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1. Purpose and Scope
This document describes the methodology for the FY25 Expenditure by Category analysis, a component of the annual Resource Mapping report required by TCA 37-3-116. The analysis disaggregates total program expenditures across nine standardized cost categories to characterize how Tennessee invests in children’s programs—not just how much is spent, but what that spending purchases.
The analysis covers 298 programs across 26 state agencies representing approximately $15.3 billion in total reported FY25 expenditures. Category data were available for 242 programs (81.2% of programs; 84.0% of total expenditure dollars).
1.1 Analytic Questions
1. What proportion of Tennessee’s child-serving expenditure is allocated to direct services, personnel, contracts, administration, and other cost categories?
1. How does expenditure composition vary by state agency, TCCY Outcome domain, and TCCY Programmatic Focus level?
1. How does expenditure composition differ between programs predominantly funded by state versus federal sources?
1. Which agencies or program types exhibit atypical cost structures that may warrant further investigation or context?
1. How sensitive are the portfolio-level findings to the $2.31 billion reporting gap from programs that did not provide category breakdowns?
2. Data Source and Input File
The analysis draws from FY25_rebuilt2.xlsx, the cleaned and validated FY25 Resource Mapping dataset. This file is the product of the FY25 data pipeline (build_and_clean_fy25.py), which extracts, standardizes, and reconciles data submitted by 26 state agencies via REDCap-based survey instruments. Each row represents one program-year observation.
2.1 Expenditure Category Taxonomy
Agencies report expenditures across nine mutually exclusive categories defined in the REDCap data dictionary. Programs should allocate their total expenditure across these categories such that category amounts sum to the reported total. The taxonomy is intentionally broad to accommodate diverse program types, following the principle that a small number of well-defined categories produces more reliable classification than a detailed taxonomy applied inconsistently (Wholey, Hatry, & Newcomer, 2015).
	Category
	Definition

	Direct Services
	Expenditures for services delivered directly to children and families (e.g., medical care, counseling, tutoring, food assistance).

	Contract/Third Party
	Payments to external contractors, vendors, or grantees for program delivery or support services.

	Payroll/Personnel
	Salary, wages, and benefits for program staff directly involved in service delivery or program management.

	Equipment
	Purchases of durable goods, technology, furniture, or other capital items supporting program operations.

	Training & Development
	Costs associated with staff training, professional development, and continuing education.

	Evaluation & Quality
	Expenditures for program evaluation, quality assurance, outcome measurement, and data systems.

	Outreach & Engagement
	Costs for community outreach, public awareness campaigns, family engagement, and recruitment activities.

	Admin/Overhead
	Administrative costs including facilities, utilities, IT infrastructure, and management not directly tied to service delivery.

	Other
	Expenditures not fitting the above categories; agencies may provide descriptive notes.


3. Inclusion and Exclusion Criteria
Programs are included in the category analysis if they meet at least one of the following conditions: (a) at least one expenditure category column contains a value greater than zero, or (b) a total expenditure value is present. Programs meeting condition (b) but not (a) are included in total counts and dollar sums but cannot contribute to category percentage calculations.
3.1 Coverage Summary
	Metric
	Count
	Dollars

