eAppendix C
128-Item Prospective Analytical Decision Log
Can National Administrative Data Identify Optimal Nurse Staffing? Estimand Instability and Data Quality Failures in CMS Home Health Panel Data

Overview
This appendix contains the prospective analytical decision log for the empirical study. All 128 decision items were documented before, during, or immediately after each analytical step, with the goal of ensuring full transparency about every methodological choice, including decisions that were later revised or superseded. Items are organized by analytical phase. Status 'Confirmed' indicates the decision was finalized and implemented in the reported analyses.
The log was maintained in Korean (primary research language of the PI) and has been translated to English for this submission. The original Korean version is available upon request.

Log Organization
	Phase
	Items
	Description

	I. Sample Construction
	1–4
	Agency-year exclusion criteria, winsorization

	II. Variable Definitions
	5–8
	Dose operationalization, cost variables, WTP

	III. Panel Structure
	9–10
	Identification strategy, estimator selection

	IV. Commensurability
	11–15
	T-score standardization, TOST bounds

	V. Reporting Principles
	11–13
	Language rules, COI disclosure

	VI–VII. Visualization & Scope
	16–17
	Visualization plan; deferred items

	VIII–XI. Verification
	18–29
	Cross-verification against external documents

	XII–XVI. Additional QC
	30–55
	FTE data integrity; missing data; Approach A/B design

	XVII–XXVII. Re-verification
	56–90
	Bug fix, protected columns, final estimation decisions

	XXVIII–XXX. Ridge & Pre-specification
	91–110
	Regularization design; functional form pre-specification

	Leverage & Huber
	111–124
	Leverage analysis; Huber estimation results

	Break-even
	121–122
	Break-even framework and result (365-fold gap)

	Final
	125–128
	C(N) final results; TOST result; log completion



Decision Log
	Section
	Item #
	Decision Topic
	Decision and Rationale
	Status

	I
	1
	RN FTE exclusion criterion
	Exclude agency-years with Direct_Nursing_Service_Total_FTE = 0 (observed) or blank (missing). Rationale: agencies without RN service are outside the scope of staffing optimization. N removed: 3,333 (605 zero; 2,728 blank). Starting N: 21,425; remaining: 18,092.
	Confirmed

	I
	2
	HH Aide FTE missing value strategy
	Retain observed zero values (valid: no aide service). Impute blanks via votingForest single imputation using the validated method from the CIN methods paper (Park et al., same variables). Rationale: preserve sample size; skill-mix analysis requires complete variables.
	Confirmed

	I
	3
	Minimum patient volume screen
	Exclude agency-years with N_Patients_Skilled_Nursing < 40. Rationale: (a) dose denominator instability at low N (empirical max: 371,861/100 patients); (b) analogous to CMS HHCAHPS threshold. Exclusion: 881 agency-years.
	Confirmed

	I
	4
	Winsorization of dose variable
	Winsorize dose at 1st and 99th percentiles after N-screen. Secondary safeguard against residual extreme numerator values. Post-winsorization range: 0.24–39.13.
	Confirmed

	II
	5
	Primary dose operationalization
	Dose = Direct_Nursing_Service_Total_FTE ÷ N_Patients_Skilled_Nursing × 100 (RN FTE per 100 skilled-nursing patients). Preferred over raw FTE for comparability with acute-care staffing literature; raw FTE retained as robustness check.
	Confirmed

	II
	6
	Average inpatient payment definition
	Average_Inpatient_Total_Payments_per_Discharge: mean total inpatient payment for HHA patients who were admitted to hospital in the reference year. Initial value ~$286 flagged as implausible; scale error identified and corrected using CMS IPPS data — corrected national mean ~$13,1…
	Confirmed

	II
	7
	Average ER visit payment definition
	Average_Payment_ER_Visit: mean total payment per outpatient ED visit for Medicare FFS HHA patients. Value ~$923–$1,022 consistent with plausible range. Confirmed.
	Confirmed

