Supplementary information for linked family and classroom reports of AI evaluation
This supplement provides sample definitions, estimation details, validation and complete results for the PISA 2025 analysis. International summaries give each of the sixteen fixed systems equal weight.
Supplementary Methods
Response coding and denominators
Parent AI evaluation is PA205Q13DA and parent ordinary online evaluation is PA205Q02DA. Valid responses are 1 cannot do, 2 difficulty independently, 3 can with effort, 4 easy, and 5 unfamiliar with the task. The parent item’s declared missing codes are 95 to 99. Student classroom AI evaluation is ST436Q16DA and ordinary classroom evaluation is ST436Q02DA, with substantive responses 1 never or almost never, 2 sometimes, 3 often, and 4 very often. Their declared missing codes are 5 to 9. Thus the same numeral 5 has different meanings in the parent and classroom items. No declared missing response was replaced by zero (OECD, 2025a; OECD, 2025b). The saved dictionary records the source labels and missing declarations.
Domain D requires the parent questionnaire option, valid identifiers, ESCS, MALE, AGE, GRADE, IMMIG, and positive final and eighty replicate weights. Pair adds the two focal responses; Core adds the parental ordinary rating; Benchmark adds the ordinary classroom item; Usage adds all four ST438 use responses to Core; Context requires both parental ratings in D without the classroom item. Counts are respectively 142,508, 94,262, 93,687, 92,873, 91,443, and 109,958. These denominators are nested only as specified. In particular, the Context sample is not the Core sample, and the Usage sample does not require the ordinary classroom item.
A source audit covered all 755,721 records across 90 systems. Eighteen contained parental AI responses. Luxembourg and Macao (China) lacked usable public school identifiers, and Luxembourg also lacked age, leaving sixteen systems for the common school fixed effects design. The complete inclusion ledger is country_inclusion_audit.csv.
The machine readable sample_flow.csv includes each sample’s final weight sum and retention relative to both D and the parent option. domain_missing_reasons.csv distinguishes system missing, not administered or not applicable, invalid, and no response within D and within the parent option. raw_missing_reasons.csv covers all original records for the selected systems; it has a wider scope and should not be substituted for D. Recorded reason counts exhaust the actual declared missing responses. These counts alone do not establish why a participant failed to respond.
Model definitions and computation
The main model within each system regresses Y on a school intercept, L, nominal ordinary parental ratings, ESCS, MALE, AGE, GRADE, IMMIG2 and IMMIG3. Y is reporting classroom practice at least sometimes. All calculations use the student final weight and are repeated with each replicate weight, including weighted school demeaning. Nominal ordinary ratings use categories 1, 2, 3, and 5 with category 4 as reference. The nominal parent AI model replaces L by the corresponding four AI category indicators, leaving the ordinary adjustment nominal. Additional outcomes are both higher cumulative thresholds and all four exact classroom categories. Full coefficients and uncertainty estimates are saved, rather than only coefficients highlighted in the article.
Exactly dependent columns are identified in a fixed sequence using the final weighted within school design, with rank tolerance 10 to the power minus 8. The same identifiable columns are used across the positive replicate weight sets. Removed columns and matrix condition diagnostics are retained. The linear model’s prediction diagnostics do not transform its coefficients into individual risk predictions; out of range values are reported in Supplementary Table 2.
For the science conditioned model, each of ten science plausible values is divided by 100 and entered separately. If b_m is the final weight estimate for plausible value m, b is their mean. Total variance is the mean of the ten BRR sampling variances plus 1.1 times their between plausible value sample variance. This procedure retains both survey sampling and plausible value uncertainty (OECD, 2009; Rutkowski et al., 2010). It does not average a student’s plausible values before fitting one model.
For any one model or descriptive statistic, BRR sampling variance is calculated as 0.05 times the sum of squared deviations of eighty replicate estimates from the final weight estimate. Fay rho 0.5 is the stated numerical convention. The official international codebook confirms eighty BRR Fay student replicate weights; direct international confirmation of the numeric rho remains outstanding. Every reported interval is conditional on that convention. Equal system sampling variance is the sum of sixteen system variances divided by 256. It does not combine the same numbered replicate across systems as though the replicate designs were coordinated. The two main contrasts receive Holm adjustment (Holm, 1979); all other intervals are exploratory pointwise intervals.
Logistic sensitivity and failure
The logistic sensitivity uses school fixed intercepts and the same regressors as the main model, restricting to schools with both Y values. It uses unpenalised weighted maximum likelihood, absorbing school intercepts through a Schur complement at each iteration. The maximum number of iterations is 100. Coefficient, intercept, and fitted mean changes must all be below 10 to the power minus 8. A likelihood line search allows up to twenty step halvings, with a 10 to the power minus 10 absolute tolerance for floating point likelihood comparison. No ridge term, category removal, or system deletion was used to obtain a successful fit.
