconclusive”
	Decision-
limited
	Decision-
limited 
by rule

	Epistemic 
status
	Structure recognized
	Structure acknowledged
	Structure identifiable but unread
	Structure decomposed 
post hoc
	Structure anticipated, identified, interpreted


Historical progression in how β is handled across trial paradigms: from divergence without decomposition (e.g., ChalmersS16), to preference accommodation without β as an estimand (preference-aware designs; ProtecTS17,S18; SPORTS10,S11), to explicit outcome‑scale β quantification in Secondary analyses.S3,S4 The present framework prespecifies β as an estimand and links identification to interpretation through rule‑governed regime assignment (A1–A5; R1–R5).
Table S5b. Formal Epistemic Integration (Axioms–Rules–Methods) 
Across Trial Generations
	
	Chalmers (1981)S16
	ProtecTS17,S18
	SPORTS10,S11
	β-Quantifying Secondary AnalysesS3,S4
	β-Identifying Trials 
(This Paper)

	Axioms
invoked
	None
	A1
 implicit
	A1, A2 
implicit
	A1, A2 
explicit
	A1 – A5

	Rules
applied
	None
	None
	R1 
implicit
	R1 applied, 
but 
retrospectively
	R1 – R5

	Methods
used
	None
	M0
	M1 present; 
M2 implicit
(no prespecified β)
	M1 & M2 
present
	M1 – M6


Explicit mapping of structural axioms (A), interpretive rules (R), and analytical methods (M) across trial generations. The table shows that what ultimately distinguishes β-identifying trials is not clinical realism or preference awareness, but the prospective integration and coordination of axioms, rules, and methods prior to interpretation. Supplement S9 provides more detail on the SPORT trial and β-quantifying secondary analysis, distinguishing it from the full spectrum of design principles outlined in this paper. Note that for β-Identifying Trials (as developed in this paper) all axioms, rules, and methods (A–R–M) are applied.
Seen in this light, β-identifying trials are not one more niche in the world of trial design, but the next step in the evolution of trial interpretation: from unexplained divergence, to descriptive accommodation of preference, to retrospective β quantification, and finally to prospective β identification under prespecified rules. 
Supplement S9 develops this point through SPORT, showing that the difference between β-quantifying and β-identifying trials is not semantic, but methodological.S3,S4,S10,S11

[bookmark: _Toc230299624]S9 SPORT as a Transitional β‑Quantifying Trial
SPORT is transitional: (α, β) are identifiable post hoc, but not prespecified under the Axioms–Rules–Methods framework (Table S3 in this Supplement).S3,S4,S11,S12
Design and data structure SPORT combined randomization, crossover, and observed treatment received on a common outcome scale. A direction‑consistent 0–100 composite (SF‑36 BP/PF + ODI) enabled Δα–ΔOBS comparison. Randomization identifies α (M1) and uptake defines ΔOBS, making β recoverable post hoc.
Observed results and decomposition. The intention‑to‑treat (ITT) effect was small, reflecting attenuation from crossover, whereas observational contrasts were substantially larger. Secondary analyses decomposed this divergence as: β = ΔOBS – Δα, yielding:
· αSurgery ≈ 16–17 points; αnonoperative ≈ 15–16
· Δα ≈ 0.65 points (near or below MCID)
· β ≈ 6–8 points (clinically meaningful)
These results show that outcomes were jointly determined by biology and patient choice, with β dominating comparative outcomes under near biological equipoise.
A–R–M mapping. SPORT corresponds to the β‑quantifying column:
· Axioms (A): A1–A2 satisfied implicitly (dual causation present but not formalized)
· Rules (R): R1 applied retrospectively; R2–R5 not prespecified
· Methods (M): M1 present; M2 implicit in secondary analyses; M3–M6 absent
Thus, β is recoverable, but not prospectively identified or interpreted.
What was not prespecified. SPORT did not define β as a primary estimand, did not prespecify regime-based interpretation (R1), and did not route design to preserve identification across regimes (R2). Trials were not powered for β (R3), and neutrality/non-interference constraints on preference measurement were not formalized (A6, R4). Identification diagnostics and joint (Δα, β) inference were not built into the design prospectively (M3–M6). A minimal prespecified core—β on a common scale (A2; M2), regime rules (R1–R2), and identification/measurement safeguards (M3; A6/R4)—captures most of the framework’s leverage; the remaining elements chiefly increase precision and prospective rigor (R3; M4–M6).
How a full β‑identifying trial would differ. A β‑identifying trial under the full framework developed in this paper would:
· prespecify co‑estimands (α, Δα, β) on a common scale (A2; M1–M2);
· route design to preserve identifiability across regimes (R2);
· power jointly for α and β and monitor instrument strength (R3; M6);
· enforce neutral, symmetric preference measurement (A6; R4; M5);
· apply identification diagnostics and regime classification prospectively (M3; R1).
These elements transform post hoc decomposition into prospective, rule‑governed inference.
Interpretation within the present framework. SPORT is transitional: β is identifiable and clinically consequential when Δα is small, but the prospective A–R–M integration required for β‑identifying inference was absent. In Table 5b it falls in the β‑quantifying column—decomposable, but read through α‑centric, retrospective conventions.