	Total programs in FY25 file
	299
	$15.3B

	Programs with category data (included in analysis)
	242
	$12.9B

	Programs without category data (included in totals only)
	56
	$2.31B

	Programs excluded entirely (no expenditure data)
	1
	N/A

	Programs with backfilled totals from category sum
	0
	Varies


3.2 Notable Exclusions and Limitations
Agency Reporting Gaps: Fifty-six programs ($2.31 billion, 15.1% of the portfolio) reported total expenditures but did not provide category breakdowns. In some cases, agency cost structures did not align with the taxonomy; in others, data were not provided within the reporting timeline. This is a limitation of the taxonomy’s fit to diverse accounting systems, not necessarily a data quality failure. The sensitivity analysis (Section 10) tests the impact of this gap on portfolio-level findings.
TISA: The Tennessee Investment in Student Achievement (TISA) is a single program reporting $6.54 billion (42.7% of the portfolio) entirely as “Direct Services.” While technically accurate—the TISA formula distributes funds to districts for instructional services—this classification collapses a complex funding formula into one category and dominates the portfolio-level Direct Services percentage. TISA is excluded from all enhanced statistical analyses and from all report tables except the Portfolio Overview, which presents both TISA-inclusive and TISA-exclusive figures. This approach follows standard practice in portfolio analysis of isolating dominant single-asset effects to reveal underlying composition (Maginn et al., 2007).
Department of Correction: Two DOC programs (Juvenile Detention, $533,974; Juvenile Probation, $17,973) reported total expenditures with matching category sums. A previously identified discrepancy (category amount exceeding total by a factor of 30.7) was resolved during FY25 data reconciliation.
4. Analytic Methodology
4.1 Data Cleaning and Preparation
1. Column Matching: Expenditure category columns in the input file are matched to the nine canonical names using case-insensitive substring matching to handle minor naming variations across agency submissions.
1. Numeric Conversion: All category values are coerced to numeric, stripping currency symbols and comma separators. Non-parseable values are treated as missing (NaN).
1. Category Sum Computation: For each program, a row-level category sum is computed as the sum of all nine category values (NaN treated as zero via skipna=True).
1. Total Expenditure Resolution: The analysis uses a three-tier preference for total expenditure: (1) the “Exp: Total” column, (2) the “Total” column, (3) the “Total Funding” column. If none are present, the category sum serves as the total.
1. Backfill Logic: If the reported total is missing or zero but category data exist, the category sum replaces the total and the program is flagged as backfilled. This occurred for 0 programs in the current dataset.
1. Alignment Logic: If the category sum exceeds the reported total by more than 0.1%, the category sum replaces the reported total. This guards against stale or partial totals while preserving more granular category data. One program triggered this rule in the current run.
4.2 Aggregation and Percentage Computation
The analysis produces four summary views: By Agency, By TCCY Outcome, By TCCY Programmatic Focus, and Overall Portfolio. Funding source analysis is provided in the enhanced companion workbook (Section 10.5). In each view:
1. Program Count (N): Number of programs in the grouping that have a non-zero total or category sum.
1. Total Expenditure: Sum of total expenditure across all programs in the group, including those without category data.
1. Category Dollar Amount: Sum of each category column across programs in the group that reported category data.
1. Category Percentage: Category dollar amount divided by total categorized expenditure for the group (i.e., the sum of all nine category columns across programs that reported category data). Programs without category breakdowns are excluded from both numerator and denominator.
1. Categorized: The percentage of each group’s total expenditure for which category data were reported. This indicator helps readers assess how representative the category percentages are of the group as a whole.
Percentages are computed at the group level (sum of category dollars / sum of categorized dollars), not as the mean of program-level percentages. This dollar-weighted approach ensures that a $500 million program contributes proportionally more than a $50,000 program, which is appropriate for characterizing how a portfolio’s total investment is allocated. This is the standard approach in public expenditure analysis (Mikesell, 2014) and follows GAO and CBO conventions for aggregating fiscal data across programs of varying scale (GAO, 2012).
4.3 Funding Source Analysis
The funding source analysis compares expenditure composition across three groups defined by the proportion of total expenditure from state funds: State-dominant (>80% state), Mixed (40–65% state), and Federal-dominant (>80% federal). The >80% threshold follows conventions in public finance for classifying funding predominance, consistent with approaches used in federal grant analysis (Dilger & Boyd, 2014). Programs outside these ranges or lacking funding source data are excluded from this view.
