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High-quality child care in early life is a critical determinant of children’s growth and development. Research on child care
quality has been constrained by fragmented, non-research-friendly, and privacy-bound datasets. We present CCQ (Child Care
Quality), a large-scale, de-identified dataset for applied data science research at the intersection of Al and early childhood
health. CCQ integrates 59,372 child care provider records across 12 U.S. states, covering diverse provider types as well as
data schemas. To ensure research utility while protecting privacy, we implement an automated, LLM-based curation pipeline
that anonymizes, cleans, and standardizes raw state records into two complementary releases: a cleaned textual release and
a fully preprocessed tabular release. We also benchmark traditional machine learning models, tabular foundation models,
and language models on quality rating prediction and important features analytics. Within a state, tabular classifiers on the
preprocessed tables perform best. Across states, zero-shot transfer is near chance, but modest target-state supervision recovers
most of the within-state performance, and pretraining on other states benefits finetuned language models. We release both
datasets with all code to accelerate Al-driven research on child care quality and ultimately improve children’s health and
development.

CCS Concepts: « Applied computing — Health informatics; - Computing methodologies — Machine learning; «
Information systems — Data cleaning.

Additional Key Words and Phrases: Al for children’s health, child care quality rating prediction, benchmark and dataset,
LLM-based data curation

1 Introduction

Early-life environmental exposures, such as physical and social environments, affect children’s health and
development [10]. Among these, non-parental child care environments constitute a majority of sustained exposure.
More than eight hours in care covers most of a young child’s waking hours [3], and about 59% of U.S. children
age five and younger have at least one weekly non-parental care arrangement [18]. Furthermore, approximately
15.7 million children in the U.S. under the age of five have routine child care arrangement [76], where children
spend an average of 36 hours a week in these settings [86]. These early and prolonged experiences are linked to
development well into adolescence: more hours of non-parental care before age four and a half predict more risk
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taking and impulsivity at age 15 [77]. Higher-quality care is also associated with stronger cognitive and language
skills by age three [57] and better cognitive and social development through second grade [64]. It also correlates
with higher academic achievement and less externalizing behavior at age 15 [77, 78]. As a common part of family
life, understanding the quality of child care is crucial for promoting children’s health and development.

In order for families to act on these conclusions, accessible and relevant data on child care quality is needed.
Provider-level quality ratings published through state-sponsored quality rating and improvement systems (QRIS)
are designed to close this gap and inform parents’ decisions [35, 49]. Yet, parents do not use all the information
available to them when judging quality [52]. Specifically, in a study of low-income families, parents’ evaluation
of their child’s program bore little correlation to these external measures [9]. However, since QRIS participation
is voluntary in most states and coverage is often low, the providers a family is considering may simply have no
rating [9, 35]. This coverage gap can be large: among the QRIS that reported participation in 2017, the median
system rated only 60% of licensed centers and 25% of family child care programs, and New Jersey rated only 1%
of its centers [56]. Beyond supporting parents, states use QRIS to help providers improve the quality of their care,
and many pay higher subsidy rates to programs with higher ratings [35, 44]. More complete coverage would
make these efforts more effective as well. It would also advance research on how care quality relates to children’s
health and developmental outcomes, such as the NICHD Study of Early Child Care and Youth Development,
which followed 1,364 children from birth and directly observed the child care settings they attended [78], as well
as research on the early-life environmental exposures examined by programs such as NIH ECHO [10].

Machine learning offers a way to close the coverage gap by estimating quality for providers that have not
been rated. In early care and education, it has been implemented to assess preschool teaching quality [43] and
to predict the accreditation levels of early childhood institutions [59], but each study used a small sample from
a single rating system. A model fit to one rating system risks overfitting to that system’s features and rating
rules, and may not generalize to providers outside it, which is exactly the case where parents have no rating
to rely on. Additionally, to support models that generalize across rating systems, the data must capture the
many interconnected factors that shape quality. These include the physical environment (e.g., equipment, toys,
facilities), food service (e.g., meals offered), policies and procedures (e.g., operational rules, parental access),
program activities (e.g., curriculum, planned indoor/outdoor activities), and staffing (e.g., staff-to-child ratios) [3].

To our knowledge, no publicly available dataset features these factors with provider-level quality ratings across
multiple rating systems. We attribute this gap to the challenges of collecting and preprocessing such heterogeneous
data. Child care quality ratings (QR) are distributed by state across unstandardized QRIS, ranging from government-
owned licensing databases and third-party websites to self-reported program descriptions [21, 74]. Each system
stores and publishes its findings in its own schema [74], which also contain missing values, errors, and outdated
information [51]. In addition to these data limitations, preparing real-world children’s health data often relies on
costly expert annotation [36] and ad hoc, domain-specific preprocessing [46] with teams of domain experts and
data scientists [34]. Existing approaches for automated data curation pipelines also rely heavily on domain-specific
knowledge[55], with hard-coded rules that make pipelines impractical to maintain, as well as, failing to generalize
across diverse datasets [55].

To fill this gap, we construct CCQ (Child Care Quality), a curated dataset that combines provider-level quality
ratings with provider features across twelve U.S. states. Because hand-written rules and expert annotation are
time-consuming and labor-intensive at this scale, we leverage large language models (LLMs) to automatically
collect, anonymize, and curate the raw state-specific records into two Al-ready releases. They cover two families of
models: a cleaned text release (raw) that preserves the textual features of source records for language-based deep
learning models, and a fully preprocessed tabular release (preprocessed) that is strictly numerical and supports
out-of-the-box analysis. Both releases are verified by hand for private information and data leakage, with the
final values spot-checked against the source portals.
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Using CCQ, we benchmark models on two tasks of QR prediction, mirroring how state agencies would actually
deploy them. In within-state prediction, a state already has many rated providers and wants to assign ratings to
its remaining unrated providers under its own rating system. In cross-state prediction, a target state has few or
no rated providers and must borrow from models trained on other states, whose schemas and rating systems
differ. This harder setting tests the generalization across rating systems that single-system studies could not
examine. We benchmark a representative set of models, spanning classical machine learning baselines, tabular
deep learning and foundation models, and pretrained language models. First, we evaluate their predictive accuracy
using ordinal agreement and balanced accuracy. Second, we apply feature attribution over the preprocessed
features to identify which provider attributes drive predictions. Third, we measure cross-state transferability
under different amount of labeled data, from zero-shot to 80% of the target state’s providers. Lastly, we examine
whether full transfer learning in cross-state prediction improves prediction accuracy over the within-state setting.
Together, these results establish reference baselines for the two QR prediction tasks and show where current
models break down under realistic, heterogeneous conditions.

Our contributions are summarized as follows:

e We construct CCQ, a comprehensive provider-level dataset that combines child care quality ratings with
provider features across twelve U.S. states. To our knowledge, it is the first publicly available, multi-state,
Al-ready dataset of real-world child care quality ratings, supporting future Al research on children’s
health.

e We build an automated curation pipeline that leverages LLMs to efficiently collect, anonymize, and clean
raw state-specific records into Al-ready releases. The pipeline reduces the time and labor that manual
curation of multi-dimensional child care data typically requires. We verify every output by hand for
private information and data leakage, and spot-check its values against the source portals.

e We benchmark 10 representative models, ranging from classical machine learning classifiers and tabular
foundation models to finetuned language models, on within-state and cross-state QR prediction. We
then use feature attribution to identify the provider attributes that drive predictions, and measure how
cross-state transferability improves with more of target state labeled.
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Fig. 1. Overview of the CCQ study. Stage 1 curates the QRIS records of twelve states in four steps: collection, anonymization,
cleaning, and verification (Figure 2). The raw release retains textual feature while the preprocessed release is strictly numerical.
Stage 2 benchmarks tabular classifiers and language models on two tasks. Within-state prediction uses five-fold cross-
validation and cross-state prediction holds out one state (orange) and trains on the others (blue). Because the preprocessed
data schemas differ across states, it is only used for within-state prediction. The trained models are analyzed for prediction
accuracy, feature attribution, and cross-state transferability.
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2 Related Work
2.1 Child Care Quality Datasets

Though several child care quality datasets [6, 8, 26, 75] are publicly available and could support quality prediction
modeling, they are limited in their coverage and in the features they record compared to CCQ. The Australian
Children’s Education & Care Quality Authority publishes the ratings of more than 17,000 early childhood services,
all assessed under the National Quality Standard [6, 7]. Indonesia’s national accreditation agency publishes the
accreditation scores for more than 174,000 early childhood education institutions [8, 66]. Beyond the ratings
themselves, however, both record little about the factors that shape quality. The Australian dataset records each
service’s provider, location, care types, number of approved places, and operating hours [6]. The Indonesian
dataset generally records only each institution’s accreditation score [8]. On the other hand, the Canadian province
of Alberta releases quarterly records of 2,720 licensed child care providers with their location, type, capacity, and
inspection results, but assigns them no quality ratings [26]. The U.S. Head Start Family and Child Experiences
Survey [75] also records observed quality scores (CLASS and ECERS-R) for 669 classrooms in 347 Head Start
centers [2], but assigns no quality rating. Lastly, the Quality Compendium [74] catalogs QRIS programs across
U.S. states, but it is curated at the system level rather than the provider level. To our knowledge, no unified,
multi-state, provider-level QRIS dataset is publicly available. CCQ fills this gap by assembling provider-level
records and quality ratings across twelve U.S. states into a single, consistently curated dataset with features that
span the factors shaping care quality [3], although each state’s schema differs.

2.2 Child Care Quality Prediction

Predictive modeling of child care and early childhood education quality has not kept up with modern machine
learning. Existing studies rely mostly on regression models and classical classifiers [2, 14, 19, 25, 29, 43, 59, 71].
To our knowledge, no study evaluates tree ensembles, tabular foundation models, or language models. Char et
al. [14] and Harrison et al. [29] analyzed the Australian national register of quality ratings [6] using multinomial
logistic regression. Siraj et al. [71] found correlations between these ratings and observed classroom quality
using hierarchical multiple regression. Aikens et al. [2] analyzed Head Start classroom quality in the FACES
dataset [75] using linear and logistic regression. Noripansyah et al. [59] compared support vector classifiers
(SVC), K-Nearest Neighbors (KNN), and neural network approaches for predicting the accreditation scores of
225 early childhood education providers in South Kalimantan, Indonesia [8, 66]. Other studies rely on samples
that the researchers collected themselves. Goelman et al. [25] developed a path-analytic prediction model of
center-based child care quality across 239 Canadian centers, while Doherty et al. [19] used hierarchical regression
to predict the quality of 231 Canadian family child care providers. These studies all share two limitations that
our benchmark addresses. First, each study fits and evaluates models using data from a single program with a
limited number of labeled providers, so the reported performance does not reflect how models behave on large,
heterogeneous datasets. Second, no study examines whether a model trained on one rating system transfers to
another. In contrast, we evaluate a more comprehensive set of conventional machine learning methods, tabular
foundation models, and deep learning models on much larger datasets. We also explicitly study the heterogeneous
cross-state transfer setting, in which models are trained on several states’ data despite differing schemas, which
reflects the fragmentation of real-world child care rating programs.

3 Dataset Creation
3.1 Data Sources

The CCQ (Child Care Quality) dataset integrates publicly available child care data across 12 U.S. states: California
(CA), Colorado (CO), Georgia (GA), Kentucky (KY), Maryland (MD), Montana (MT), North Carolina (NC), Nebraska
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(NE), Oklahoma (OK), South Carolina (SC), Washington (WA), and Wisconsin (WI). In total, we assemble 59,372
records, originally released by state agencies or their designated partners. Each state agency operates its own
QRIS, which differ in design but share the purpose of helping families make informed decisions [35, 49]. Table 1
lists the source agency, QRIS, QR scale, and provider counts for each state. With the exception of Georgia, which
uses a 1-3 scale, all states publish a 1-5 QR scale. Overall, only 29,073 providers (49.0%) in the dataset possess
an assigned QR score, highlighting the need for predictive models that can estimate ratings for the remaining
facilities.