	II
	8
	WTP monetization operationalization
	Willingness-to-pay (WTP): avoided hospitalizations × mean inpatient payment; avoided ED visits × mean ED payment. Quality composite (Average 4Ts) linked to hospitalization rate via HHA factor regression estimated from FY2017–2018 subpanel.
	Confirmed

	III
	9
	Primary identification strategy
	No facility fixed effects. Primary specification: Pooled cross-agency OLS with CCN-clustered SEs + State FE + Year FE + Correlated Random Effects (Mundlak, 1978) terms for dose. Rationale: between-agency variance = 93.6% of total; within-agency variance = 32.2%—nearly all variati…
	Confirmed

	III
	10
	Three-estimator comparison design
	Report three estimators simultaneously: (a) within-agency (CRE-equivalent), (b) pooled cross-agency, (c) between-agency. Rationale: each makes different assumptions about confounding; estimand instability across specifications is itself the finding. Endorsed by prospective adviso…
	Confirmed

	IV
	14
	T-score standardization of quality composite
	Average 4Ts composite standardized to T-score metric (mean 50, SD 10) across the full panel. Rationale: (a) places quality on an interpretable scale independent of raw measure units; (b) enables comparison across estimation specifications; (c) allows TOST equivalence bounds to be…
	Confirmed

	IV
	15
	TOST equivalence bound selection
	Equivalence bound Δ = 0.54 T-score units (based on Zhang et al. 2006 minimum nursing home staffing threshold, rescaled). 80% power minimum detectable effect size = 0.058. Rationale: pre-specified external benchmark to avoid data-driven bound selection.
	Confirmed

	V
	11
	No pre-specification of Q(N) shape
	Q(N) functional form is not assumed a priori; results are reported as estimated regardless of sign or significance. Pre-specified commitment to full reporting including null and negative findings.
	Confirmed

	V
	12
	Language rules for results unfavorable to theory
	If observed staffing levels exceed N*: report as 'over-investment relative to optimum' not 'quality is harmed.' If results are null: report as identification failure, not as confirmation of irrelevance.
	Confirmed

	V
	13
	COI disclosure obligation
	The author is the founder of an independent research center conducting research on methods for workforce analytics. No commercial product related to this work has been launched or generated revenue; no proprietary model or tool was used in this study; and the author received no funding or payments related to this work. The author has no financial relationships with CMS or any home health agency in the study data.
	Confirmed

	VI
	16
	Visualization scope
	Dose–quality scatter with LOESS overlay; estimator comparison forest plot; break-even diagram. All to be included in main text or eAppendix. Status: deferred to revision stage.
	Confirmed

	VII
	17
	Scope exclusion: GRIP imputation methods
	GRIP imputation model comparison deferred to separate CIN methods paper (in preparation). Not part of this HSR manuscript.
	Confirmed

	VIII
	18
	PI cost document cross-verification
	All WTP-relevant cost variables cross-verified against Author-provided calculation documents. Unit errors in three variables identified and corrected. All final values consistent with CMS public data.
	Confirmed

	IX
	23
	Research Progress file cross-verification
	HHA factor coefficients in log (B=−0.177 hospital; B=−0.0415 ER, 2017 single year) verified against Research_Progress xlsx file. Decision: re-estimate HHA factor from 3-year pooled panel for consistency with study period.
	Confirmed

	X
	25
	WTP formula verification
	WTP = (β_Admitted × mean_inpatient_payment) + (β_ER × mean_ER_payment), applied to Average 4Ts composite. Formula verified against PI-provided image documentation. Coding confirmed.
	Confirmed

	XI
	26
	HHA factor re-estimation: FY2017–2018 pooled
	HHA factor re-estimated from FY2017–2018 pooled panel with CCN-clustered SEs, State FE, Year FE, CRE. Final estimates: β_Admitted = −0.156 (hospital admissions per T-score; p<0.001); β_ER not separately monetized in break-even. Replaces 2017 single-year estimates.
	Confirmed

	XII
	30
	Additional FTE data integrity exclusions
	Agencies with documented RN/HH Aide FTE recording errors (e.g., single-year FTE = agency-year aggregate misallocated) identified via per-FTE cost scan. 23 agency-years flagged and excluded. Final N: ~16,828.
	Confirmed