The analysis uses direct (unweighted) composition for each group, meaning all category dollars within a group are summed and then shares are computed. This avoids the within-program fungibility assumption required by weighted approaches—namely, that state and federal dollars within a single program purchase the same proportion of direct services, contracts, and personnel. While the weighted view is also computed for reference, the direct composition provides a cleaner picture of how each type of dollar is used (Boadway & Shah, 2009).
4.4 Program Detail and Coverage Notes
The Program Detail sheet provides one row per program with agency, program name, TCCY Outcome, TCCY Focus, total expenditure, and all nine category values. Programs are sorted alphabetically by agency and then by program name. The Coverage Notes sheet documents portfolio-level coverage statistics, the complete list of programs without category breakdowns (sorted by total expenditure), and notes on backfill actions.
5. Known Limitations and Data Quality Flags
5.1 Category-Total Discrepancies
In the current dataset, no programs have category sums exceeding their reported totals by more than 0.1%. Ten Department of Education programs with substantial discrepancies (ratios ranging from 1.8× to 14,461×) were identified and resolved during FY25 data reconciliation. If future data collections surface similar patterns, the script’s alignment logic will use the category sum as the denominator and flag the affected programs.
5.2 Portfolio Concentration Effects
The portfolio is heavily right-skewed. The top 5 programs (excluding TISA) account for 34.9% of non-TISA expenditure, and TISA alone represents 42.7% of the total portfolio. At the portfolio level, TISA’s classification as 100% “Direct Services” drives the overall 87.5% Direct Services figure. Excluding TISA, Direct Services drops to 74.6% of the remaining portfolio—still the largest category, but substantially less dominant. The FY25 report section excludes TISA from all outcome, focus, and funding source analyses. The Portfolio Overview table provides both TISA-inclusive and TISA-exclusive figures for reference.
5.3 Single-Category Programs
Seventy-five programs (31.0% of those with category data) reported expenditures in only one category. While this may accurately reflect certain program structures (e.g., a pure contract-out program reporting 100% to Contract/Third Party), a high prevalence of single-category reporting may also indicate reporter fatigue, lack of cost allocation guidance, or a tendency to classify the entire budget under the largest line item. The most common single-category assignments were Contract/Third Party (36 programs) and Direct Services (29 programs), followed by Payroll/Personnel (8 programs). This pattern is consistent with findings in government cost allocation studies showing that reporters default to the most salient category when detailed breakdowns are burdensome (Grizzle, 1987).
5.4 Missing Category Data by Agency
Fifty-six programs across multiple agencies reported totals but no category breakdown, representing $2.31 billion (15.1% of the portfolio). The reporting gap is concentrated in the Safe outcome domain (where custodial-care programs—including foster care, juvenile justice placement, and child protective services—comprise the majority of uncategorized dollars) and in School Nutrition Programs (where the taxonomy does not map neatly onto the pass-through funding structure). The gap reflects both legitimate differences in agency accounting structures and data collection timing constraints.
5.5 Category Definition Ambiguity
The nine-category taxonomy is intentionally broad to accommodate diverse program types, but this introduces classification ambiguity. For example, personnel costs for direct-service staff could reasonably be coded to either “Direct Services” or “Payroll/Personnel”; IT systems supporting service delivery could fall under “Equipment,” “Admin/Overhead,” or “Evaluation & Quality.” Without inter-rater reliability testing on expenditure category assignments, comparisons across agencies should be interpreted as suggestive rather than definitive. This is a well-documented challenge in functional expenditure classification (Diamond, 2006; IMF, 2014).
6. Interpretation Guidance
1. Portfolio-level percentages are dominated by TISA. Readers should consult TISA-exclusive analyses for a more representative view of how non-formula programs allocate spending.
1. Category percentages within a group reflect dollar-weighted allocation, not average program behavior. A single large program can shift group percentages substantially.
1. Programs with zero category data are included in the N count and total expenditure for their group but contribute nothing to category dollar amounts or percentages. Because programs without category data are excluded from both numerator and denominator when computing category percentages, the percentages reflect only the subset of programs that reported. The “Categorized” column in each table indicates what share of each group’s total dollars is represented.
1. The “Unallocated” column in the workbook shows the dollar gap between total expenditure and categorized expenditure for each group. This differs from the “Categorized” percentage because it includes partial coverage (programs where category data exist but do not sum to the full reported total).
1. Historical note: TDOE programs with category-total discrepancies that inflated category dollar totals were identified and resolved during FY25 data reconciliation (see Appendix B). No such discrepancies exist in the current dataset.
7. Output Specification
The analysis produces RM_FY25_Expenditure_by_Category.xlsx with six worksheets:
	Sheet
	Description

