Research Proposal: Funding for the
Development and Implementation of the
Al-Powered Child Care and Early
Education Heart Monitor (CCEEHM)

1.0 Introduction: The Challenge of Measuring Early
Childhood Education Quality

The strategic importance of high-quality Child Care and Early Education (CCEE) is
undisputed, yet the field has long been constrained by an inadequate approach to quality
measurement. For decades, a methodological schism has separated the assessment of
structural and process quality into disconnected domains. This bifurcated system has
systematically obstructed the development of valid, holistic quality assurance
frameworks, keeping the field stagnant and hindering our ability to gain a meaningful
understanding of the environments that shape children’s futures.

This proposal confronts this long-standing barrier by defining and, for the first time, truly
integrating the two critical components of quality:

e Structural Quality: Refers to the foundational, regulated aspects of a program,
including elements like staff-child ratios, group size, and health and safety
regulations. These are the essential inputs that create the basic conditions for care.

e Process Quality: Encompasses the dynamic, moment-to-moment interactions
between staff and children. Itis widely considered the "heart" of quality—the
developmental "magic" that occurs in the dance between an educator and a child.

The inadequacy of the current approach is stark. Distinct tools are used by different
professionals; licensing inspectors focus on structural compliance, while specialized
observers assess process quality. This division yields an incomplete and inefficient
picture, failing to capture how structural elements directly support or constrain the
interactional quality that is paramount for child outcomes. It treats the framework and the
heart as two separate entities when they are, in fact, profoundly interconnected.



To resolve this, we propose the Child Care and Early Education Heart Monitor
(CCEEHM), the necessary evolution of regulatory science. This proposal seeks funding to
develop and implement the CCEEHM, a unified system designed to merge the
measurement of structural and process quality into a single, efficient, and technologically
advanced platform. This integrated approach is grounded in a robust theoretical
framework that provides a clear rationale for unifying these once-separate domains.

2.0 Theoretical Framework: Unifying Structural and
Process Quality

A strong theoretical foundation is essential for the development of any new measurement
system, ensuring it is a conceptually sound innovation rather than an ad-hoc collection of
tools. The CCEEHM operationalizes a modern, integrated theory of regulatory science,
built upon established scholarly work that provides a cohesive rationale for its design. This
framework ensures that the proposed system is robust, valid, and aligned with the future of
the CCEE field.

The CCEEHM’s design synthesizes three foundational concepts in a hierarchical structure:

e The Overarching Philosophical Framework: The Theory of Regulatory
Compliance (Fiene, 2019; 2021; 2025a,b) provides the unifying philosophy, positing
that structural and process quality are not independent but are interconnected
components within a single, comprehensive regulatory system. The CCEEHM is the
first tool to fully operationalize this theory.

e The Core Methodological Principle: The Key Indicator Methodology (KIM) (Fiene
& Nixon, 1985) serves as the core principle ensuring the CCEEHM is practical and
efficient, not just theoretically sound. By focusing on the most predictive and
essential measures of quality, KIM ensures the system is a cost-effective
monitoring tool viable for widespread adoption.

e The Applied Model: The Integrated Monitoring Systems Approach (Freer & Fiene,
2023) is the applied model demonstrating how the CCEEHM complements, rather
than replaces, existing systems. It is designed to draw data from and enhance
licensing, Quality Rating and Improvement Systems (QRIS), accreditation, and
professional development systems, unifying disparate data streams into a cohesive
whole.



Grounded in this strong theoretical base, the CCEEHM moves from a conceptual
framework to a tangible and innovative solution designed to transform how CCEE quality is
measured and understood.

3.0 The Proposed Solution: The Child Care and Early
Education Heart Monitor (CCEEHM)

The CCEEHM is the tangible solution to the measurement challenges outlined in this
proposal. It is a comprehensive system designed to deliver a holistic, integrated view of
program quality by combining structural and process indicators into a single, user-friendly
platform. This section details the system's core components and demonstrates how they
work in concert to provide a more nuanced and accurate assessment of early childhood
education environments.