The average marginal contrast sets L to one and zero for every retained record while holding its other regressors and school intercept fixed, and averages the probability difference with the relevant weight set. It is a descriptive model contrast, not an intervention effect. The same mixed outcome school sample is used for the comparison linear model, containing 91,190 records in 4,396 schools across the sixteen systems.
Fifteen systems converged under all 81 weight sets. Korea failed under every set. Its final weight sample contained 5,421 records in 194 schools. The final grade coefficient reached 27.862 and the absorbed information matrix condition number was approximately 3.79 times 10 to the power 19. Although the maximum absolute score was approximately 4.25 times 10 to the power minus 12, the coefficient change remained 0.804. An independent linear programming check of the explicit school indicator design found a separating direction involving grade and school intercepts, with one strictly positive margin and 5,420 zero margins. This supports quasi complete separation and explains why a small score was not evidence for a stable finite estimate. The fixed sixteen system average marginal contrast and its standard error are unavailable. Individual successful system estimates remain accessible in country_sensitivity.csv, with the failure explicitly represented rather than omitted.
Nonresponse bounds
For every D record, the lower J indicator equals one only if a lower parent rating and never or almost never classroom response are both observed. The upper indicator equals one if neither observed response rules out that combination. For example, an observed parent rating of effort or ease forces J to zero even if the classroom response is missing. An observed classroom frequency above never likewise forces zero even when the parental response is missing. Bounds therefore use partial information rather than treating every incomplete record as completely unknown (Manski, 1989).
Bounds and weighted ESCS quintiles are recomputed for all replicate weights within D. Quintiles in the observed Pair sample are separately defined; they cannot be interpreted as D’s same individuals with missing outcomes filled in. The identification interval for the D resource contrast is 0.69 to 30.40 percentage points. Its lower endpoint has a 95% sampling interval from minus 0.16 to 1.54 points. These are endpoint intervals, not a simultaneous confidence region. The method assumes no model for focal nonresponse within D but does not account for missing backgrounds or parent option nonparticipation outside D.
Response weighting
The response analysis targets 132,848 D records in 4,339 schools with at least five Core respondents, using 92,311 observed Core records in those schools. Target retention ranges from 71.54% to 99.92% of D weight across systems. The weighted response model uses measured backgrounds, a school domain weighted mean ESCS recomputed for each replicate, log school domain sample size, and nominal region indicators. The school sample size is an observed design feature rather than a replicate weighted population count. The response model includes no focal parent or classroom answers.
All 1,296 response fits converged, and no predicted probability required the prespecified lower clipping at 0.05 in any weight set. Final weight effective sample sizes after adjustment range from 1,679.7 to 7,904.2 across systems, calculated as the squared sum of weights divided by the sum of squared weights. selection_balance.csv retains target, respondent, and weighted respondent covariate means; selection_weight_diagnostics.csv retains all replicate clipping, tails, and effective sample sizes. Balance in observed variables does not demonstrate balance in unobserved ratings. The interpretation requires both conditional missing at random and adequate response support (Seaman & White, 2013).
Numerical validation and exploratory status
The source SAV hash is 6f6fa1e1ecce23d39183d44ec82ba05b245fe88a2416c8d8dc1b016d556fc379. Four windows of 2,000 raw records were decoded again at offsets 0, 180,000, 400,000, and 700,000. Identifiers, focal and comparison items, AI use items, ESCS, the final student weight, and the first and last replicate weights were checked against the referenced caches where applicable. The data version was recorded separately from source metadata. All source and referenced cache hashes were recorded. Sixteen new derived files were separately hashed.
Absorbed linear and logistic estimators were checked against explicit school indicator models in simulated data and a real Belgium sample. A fresh primary run reproduced saved arrays exactly. Reconstruction of 304 replicate files gave maximum country point or variance discrepancy of 1.12 × 10⁻¹⁶, pooled discrepancy of 1.00 × 10⁻¹⁶, and category identity discrepancy of 2.52 × 10⁻¹⁴. Complete diagnostics and stopping statuses are retained in the analysis package.
The topic and earlier results were known before the local extension freeze. Adjusted ContextSES models were post freeze additions displaying the already observed threshold reversal; both thresholds and all systems were retained. Protocol, amendment and statistical review records accompany the package.
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Supplementary Table 1 Country primary estimates
	System
	Core n
	Association pp
	95% interval
	Q1 minus Q5 pp
	95% interval