Table 1. Data sources overview. #Feature includes the provider ID and QR score.

State Data Source #Provider #Rated QRIS OR Scale #Feature
CA CA Child Care Resource & Referral Network [54] 10,715 847 Quality Counts California 1-5 142
CcO CO Dept of Early Childhood [17] 4,508 3,423 Colorado Shines Rating 1-5 64
GA GA Dept of Early Care and Learning [24] 8,192 2,897 Quality Rated 1-3 203
KY KY Cabinet for Health and Family Services [37] 1,929 1,896 Kentucky All STARS 1-5 61
MD MD State Dept of Education [50] 7,106 5,005 Maryland EXCELS 1-5 32
MT MT Dept of Public Health & Human Services [53] 213 181 Best Beginnings STARS to Quality 1-5 12
NC NC Div. of Child Development & Early Education [60] 3,264 3,050 NC Star Rated License 1-5 30
NE NE Dept of Education [58] 3,274 1,079 Step Up to Quality 1-5 38
OK OK Dept of Human Services [61] 2,557 2,554 Reaching for the Stars 1-5 179
SC SC Dept of Social Services [72] 2,400 1,223 ABC Quality 1-5 10
WA WA Dept of Children, Youth, & Families [82] 10,399 3,168 Early Achievers 1-5 169
w1 WI Dept of Children and Families [84] 4,815 3,750 YoungStar 1-5 164
Total - 59,372 29,073 - - -

3.2 Construction Pipeline

Since each state administers and publishes its own QRIS [74], there is no federal registry, common schema,
or common format for the data. The practical consequence is that data from each state require substantial
state-specific collection and preprocessing. We believe this lack of standardization is a key reason why no
national-scale dataset of provider-level quality ratings currently exists. Our construction pipeline uses Georgia
as a human-implemented reference that the remaining states are adapted from. It contains four main steps:
collection, anonymization, cleaning, and verification. We chose Georgia as the reference because it has the most
published fields of the 12 states (Table 1), which all publish its data on easy accessible portals.

3.2.1 Collection. For every state, we collect a single table where rows represent providers and columns represent
provider attributes. The first two columns are always the provider identifier (ID) and the QR score. In the
hand-written collection pipeline for Georgia, providers are enumerated through the state agency’s search portal,
fetching all available information. We then prompted a coding agent (Claude [4]) to adapt that reference to each
remaining state, following prior work that uses LLMs to generate web scrapers [33] and LM agents to write
code [87]. Each state’s collected columns were then verified by hand, using the column names and their unique
values, confirming that every informative attribute available had been recorded.

3.2.2 Cleaning. To support different machine learning models, every state is cleaned to produce two separate
releases of the data: raw and preprocessed. The raw release applies minimal preprocessing and preserves the
tabular text of the source records, so that each provider record can be directly fed as natural language into
text-based models. On the other hand, the preprocessed release applies a complete preprocessing pipeline for
out-of-the-box analysis, creating a strictly numerical dataset. Both releases remove sensitive private columns as
well as data-leakage columns. The private columns are those that identify a provider or a person rather than
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Fig. 2. The CCQ construction pipeline. (1) The Georgia reference is implemented by hand. Its human-curated data are
the ground truth for testing two agents on twenty curation tasks: a per-sample agent (E2E) and a code-writing agent
(Coder), which is adopted. (2) The other eleven states are collected, anonymized, and cleaned with the help of LLMs. Human
verification at each step is shown with icons indicating who performed each step. The orange code icon indicate when
Georgia’s code is used as and in-context example. Lastly, two annotators spot-checked the curated data against the live
portals, finding 97.2% of the checked values correct.

describe the program, such as provider names, staff names, addresses, emails, phone numbers, and websites.
Removing them is a de-identification step in the sense used by NIST, which covers establishments as well as
individuals [23]. This also includes free-text narratives some states publish, such as inspection, complaint, and
violation reports, which carry private information about the provider. Coarse geography, county, and region are
retained. The data-leakage columns are those that disclose the rating rather than predict it, such as award dates
or different formats of rating scores. Missing values are left empty in the raw release, but encoded explicitly in
the preprocessed release. Lastly, unrated providers are also removed.

As with collection, Georgia serves as the reference, and its preprocessing was carried out under strict expert
supervision. Against that hand-curated ground truth we then measured two zero-shot agents on twenty curation
tasks for anonymization and cleaning: a per-sample agent (Qwen3-8B [67], “E2E”), prompted once per record, and
a code-writing agent (Qwen3-Coder-30B [68], “Coder”), prompted to write one reusable cleaning function per
field with the ground-truth code withheld. Table 2 reports the results, grouping the twenty tasks into five types.
Each row averages over the tasks of one type, and the #Tasks column gives their number.

Although the coding agent does not achieve perfect performance, we adopt it to conduct anonymization and
generate cleaning scripts. Its accuracy is comparable to the per-sample agent, except on rare edge cases within
the data, at a fraction of the cost. To remedy these edge cases, we include the Georgia pipeline as an in-context
example in every anonymization and cleaning prompt. The in-context example is always code: the reference
implementation’s anonymization and cleaning functions are supplied to the agent, and no provider record from
any state is ever placed in the prompt. We also use a proprietary LLM (Claude [4]), whose code-generation ability
lets us produce an entire state’s pipeline in a single pass rather than one cleaning function at a time. Importantly,
no private information was exposed to the proprietary model as anonymization was performed locally with
open-source models beforehand, and every column flagged as sensitive was removed by hand before any cleaning
script was generated.

The following boxes give one prompt from each agent. The anonymization prompt asks the per-sample agent
for a single privacy decision about one column, given the column name and a sample of that column’s values.
The cleaning prompt asks the code-writing agent for one reusable function, given the field name and the field’s
unique values, with the requirements stated as numbered constraints. The remaining prompts follow these two
shapes and vary only in the operation requested and the output columns written.
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Table 2. LLM-based curation results on the reference state Georgia. Token counts are per provider record, so the code-writing
agent’s one-time cost is amortized over the 8,192 records in the Georgia reference implementation.

Curation Task Model #Tasks Acc% In Tok. Out Tok.
Anonymization

Column removal E2E 1 97.12 71.0 1.0
Column removal Coder 1 99.28 103.1 1.0
De-identification E2E 3 35.2+42.8 107.2 £ 22.6 4.4+25
De-identification Coder 3 100.0 £ 0.0 0.03 + 0.00 0.05 +0.01
Cleaning

Text — numeric E2E 93.3+13.4 165.3 + 18.4 2.7+1.2
Text — numeric Coder 99.98 +0.02 0.14 £ 0.12 0.03 +0.01

Text — multi-label E2E
Text — multi-label ~Coder
Compound field E2E
Compound field Coder

97.2+£3.8 390.1£103.3  22.2+9.0
88.9 +22.1 0.53 +£0.96 0.08 +£0.03
95.8 £3.0 511.3+£3454 13.9+12.0
90.2 +11.9 1.92 +1.29 0.08 +£0.03

W W . o U1 G

@ Prompt of the E2E Agent for Anonymization: Column Removal

You are an Al researcher studying child care quality data. In order to support open science, you need to determine which
fields in the original data need to be anonymized to protect privacy. Given the variable name “PLACEHOLDER _NAME}”
and sample associated values “/PLACEHOLDER _VAL1, PLACEHOLDER VAL?2, ...}", respond “Yes” if it contains protected
privacy information, “No” if not.

@ Prompt of the Coder Agent for Cleaning: Compound Field Split

You are an Al research assistant creating a child care quality dataset. In order to allow future researchers to easily use this
data, some of the fields in the raw data require cleaning. Given the field name {PLACEHOLDER _FIELD NAME}’ and
unique values {PLACEHOLDER_UNIQUE_VALUES}, write a min-max split function with the following requirements.
1. The function should have two inputs: ‘csv_file_path’ and ‘column_name’.

2. The function should first read the ‘csv_file_path’ into a pandas dataframe and then extract the ‘column_name’ column
from it.

3. The function should then clean the column by splitting the input into two separate values: min and max. Then, remove
any leading non-numerical prefix (symbols/words/spaces) from each value. If the input is nan, missing, unknown (i.e., it
is np.nan, ‘nan’, ‘NaN’, ‘None’, ‘null’, ‘unknown’, an empty string, or whitespace-only), set the cleaned value to be None.
4. After splitting the input into min and max, replace the original column with two new columns titled ‘predicted_min’
and ‘predicted_max’ and save the new dataframe to the original ‘csv_file_path’.

Now, output the ONLY the code for the function. Do not output any extra text or explanations.

3.2.3 Verification. Human verification effort was allocated for efficiency under time constraints. First, the Georgia
reference implementation code was fully verified for collection, anonymization, and cleaning. For the other
states, only the anonymization step was fully verified by hand. Both critical failure modes, privacy and data
leakage, were checked to ensure that no text or derived feature contains any private or quality-rating information.
However, the generated cleaning scripts were not verified line by line for correctness. Instead, we spot check the
correctness of the end-to-end output, from collection to cleaned data, through a human review against the live
source portals.
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To estimate end-to-end collection and cleaning error, two authors independently re-derived a small set of
fields by hand from each sampled provider’s page on the state portal and compared them to the released values.
We reviewed 10 of the 12 states. In each, we drew 20 rated providers at random, stratified by quality rating in
proportion to the state’s rating distribution. Georgia is excluded because it is the reference implementation and
Montana because its quality ratings originate from a standardized database. For each of the 200 providers (0.69%
of the 29,073 rated providers), we checked the four most common and critical fields: quality rating, provider type,
licensed capacity, and ages served. Since not all of these fields exist in every state, we exclude each state-field
pair where the field is absent. This leaves 740 checked values per annotator.

Table 3 reports the results per state, and its last row (ALL) pools them over the ten states. The two annotators
judged 96.8% and 97.6% of the released values correct, or 1,438 of the 1,480 checks combined (97.2%). They agreed
with each other on 730 of the 740 values. Pooled over states, Cohen’s kappa [16] is 98.1 for quality rating, 99.4
for provider type, 95.9 for licensed capacity, and 99.4 for ages served, all within the range of almost perfect
agreement [41]. Agreement is lowest for licensed capacity in Kentucky (68.0). Five of the ten disagreements are
Kentucky capacities that one annotator flagged and the other accepted. Furthermore, there are 16 values that
both annotators flagged (2.2%). Four are provider types in Colorado, where both annotators found 4 of the 20
values wrong. Five are quality ratings, one each in Kentucky, Nebraska, and Wisconsin and two in Washington.
The remaining seven are four licensed capacities and three ages-served values. We attribute these mismatches to
recently updated records that changed between time of collection and verification. However, we did not explicitly
determine the cause of each mismatch.

Table 3. Manual data verification results per state (20 providers per state). H1 and H2 give the percentage of released values
each annotator judged correct against the live portal. x is Cohen’s kappa (X100) between their correct/incorrect judgments.
The ALL row pools the states that publish each field. “NA” indicates that the state does not publish the field.