[bookmark: _Toc230299625]S10 Structural Features of β-Identification-Ready Clinical Settings
A clinical setting is β-identification-ready when it plausibly lies outside a clearly α-dominant regime and retains the information needed to separate biological and preference-mediated effects on a common outcome scale. In practice, this means that clinically credible options already exist, net biological contrasts are plausibly small relative to clinical materiality, treatment uptake is observable, and outcomes can be aligned on a common clinical scale. In such settings, crossover and nonadherence are not merely threats to validity, but potential identifying variation—provided instrument validity, outcome-scale concordance, and non-interference of preference measurement are preserved.
Viewed compactly, β-identification-ready settings share three features: genuine clinical choice, behaviorally informative uptake, and outcome-scale interpretability. Table S6 summarizes the conditions that typically accompany each.
Table S6. Core Features of a β-Identification-Ready Clinical Setting
	Feature
	What it requires

	1
	Real 
clinical choice
	· Multiple clinically credible options already exist
· ∣Δα∣ is plausibly near or below MCID on the decision-relevant scale
· Trade-offs are patient-salient and likely to affect realized outcomes

	2
	Behaviorally informative uptake
	· Treatment uptake, switching, or persistence are observable rather than suppressed
· Preference can plausibly affect physical outcomes (will-to-adhere, ability-to-adhere), not merely satisfaction

	3
	Outcome-scale interpretability
	· A common clinical outcome scale can align ΔOBS and Δα
· The setting either already lies in, or is likely to drift toward, mixed or β-dominant regimes as complexity increases