	ARE
	15,262
	-1.21
	-3.03 to 0.61
	4.04
	0.73 to 7.34

	BEL
	2,788
	-5.99
	-10.88 to -1.11
	18.97
	14.31 to 23.63

	BRA
	15,083
	-6.53
	-8.64 to -4.42
	25.69
	22.62 to 28.75

	BRN
	4,452
	-2.07
	-5.04 to 0.90
	12.25
	8.85 to 15.65

	COL
	4,987
	-5.48
	-8.55 to -2.41
	23.36
	18.95 to 27.78

	DEU
	2,163
	-2.14
	-7.25 to 2.96
	15.32
	10.01 to 20.63

	DOM
	3,909
	-2.26
	-5.86 to 1.33
	14.51
	10.58 to 18.45

	GEO
	3,430
	-4.07
	-7.91 to -0.24
	12.01
	7.57 to 16.46

	HKG
	3,230
	-5.30
	-9.24 to -1.36
	21.13
	17.32 to 24.94

	IRL
	4,957
	-3.56
	-6.53 to -0.59
	19.18
	14.22 to 24.14

	ITA
	6,295
	-3.59
	-6.08 to -1.09
	9.17
	6.45 to 11.89

	KOR
	5,448
	-6.68
	-10.88 to -2.47
	12.49
	9.39 to 15.59

	MNG
	5,979
	-0.95
	-3.76 to 1.85
	16.42
	13.07 to 19.77

	PRT
	5,024
	0.10
	-3.51 to 3.71
	16.66
	13.57 to 19.74

	ROU
	4,694
	-4.64
	-7.31 to -1.97
	18.42
	14.54 to 22.30

	TAP
	5,986
	-7.61
	-10.10 to -5.12
	23.09
	19.69 to 26.49



The association uses Core; the resource difference uses Pair. System codes are defined in the accompanying country_inclusion_audit.csv. Intervals are pointwise sampling intervals conditional on Fay rho 0.5 and do not include uncertainty from selecting the sixteen systems.


Supplementary Table 2 Prediction support and logistic convergence
	System
	Prediction < 0 (%)
	Prediction > 1 (%)
	L varying %
	Four cells %
	Logit fits

	ARE
	0.003
	4.854
	97.4
	52.1
	81/81

	BEL
	0.000
	0.096
	99.3
	84.9
	81/81

	BRA
	0.378
	0.571
	98.1
	88.5
	81/81

	BRN
	0.000
	0.000
	100.0
	99.1
	81/81

	COL
	0.000
	0.560
	98.3
	88.7
	81/81

	DEU
	0.892
	0.749
	94.7
	63.6
	81/81

	DOM
	0.252
	0.808
	98.5
	79.3
	81/81

	GEO
	0.065
	2.644
	96.7
	75.3
	81/81

	HKG
	0.082
	4.336
	98.2
	70.0
	81/81

	IRL
	0.000
	0.024
	100.0
	98.2
	81/81

	ITA
	0.022
	0.259
	99.5
	89.1
	81/81

	KOR
	0.001
	0.649
	98.6
	86.4
	0/81

	MNG
	0.032
	0.471
	99.8
	96.3
	81/81

	PRT
	0.000
	0.090
	99.6
	90.6
	81/81

	ROU
	0.000
	0.832
	98.9
	87.0
	81/81

	TAP
	0.041
	1.147
	99.1
	88.3
	81/81



Prediction rates are weighted shares of Core records. L varying is the Core weight share in schools with both parental indicator values; four cells is the share in schools containing all combinations of L and the primary outcome. Logistic fits counts final plus replicate weight sets meeting convergence in mixed outcome schools. Korea has 0 of 81 and the fixed set summary is unavailable.