OR score Provider type | Licensed capacity Ages served

State| 1 T« |m1 H2 x| HI H2 x| HI Hz ok

CA 100.0 100.0 1000 | NA NA NA [100.0 100.0 100.0 | 95.0 95.0 100.0
CcO 100.0 100.0 100.0 | 80.0 80.0 913 | 90.0 95.0 94.6 |100.0 100.0 100.0
KY 90.0 950 91.6 |100.0 100.0 100.0 | 70.0 950 68.0 | NA NA NA
MD |100.0 100.0 100.0 | 100.0 100.0 100.0 | 95.0 95.0 100.0 | 100.0 100.0 100.0
NC 100.0 95.0 92.4 |100.0 100.0 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0
NE 95.0 95.0 100.0 |100.0 100.0 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0
OK 100.0 100.0 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0
SC 100.0 100.0 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0 | NA NA NA
WA 90.0 85.0 89.1 |100.0 100.0 100.0 | 95.0 100.0 93.8 |100.0 100.0 100.0
WI 95.0 95.0 100.0 | 100.0 100.0 100.0 | 95.0 95.0 100.0 | 90.0 90.0 94.3

ALL ‘97.0 96.5 98.1 | 97.8 97.8 99.36| 945 98.0 95.87| 98.1 98.1 99.35

3.3 Dataset Overview

CCQ contains 59,372 child care providers drawn from 12 states: four in the West (CA, CO, MT, WA), two in the
Midwest (NE, WI), and six in the South (GA, KY, MD, NC, OK, SC). Records span learning centers, family child
care homes, and other specialized provider types. Of the 59,372 providers, 29,073 (49.0%) carry a published quality
rating and form the labeled portion of the dataset. The size of each state’s dataset differs greatly (Table 1), from
181 rated providers in Montana to 5,005 in Maryland. Additionally, feature schemas are defined state by state and
unique, ranging from 10 attributes in South Carolina to 203 in Georgia, with a median of 62.5 attributes.
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(a) Quality rating score distribution. (b) Feature missing rate.

Fig. 3. Overview of the CCQ dataset. (a) Distribution of quality rating scores across rated providers in each state. (b) Feature
missing rates for each state’s raw release, excluding the provider identifier and rating column. Boxes span the interquartile
range and whiskers mark the 5th and 95th percentiles.

Rating coverage and rating distributions also vary widely across states. The rated share of a state’s providers
runs from 7.9% in CA to 99.9% in OK (Table 1). Figure 3a shows the share of rated providers at each level of a
state’s scale. Every state’s rating distribution except OK’s is skewed, but the direction of the skew is not shared.
Five states concentrate at the bottom of their scale: KY and MD place 61.23% and 43.60% of providers at one
star, and NE, SC, and CO place 76.55%, 75.31%, and 63.51% of providers in their bottom two levels. Two states
concentrate at the top: CA assigns four- and five-star ratings to 87.36% of providers, and NC assigns five stars to
53.93%. Four states concentrate in the middle: WA places 80.24% of providers at exactly three stars, WI places
52.08% at two stars, MT places 65.19% at two or three stars, and GA places 65.86% at two stars within its three-level
scale. Only OK resembles a balanced distribution. In addition, some classes are extremely small: WA, W1, MT, and
CA report 0, 2, 6, and 6 providers, respectively, at the one-star level.

Furthermore, the feature missing rate differs across states. Figure 3b summarizes, for each state, the distribution
across that state’s feature columns of the percentage of providers for which the column carries no value. The
figure describes the raw release, in which an attribute a provider does not report is left empty rather than encoded
(Section 3.2.2). On the lower end, SC is nearly complete: seven of its eight feature columns carry a value for every
provider, and only capacity is ever missing (5.81%). NE (5.93%) and NC (20.75%) sit below a third of empty values
for the median field, followed by KY (38.66%), CO (39.12%), and GA (55.37%). Lastly, MT (88.95%), WA (93.88%),
WI (94.53%), CA (95.75%), MD (98.38%), and OK (99.02%) have nearly empty columns for their median field. MD
shows the sharpest split of the twelve: only one of its 30 feature columns (program type) is fully populated, nine
more are missing for at most 15% of providers, and 19 of the remaining 20 are empty for more than 86%.

3.4 Dataset Release

To promote reproducibility and facilitate future research, the CCQ dataset is made publicly available exclusively
for non-commercial, academic research purposes. The dataset is hosted on the Hugging Face platform (https:
//huggingface.co/datasets/ GAIN-Lab/CCQ) as a gated dataset. Access is granted upon request: prospective users
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are required to sign a data use agreement, specify the intended purpose of use, and acknowledge the non-
commercial restriction. This mechanism ensures that all usage complies with the CC-BY-NC-SA 4.0 license and
the ethical guidelines governing the dataset. The code for data curation and for reproducing the benchmarking
experiments is available at https://github.com/Veeeeeee7/CCQ.

4  Benchmark Design

Using CCQ, we design a benchmark centered on the QR prediction task: given the curated record of a single child
care provider, predict the quality rating that its state would assign. The benchmark contains two tasks that mirror
how state agencies would deploy such models. In within-state prediction, a model is trained on a state’s own
rated providers and predicts ratings for the rest. In cross-state prediction, a model for one state is trained on
other states, whose schemas and rating systems differ.

4.1  Within-State QR Prediction

States use QRIS to evaluate the quality of child care providers and communicate it to families [35]. However, most
QRIS do not rate every provider [56]. Participation is voluntary in most states [35], and ratings rely on in-person
observations that are costly and time-consuming to collect [49]. Accurate within-state QR prediction can help
state agencies close this coverage gap by assigning approximate ratings to unrated providers. Such models could
also lower the cost of rating and extend ratings to more providers.

Formally, let D = {(x;,y;)}}, denote the dataset of a single state, where x; € X is the feature vector of child
care provider i and y; € VY is its quality rating. The label space Y = {1,...,K} is ordinal. In the within-state
setting, the training set D™ and the test set D" are both drawn i.i.d. from the same distribution P over X X Y.
They therefore share the same feature schema X and label space Y. The task is to learn a classifier f : X — Y
from D that performs best on the held-out Drest Since there is no schema mismatch or distribution shift, this
is a standard supervised ordinal classification problem.

The evaluation protocol should follow common practices in supervised machine learning. We conduct stratified
five-fold cross-validation [39], with the fold assignments fixed once per state and shared by all compared methods.
Since quality ratings are ordinal, we use ordinal-aware metrics such as quadratic weighted kappa (QWK) [16].
Balanced accuracy (BA) [13] is also reported as a complementary measure that accounts for label imbalance. This
matters for CCQ, where some rating levels hold only a handful of providers (Section 3.3).

4.2 Cross-State QR Prediction

In practice, QRIS coverage varies widely across states and depends on local policy. Among the QRIS that reported
participation in 2017, the share of licensed centers with a rating ranged from 1% in New Jersey to 100% in states
whose QRIS places every licensed program at the first level [56]. High-coverage states could therefore lend their
data to states whose rated subset is too small to train a within-state model. However, each QRIS uses its own
data schema, variable definitions, and QR scale (e.g., 1-5 vs. 1-3). This creates a need for models that transfer
knowledge across states despite limited and incompatible labeled data.

Formally, let Dy denote the pooled dataset of a set of source states, with feature space X, and ordinal label space
Y;. Let D, denote the dataset of a target state t, with feature space X; and label space Y;. In general, X; # X; and
Y, # Y;. The marginal distributions Ps(x) and P;(x) may also differ, as may the conditional distributions Ps(y|x)
and P, (y|x). The task is to learn a model f : X, — Y; from the labeled source data D", with some labeled
target data, so that it generalizes to the held-out target test set D;*'. A model must therefore handle feature
schema mismatch, label space mismatch, and distribution shift at the same time.

We adopt a leave-one-state-out protocol for evaluating cross-state QR prediction. It is the state-level analogue
of holding out one domain for testing in domain generalization [28]. Each state ¢ serves as the target once, and
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the remaining states {Ds,, Ds,, . .. } are pooled into a single source training set. To reflect real-world conditions,
we evaluate both zero-shot and target-supervised transfer settings. First, a stratified 20% test set is held out from
the target state 9, and used to score every setting. Holding this test set fixed keeps scores comparable across
supervision levels. Then, a stratified draw of p% of the target state’s providers is created as the adaptation set,
with 0 < p < 80. At p=0, the setting is zero-shot, and no target label is used anywhere in training. At p=80, the
adaptation set is the entire 80% that remains after the test set is held out. For levels in between, the providers
outside the draw are left unused. At every level, all source states provider records are used for training. We
evaluate cross-state prediction with the same metrics as within-state prediction (QWK and BA).

5 Experiments
5.1 Experimental Setup

5.1.1 Compared Models. We evaluate two groups of models on CCQ for both within- and cross-state QR prediction
tasks. The first group, tabular classifiers, consumes the preprocessed release natively or the raw release embedded
as a numerical table. The second group, textual classifiers, consumes the raw release by processing text natively.
Each tabular classifier is marked with the representation it consumes: -num for preprocessed and -txt for raw. The
textual classifiers consume only the raw representation and carry no suffix. The compared models are:

e Tabular Classifiers: (a.1) a majority-class baseline derived from the training set (Dummy); (a.2) logistic
regression (LR); (a.3) random forest (RF) [12]; (a.4) XGBoost (XGB) [15]; (a.5) a tabular neural network
(TabNN) [5]; and (a.6) a tabular prior-fitted network (TabPFN) [31].

e Textual Classifiers: (b.1) ModernBERT [81] finetuned on textualized records with a classification head
(MBERT); (b.2) the same model trained with the CORN rank-consistent ordinal loss [70] instead of cross-
entropy (MBERT-CORN); (b.3) an LLM (Qwen3-4B [67]) with a finetuned classification head over the
frozen backbone (LLM-CLS); (b.4) the same frozen-backbone configuration with the most representative
labeled provider of each class prepended to the input, a simplified form of retrieval augmentation [42]
(LLM-RAG); and (b.5) the same LLM with LoRA adapters [32] trained alongside the classification head
(LLM-LoRA).

For cross-state QR prediction (Section 4.2), we evaluate six target supervision levels, p € {0, 16, 32, 48, 64, 80}.
The models follow one of two training regimes. Dummy, LR, RF, XGB, and TabPFN are one-shot-fit models, which
are fit once on the union of the pooled source states and the target draw. TabNN, MBERT, MBERT-CORN, and
the three LLM variants are sequentially trained models, which are first pretrained on the pooled source states
and then finetuned on the target draw.

5.1.2  Implementation Details. Table 4 lists the complete configuration of every model. We use scikit-learn [63]
for Dummy, LR, and RF, PyTorch [62] for the neural models, and Hugging Face Transformers [85] for the language
models. We tune hyperparameters only when required for convergence or for consistency across experiments,
and otherwise run every method at its library defaults. Our goal is a uniform set of baselines rather than a
per-experiment optimum, and a single configuration keeps comparisons consistent and fair across states. Since
class imbalance is consistently present in CCQ, we apply class weights, or subsampling when a model has no
weighting mechanism.

The tabular classifiers (a.1-a.6) natively consume the preprocessed representation (-num), while the textual
classifiers (b.1-b.5) consume the raw representation. To write each raw record as text, we follow the text-based
representation of PedCA-FT [46] (Figure 4). Each record becomes natural-language text, with its fields grouped
into labeled sections in a fixed order: general provider information, curriculum, facility capabilities, enrollment
details per age group, and multi-year compliance history. Boolean fields list only their true values and missing
values are omitted. For within-state QR prediction, the tabular classifiers are evaluated on both representations. On
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Table 4. Complete hyperparameter configuration. Values are held fixed across all 12 states, both tasks, and all six supervision
levels. “Phase” is either (1) source pretraining or (2) target adaptation in sequential training. Each phase derives its own class
weights and validation split.

