Supplementary Data 4. NORMA Reporting Checklist for Normative Modeling Studies
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Reviewer:	
Date of assessment:	

Instructions
This checklist accompanies the NORMA framework described in Supplementary Note 4. For each item, mark one of Y, P, N, or NA in the score row, indicate where the relevant content appears in the paper, and add notes where useful. Items conditional on study type list the applicable branch above the sub-criteria; ignore the branch that does not apply.
Scoring values.  Y, fully reported. P, partially reported. N, not reported or unclear. NA, not applicable.
Location in paper.  Record any identifier that lets a reader find the supporting passage. A section name (e.g., Methods, Cohort), a page number, or a combination is acceptable. Line numbers are not required.

Study classification
Two operational distinctions determine which sub-criteria apply. Mark the relevant box in each row before scoring the items.
Normative model:
☐  New (model parameters estimated within this study)
☐  Pre-trained (previously published parameters applied without re-estimation)
Reference cohort data origin:
☐  Primary (newly acquired by the study team)
☐  Secondary (existing dataset)
Clinical cohort data origin:
☐  Primary (newly acquired by the study team)
☐  Secondary (existing dataset)



CE.  Common elements
CE-1. Research objectives
Are the study objectives stated?
☐  Research hypotheses or questions are stated.
☐  The purpose of applying normative modeling is described (e.g., diagnostic support, personalized medicine, characterization of individual heterogeneity).
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM.  Model development and validation
NM-1. Reference cohort selection
Are eligibility criteria for the reference cohort and image quality standards described?
For studies building a new normative model:
☐  Eligibility criteria for the reference cohort are described. For open datasets, the dataset paper or official page is cited. For newly collected data, inclusion and exclusion criteria are provided.
☐  Image quality and data completeness standards are specified (e.g., motion artifacts, missing data).
☐  Final reference-cohort sample size and reasons for exclusion are reported.
For studies using a pre-trained normative model:
☐  The original publication describing the reference cohort is cited.
☐  If the model is recalibrated or adapted (e.g., transfer learning, local re-fitting), eligibility criteria for the local sample are described.
☐  Image quality and data completeness standards are specified (e.g., motion artifacts, missing data).
☐  Final sample size and reasons for exclusion are reported.
Scoring guidance.  The unit of evaluation is the reference cohort, not calibration controls or healthy subgroups in the clinical cohort. For dataset citation, a DOI or official URL in the body or Supplement is sufficient. For image quality, both the exclusion target and the verification procedure must be identifiable.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-2. Reference cohort covariate handling
Are covariates handled appropriately when building the normative model?
☐  Demographic covariates such as age and sex are accounted for.
☐  For multi-site reference data, the method used to address site effects is specified (e.g., site as a covariate, ComBat-family harmonization, hierarchical modeling).
Scoring guidance.  The site-handling method must be identifiable. Phrasing such as “accounting for site differences” without specifying the method is not sufficient.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-3. Reference cohort data sources
Are the neuroimaging data sources of the reference cohort described?
For studies building a new normative model:
☐  The data source is specified. For open datasets, the database or study name is provided. For newly collected data, collection sites and time period are provided.
For studies using a pre-trained normative model:
☐  The data source is specified (e.g., dataset or study name, citation of the original publication).
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-4. Image acquisition protocol
Is the image acquisition protocol described?
For primary data collection:
☐  Imaging modality is specified, including subtype where applicable (e.g., MRI: T1-weighted, diffusion, functional).
☐  Acquisition parameters are specified (e.g., TR, TE, voxel resolution).
☐  Equipment specifications are provided (e.g., manufacturer, field strength).
For secondary data:  NA.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-5. Data preprocessing
Are the preprocessing procedures described?
Preprocessing here refers to all steps used to derive analysis-ready features, including image preprocessing pipelines, quality control and exclusion, outlier handling, feature extraction and aggregation, transformations, and missing-data handling.
For studies that performed preprocessing:
☐  Software or tools are specified (e.g., FreeSurfer, FSL, R or Python).
☐  Preprocessing steps or the standard pipeline are identified (e.g., recon-all, fMRIPrep).
☐  Quality control procedures are described.
For studies using preprocessed derivatives from existing projects with no further processing by the study team:  NA.
Scoring guidance.  The scope of NM-5 is the entire derivation of analysis-ready features, not the image pipeline alone. For QC procedures, the rule must be identifiable (metric, threshold, manual or automated procedure); “as described previously” without criteria in the present paper is insufficient. NA cases are uncommon in practice.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-6. Internal validation of the reference cohort
Is a data partitioning strategy used for internal validation?
For studies building a new normative model:
☐  A partitioning strategy is used in which the model is evaluated on samples not used to fit it in that iteration (e.g., hold-out test set, k-fold cross-validation, leave-one-out).
For studies using a pre-trained normative model:  NA.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-7. External validation of the reference cohort
Is the normative model evaluated on an independent external dataset of healthy individuals?
For studies building a new normative model:
☐  The model is evaluated on an independent external dataset of healthy individuals not used during model development.
For studies using a pre-trained normative model:  NA.
Scoring guidance.  The evaluation must be on a fully independent healthy cohort. Validation in the clinical cohort does not satisfy NM-7, even when the clinical cohort contains a healthy comparison arm.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-8. Statistical approach to normative modeling
Is the statistical approach described?
For studies building a new normative model:
☐  The model class is specified (e.g., linear regression, Gaussian process regression, hierarchical Bayesian regression, distributional regression).
☐  Key model settings are reported.
☐  Software and libraries used for implementation are specified.
For studies using a pre-trained normative model:  NA.
Scoring guidance.  Key model settings are specific values or types that govern model behavior, stated in the body or Supplement (e.g., GPR kernel type; LOESS or GAM smoothing parameter or degrees of freedom; BLR warping family; Bayesian priors; regularization parameters). The model name alone, or a general description without identifiable settings, is not sufficient.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-9. Model performance
Is model performance quantitatively assessed for the reference cohort?
For studies building a new normative model:
☐  At least one quantitative performance metric is reported, of any of the following kinds:
· Central tendency (accuracy of the predicted mean): explained variance or R², mean absolute error (MAE), mean squared error (MSE) or root mean squared error (RMSE), standardized mean squared error (SMSE), or the correlation between predicted and observed values.
· Overall goodness-of-fit: mean standardized log-loss (MSLL) or log-score, or the Akaike or Bayesian information criterion (AIC or BIC).
· Calibration (distribution shape): skewness or kurtosis of the deviation scores, a Shapiro-Wilk test on the residuals, a quantile-quantile (Q-Q) or calibration plot, mean absolute centile error, or coverage of prediction intervals.
For studies using a pre-trained normative model:  NA.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-10. Reference cohort partition characteristics
Are characteristics of the reference cohort described for each data partition?
For studies building a new normative model with data partitioning:
☐  Sample size for each partition (e.g., training, validation, test) is reported.
☐  Demographic characteristics for each partition (e.g., age, sex) are described.
For studies using a pre-trained normative model, or for studies in which no partitioning is performed:  NA.
Scoring guidance.  When NM-6 is judged as no partitioning, NM-10 is automatically NA, not blank or N. k-fold cross-validation alone, without a fixed independent test set, is NA: the folds are an internal model-selection procedure.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