Supplementary Table 3 Identification bounds and endpoint sampling intervals
	D contrast
	Lower endpoint
	Its 95% interval
	Upper endpoint
	Its 95% interval

	Overall
	10.94
	10.70 to 11.18
	24.88
	24.51 to 25.26

	Quintile 1
	15.74
	15.16 to 16.32
	36.90
	36.09 to 37.71

	Quintile 2
	12.94
	12.41 to 13.48
	28.86
	28.09 to 29.63

	Quintile 3
	10.89
	10.42 to 11.36
	24.14
	23.44 to 24.84

	Quintile 4
	8.62
	8.17 to 9.07
	19.46
	18.82 to 20.11

	Quintile 5
	6.50
	6.09 to 6.91
	15.05
	14.46 to 15.63

	Q1 minus Q5
	0.69
	-0.16 to 1.54
	30.40
	29.49 to 31.31



Overall and quintile endpoints are percentages; Q1 minus Q5 endpoints are percentage points. Bounds use partial focal responses in D. Endpoint intervals describe sampling uncertainty separately and are not a simultaneous confidence region. Quintiles here are defined in D, not in Pair.


Supplementary Table 4 Response target and weight diagnostics
	System
	Target D n
	Respondents
	D weight %
	Adjusted ESS
	Max inflation

	ARE
	26,830
	14,876
	92.9
	6082.6
	2.64

	BEL
	3,538
	2,781
	94.9
	2479.8
	2.78

	BRA
	23,416
	14,714
	92.7
	7904.2
	6.49

	BRN
	5,354
	4,448
	99.9
	4432.6
	1.64

	COL
	6,441
	4,931
	95.7
	3864.3
	2.86

	DEU
	4,340
	2,043
	76.5
	1679.7
	6.07

	DOM
	5,533
	3,806
	93.2
	3427.8
	3.38

	GEO
	5,350
	3,308
	93.0
	3127.5
	2.91

	HKG
	5,341
	3,170
	88.3
	2941.4
	2.06

	IRL
	6,057
	4,954
	99.6
	4717.7
	2.73

	ITA
	8,378
	6,254
	97.9
	4441.3
	3.83

	KOR
	6,657
	5,437
	99.7
	4085.7
	5.18

	MNG
	6,773
	5,974
	99.8
	5639.3
	4.00

	PRT
	6,302
	5,000
	98.2
	4475.6
	2.22

	ROU
	5,643
	4,656
	71.5
	3972.8
	3.06

	TAP
	6,895
	5,959
	97.6
	5139.1
	1.90



Target schools have at least five Core respondents. D weight is the retained target share of D weight. ESS uses final adjusted respondent weights; inflation is the maximum final adjusted to original weight ratio. No probability was clipped below 0.05 in any of the 1,296 response fits. The full replicate diagnostics and observed covariate means are retained as CSV.


Supplementary Table 5 Nominal parental ratings and classroom thresholds
	Parent category
	Classroom threshold
	Difference pp
	95% interval pp

	Cannot do
	At least sometimes
	-5.77
	-6.99 to -4.55

	Cannot do
	Often or very often
	-4.85
	-6.07 to -3.63

	Cannot do
	Very often
	-3.44
	-4.33 to -2.55

	Difficulty independently
	At least sometimes
	-2.78
	-4.01 to -1.54

	Difficulty independently
	Often or very often
	-2.66
	-3.94 to -1.37

	Difficulty independently
	Very often
	-2.25
	-3.23 to -1.27

	Can with effort
	At least sometimes
	-1.02
	-1.99 to -0.05

	Can with effort
	Often or very often
	-2.17
	-3.25 to -1.09

	Can with effort
	Very often
	-1.76
	-2.57 to -0.95

	Task unfamiliar
	At least sometimes
	-4.71
	-7.18 to -2.25

	Task unfamiliar
	Often or very often
	-3.97
	-6.29 to -1.65

	Task unfamiliar
	Very often
	-2.74
	-4.38 to -1.10



Reference parent category is easy; all models retain nominal ordinary rating and background adjustment with school fixed effects. These exploratory pointwise intervals are not corrected for searching among category comparisons.


Supplementary Figure 1 Parental categories and classroom thresholds
[image: ]
Adjusted differences relative to parental ease in Core (n = 93,687). a, At least sometimes. b, Often or very often. c, Very often. Full nominal AI and ordinary parental ratings, measured backgrounds and school fixed effects are included. Points and lines show equal system means and pointwise 95% intervals. Task unfamiliarity remains a separate category. Interval conventions follow Methods.


Supplementary Figure 2 Parental rating thresholds and the resource gradient
[image: ]
Within school ESCS slopes of paired AI minus ordinary parental ratings in Context (n = 109,958; 4,985 schools). a, Ability with effort or ease. b, Ease alone. Both panels use identical axis limits and student background adjustment. Points and lines show system estimates and 95% intervals; diamonds show equal system means. These exploratory adjusted comparisons were added after the local freeze. Interval conventions follow Methods.
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