Component

Configuration

Training Protocol
Seed
Cross-validation
Target test block
Validation split

42 globally (splits, folds, subsamples, initializations, bootstrap)

5-fold stratified, shuffled; folds cached per state and shared by all methods

stratified 20%, carved once per target, scored at every supervision level

stratified 15% of each training phase; best epoch by validation QWK patience 2 (textual classifiers; TabNN below)

Tabular classifiers
Dummy

LR

RF

XGB

TabNN

TabPFN

most-frequent class
£, penalty, C=1.0, Ibfgs, max 2,000 iterations, balanced class weights
100 trees, unlimited depth, 1 sample per leaf, Vd features per split, balanced subsample weights

500 rounds, depth 6, learning rate 0.05, row subsample 0.8, column subsample 0.8, A=1.0, histogram tree method, per-row
balanced sample weights

ng=ng=16, 3 steps, y=1.5, )Lsparse:10_4, entmax masks [65]; Adam [38] at 2x10~2 with StepLR(20, 0.9); <200 epochs,
patience 40 on balanced accuracy; batch min(256, nyin) with virtual batch min(64, batch); inverse-frequency class
weights; transfer phase 2 warm-starts from phase 1

TabPEN v2, 8 ensemble members, in-context fitting (no gradient training); training set class-balanced by downsampling
to the smallest class, then capped at 10,000 context rows

Textual classifiers
MBERT

MBERT-CORN

LLM-CLS

LLM-RAG

LLM-LoRA

ModernBERT-base, 8,192-token window, classification head; class-weighted cross-entropy, AdamW [45] at 2x 1077,
linear decay with 10% warmup, weight decay 0.01, 4 epochs per phase, batch 8, length-grouped batches with dynamic
padding

identical backbone and optimization trained with the CORN rank-consistent ordinal loss, class-weighted by the same
balanced weights as MBERT; prediction by the canonical cumulative-sigmoid count decode, probabilities by telescoping
the cumulative terms

Qwen3-4B (dense) with the backbone frozen and only a classification head trained; head learning rate 107>, 4 epochs
per phase, batch 8 with gradient accumulation 2 (effective 16), 8,192-token window, 10% warmup, weight decay 0.01,
balanced class weights

identical head and optimization; each input is additionally prefixed with one exemplar per rating level, chosen as the
MiniLM class medoid. Exemplars are drawn from the training pool only and self-excluded, so no scored provider ever
supplies or receives its own exemplar; in the zero-shot setting exemplars come from the source pool, since no target
labels exist

same backbone with LoRA adapters (r=16, a=32, dropout 0.05) on the attention and MLP projections, learning rate
1074, gradient checkpointing enabled

the raw representation, each textualized record is embedded with the sentence encoder all-MiniLM-L6-v2 [69, 80].
Records longer than the encoder window are split into chunks, and the unit-normalized chunk embeddings are
mean-pooled and normalized, so no record is truncated. The textual classifiers are evaluated on the textualized
records only. In cross-state QR prediction, all models use the raw representation, since the preprocessed one
follows state-specific schemas that cannot be pooled.

5.1.3  Evaluation Metrics. For both within- and cross-state QR prediction, we report balanced accuracy (BA) [13]
and quadratic weighted kappa (QWK) [16] (Section 4). Since quality ratings are ordinal, QWK is the primary
metric. It penalizes each error by its squared distance on the rating scale and corrects for the agreement expected
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@ Textualization © Model input
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1i d it 142 .
1 1ceﬁse —capacity . [Curriculum]| HighScope —_—
I curriculum HighScope -
I has_meal_lunch Yes [Meals offered] | lunch -

1 name: value . .
vacancies_2_years 6 sections in [Age tier — 2 years] | vacancies: 6 —— MiniLM
fixed order [Compliance]| 2025 violations: 2 — L] UL
2025_violations 2 true flags only tabular
classifiers
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Fig. 4. Text-based representation of a provider record, following PedCA-FT [46]. (1) A simplified record in Georgia’s schema
is written as text. False and blank values are left out, and the provider identifier and the rating never appear. (2) The textual
classifiers read this text directly. For the tabular classifiers, all-MiniLM-L6-v2 embeds the text in 254-token chunks, and the
normalized mean of the chunk embeddings is the 384-dimensional input.

by chance. Within-state results are the mean over the five folds, and cross-state results are a single point estimate
on the held-out target test set.

To summarize overall performance across states and metrics, we also report Elo scores [11]. Elo gives each
model a single rating derived from pairwise comparisons. Each combination of state and metric is one match
between every pair of models, and the model with the higher score wins. Following existing work [11, 20], ratings
are updated after each match, with a gap of A points giving the higher-rated model an expected win rate of
1/(1 + 1072/4%9) " A 400-point gap therefore corresponds to a 91% expected win rate, and equal ratings to 50%. As
in TabArena [20], we anchor RF-txt at 1,000 points in both settings and report 95% bootstrap confidence intervals.
Each bootstrap round resamples the twelve states with replacement, and the reported score is the mean over
2,000 rounds. In the cross-state setting, the six supervision levels of a state are not independent samples. We
therefore compute Elo separately at each level on the same resampled states and average it over the six levels, so
that each level carries equal weight. Because the within- and cross-state ratings are computed from different sets
of matches, scores can be compared within a setting but not across settings.

5.2 Within-State QR Prediction Experiment

Table 5 reports the within-state QR prediction results. Each state’s models are trained and evaluated only on its
own providers, using stratified five-fold cross-validation on that state’s native rating scale. Tabular classifiers are
evaluated on both representations, and textual classifiers on the raw representation only. Figure 5a summarizes
overall performance with Elo scores computed from BA and QWK across all twelve states. Figure 6 shows the
trade-off between performance and model complexity as the Pareto frontier of Elo score versus the number of
tuned parameters.

5.2.1 Predictive Performance. Tabular classifiers on the preprocessed representation achieve the highest Elo scores
(Figure 5a). XGB-num ranks first with 1519.1, followed by TabPFN-num (1422.2), LR-num (1375.1), and RF-num
(1346.9). Every tabular classifier also scores higher on the preprocessed representation than on the raw one. Across
LR, RF, XGB, TabPFN, and TabNN, the -num version exceeds the -txt version by 303.5 Elo points on average, an
85.2% expected win rate. The gap is smallest for LR (175.0 points) and largest for XGB (390.7 points). On the
raw representation, MBERT is the strongest classifier, with an Elo score of 1308.0. It ranks fifth overall, ahead of
TabNN-num (1172.0). Its expected win rate is 22.9% against XGB-num and 44.4% against RF-num. LLM-LoRA
(1226.1) and LR-txt (1200.1) follow. MBERT-CORN scores 1162.1, 145.9 points below MBERT. Its QWK is higher
than MBERT’s in five states (CO, MD, NC, OK, and WI), but its BA is lower in 11 of the 12. Lastly, XGB-txt (1128.4),
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Table 5. Within-state QR prediction results on each state’s native QR scale. Each cell is the mean over five-fold cross-
validation and reports BA and QWK, both as percentages. The best value per state and metric is in bold, and the second
best is underlined.

Method CA co GA KY MD MT NC NE OK sC WA wI

BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK
Dummy | 20.00 000 | 20.00 0.00 | 3333 0.0 | 2000 0.0 |20.00 0.00 |20.00 0.00 |20.00 0.00 | 20.00 0.00 |20.00 000 |20.00 000 | 2500 000 | 23.00 0.00
Preprocessed feature representation
LR-num 39.45 2933 | 4137 5169 | 4523 21.04 | 41.51 3243 | 4475 6431 | 37.86 27.23 | 5029 44.90 | 4244 29.03 | 49.48 64.64 | 41.68 36.25 | 43.51 27.09 | 44.71 5059
RF-num 3401 44.82 | 3706 5682 | 3547 645 | 3595 40.38 | 43.23 65.07 | 42.67 31.67 | 4237 59.19 | 39.27 2679 | 52.83 76.43 | 38.76 39.65 | 32.81 20.44 | 3852 5275
XGB-num 36.22 4259 | 3953 57.98 | 4115 19.00 | 4176 48.10 | 44.27 65.23 | 43.85 26.63 | 46.02 61.73 | 38.84 29.99 | 53.07 76.44 | 39.66 4218 | 39.07 33.63 | 40.80 52.63

TabPFN-num | 36.65 21.16 | 40.67 51.24 | 48.04 23.33 | 45.93 40.70 | 45.45 64.14 | 40.14 27.49 | 54.15 51.18 | 46.22 26.74 | 56.43 77.34 | 42.76 38.66 | 44.32 24.88 | 30.74 18.17
TabNN-num 24.78 18.58 | 36.22 46.92 | 40.18 14.27 | 38.13 29.53 | 44.90 63.82 | 39.85 20.62 | 48.40 48.01 | 42.09 18.57 | 48.76 64.75 | 40.28 37.72 | 40.93 21.37 | 43.23 47.82

Raw feature representation

LR-txt 33.66 29.80 | 35.66 4234 | 39.36 10.85 | 38.90 33.18 | 44.18 64.38 | 40.14 26.53 | 48.27 49.81 | 38.22 26.16 | 43.95 62.58 | 40.32 37.98 | 35.58 20.39 | 37.70 37.86
RF-txt 28.66 28.45 | 31.83 43.48 | 33.81 136 | 26.26 18.11 | 43.71 65.26 | 38.61 26.63 | 33.11 44.08 | 34.86 18.82 | 43.14 66.27 | 37.85 41.60 | 27.27 4.73 | 31.30 31.03
XGB-txt 3246 33.12 | 34.38 4433 | 3456 440 | 31.65 33.98 | 43.59 63.82 | 38.64 20.88 | 35.86 48.82 | 37.35 26.69 | 44.90 66.31 | 38.00 42.42 | 32.82 19.72 | 36.24 43.75
TabPFN-txt 33.67 14.18 | 35.04 38.76 | 41.86 13.60 | 35.96 27.47 | 45.36 64.35 | 37.56 10.62 | 43.16 43.42 | 36.07 13.34 | 49.09 65.61 | 41.35 40.80 | 41.79 19.92 | 19.80 6.10
TabNN-txt 29.64 1436 | 31.25 31.16 | 38.19 8.16 | 30.24 15.82 | 44.43 63.40 | 32.13 12.22 | 39.20 37.70 | 34.66 12.87 | 43.08 59.80 | 40.37 39.04 | 3535 15.57 | 34.96 30.15
MBERT 3394 38.68 | 3534 50.59 | 41.84 18.67 | 39.77 38.66 | 44.06 70.63 | 23.57 12.35 | 38.38 48.66 | 36.49 19.58 | 51.58 70.80 | 40.11 42.02 | 38.11 33.35 | 38.75 49.70
MBERT-CORN | 28.54 27.34 | 35.11 55.21 | 34.88 4.69 | 32.05 34.84 | 40.06 70.77 | 21.06 0.78 | 32.19 50.62 | 31.80 19.04 | 50.92 75.55 | 35.89 40.95 | 36.16 29.57 | 40.53 53.21
LLM-CLS 30.66 24.44 | 34.58 42.18 | 38.63 9.63 | 30.90 29.77 | 41.36 66.37 | 32.72 17.47 | 33.46 44.81 | 36.66 21.54 | 37.96 43.92 | 34.61 22.58 | 33.85 25.27 | 32.64 40.84
LLM-RAG 2410 11.75 | 33.52 4332 | 39.23 10.32 | 32.57 26.80 | 41.96 66.08 | 28.31 8.55 | 32.85 41.28 | 33.50 18.74 | 36.31 42.69 | 38.74 35.09 | 35.13 27.00 | 29.25 30.88
LLM-LoRA 28.02 25.58 | 35.18 46.96 | 42.74 17.49 | 35.35 34.88 | 42.52 68.80 | 35.71 23.67 | 36.72 47.48 | 38.64 24.95 | 50.07 68.92 | 40.84 38.01 | 35.02 27.09 | 34.50 50.42

TabPFN-txt (1069.5), LLM-CLS (1007.3), RF-txt (1000.0), TabNN-txt (920.0), and LLM-RAG (911.0) form the lower
tier, and the Dummy baseline scores 474.6.