3.1 System Overview and Rationale

The "Heart Monitor" is more than a name; it is the central design philosophy. Our system is
the first to measure the "heart" of quality—the rich, developmentalinteractions between
educators and children—and embed those vital signs directly within the structural "body"
of regulatory compliance. The CCEEHM exists as a software application (App) that
integrates data from licensing compliance, QRIS, accreditation, and professional
development systems to create a single, powerful monitoring tool.

3.2 Component 1: The Contact Hour (CH) Metric for Structural Quality

The CCEEHM replaces the traditional, static measurement of adult-child ratios and group
sizes with the Contact Hour (CH) metric, a more effective, efficient, and dynamic
measure of structural compliance. The CH metric is calculated by asking six key questions
about a program's daily operations:

When does your first teaching staff arrive or when does your facility open?
When does your last teaching staff leave or when does your facility close?
What is the number of teaching/caregiving staff?

What is the number of children on your maximum enrollment day?

When does your last child arrive?

When does your first child leave?
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The answers to these questions are used to construct a trapezoidal model representing the
relationship between the number of children present, the number of staff available, and
the hours of operation. Regulatory compliance is determined by comparing the program’s
calculated area within this model (representing actual contact) to a pre-determined ideal
area (representing the regulatory standard). The shape of the model can vary (e.g.,
rectangle, square, triangle) based on the program's unique density distributions of child
arrival and departure times.

3.3 Component 2: The Program Quality Indicators (PQIl) for Process
Quality

To capture the "heart" of quality, the CCEEHM incorporates the Program Quality
Indicators (PQIs), a set of 10 validated indicators that measure key aspects of process
quality. These indicators, validated in studies from 2020-2024, provide the necessary
depth to complement the structural data from the CH metric. The 10 PQIs cover a
comprehensive range of domains, including staffing qualifications, curriculum, parental
involvement, and key interactional observations, such as how educators listen attentively
when children speak and use language to develop reasoning skills.

Each indicator is measured on a simple 1-4 ordinal scale, similar to those used in
established accreditation and program quality assessment tools, making the data easy to
interpret and score.

3.4 The Integrated Model: From Absolute to Relative Quality

The true innovation of the CCEEHM lies in its integration of the PQI data with the CH
metric. This fusion fundamentally transforms the measurement of quality. The CH metric
alone provides an absolute value—a clear determination of whether a program isin or out
of compliance with structural standards. However, by layering the PQIl data onto the CH
model, the system moves to a more nuanced relative value.

This integrated approach no longer asks only, "Are there enough adults for the children
present?" but also, "What is the quality of the interactions occurring during those contact
hours?" This combined model provides a comprehensive, dynamic picture of both
structural integrity and process excellence. In essence, the system moves from a simple
pass/fail snapshot of structure to a dynamic motion picture of quality in action. Making this
level of detailed, continuous data collection and analysis feasible requires a significant
technological leap forward.



4.0 Technological Innovation: Al-Powered Observation
and Analysis

The integration of Artificial Intelligence (Al) is the enabling technology that makes the
theoretical integration of structural and process quality, long a goal in the field, finally
achievable at scale. This critical advancement overcomes the severe limitations of
traditional methods and introduces a new level of rigor, objectivity, and efficiency. This
technological maturity is precisely why this funding request is timely and viable.

The specific role of Al within the CCEEHM is to perform the intensive data collection
required to unlock the system's full potential. The Contact Hour trapezoidal model
provides the structural framework, but its true power is unlocked by populating it with
thousands of data points on process quality—a task that is "not realistic" for human
observers but is perfectly suited for trained Al. The CCEEHM leverages Al through the
following mechanisms:

e Al observers will be trained to assess the Program Quality Indicators (PQIls) by
analyzing video streams from cameras installed in classrooms. These Al observers
can continuously and unobtrusively gather data on staff-child interactions,
environmental quality, and curriculum implementation.

e Al will also be utilized to review digital staff records to efficiently determine
credentials and qualifications for PQI 1, automating a time-consuming
administrative task.