NM-11. Reproducibility resources
Is sufficient information provided to support reproducibility?
For studies building a new normative model:
☐  Software and library versions are specified (e.g., Python 3.8, PCNtoolkit v0.30, R 4.2.0).
☐  The availability of reproducibility resources (code, trained models, or data) is stated, including access conditions and restrictions.
For studies using a pre-trained normative model:
☐  The source of the normative model is provided (citation, repository URL, or version identifier).
Scoring guidance.  For software versions, a check applies when at least one major tool used in normative model construction is specified with a version. For availability, the criterion is whether accessibility is stated, not whether resources are publicly accessible.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA.  Clinical application
CA-1. Clinical cohort selection
Are eligibility criteria for the clinical cohort and image quality standards described?
For primary data collection:
☐  Patient eligibility and diagnostic criteria are described (e.g., DSM-5, ICD-10, structured clinical interview).
☐  Image quality and data completeness standards are specified (e.g., motion artifacts, missing data).
☐  Final sample size and reasons for exclusion are reported.
For secondary data:
☐  The original publication is cited, and any additional eligibility criteria applied in the present study are described.
☐  Image quality and data completeness standards are specified (e.g., motion artifacts, missing data).
☐  Final sample size and reasons for exclusion are reported.
Location in paper:	
Notes:
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA-2. Clinical covariate handling
Are clinical covariates accounted for in analyses involving the clinical cohort?
☐  Clinical covariates beyond age and sex are addressed in analyses of deviation scores (e.g., medication, illness duration, symptom severity, comorbidities).
Scoring guidance.  The check applies when clinical covariates are addressed through adjustment, stratification, or sensitivity analysis. Reporting clinical indices descriptively, or showing correlations between deviation scores and clinical features without adjustment or stratification, does not satisfy the criterion.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA-3. Clinical cohort data sources
Are the neuroimaging data sources of the clinical cohort described?
For primary data collection:
☐  The data source is specified (e.g., collection sites, time period).
For secondary data:
☐  The data source is specified (e.g., dataset or study name, citation of the original publication).
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA-4. Clinical cohort characteristics
Are the characteristics of the clinical cohort described?
☐  Sample sizes are reported.
☐  Demographic characteristics are described (e.g., age, sex).
☐  Clinical characteristics beyond demographics are described (e.g., medication status, symptom severity, illness duration).
Scoring guidance.  Clinical characteristics require both an indicator (scale name or definition) and a summary statistic (e.g., mean ± SD, median [IQR], proportion). Standardized indices for symptom severity, function, cognition, or behavioral traits (e.g., ADOS) are also acceptable.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA-5. Clinical assessment measures
Are the clinical assessment measures described?
☐  Clinical measures are specified (e.g., symptom rating scales, diagnostic criteria with version).
☐  Assessment procedures are described (e.g., structured interview, self-report, clinician-rated).
Scoring guidance.  For clinical measures, a check applies when the indicator is identifiable; symptom-scale names or named diagnostic criteria are sufficient. Diagnostic category labels alone (e.g., ASD, SCZ, MCI) are not sufficient.
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA

CA-6. Deviation score interpretation
Is the interpretation of deviation scores and their clinical significance described?
☐  The meaning and direction of deviation scores are explained (i.e., what positive and negative values represent, how the magnitude should be interpreted).
☐  When deviation scores are used to define categories (e.g., extreme, atypical), quantitative thresholds are reported (e.g., |Z| > 1.96, outside the 5th to 95th percentile).
☐  Clinical implications of deviation patterns are discussed (e.g., relationships with symptoms or diagnosis, contrast with group-level findings, limitations of interpretation).
Location in paper:	
Notes:
	
	
Score:    ☐ Y     ☐ P     ☐ N     ☐ NA