However, Elo combines both metrics, and the two do not always agree. TabPFN-num owes much of its second
place to BA, where it is best in 8 of the 12 states. On QWK, the primary metric, its mean of 38.75 falls below that
of XGB-num (46.34), RF-num (43.37), MBERT (41.14), LR-num (39.88), and LLM-LoRA (39.52). The QWK ranking
is thus led by the two tree ensembles on the preprocessed representation. Table 5 shows the same pattern state by
state. A tabular classifier on the preprocessed representation has the best QWK in 9 of the 12 states and the best
BA in all 12. Specifically, XGB-num has the best QWK in five states, and RF-num and TabPFN-num in two each.
The three exceptions are MD and WI, where MBERT-CORN is best (70.77 and 53.21), and SC, where XGB-txt
is best (42.42). The margins in MD and WI are small. MBERT-CORN leads MBERT by 0.14 points in MD and
RF-num by 0.46 points in WL

The best QWK also varies widely across states. In OK and MD, the strongest models exceed 70. TabPFN-num
reaches 77.34 and XGB-num 76.44 in OK, and MBERT-CORN reaches 70.77 and MBERT 70.63 in MD. In CA, CO,
KY, NC, SC, and WI, the best QWK lies between 42.42 (SC) and 61.73 (NC). In the remaining four states, even the
best model stays below 35, with 33.63 in WA, 31.67 in MT, 29.99 in NE, and 23.33 in GA. Overall, the best QWK
per state spans 54 points, and the best model changes from state to state.

5.2.2  Predictive Performance Versus Model Complexity. For the tabular classifiers on the preprocessed representa-
tion (Figure 6a), the Pareto frontier has only two points. TabPFN-num reaches an Elo score of 1422.2 with zero
tuned parameters, because it learns in context. It dominates LR-num, RF-num, and TabNN-num, which all score
lower while tuning more parameters. XGB-num is the only model that improves on it. It gains 96.8 Elo points (a
63.6% expected win rate) with about 5.0 x 10* tuned parameters. Figure 6b shows the frontier for the classifiers
on the raw representation. TabPFN-txt again starts the frontier at zero tuned parameters, with an Elo score of
1069.5. LR-txt adds about 1.8 x 10° tuned parameters and gains 130.6 points (68.0%). LLM-LoRA tunes about four
orders of magnitude more parameters than LR-txt but adds only 26.0 points (53.7%). MBERT, the last point on
the frontier, finetunes all of its parameters. It tunes about 4.5 times as many parameters as LLM-LoRA and adds
another 81.9 points (61.6%). Lastly, MBERT-CORN tunes the same backbone with one fewer output in its head.
However, it scores 64.0 points below LLM-LoRA and is not on the frontier.
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Fig. 5. Elo ratings from the within-state and cross-state experiments. The Elo scale uses a 400-point gap, which corresponds
to a 91% expected win rate. Error bars show 95% confidence intervals from 2,000 bootstrap rounds that resample the twelve
states. Cross-state scores are averaged over the six supervision levels. RF-txt is the 1,000-point anchor in both panels. The
two panels are computed on different sets of comparisons, so scores are comparable within a panel but not across panels.
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Fig. 6. Pareto frontier of mean Elo score versus number of tuned parameters for within-state QR prediction. The dashed line
marks the Pareto-optimal set. Parameter counts are averaged over the 12 per-state models. For tree ensembles we count
leaves. TabPFN updates no weights and is plotted at 10°.
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5.2.3 Discussion. For within-state QR prediction, tabular classifiers on the preprocessed representation are
the recommended choice for the best predictive performance. They hold the four highest Elo scores, the best
QWK in 9 of 12 states, and the best BA in all 12. On average, they also gain 303.5 Elo points over the same model
on the raw representation. These results are consistent with prior work showing that tree-based models remain
state of the art on medium-sized tabular data [27]. Prior work also shows that text models that split numbers into
sub-word tokens represent numerical values less precisely [79]. The Pareto analysis adds an efficiency perspective
to this recommendation. TabPFN-num ranks second overall with no tuned parameters and outperforms both
LR-num and RF-num, so it is a strong default when training resources are scarce. XGB-num leads both the Elo
ranking and the mean QWK so it is the better choice when accuracy matters most. When only the raw text
is available, MBERT is the strongest option. It beats LLM-LoRA in 17 of the 24 state-metric comparisons, even
though its backbone is about 27 times smaller. On the other hand, its ordinal variant, MBERT-CORN, is less
reliable within a state. It has the best QWK in MD and WI, but its QWK falls close to zero in MT (0.78), the
smallest state, and in GA (4.69), the only three-level state. LR-txt is a strong low-cost alternative, with an Elo
score close to that of LLM-LoRA at a small fraction of the tuned parameters. Importantly, these recommendations
describe a representative set of model families under the single, uniform configuration of our benchmark. Because
no method is tuned per state (Section 6.1), they rank the families as evaluated here rather than bound what any
of them can reach.

Whether the evaluated models can already serve as reliable surrogate QR predictors depends on how
well they agree with human raters. In a few states, the strongest models reach what is commonly interpreted as
substantial agreement (61-80) [41]. In OK, TabPFN-num attains a QWK of 77.34 and XGB-num 76.44. In MD,
MBERT-CORN and MBERT attain 70.77 and 70.63. XGB-num’s 61.73 in NC sits at the lower edge of this band.
At these levels, model predictions could already support decision-making, for example as a monitoring tool.
However, in WA, MT, NE, and GA, even the best QWK stays below 35 (33.63, 31.67, 29.99, and 23.33, respectively).
This is only fair agreement, with limited practical use for high-stakes decisions. Current models are therefore not
yet ready to generate reliable surrogate ratings in every state.

5.3 Driving Factor Analysis

QRIS are built not only to rate child care providers but also to help them improve. Predictive accuracy alone does
not tell providers what to act on. To connect ratings with improvement, state agencies and providers need to
know which features push a provider’s rating up or down. Feature attribution can turn black-box predictions
into this kind of actionable guidance. It shows each state which factors drive its quality ratings. States can then
check whether those factors are the ones linked to children’s outcomes.

5.3.1 Analysis Setup. We conduct the driving factor analysis with SHapley Additive exPlanations (SHAP) [47, 48].
A SHAP value measures how much a feature contributes to one provider’s prediction, relative to the average
prediction in that state. We compute exact SHAP values, average their absolute values across providers, and rank
features by this mean. The ranking therefore describes what the model relies on across a state’s entire provider
population.

We explain XGBoost, since XGB-num performs consistently well across the within-state experiments (Sec-
tion 5.2). We make two deliberate changes from the benchmarked configuration. First, the explained model
(XGB-reg) is fit with a regression objective that treats the rating as a number, rather than with a multi-class
classification objective. It otherwise uses the same preprocessed representation and the same configuration as
XGB-num (Table 4). A regression model yields one SHAP value per feature that directly reflects its effect on
the predicted rating, whereas a multi-class classifier would produce a separate SHAP value for each rating level.
Second, the explained model is fit on all rated providers in a state rather than within five-fold cross-validation, so
that it represents the full dataset. Because the explained model is not the one whose accuracy is reported in the
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within-state benchmark, we also run it through the same five-fold protocol and compare its QWK with that of
the benchmarked classifier.

To separate real feature contributions from noise, we implement Boruta’s shadow features [40]. Each shadow
feature is a shuffled copy of a real column. It keeps the column’s marginal distribution but breaks any association
with the rating. The noise floor is the largest mean absolute SHAP value among all shadow features, and we
interpret only the features whose attribution exceeds it. Because tree models tend to favor high-cardinality
continuous features over binary ones [73], we sample shadow features by cardinality rather than uniformly at
random. For each state, we report how many features clear the noise floor out of all features in its preprocessed
representation.

5.3.2  Analysis Results. Table 6 reports the fidelity check, which compares the five-fold QWK of XGB-reg with
that of XGB-num, the classifier used in the within-state benchmark (Table 5). The differences range from —5.83
(MT) to +3.86 (NE) percentage points. XGB-reg scores higher in 9 of the 12 states and by 0.83 points on average.
Only MT shows an absolute difference above 5 points.

Table 6. Fidelity of the XGBoost regression model (XGB-reg) used for SHAP analysis. A is its QWK difference from the
XGBoost classifier (XGB-num). Above floor counts the features that exceed the shadow-feature noise floor, and Total counts
the features of the preprocessed representation.

State QWK (%) #Features

XGB-num XGB-reg A Above floor Total

CA 42.59 45.85 +3.25 4 82
CO 57.98 58.95 +0.97 7 117
GA 19.00 18.26 -0.74 5 278
KY 48.10 49.65 +1.55 9 112
MD 65.23 67.95 +2.72 3 34
MT 26.63 20.80 -5.83 0 20
NC 61.73 63.28 +1.55 5 30
NE 29.99 33.86 +3.86 5 87
OK 76.44 77.34 +0.90 7 26
SC 42.18 45.53 +3.36 2 54
WA 33.63 30.58 -3.06 5 107
WI 52.63 54.01 +1.38 6 36

Figure 7 shows the ten highest-attribution features in each state. Across all states, 70 of these 120 features
(58.3%) are positive contributors, whose higher values push the predicted rating up. The other 50 (41.7%) are
negative contributors. Several states are dominated by positive contributors. CO, SC, MD, OK, and WA have 9, 8,
7,7, and 7 positive features in their top ten. On the other hand, CA, MT, and WI lean negative, with only 2, 4, and
4 positive features.

Table 6 also reports how many features in each state clear the shadow-feature noise floor, out of the total
available. The count ranges from 0 (MT) to 9 (KY), with 58 of 983 features overall. The dashed line in each panel
of Figure 7 marks the noise floor. We take the direction of a feature from the correlation between its value and its
attribution, which is also what the panel colors encode. Of the 58 features, 37 push the predicted rating up and 21
push it down. Three of them have a correlation below 0.03 in absolute value and are better read as undirected.
These are the cost of full-time care at ages 6-8 in KY, licensed capacity in MD, and weekly hours in WA. The 58
features fall into six groups: capacity, operating schedule, and cost (18); program type, licensure, and accreditation
(10); geographic and license-administration identifiers (9); services and population served (9); compliance and
monitoring (7); and subsidy or public-program participation (5).
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Institutional formalization is the clearest positive pattern. Center-based program type clears the floor and
is positive in four states, and licensed capacity is positive in seven. All five subsidy or public-funding indicators
that clear the floor are positive, as are the public pre-K indicator in NC and Head Start programming in WI. The
clearest negative signals are rule violations in GA, enforcement actions in WI, weekend care in WI, and family
child care homes in WA. The last is the only home-based indicator that clears the floor. A higher compliance
rate in OK raises the predicted rating, which fits this pattern. However, monitoring records are mixed. More
inspections in KY, more monitoring visits in OK, and a documented injury investigation in CO all raise the
predicted rating, while more distinct inspection types in KY lower it. Signals also do not generalize across
states. Operating hours lower the predicted rating in CA, CO, and GA but raise it in OK. License age is positive
in CO but negative in NC. Lastly, MT is the only state in which no feature clears the noise floor. Its top feature, a
regional indicator, falls just short of it (0.195 against 0.198). When the MT analysis is repeated with 30 different
random seeds, this indicator clears the floor in 18 runs, so we treat MT’s attribution as inconclusive rather than
absent.

5.3.3 Discussion. The fidelity check supports reading the SHAP rankings as explanations of the benchmarked
classifier. XGB-reg differs from XGB-num by less than 5 QWK points in 11 of 12 states, and it is slightly more
accurate on average. MT is the exception, with a gap of —5.83 points and an unstable noise floor. MT has only 181
rated providers and 20 binary features in its preprocessed representation. The balanced class weights give each
of its six one-star providers about 12 times the weight of a two-star provider. A shuffled column can therefore
fit a few heavily weighted providers about as well as a real feature can. Without class weights, the regional
indicator clears the floor in 29 of 30 seeded runs. We therefore read MT’s attributions as inconclusive and draw
no conclusions from them.