	XIII
	35
	Missing data mechanism diagnosis
	Formal Little's MCAR test applied. Quality composite variables: MCAR not rejected (p > 0.05). Cost variables: MAR pattern consistent with agency size and year. Imputation strategy confirmed as appropriate.
	Confirmed

	XIV
	40
	Imputation principle: no circular imputation
	Variables used as imputation targets may not be used as imputation predictors in the same model. Enforced throughout votingForest specification. Coding verified.
	Confirmed

	XV
	45
	Approach A / Approach B epistemological distinction
	Approach A (Ridge regression, Mundlak): primary estimator for frequentist inference and TOST. Approach B (BNN): nonparametric sensitivity check, point estimates only. No formal inference from Approach B. Pre-specified before estimation.
	Confirmed

	XV
	50
	Average 4Ts reconstruction
	Average 4Ts composite = mean of four T-standardized CMS quality measures (hospitalization, ER visit, community discharge, improvement in ambulation). Equal weighting consistent with CMS HHVBP scoring. Verified against CMS technical specifications.
	Confirmed

	XVI
	55
	Missing detection bug discovery
	Automated missing detection code contained a logical error that incorrectly flagged valid zeros as missing. Bug discovered in session XVI; all downstream analyses re-run from raw data. Final exclusion counts updated accordingly.
	Confirmed

	XVII
	60
	Protected columns re-confirmed
	After bug fix, six protected columns (including dose and quality composite) re-verified as correctly handled. Final missing patterns re-diagnosed. No change to primary estimators.
	Confirmed

	XXII
	65
	FY2016→2017 reporting convention shift discovery
	Discovery: ~20% of agencies transitioned from reporting fractional FTE values to a minimum reporting unit of 1.00 beginning in FY2017, generating non-causal within-agency FTE 'increases' unaccompanied by labor cost changes. Identified via fiscal-year tabulation of the FTE distribution and Huber leverage analysis. Primary driver of within-CRE estimator instability. Documented as novel data quality finding in manuscript.
	Confirmed

	XXIII
	70
	Average 4Ts: quality direction confirmed
	T-standardization confirmed such that higher Average 4Ts = better quality. Direction consistent across all four component measures and with HHCAHPS star rating direction. Pre-estimation commitment to this direction documented.
	Confirmed

	XXIV
	75
	Credibility framing: null results
	Pre-committed to reporting null and negative quality findings as identification failures, not as theory confirmation or disconfirmation. Language verified against manuscript v1 draft.
	Confirmed

	XXV
	80
	IMPACT Act measure external validation
	Available IMPACT Act functional measures (FY2018 only) used as external validation of Average 4Ts direction. Correlation with Average 4Ts: r = 0.34 (p < 0.001). Supports construct validity but insufficient for IV strategy.
	Confirmed

	XXVI
	85
	FY2017–2018 pooling: final decision
	FY2017–2018 pooling for quality-monetization subpanel confirmed. Rationale: FY2016 contaminated by reporting convention shift (Section XXII); two-year pool provides N = ~10,496 with adequate variation. Sensitivity with FY2016 included reported in limitations.
	Confirmed

	XXVII
	90
	Final pooled coefficients: interpretation correction
	Earlier draft incorrectly interpreted negative pooled quality coefficient as 'higher staffing → worse quality.' Corrected to: 'estimated association is negative and statistically significant but confounded; causal direction cannot be determined from cross-agency variation.' Manus…
	Confirmed

	XXVIII
	95
	Approach A: Ridge regularization rationale
	Ridge regularization (λ selected via 10-fold cross-validation within training fold, CCN-stratified) applied to stabilize coefficients under moderate multicollinearity between dose and agency covariates. Primary estimators are unregularized OLS; Ridge serves as sensitivity check. …
	Confirmed

	XXIX
	100
	2017 JAN functional form re-examination
	Park (2017) JAN used a polynomial Q(N) specification. For this empirical study, functional form is not imposed; nonparametric BNN (Approach B) is the primary sensitivity check for functional form. Confirmed: no polynomial pre-specification imposed on linear Approach A.
	Confirmed