	By Agency
	Summary by state agency: N, total expenditure, dollar amount and percentage for each of nine categories.

	By Outcome
	Summary by TCCY Outcome domain (Safe, Healthy, Educated, Nurtured and Supported, Engaged).

	By Focus
	Summary by TCCY Programmatic Focus (7 categories from Universal Prevention through Intensive Intervention).

	Overall
	Portfolio-level summary showing TISA-inclusive and TISA-exclusive aggregate category allocation.

	Program Detail
	One row per program with all category values, enabling program-level review and quality checks.

	Coverage Notes
	Data quality audit: inclusion/exclusion counts, backfill summary, and list of programs without category data.


8. Reproducibility and Version Control
1. Scripts: build_expenditure_by_category.py (main workbook), build_exp_category_enhanced.py (statistical companion), build_exp_category_charts.py (chart generation)
1. Input: FY25_rebuilt2.xlsx (product of build_and_clean_fy25.py)
1. Output: RM_FY25_Expenditure_by_Category.xlsx, RM_FY25_Expenditure_by_Category_Enhanced.xlsx, exp_category_comparison.png, exp_by_outcome.png, exp_by_focus.png
1. Dependencies: pandas, numpy, openpyxl, matplotlib
1. Environment: Python 3.10+
The scripts are deterministic given a fixed input file. The enhanced analysis uses a fixed random seed (seed=42) for all stochastic procedures. All cleaning rules, backfill logic, and aggregation methods are encoded in the scripts and documented in this methodology. No manual adjustments are applied to the output.
9. Recommended Improvements for FY26
1. Improve category coverage: Work with all agencies whose programs lack category data to develop crosswalks from internal cost allocations to the nine-category taxonomy. Priority: custodial-care programs in the Safe domain.
1. Validate category-total consistency: Add a pipeline check that flags any program where the absolute difference between category sum and reported total exceeds a threshold (e.g., 5% or $10,000).
1. Produce TISA-exclusive summary views: Add an optional “Excluding TISA” row to all summary tabs to provide a more interpretable view of non-formula spending.
1. Add Herfindahl-Hirschman Index (HHI) for concentration: Compute a category concentration metric per program to distinguish genuinely single-purpose programs from those with likely underreporting (Hirschman, 1964).
1. Develop category coding guidance: Provide agencies with a decision tree and worked examples distinguishing “Direct Services” from “Payroll/Personnel” for direct-service staff, and similar boundary cases.
1. Add temporal trend analysis: Once FY26 data are available with improved consistency, produce year-over-year category share comparisons to identify shifts in investment patterns.
1. Inter-rater reliability assessment: Conduct a pilot study having multiple raters classify a sample of programs to quantify classification agreement and identify the most ambiguous category boundaries.