In the other states, a common pattern emerges. Larger, center-based, publicly funded, and accredited providers
tend to receive higher predicted ratings, while rule violations, enforcement actions, and some less formal care
arrangements lower them. This is a tendency rather than a rule, as it is state specific. Overall, this pattern aligns
with child care regulations and existing studies. Compliance indicators provide the clearest alignment.
Prior work finds that higher-quality programs generally have fewer licensing violations, although the pattern
does not hold in every study or state [44]. Compliance with key health and safety licensing indicators has
also been linked to positive child outcomes [22]. The positive monitoring records in KY, OK, and CO do not
necessarily contradict this. They may reflect exposure to oversight rather than lower quality, for example if larger
programs are inspected more often. Program type and accreditation features also align with well-documented
quality differences. Accreditation is a common marker of quality. For example, NAEYC accreditation is widely
relied on as a standard of quality and indicates better-than-average care [83]. Similarly, subsidy acceptance is a
positive contributor in several states. This is consistent with federal rules that require subsidized providers to
meet baseline health and safety standards, and with the higher subsidy rates that many states pay for higher
quality [1].

Capacity and operational scale present a more nuanced picture. Larger licensed capacity is generally a positive
contributor. This is in line with evidence of economies of scale in center-based care, where centers serving
more children operate at a lower cost per child without an apparent loss of quality [30]. However, weekend care
and long operating hours are negative contributors in some states. This contrasts with the finding that centers
with longer hours of operation had lower costs per child with no apparent ill effects on quality [30]. Lastly,
geographic identifiers also surface above the noise floor. This suggests that unmeasured regional factors, such as
local economic conditions, child care supply, or differences in how regulations are implemented, may influence
ratings in ways that our dataset only partially captures.
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Fig. 7. Ten highest-attribution features per state, ranked by mean [SHAP| over that state’s providers. The dashed line is the
shadow-feature noise floor, and bars to its left are indistinguishable from shuffled noise. Color gives the direction: green
where higher feature values push the predicted rating up, red where they push it down. Feature names are state-specific and
horizontal scales differ across panels, so bar lengths are comparable within a panel but not across panels.
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5.4 Cross-State QR Prediction Experiment

Table 7 reports the leave-one-state-out transfer results at every target supervision level. Figure 5b summarizes
overall cross-state performance with Elo scores computed from BA and QWK across all targets and supervision
levels. All models consume the raw representation, so every tabular classifier appears in its -txt form.

As described in Section 5.1.1, the one-shot-fit models are fit once on the union of the pooled source states
and the p% target draw. The sequentially trained models are first pretrained on the pooled source states and
then finetuned on the target draw. Each phase derives its own class weights and early-stopping split. At p=0,
there is no target data to finetune on, so the zero-shot result of a sequentially trained model is its source-only
pretraining result. Lastly, each experiment uses the target state’s native rating scale. Georgia is therefore left
out of the five-level source pools. When Georgia is the target, the five-level source states are collapsed onto the
reconciled three-level label space as {1,2}—1, {3} —2, and {4,5}—3.

5.4.1 Predictive Performance. MBERT attains the highest Elo score (1374.4), followed by LLM-LoRA (1324.9)
and MBERT-CORN (1298.6) (Figure 5b). XGB-txt follows at 1106.7. LLM-RAG (1025.8), LLM-CLS (1014.9), RF-txt
(1000.0), and LR-txt (977.9) cluster around the anchor, ahead of TabNN-txt (892.1) and TabPFN-txt (876.0). The
Dummy baseline scores 594.9. The 267.7-point gap between MBERT and XGB-txt corresponds to an 82.4% expected
win rate. In contrast, the 49.5-point gap between MBERT and LLM-LoRA corresponds to only 57.1%.

In the zero-shot setting (p=0), most models perform close to chance in 11 of the 12 targets. Across the 120
non-Dummy cells at this level, the median QWK is 2.66, 41 cells are at or below zero, and only 16 exceed 20. MD
accounts for 10 of these 16 cells. Every non-Dummy model exceeds a QWK of 20 on MD, with a median of 43.10
and a maximum of 49.08 (TabNN-txt). In the other eleven targets, the median zero-shot QWK lies between —6.69
(CA) and 4.91 (NE). Averaged over the twelve targets, the best zero-shot model is LLM-LoRA with a mean QWK
of 9.96, and no model reaches 10.

Once target supervision is available, the finetuned language models take the lead. At p=16, MBERT, MBERT-
CORN, or LLM-LoRA holds the best QWK in 10 of the 12 targets. The exceptions are MT, where XGB-txt leads,
and SC, where RF-txt leads. The three models also hold the best QWK in at least 10 of 12 targets at every higher
level. Among them, MBERT-CORN wins most often. It has the best QWK in 28 of the 60 combinations of target
and supervision level with p > 0, against 12 for MBERT and 11 for LLM-LoRA. It also has the highest mean QWK
at p=80, with 46.11 against 45.32 for MBERT and 44.13 for LLM-LoRA. The remaining models trail well behind at
that level: XGB-txt at 36.27, LLM-RAG at 33.13, RF-txt at 32.11, LR-txt at 29.55, LLM-CLS at 27.75, TabPFN-txt at
26.10, and TabNN-txt at 25.90. However, MBERT-CORN’s lead is specific to QWK. On BA, MBERT beats it in 42
of these 60 combinations, which helps explain why MBERT ranks higher by Elo. This split is consistent with
CORN’s ordinal objective [70], which targets the ordering of ratings that QWK rewards rather than per-class
accuracy. Lastly, the GA target, which tests transfer across rating scales, stays low throughout. Its best QWK at
any supervision level is 21.96 (MBERT-CORN, p=64).

5.4.2  Effect of Target Supervision. Figure 8a plots the mean QWK over the twelve targets against the supervision
level p for all ten models. For every model, the largest gain occurs between p=0 and p=16. The three finetuned
language models rise the most in this first step: MBERT-CORN from 4.54 to 37.87, LLM-LoRA from 9.96 to 38.42,
and MBERT from 8.67 to 37.02. XGB-txt rises from 5.08 to 26.74, RF-txt from 5.67 to 24.98, LR-txt from 8.20 to
21.64, LLM-CLS from 1.62 to 19.99, LLM-RAG from 7.71 to 19.96, TabPFN-txt from 5.93 to 18.61, and TabNN-txt
from 6.24 to 15.09. Relative to the total gain from p=0 to p=80, this first step accounts for 83% of the gain for
LLM-LoRA, 80% for MBERT-CORN, 77% for MBERT, 73% for RF-txt, 70% for LLM-CLS, 69% for XGB-txt, and
63% for both LR-txt and TabPFN-txt. LLM-RAG (48%) and TabNN-txt (45%) are the exceptions and gain more
gradually.
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Table 7. Leave-one-state-out cross-state QR prediction results. At every target supervision level p, each cell is scored on the
same stratified 20% test set of the held-out target state. The best value per state and metric within each supervision level,
excluding Dummy, is in bold, and the second best is underlined. Dummy predicts the majority class of its training set (the
pooled source states plus the target draw).

Method CA co GA KY MD MT NC NE OK sC WA WI
etho BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK| BA QWK
0% target supervision
Dummy 20.00  0.00 | 20.00 0.00 |3333 0.00 |20.00 0.00 |20.00 0.00 |[20.00 0.00 |20.00 0.00 [20.00 0.00 |20.00 0.00 |20.00 0.00 0.00  0.00 0.00  0.00
LR-txt 14.77 -3.88 | 22.38 17.31 | 32.00 2.06 | 2048 5.80 | 23.04 3510 | 2471 519 |17.78 -589 | 1835 1136 | 20.51 1.06 |26.79 21.66 | 27.12 1.01 | 2592 7.60
RF-txt 13.53 17.58 2.62 | 32,92 -0.55 | 1451 241 | 27.73 4896 | 19.00 -8.22 | 23.26 -0.57 | 19.66 4.57 | 16.61 -9.08 | 24.99 20.88 | 22.41 3.87 | 23.3¢ 12.52
XGB-txt 41.28 18.67 -0.03 | 29.30 -6.32 | 17.74 2.75 | 23.35 40.56 | 29.36 -1.44 |36.48 23.06 | 18.21 3.28 | 14.57 -7.02 | 20.12 -0.70 | 21.50 4.65 |27.86 3.43

2
TabPFN-txt 13.85 -11.21|23.20 576 | 38.09 6.20 | 21.53 -0.72 | 33.66 33.03 | 27.00 9.09 | 31.60 28.63 | 20.15 4.12 | 20.30 -0.46 | 20.00 0.00 | 22.74 -543 | 2491 2.15
TabNN-txt 991 -7.80 | 22.15 2.03 | 3331 142 | 19.66 -3.15 | 27.99 49.08 | 28.29 7.59 | 18.77 0.19 | 20.81 -5.18 | 26.48 27.69 | 20.00 0.00 | 22.90 -3.67 | 14.21  6.65
MBERT 18.18 -1.61 | 18.72 10.29 | 39.67 11.61 | 21.87 149 | 2519 46.06 | 1429 0.00 | 17.60 595 | 2444 10.67 | 21.33 1549 | 20.00 250 | 17.16 1.00 | 25.37 0.63
MBERT-CORN | 17.14 -8.00 | 20.00 1.11 | 3494 270 | 18.24 0.54 | 25.18 20.10 | 18.43 2.78 11.70  -0.42 | 24.25 14.26 | 19.87 2330 7.64 | 25.26 10.75 | 27.25 5.17
LLM-CLS 20.88 -6.14 | 13.81 -6.70 | 35.28 6.32 | 20.00 -0.19 | 25.00 45.63 | 22.50 -4.42 | 28.60 3.95 | 1594 3.00 | 18.48 20.29 -12.23 | 23.96 -2.19 | 11.67 -6.61
LLM-RAG 1846 -7.24 | 22.60 11.10 | 3533 10.58 | 21.12 874 | 21.97 46.18 | 23.93 6.86 | 17.22 1.07 | 20.00 5.24 | 15.75 20.00 0.00 | 23.03 154 | 2512 7.79
LLM-LoRA 19.58 -0.28 | 18.33 585 | 3246 -0.13 |27.39 9.25 | 29.67 32.79 | 1143 9.02 | 25.05 13.14 | 32.39 24.13 | 20.43 20.60  0.10 | 21.63 14.04 | 21.99 -2.73

16% target supervision
Dummy 20.00 0.00 |20.00 0.00 |33.33 0.00 |20.00 0.00 |20.00 0.00 |20.00 0.00 |20.00 0.00 [20.00 0.00 |20.00 0.00 |20.00 0.00 0.00  0.00 0.00  0.00
LR-txt 2444 910 | 27.90 3128 | 3521 1.63 | 21.33 6.86 | 4145 68.77 | 21.93 -241 | 25.04 19.42 | 22.44 12.84 | 34.88 5542 | 24.85 11.13 | 27.36 5.51 | 38.42 40.08
RF-txt 2454 1.00 | 28.65 34.89 | 34.02 -3.60 | 20.54 0.69 | 41.79 67.84 | 41.57 30.14 | 31.49 39.28 | 29.49 12,51 | 35.67 58.10 | 37.39 35.95 | 25.12 -2.08 | 31.95 25.07
XGB-txt 2244 312 | 3041 36.54 | 3415 262 |21.86 391 | 41.52 67.23 |45.00 37.84 | 29.13 34.01 | 28.79 876 | 38.49 59.08 | 3327 33.84 | 26.47 6.07 | 33.82 27.90
TabPFN-txt 20.03 211 29.89 42,19 | 34.14 0.13 | 20.00 0.00 | 41.64 68.58 | 28.57 5.63 | 25.28 18.05 | 22.97 9.46 | 33.31 59.45 | 20.26 -4.20 | 25.00 0.00 | 30.35 21.86
TabNN-txt 19.24 247 | 23.66 20.47 | 28.09 -7.88 | 22.88 13.73 | 36.90 62.64 | 26.29 10.69 | 25.16 25.50 | 15.50 1.25 | 26.39 18.69 | 20.00 0.00 | 33.80 19.04 | 29.80 14.52
MBERT 3154 30.83 |32.50 48.38 |40.86 15.78 | 32.02 23.41 |44.72 7168 | 33.29 10.94 | 36.20 47.03 | 34.23 36.58 | 42.55 5819 | 37.27 29.17 | 36.32 30.15 | 39.41 42.07
MBERT-CORN | 26.74 19.20 | 29.77 50.50 | 38.43 1449 | 2236 19.12 | 44.25 72.11| 1536 13.79 | 40.23 52.03 | 34.59 29.29 | 45.20 70.33 | 19.45 31.89 | 36.82 29.95 | 41.10 51.70
LLM-CLS 24.61 294 | 27.61 3094 | 34.06 0.62 | 22.40 3.50 | 43.52 6872 | 17.00 0.00 | 33.85 32.59 | 30.85 21.78 | 27.96 24.50 | 28.75 7.33 | 33.53 19.33 | 33.86 27.58
LLM-RAG 26.79 2191 | 31.00 3138 | 3540 3.68 | 22.66 16.51 | 42.60 68.16 | 14.00 541 | 31.83 43.66 | 24.55 273 | 2044 1.71 | 2839 15.04 | 2641 554 | 30.65 23.75