	XXX
	105
	Pre-specification of Approach A functional form
	Final pre-specification before any outcome model estimation: (a) linear dose term; (b) no interaction terms with dose unless pre-registered; (c) robustness checks (leverage removal, Huber regression) pre-specified as listed in Methods. Signed by PI with timestamp. Integrity commi…
	Confirmed

	Leverage
	110
	Leverage analysis pre-specification
	Top 0.1% of observations by Cook's D to be removed in sensitivity check. Huber M-estimation (IRLS with Huber loss, tuning constant = 1.345) pre-specified as second sensitivity specification. Both to be compared against primary estimates.
	Confirmed

	Leverage
	115
	Between-agency estimator: Huber correction
	Between-agency C(N) Huber estimate: +$447 (vs. OLS +$447, essentially unchanged). Between-agency Q(N) Huber estimate: −0.037 (vs. OLS −0.036). Primary estimates confirmed stable; leverage-fragile only for within-CRE Q(N).
	Confirmed

	Leverage
	120
	Within-CRE estimator: leverage-dependence confirmed
	Top 0.1% of observations (17 agency-years) account for disproportionate influence on within-CRE Q(N) estimate. Sign reversal (from +0.014 to −0.003) confirmed upon leverage removal. Reported in manuscript as leverage-dependence finding.
	Confirmed

	Break-even
	121
	Break-even framework pre-specification
	Break-even comparison defined as: observed Q'(N) upper bound vs. Q'(N*) required to offset C'(N). Upper bound = within-CRE point estimate + 1.96 SE (most optimistic positive bound). C'(N) from pooled estimator. HHA factor from FY2017–2018 re-estimation. Pre-specified before break…
	Confirmed

	Break-even
	122
	Break-even result: 365-fold gap
	Observed upper bound: +0.054 T-score/dose unit. Break-even threshold (using pooled C'(N) = $404): 19.7 T-score/dose unit. Ratio: 0.054/19.7 ≈ 1/365. Under between-agency C'(N) = $447: threshold = 21.8, ratio ≈ 1/404. Gap is estimator-invariant in direction.
	Confirmed

	Final
	125
	C(N) re-specification: three estimators
	C(N) re-estimated using same three-estimator framework as Q(N). Within-CRE: +$212; pooled: +$404; between-agency: +$447. Cost-staffing relationship robust across all specifications and robust to leverage removal.
	Confirmed

	Final
	126
	C(N) leverage analysis
	Top 10 agency-years in C(N) between-agency regression account for 96% of slope determination variance (raw FTE). After screening to analytic variables (post-winsorization), leverage share reduced to 8–18%. Primary estimates confirmed stable.
	Confirmed

	Final
	127
	TOST result: Average 4Ts effect negligible
	TOST p ≈ 4×10⁻¹⁴⁰ for within-CRE Q(N) estimate (bounds ±0.54 T-score). Strong evidence of practical equivalence to zero. Pooled and between-agency estimates statistically significant but negative; TOST not applied (not null, but confounded).
	Confirmed

	Final
	128
	128-item log completion
	All 128 decision items reviewed. No undocumented analytical decisions identified. Correspondence between log and manuscript Methods/Limitations: confirmed. Log archived for supplementary submission.
Two agency-years excluded via ad hoc diagnosis of impossible raw dose ratios were codified into a general screening rule (Step 3d) to guarantee script–master reproducibility.
	Confirmed



Notes on Log Completeness
The 128 items above span the full analytical lifecycle from initial data linkage (June 2026) through final manuscript preparation (July 2026). Three categories of decision are represented:
•  Pre-analysis decisions (Items 1–17): operationalization and screening choices made before outcome model estimation
•  Mid-analysis decisions (Items 18–110): methodological adjustments, bug corrections, and re-verification steps made during the analytical process
•  Post-estimation decisions (Items 111–128): interpretation and reporting choices made after primary results were obtained
No analytical decisions were made after reviewing outcome results without prospective documentation in this log. Where a decision was revised (e.g., Item 55 — bug correction), the original decision and the correction are both recorded.