The table organizes the structural conditions that make β-identifying designs methodologically appropriate. These features do not define a new trial type; rather, they identify settings in which the information needed to separate biological and preference-mediated effects is likely to be present and interpretable prospectively.
Settings with these features are the strongest candidates for prospective β-identifying designs. Supplement S11 applies this profile to a broad set of candidate indications and likely β-identifying design matches.
[bookmark: _Toc230299626]S11 Candidate Indications for β-Identifying Trials
The following candidate indications illustrate clinical settings in which β-identifying trials may be especially informative. The list is not ranked and should be read as a screening aid rather than a prescriptive agenda. Some entries are already mentioned in the main text (e.g., lumbar disc herniation, atrial fibrillation, stable coronary disease, localized prostate cancer, appendicitis), whereas others extend the same logic to adjacent settings in which biological contrasts are often modest, trade-offs are salient, and treatment uptake is likely to vary in outcome-relevant ways. In several of these indications, the relevant evidence base includes randomized trials, pragmatic comparisons, or prospective observational studies that make explicit comparison of biology, uptake, and patient-reported outcomes possible. Illustrative candidate indications include:
· Lumbar disc herniation: surgery vs nonoperative care. This is the canonical transitional case, discussed in detail in Supplement S9, because randomized assignment, substantial switching, and common-scale functional outcomes already made α and β separable in principle. In regime terms, lumbar disc herniation is best understood as a B2/B4 setting, with SPORT-class presentations tending toward B4 when ∣Δα∣ is small and treatment choice materially shapes realized outcomes.S4,S5,S11,S12
· Localized prostate cancer: surveillance vs surgery vs radiotherapy. Localized prostate cancer is a strong candidate for β-identifying trials because multiple clinically credible options coexist, each carrying distinct long-horizon trade-offs in urinary, sexual, bowel, and quality-of-life outcomes. In ProtecT, overall survival differences were limited across monitoring, surgery, and radiotherapy, while patient-reported outcomes diverged meaningfully by treatment pathway, making harms, burden, and patient goals central to interpretation. As discussed in Supplement S8, ProtecT represents an important preference-aware stage in which choice was acknowledged but β was not yet prospectively identified as an outcome-scale estimand. This makes localized prostate cancer a plausible B2 (mixed) setting.S17,S18 
· Atrial fibrillation: rhythm vs rate / pathway decisions. Atrial fibrillation is a strong candidate for β-identifying trials because clinically important outcomes often extend beyond mortality to include symptoms, bleeding risk, frailty, hospitalization burden, adherence, and treatment goals.  In AFFIRM, hard-outcome separation between rate and rhythm control was limited, while contemporary guidelines continue to emphasize shared pathway decisions shaped by symptom burden, anticoagulation trade-offs, comorbidity, and patient preference.  This makes atrial fibrillation a plausible B2/B4 setting, especially in older and more complex patients, where realized outcomes may depend not only on biological efficacy but also on persistence, risk tolerance, and how patients weigh symptom relief against treatment burden.S19,S20 
· Stable coronary disease: invasive vs conservative care. Stable coronary disease is a strong candidate for β-identifying trials because clinically important outcomes often extend beyond hard events to include angina relief, functional status, procedural burden, and patient goals.  In ISCHEMIA, an initial invasive strategy did not produce a clear overall reduction in major clinical events compared with a conservative strategy, but it did yield greater angina-related health-status gains, especially among patients with more frequent baseline angina.  This pattern makes stable coronary disease a plausible B2/B4 setting: when hard biological contrasts are modest, realized outcomes may depend materially on symptom burden, willingness to undergo invasive treatment, and the weight patients place on relief versus procedural burden.S21,S22 
· Acute appendicitis: antibiotics vs appendectomy. In the pragmatic CODA noninferiority trial, antibiotics were noninferior to appendectomy for 30-day health status, but downstream burdens diverged: by 90 days, 29% of patients assigned to antibiotics had undergone appendectomy, with higher rates among those with an appendicolith. Longer-term follow-up showed appendectomy rates of 40% at 1 year and 46% at 2 years. Appendicitis therefore illustrates a setting in which short-term biological separation is modest, but downstream risk, burden, and patient priorities can materially shape realized outcomes, making it a strong B4 (β-dominant) candidate.S23,S24 
· Benign prostatic hyperplasia: surgery vs medical/watchful management. Historically important because early randomized–nonrandomized divergence was visible but not decomposed in the Chalmers comparison. Later trials showed that transurethral surgery reduced treatment failure versus watchful waiting, while MTOPS demonstrated that long-term medical therapy could also modify progression. Taken together, these features make BPH best understood as a B2 (mixed) setting: biological differences are real, but symptom burden, treatment tolerance, and willingness to proceed with surgery materially shape realized outcomes.S16,S25,S26 
· Knee osteoarthritis: total knee replacement vs intensive non-surgical care. Randomized trials suggest that total knee replacement generally yields greater average improvement in pain, function, and quality of life than intensive non-surgical treatment alone, but the comparison is not purely biological. A substantial minority of patients initially assigned to non-surgical care later cross over to surgery, while many others delay surgery for years, indicating that burden tolerance, expectations, and willingness to proceed with an operation shape realized outcomes. This makes knee osteoarthritis a plausible B2 (mixed) setting, where biological benefit matters, but treatment uptake and patient priorities may materially influence what outcomes are ultimately achieved.S27,S28
· Peripheral artery disease / claudication: revascularization vs supervised exercise / medical therapy. Randomized comparisons in intermittent claudication show that supervised exercise can produce larger gains in treadmill walking performance, whereas revascularization may yield greater improvement on some disease-specific quality-of-life measures, highlighting a setting in which functional benefit, treatment burden, adherence, and patient goals may diverge. This makes symptomatic peripheral artery disease a plausible B2 (mixed) setting for β-identifying designs, particularly when walking capacity and patient-reported outcomes are both clinically central.S29,S30 
· Heavy menstrual bleeding / symptomatic fibroids: uterine-artery embolization vs myomectomy. In the randomized FEMME trial, both uterus-preserving options improved fibroid-related quality of life, but myomectomy showed a modest advantage at 2 years, while each strategy carried different procedural burdens and reproductive implications. This makes symptomatic fibroids a strong B2 (mixed) candidate, because clinically credible options coexist, symptom/function trade-offs are central, and patient priorities can plausibly shape realized outcomes.S31,S32 
· Obstructive sleep apnea: CPAP vs oral appliance therapy. Randomized trials show that CPAP is more efficacious physiologically (greater reduction in apnea–hypopnea burden), but oral appliance therapy is often better tolerated and used longer, yielding similar or near-similar effects on several health, sleepiness, and quality-of-life outcomes in some patients. This makes obstructive sleep apnea a plausible B2/B4 setting, because realized physical benefit depends not only on device efficacy, but also on persistence, adherence, and patient willingness to continue treatment.S33,S34 
· Low-risk papillary thyroid cancer: active surveillance vs surgery. Prospective data show that carefully selected patients can be safely managed with active surveillance, with very low rates of clinically meaningful progression over time, while avoiding the immediate burden of surgery. In a prospective nonrandomized trial, most patients choosing surveillance remained on surveillance without regional or distant progression, and long-term observational experience likewise showed very low rates of enlargement or nodal metastasis, with no disease-specific mortality—making this a plausible B2/B4 setting where monitoring tolerance, intervention burden, and patient priorities may materially shape realized outcomes when near-term biological separation is limited.S35,S36 
· Multimorbidity deprescribing vs continuation pathways. In randomized trials of older adults with polypharmacy, patient-centered deprescribing interventions have reduced medication burden in some settings and have done so through structured clinician–patient review, shared decision making, and longitudinal follow-up. Effects on broader clinical outcomes are mixed, which is exactly what makes this a compelling β-identifying context: average biological contrasts may be modest, while realized outcomes depend heavily on patient priorities, treatment burden, adherence, and tolerance for medication reduction. In that sense, multimorbidity deprescribing pathways align closely with complexity-drift logic and are plausible B2/B4 candidates, especially in older, multimorbid, or multiply treated populations.S37,S38 
Taken together, these indications suggest that β-identifying trials are most likely to be informative where choice is clinically real, uptake is behaviorally informative, and outcomes can be aligned on a common clinical scale. Some of these candidates already contain the structural elements needed for β-identification; others remain priority settings for future β-identifying design. Table S7 translates these structural features into practice by mapping representative indications to likely regimes, expected sources of β, and candidate β-identifying designs. As this Supplement emphasizes an operational perspective, it is hoped that the methods outlined in the paper and elaborated here will begin to find practical application across these important areas of clinical medicine, and more broadly in other domains where preference-sensitive decisions shape observed outcomes.