LLM-LoRA 33.23 36.44 | 29.58 37.60 | 36.80 10.59 | 38.55 35.21 | 44.10 70.93 | 39.29 28.07 | 35.53 41.56 | 37.96 31.87 | 4230 63.07 | 37.02 31.66 | 3549 34.99 | 35.14 39.10

32% target supervision

Dummy 2000 0.00 | 2000 000 | 3333 000 | 2000 000 | 2000 000 |2000 000 |2000 000 |2000 000 |2000 000 |2000 000 | 000 000 | 000 0.00
LR-txt 22.81 5.15 29.76  38.89 | 34.66 0.62 2132 7.52 | 41.58 68.95 | 28.71 10.96 | 26.00 28.81 | 25.06 14.75 | 37.86 60.01 | 26.94 18.96 | 28.28 10.21 | 38.14 37.09
RF-txt 2642 2000 | 3037 3674 | 36.03 594 | 21.96 9.56 | 4279 67.97 | 2857 2432 | 32.13 43.54 | 27.41 9.05 | 41.18 61.66 | 37.60 4258 | 26.88 1.05 | 33.61 27.70
XGB-txt 2752 2028 | 3234 4335 | 3560 450 | 2467 1874 | 42.67 6951 |30.50 3158 | 31.62 4150 | 28.80 9.63 | 4125 63.19 |41.97 50.80 | 20.88 12.97 | 35.08 36.45
TabPEN-txt 2000 000 | 2974 42.22 | 3410 005 | 1991 0.60 | 40.03 68.70 | 1857 -5.06 | 25.76 24.53 | 2430 -2.11 | 3580 61.98 | 30.50 4443 | 2500 0.00 | 3122 24.37
TabNN-txt 24.20 1839 | 2831 24.94 | 3102 -0.11 | 2438 14.78 | 38.42 66.46 | 1514 -2.63 | 32.88 16.55 | 24.32 -175 | 40.40 57.82 | 19.68 1.09 | 2583 4.07 | 32.06 24.24
MBERT 27.61 3253 | 32.28 44.06 | 44.40 16.46 | 39.53 38.09 | 43.92 7170 | 19.00 16.44 |38.50 56.48 | 31.86 15.64 | 52.45 74.39 | 36.38 37.87 | 36.07 2845 | 41.94 47.85
MBERT-CORN | 35.62 41.39 | 31.67 48.61 | 41.73 21.43 | 27.13 3073 | 41.25 7134 | 2671 40.74 | 27.76 45.10 | 27.90 19.73 | 50.54 76.88 | 29.44 39.25 | 34.02 24.26 | 44.10 50.71
LLM-CLS 47.90 24.17 | 27.10 31.26 | 3858 12.48 | 27.66 20.27 | 44.09 70.92 | 1821 -17.91 | 29.72 29.99 | 2455 556 | 30.27 3593 | 33.05 2837 |39.26 31.12 | 3543 31.00
LLM-RAG 2098 139 |29.16 39.16 | 4039 10.22 | 27.14 2696 | 41.70 71.23 | 18.00 6.06 | 3472 d44.46 | 27.29 7.54 | 28.25 38.02 | 25.16 1144 | 3556 28.12 | 3052 22.40
LLM-LoRA 27.49 2750 | 34.49 43.68 | 42.99 16.86 | 38.34 36.62 | 43.07 72.11| 1893 14.63 | 3233 39.63 | 33.08 26.47 | 54.61 72.66 | 34.02 2846 | 3547 27.54 | 4023 44.89

48% target supervision

Dummy 2000  0.00 | 2000 000 | 3333 000 | 2000 000 | 2000 000 |2000 000 |2000 000 |2000 000 |2000 000 |2000 000 | 000 000 | 0.00 0.00
LR-txt 2263 883 | 3119 40.55 | 3553 324 | 2255 10.63 | 41.26 68.75 | 27.79 15.19 | 26.02 30.82 | 26.28 17.32 | 38.02 60.44 | 28.64 25.09 | 28.95 11.62 | 38.10 38.20
RF-txt 2645 1506 | 29.21 3637 | 3652 6.86 | 2686 24.51 | 42.75 6841 | 29.93 29.27 | 32.94 39.28 | 3052 1420 | 39.09 61.54 | 40.36 5146 | 2838 479 | 34.95 3250
XGB-txt 3006 29.90 | 3073 44.18 | 3569 530 | 2626 23.81 | 4240 69.02 | 30.43 36.59 | 30.71 38.66 | 2038 20.21 | 39.79 65.16 | 43.49 57.15 | 30.14 10.92 | 3654 36.00
TabPEN-txt 21.06 442 | 3100 42.55 | 3438 078 | 2124 1507 | 40.11 68.99 | 20.00 10.13 | 2659 29.82 | 2678 19.00 | 33.95 61.20 | 33.50 40.80 | 26.81 3.69 |33.49 32.45
TabNN-txt 2003 1109 | 3171 32.33 | 3567 184 | 24.86 21.06 | 38.25 6553 | 1250 000 |38.17 43.30 | 33.60 151 |39.03 61.59 | 22.85 3.22 | 37.05 16.87 | 3649 31.50
MBERT 35.68 39.93 | 33.59 47.87 | 40.92 16.80 | 36.20 34.66 | 44.66 71.30 | 24.29 33.90 |39.98 55.89 | 36.63 28.50 | 54.26 72.33 | 45.13 5159 | 4027 34.88 | 45.32 52.49
MBERT-CORN | 37.97 47.58 | 31.87 52.99 | 4050 16.97 [38.81 33.64 | 4026 71.12 | 23.79 19.67 | 38.63 53.56 | 29.72 18.91 | 50.85 75.55 | 43.87 54.18 | 40.10 3435 | 4317 57.70
LLM-CLS 48.02 28.04 | 31.84 37.33 | 39.95 11.21 | 32.61 27.44 | 4126 70.94 | 22.64 000 |33.97 4590 | 2731 17.43 3899 | 28.10 649 |43.05 2827 | 37.96 36.03

LLM-RAG 28.15 26.53 | 32.16 37.94 | 36.58 5.42 | 3442 26.37 | 40.33 70.35 | 20.00 15.05 | 30.81 33.12 15.15
LLM-LoRA 27.01 26.18 | 37.30 48.30 | 40.07 14.71 | 38.73 37.58 | 44.67 71.49 | 32.14 34.67 | 36.39 49.43 | 36.19 19.66

35.68 | 34.62 12.74 | 36.89 28.46 | 34.28 26.20
74.23 | 38.52 35.20 | 42.02 31.27 | 40.83 47.15

64% target supervision
Dummy 2000 0.00 | 2000 000 | 3333 000 | 2000 000 | 2000 000 |2000 000 |2000 000 |2000 000 |2000 000 |2000 000 | 000 000 | 000 0.00
LR-txt 2143 7.13 | 3069 43.51 | 3513 328 | 2347 14.99 | 4144 68.97 | 3279 1975 | 2645 31.58 | 26.12 14.26 | 38.60 61.43 | 28.64 2646 | 20.78 10.29 | 3827 39.74
RF-txt 2513 2509 | 30.12 3841 | 3530 519 | 2580 19.19 | 41.29 68.17 | 2450 25.88 | 33.68 40.60 | 2835 14.13 | 38.33 61.23 | 40.62 5235 | 27.97 7.23 | 3595 32.93
XGB-txt 34.02 3652 | 3244 4272 | 3556 7.24 | 2694 22.57 | 4172 69.24 | 26.50 21.69 | 31.65 37.94 | 30.77 24.57 | 40.40 63.71 | 42.50 54.45 | 2927 10.00 | 3635 36.97
TabPEN-txt 2175 933 | 3077 43.28 | 33.88 192 | 2065 13.99 | 4162 69.20 | 22.14 879 | 2665 29.32 | 27.80 11.16 | 3434 59.96 | 3551 4340 | 27.17 337 |33.69 33.25
TabNN-txt 20.25 1341 | 3001 31.88 | 37.09 296 | 2652 1813 | 4526 69.66 | 14.93 1391 | 3652 48.56 | 24.57 12.80 | 39.24 56.28 | 29.24 3203 | 3534 20,61 | 34.64 26.13
MBERT 34.96 3933 | 33.08 46.80 | 43.62 18.85 | 42.47 39.59 | 45.68 71.69 |36.21 42.42 | 38.23 50.10 | 39.68 27.20 |57.12 77.74 | 41.38 46.80 | 40.52 32.40 | 4036 48.13
MBERT-CORN | 37.16 46.25 | 3431 54.71 | 40.69 21.96 | 41.81 35.58 | 40.72 71.92 | 18.21 36.07 | 37.90 57.81|33.15 1857 | 5106 78.29 | 3598 50.89 | 39.90 37.04 | 44.02 55.04
LLM-CLS 52.76 3544 | 2671 34.28 | 3457 506 | 24.17 20.97 | 42.80 7175 | 27.36 0.00 | 34.23 48.06 | 35.27 18.88 | 34.07 38.26 | 27.92 287 | 3843 28.40 | 4056 38.90
LLM-RAG 29.87 1698 | 26.83 26.16 | 36.58 4.88 | 28.22 26.84 | 39.53 70.20 | 2250 -5.06 | 3234 44.50 | 27.09 13.87 | 27.68 28.71 | 32.37 27.61 | 40.96 21.87 | 37.49 26.89
LLM-LoRA 3970 3935 |36.50 4561 | 4026 17.14 | 4032 3273 | 43.98 71.26 | 30.07 2338 |38.41 49.69 | 34.97 37.87 | 5502 7670 | 4234 51.86 | 38.16 43.97 | 44.57 46.23