The use of Al for program monitoring offers distinct and transformative advantages:

o Feasibility and Efficiency: Al makes continuous, in-depth observation possible on
a scale that would be cost-prohibitive and logistically impossible with human
assessors, allowing for a complete daily picture rather than a brief snapshot.

e Objectivity and Bias Reduction: Al directly addresses and mitigates the known
issues of human bias in regulatory compliance observing and decision-making.
Once trained, an Al system applies assessment criteria consistently, without the
subjective variability that can affect human judgment.

¢ Reliability and Consistency: Al observers achieve and maintain a high degree of
certainty in scoring. Unlike human observers, who can experience "drift" in inter-
rater reliability over time, Al systems provide stable and consistent measurement,
ensuring data is comparable across programs and jurisdictions.



This powerful technological capability is packaged within a user-friendly application
designed for seamless implementation in the field.

5.0 Implementation and Feasibility: The CCEEHM
Application

A powerful system is only effective if it is practical, accessible, and easy to use. The
CCEEHM is designed for widespread adoption and is delivered through a straightforward
and intuitive software application. This section demonstrates the project's feasibility by
describing the user-friendly tool that brings this integrated monitoring system to life for
professionals in the field.

The CCEEHM software application is designed with a simple opening screen that guides
the user to two primary sections, computing results in real-time:

e Contact Hour (CH) Calculator: Users input a program's basic operational data—
such as opening/closing times, staffing levels, and child attendance patterns. The
App then automatically calculates the CH metric to assess structural quality.

e Program Quality (PQI) Assessment: This section guides users through the 10
validated indicators to evaluate process quality. The App manages all scoring
automatically, calculating a final quality level based on the data entered and the
age group selected.

The CCEEHM is designed for easy use by a diverse range of CCEE professionals, including
program directors, licensing staff, quality assessors, and observers. By automating all
complex calculations and scoring, the application removes the burden of manual analysis
and ensures consistency in measurement. This focus on practical application makes the
CCEEHM a highly cost-effective and efficient system for monitoring, making it a viable tool
for jurisdictions seeking to improve their quality assurance systems.

6.0 Expected Outcomes and Broader Impact

The successful development and implementation of the CCEEHM will produce significant,
tangible outcomes that advance the field of Child Care and Early Education. By integrating
structural and process quality measurement through an innovative, Al-powered system,
this project will deliver a solution to one of the field's most persistent challenges.



The primary expected outcome of this project is a fully functional, validated, and
integrated program monitoring system. The CCEEHM will provide a unified measure of
structural and process quality, delivered through an accessible software application that is
ready for deployment by state and local jurisdictions.

Beyond this primary deliverable, the broader impacts of this innovation will be substantial
and transformative:

1. Enhanced Monitoring Efficiency: Jurisdictions will be equipped with a cost-
effective and streamlined system that moves beyond traditional, separate, and
labor-intensive inspection methods, allowing for more targeted and data-driven
allocation of monitoring resources.

2. Improved Data for Decision-Making: The system will generate more reliable,
objective, and holistic data on program quality, enabling administrators and
policymakers to make better-informed decisions regarding technical assistance,
professional development, and resource allocation to drive meaningful
improvement.

3. A Paradigm Shift in Quality Assessment: The CCEEHM will establish a new,
dynamic approach to measuring quality, shifting the focus from static compliance
to a comprehensive understanding of children's daily experiences. This system truly
captures the "heart" of early childhood education—the interactions between
educators and children—within a robust structural framework, setting a new
standard for how quality is defined and assessed.

The Child Care and Early Education Heart Monitor represents a pivotal step forward in our
ability to measure, understand, and ultimately improve the quality of early learning
experiences for all children. We formally request funding to realize this transformative
vision and provide the CCEE field with the next generation of quality assurance tools.
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