Table S7. Candidate β-Identification-Ready Indications and Likely Design Match
	
	Why β is 
likely material
	Likely 
regime (B)
	Ideal 
β-identifying design
	Notes

	Lumbar disc herniation: surgery vs nonoperative care
	Strong agency, substantial switching, common-scale function
	B2 (mixed) / 
B4 (β-dominant)
	SPORT-class hybrid design
	Canonical transitional exemplar

	Localized prostate cancer: surveillance vs surgery vs radiotherapy
	Competing options, long-horizon trade-offs, value-sensitive harms
	B2
	Preference-stratified cohort design
	ProtecT-class: preference acknowledged, β not prospectively identified

	Atrial fibrillation: 
rhythm vs rate / pathway 
decisions
	Symptoms, bleeding risk, frailty, hospitalizations, adherence
	B2 / B4
(especially in older, more complex patients)
	Preference-stratified or encouragement design
	Main-text exemplar

	Stable coronary disease: invasive vs conservative care
	Health-status benefit, procedural burden, patient goals
	B2 / B4
	Hybrid or mixed-regime design
	Main-text exemplar

	Acute appendicitis: 
antibiotics vs appendectomy
	Similar short-term outcomes, divergent downstream risks
	B4
	Hybrid or sequential preference design
	Main-text exemplar

	Benign prostatic hyperplasia: surgery vs medical/watchful management
	Historic divergence, symptom–burden trade-offs
	B2
	Retrospective-to-prospective hybrid
	Historically linked to Chalmers-style divergence

	Knee osteoarthritis: 
surgery timing vs nonoperative management
	Functional outcomes, rehab adherence, burden tolerance
	B2
	Preference-stratified randomized design
	Strong extension of the framework

	Peripheral artery disease / claudication: 
revascularization vs exercise/medical care
	Symptoms, walking capacity, burden, adherence
	B2
	Randomized encouragement design
	Good fit where biological contrasts are modest

	Heavy menstrual bleeding / fibroids: 
medical vs procedural management
	Competing options, symptom–function trade-offs, burden
	B2
	Preference-stratified design
	Strong preference-sensitive symptom outcomes

	Obstructive sleep apnea: CPAP vs oral appliance vs surgery
	Persistence and uptake shape realized benefit
	B2 / B4
	Encouragement or sequential adaptive design
	Most suitable with prospective adherence measurement

	Low-risk thyroid
	Monitoring tolerance, intervention burden, limited biological separation
	B2 / B4
	Cohort or mixed-regime design
	Good fit where surveillance itself is preference-laden

	Multimorbidity deprescribing vs continuation pathways
	Small contrasts, heavy trade-offs, strong agency
	B2 / B4
	Pragmatic hybrid with prespecified β
	Especially aligned with complexity drift


Illustrative candidate settings derived from the Axioms–Rules–Methods framework. The table is not exhaustive and serves as a screening guide for contexts where β-identifying designs may be appropriate. Design labels are provisional and depend on alignment of ΔOBS and Δα on a common clinical scale, observable uptake variation, and non-interfering preference measurement. Note: B3 (decision-limited) reflects unresolved identification or precision, not an intrinsic feature of a setting.
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