80% target supervision

Dummy 2000 0.00 | 2000 000 | 3333 000 | 2000 000 | 2000 000 |2000 000 |2000 000 |2000 000 |2000 000 |2000 000 | 000 000 | 0.00 0.00
LR-txt 2649 1458 | 3151 43.57 | 3520 150 | 23.73 1505 | 41.62 68.66 | 30.79 1951 | 2620 31.50 | 25.16 12.05 | 40.65 63.10 | 29.98 31.08 | 3045 11.45 | 39.28 4255
RF-txt 2463 27.15 | 3212 4272 | 3444 -0.93 | 27.21 19.43 | 41.92 67.05 | 22.00 12.66 | 35.09 48.01 | 28.82 14.95 | 41.80 63.26 | 40.12 49.84 | 2843 6.90 | 36.46 34.24
XGB-txt 33.02 36.15 | 32.56 4539 | 3536 3.63 28.08 19.23 | 43.12 68.15 | 29.00 21.18 | 33.18 46.35 | 29.19 2433 | 4377 67.00 | 41.41 48.53 | 30.46 16.70 | 37.37 38.60
TabPEN-txt 24.55 1822 | 3074 43.40 | 33.96 -0.10 | 2232 10.56 | 41.29 69.16 | 23.57 7.06 | 2624 32.78 | 2637 693 | 3413 61.80 | 27.76 2499 | 27.17 337 | 3452 34.97
TabNN-txt 2066 1067 | 29.39 3625 | 3545 4.93 | 3252 23.23 |47.58 6552 |33.00 -299 | 3850 3248 | 27.18 1497 | 4200 59.40 | 26.88 2544 | 3350 7.79 |37.93 33.3
MBERT 30.88 31.09 |37.36 51.06 | 44.61 20.67 | 36.24 36.20 | 44.75 68.75 | 26.57 3243 | 3759 51.86 | 3534 24.96 | 57.85 78.75 | 43.85 47.89 | 43.11 42.84 | 46.69 57.36
MBERT-CORN | 38.01 3942 | 3334 49.87 | 40.88 1815 |46.32 42.64 | 4110 71.92 | 24.21 18.18 | 30.55 54.12 | 40.74 29.95 | 56.20 78.72 | 37.44 47.03 | 45.46 44.78 | 47.03 58.59
LLM-CLS 2593 598 | 28.98 36.59 | 41.00 12.60 | 3439 24.56 | 43.57 66.75 | 23.57 17.07 | 2033 42.13 | 3275 24.64 | 3412 40.97 | 18.13 -8.95 | 3655 28.39 | 42.02 42.26
LLM-RAG 30.06 40.03 | 3021 39.74 | 41.10 1649 | 2938 2501 | 47.13 68.09 | 32.14 851 | 3546 49.87 | 3147 14.56 | 30.18 39.20 | 40.12 3208 | 35.98 29.11 | 39.43 34.91

LLM-LoRA 38.60 3587 | 36.27 47.25 | 41.58 18.51 | 39.81 38.24 | 4149 68.91 | 26.57 32.50 | 39.28 53.46 | 42.44 39.40 | 55.05 74.76 | 39.91 34.85 | 40.20 36.49 | 45.53 49.31
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Beyond p=16, the other eight curves flatten. Their additional gain from p=16 to p=80 ranges from 5.71 for
LLM-LoRA to 9.53 for XGB-txt. Only MBERT and LR-txt rise at every step. LLM-LoRA dips at p=32 and ends
below its p=64 value. XGB-txt, TabPFN-txt, and LLM-CLS peak at p=48, and MBERT-CORN and RF-txt peak at
p=64. In contrast, LLM-RAG’s curve is the least regular. It falls from 28.40 at p=48 to 25.29 at p=64 and then rises
to 33.13 at p=80. TabNN-txt does the reverse, falling from 28.86 at p=64 to 25.90 at p=80.
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(a) Scaling with target supervision. (b) Pretraining vs. no pretraining.

Fig. 8. (a) Mean test QWK over the twelve target states as a function of the target supervision level p for all ten models. (b)
Mean test QWK of the same ten models over the twelve states, with and without pretraining on the pooled source states.
“w/ pretraining” is the p=80 cross-state setting. “w/o pretraining” is the within-state setting.

5.4.3 Discussion. The cross-state results lead to three conclusions. First, zero-shot transfer did not prove
viable for cross-state QR prediction in our benchmark, with one exception. Without target supervision, the
best source-trained model exceeds a QWK of 20 in only five of the twelve targets: MD (49.08), NC (28.63), OK
(27.69), NE (24.13), and SC (21.66). In the other seven, it stays below 18. MD is the only target on which transfer
works across models. It is also the state whose within-state attribution is dominated by accreditation flags that
are tied to the rating by policy (Section 5.3). One plausible reading is that this policy link, rather than a general
quality signal, is what transfers to MD. On this evidence, a state without any rated providers should not expect a
usable predictor from other states’ data alone.

Second, the amount of target supervision needed is modest. Labeling 16% of a target state’s providers
delivers 63% to 83% of the gain from full supervision for eight of the ten models, and the returns diminish after
that. At this level, the mean QWK of MBERT-CORN, LLM-LoRA, and MBERT already reaches 98%, 97%, and
90% of their within-state means, although the two settings are scored on different test sets (Section 5.5). A state
that rates a stratified sample of its providers can therefore bootstrap a predictor for the rest at a fraction of the
assessment cost.

Third, the recommended models reverse relative to the within-state setting. Since the state-specific
preprocessed schemas cannot be pooled, cross-state prediction is limited to the raw representation. On this
representation, the finetuned language models (MBERT, MBERT-CORN, and LLM-LoRA) lead the Elo ranking
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and hold the best QWK in at least 10 of 12 targets at every supervision level above zero. Within this group,
MBERT-CORN is the strongest choice when ordinal agreement matters most, and MBERT is the most balanced
across both metrics. Tree ensembles on sentence embeddings remain competitive in a few targets. They hold the
best QWK in SC at every supervised level and in MT at two of five, but they are not the general choice. Lastly,
the GA target shows the limit of the reconciled label space. Collapsing five levels onto three keeps GA’s QWK
below 22 at every supervision level. A coarse label mapping alone was therefore not sufficient to bridge rating
systems with different scales, and transfer across rating scales remains an open problem.

5.5 Transfer Utility Analysis

Cross-state QR prediction measures what a target state can achieve by borrowing data from other states. A
complementary question concerns a state that already has a substantial labeled set. Does pretraining on other
states add anything beyond training on its own data alone? To answer it, we compare the within- and cross-state
settings. For each of the twelve states, the model without pretraining is the within-state model, which sees only
the target state’s own providers. The model with pretraining is the same model pretrained on the pooled source
states and then adapted on the target state’s full training pool (p=80). Both settings therefore train on 80% of the
target state’s rated providers. We include both one-shot-fit and sequentially trained models, so the comparison
also shows how each training regime uses source data. Georgia is included on its native three-level scale in both
settings, with the pooled source states coarsened to that scale. For each model, we report the mean test QWK
across the twelve states in the two settings.

5.5.1 Analysis Results. Figure 8b reports the mean test QWK of all ten models over the twelve states, with
pretraining (“w/ pretraining”) and without it (“w/o pretraining”). The effect of pretraining depends on the training
regime. Four of the six sequentially trained models gain from pretraining. MBERT-CORN gains the most, rising
from 38.55 to 46.11 (+7.56). It is followed by LLM-LoRA from 39.52 to 44.13 (+4.61), MBERT from 41.14 to 45.32
(+4.18), and LLM-RAG from 30.21 to 33.13 (+2.92). The gain is most consistent for MBERT-CORN, LLM-LoRA,
and MBERT, which improve in 11, 10, and 9 of the 12 states, while LLM-RAG improves in only 6. Part of MBERT-
CORN’s gain repairs its weakest within-state results, with rises of 17.4 points in MT and 13.5 in GA. However,
sequential training alone does not guarantee a gain. LLM-CLS falls from 32.40 to 27.75 (—4.65), and TabNN-txt
from 28.35 to 25.90 (—2.45). For the four one-shot-fit models, which are fit on the union of the pooled source
states and the target data, adding source data lowers the mean QWK. LR-txt falls from 36.82 to 29.55 (=7.27),
TabPFN-txt from 29.85 to 26.10 (—3.75), XGB-txt from 37.35 to 36.27 (—1.08), and RF-txt from 32.49 to 32.11 (—0.38).
Overall, MBERT-CORN, MBERT, and LLM-LoRA hold the three highest mean QWK values after pretraining.

5.5.2  Discussion. The pretraining comparison shows that whether cross-state data help depends less on their
availability than on how they are used. The clearest benefit appears for the three language models whose backbone
is finetuned: MBERT, MBERT-CORN, and LLM-LoRA. For them, pretraining on the pooled source states before
adapting on the target raises the mean QWK by more than four points, even when the target’s full training
pool is available. In this setup, cross-state data add value beyond a state’s own labels, and the gain holds in
most states. For the frozen-backbone variants, the result is mixed. LLM-RAG gains 2.92 points, but LLM-CLS,
which differs from it only in lacking the exemplars, loses 4.65. One hypothesis is that LLM-RAG’s head learns to
compare an input with the per-class exemplars. This comparison may transfer across states more readily than
the fixed class boundaries that LLM-CLS learns on the source. TabNN-txt, the only sequentially trained tabular
classifier, also loses 2.45 points. In contrast, for the one-shot-fit models, mixing the pooled source into a single
training set lowers performance. Without a mechanism to prioritize the target distribution, the larger and
differently distributed source data appear to dominate the fit. For states that want to draw on other states’ ratings,



24 + V.Lietal

we therefore recommend the sequential pretrain-then-adapt framework with a finetuned language model such as
MBERT, MBERT-CORN, or LLM-LoRA.

6 Conclusion

We presented CCQ, a de-identified dataset of 59,372 child care providers across 12 U.S. states. CCQ comes in two
releases: a preprocessed release for tabular models and a raw release for language models. We also release the
LLM-based curation pipeline that produced both. Using CCQ, we benchmarked tabular and textual classifiers
on within- and cross-state QR prediction. In within-state QR prediction, tabular classifiers on the preprocessed
representation perform best. XGB-num ranks first, and TabPFN-num ranks second without any tuned parameters.
However, agreement with true ratings is substantial in only a few states and fair in others, so predictions should
support rather than replace on-site assessment. In cross-state QR prediction, zero-shot transfer is close to chance
in every target except MD. On the other hand, labeling 16% of a target state’s providers delivers most of the gain
from full target supervision, and finetuned language models then perform best. Pretraining on other states also
improves these models, even when the target state’s full training pool is available. Lastly, feature attribution
associates higher predicted ratings with larger, center-based, publicly funded, and accredited providers, and lower
ones with rule violations and enforcement actions. We hope CCQ will support future work on transfer across
rating scales, state-specific adaptation, and the drivers of child care quality.

6.1 Limitations

Several limitations of the dataset and benchmark should be kept in mind. On the dataset side, our preprocessing is
one of several reasonable ways to structure the data. The curation agents were also evaluated only on Georgia, the
reference state (Section 3.2.2), so their measured accuracy may not carry over to the other eleven states. Since the
cleaning scripts for these states were not verified line by line, residual cleaning errors can exist. On the benchmark
side, every method runs under a single, uniform configuration, with no per-state tuning and a single random seed.
The reported numbers are therefore reference baselines rather than the best attainable performance of any model.
Cross-state results are single point estimates on a fixed 20% test set of the target state. For the smallest state, MT,
with 181 rated providers in total, this test set holds only a few dozen providers. Cross-state results for the GA
target also depend on one fixed mapping from five rating levels to three. Furthermore, the feature attributions
describe what the explained model relies on, not causal effects on quality. Some high-attribution features, such as
accreditation in MD and subsidy acceptance in OK, are themselves tied to state policy. Part of their attribution
may therefore reflect administrative requirements linked to QR scores rather than an independent quality signal.
Lastly, geographic identifiers likely act as proxies for regional factors that the released features do not capture.

6.2 Ethical Considerations

This study was approved by the Emory University Institutional Review Board (Protocol #: 2025P012045). The
dataset contains only aggregated, facility-level information for each child care provider and no individual-level
data. To further protect human subjects, we remove or anonymize every feature that could directly identify a
specific provider. This minimizes the risk of re-identification and confidentiality breaches. All data handling and
analysis followed the approved IRB protocol and relevant ethical guidelines.

We ask users of CCQ to follow three guidelines. First, users should not attempt to re-identify providers, for
example by linking released records back to the state portals. Second, predicted ratings are research estimates, not
official ratings, and should not inform licensing, funding, or enforcement decisions about individual providers.
Third, the records reflect the state portals at the time of collection, and ratings may have changed since.
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