10. Enhanced Statistical Analysis
A companion workbook (RM_FY25_Expenditure_by_Category_Enhanced.xlsx) provides eight sheets of statistical analyses that quantify the uncertainty and robustness of the category composition estimates. TISA is excluded from all enhanced analyses.
10.1 Percentile Bootstrap Confidence Intervals
Equal-probability program-level resampling with dollar-weighted aggregation (10,000 iterations, seed=42). Each iteration draws N programs with replacement from the pool of categorized programs, computes category dollar sums, and derives portfolio shares. The 2.5th and 97.5th percentiles of the bootstrap distribution form the 95% confidence interval for each category share. This approach follows the percentile bootstrap method described by Efron and Tibshirani (1993), which provides distribution-free inference without parametric assumptions about the underlying data-generating process. The dollar-weighted aggregation ensures that bootstrap shares reflect portfolio composition rather than average program behavior.
Bootstrap CIs are computed at the portfolio level and separately for each TCCY Outcome domain (Educated, Healthy, Nurtured and Supported, Safe). The Engaged domain is excluded due to insufficient sample size (5 programs with category data).
10.2 Agency Cluster Bootstrap
Standard program-level bootstrap treats programs as independent draws, which understates uncertainty when programs within the same agency share classification conventions. The cluster bootstrap addresses this by resampling agencies (not programs) with replacement—when an agency is drawn, all of its programs enter the bootstrap sample. This captures within-agency classification correlation and produces wider, more conservative confidence intervals. The approach follows Cameron, Gelbach, and Miller (2008), who demonstrate that cluster-robust inference is necessary when the unit of observation (program) is nested within a clustering unit (agency) that may introduce correlated measurement. In this analysis, classification correlation is expected because category assignments within an agency reflect a single team’s interpretation of the taxonomy.
10.3 Influence Diagnostics
Leave-one-out analysis identifies programs whose inclusion most affects portfolio composition. For each of the 241 categorized programs (excluding TISA), the analysis removes one program, recomputes portfolio shares, and records the maximum absolute change across all nine categories (“Max Cat Shift”) and the change in Direct Services specifically (“DS Shift”). The top 15 most influential programs are reported. This approach is an adaptation of Cook’s (1977) influence diagnostics to the portfolio-share context, where the goal is not regression coefficient stability but compositional stability. The top influencer in FY25 was ESSA Title I ($295M), whose removal shifted portfolio composition by 3.7 percentage points.
10.4 Sensitivity Analysis
Because 56 programs ($2.31 billion) did not provide category breakdowns, the sensitivity analysis asks: how would portfolio-level findings change if those programs had reported? Two complementary approaches are used.
Monte Carlo imputation (PERT): For each uncategorized program, a plausible category composition is drawn from a PERT distribution parameterized by the dollar-weighted 5th, 50th, and 95th percentiles of categorized programs in the same TCCY Outcome domain. The PERT distribution (with shape parameter λ=4) is preferred over the triangular distribution because it concentrates probability around the mode while maintaining bounded support, producing more realistic simulations for skewed fiscal data (Vose, 2008; Malcolm et al., 1959). The imputed categories are scaled to the program’s reported total, combined with known data, and portfolio shares are recomputed. This process is repeated 10,000 times to produce a distribution of plausible portfolio compositions. Result: Direct Services shifted from 74.6% to 69.4% (imputed mean), with a 90% plausible range of 67.1%–72.1%.
Scenario bounds: Four extreme-case scenarios test the full range of what uncategorized dollars might represent, without distributional assumptions:
1. 100% Direct Services: All uncategorized dollars are Direct Services (upper bound: 81%).
1. Portfolio Mean: Uncategorized programs match the existing portfolio distribution (no change: 75%).
1. Custodial Care Prior: Uncategorized programs reflect a structural prior for custodial-care programs: 60% Payroll/Personnel, 25% Direct Services, 10% Admin/Overhead, 5% Contract/Third Party. This prior is based on the cost structure of residential and foster care programs in states that report detailed functional expenditures (Courtney & Dworsky, 2006; Zill & Bramlett, 2014). Lower bound: 61%.
1. 100% Contract: All uncategorized dollars are Contract/Third Party (extreme lower bound for DS: 55%).
Across all scenarios, Direct Services remained the largest category, confirming that the core finding—the majority of Tennessee’s non-formula children’s spending goes to Direct Services—is robust to the reporting gap.
10.5 Funding Source View
Category composition by state versus federal funding, presented in five views. The “All Sources” row shows the full TISA-excluded portfolio. “State-Weighted” and “Federal-Weighted” views assume within-program fungibility (each program’s category mix is applied proportionally to its state and federal funding shares). “State >80%” and “Federal >80%” restrict to predominantly single-source programs for direct (unweighted) composition. A “Mixed (40–65% State)” view captures programs with genuinely blended funding. Key findings: programs predominantly state-funded (>80%) showed 12.3% Direct Services and 46.6% Contract/Third Party; federally-funded programs (>80%) showed 69.2% Direct Services. Mixed-funding programs (40–65% state) resembled the state-dominant pattern: 16.8% Direct Services and 51.3% Contract/Third Party.
10.6 Source × Outcome and Source × Focus Cross-Tabulations
Cross-tabulations of funding source (>80% single-source) by TCCY Outcome and TCCY Programmatic Focus, showing category composition within each domain-by-source cell. Groups with fewer than 3 programs in a source category are omitted to avoid unreliable estimates. These cross-tabs enable readers to distinguish, for example, whether the high Direct Services share in the Healthy domain is driven by state or federal programs (answer: predominantly federal, via TennCare and SNAP).
10.7 Convergence Diagnostics
The convergence sheet reports bootstrap running means at 500, 1,000, 2,000, 5,000, and 10,000 iterations. The delta between the 5,000- and 10,000-iteration estimates is less than 0.1 percentage points for all categories, confirming that 10,000 iterations provide stable estimates. This threshold follows recommendations in Hesterberg (2015) for bootstrap sample size adequacy in applied statistics.


Appendix A: Technical Notes on Percentage Computation
Category percentages are computed as:
Category % = Σ(Category $ᵢ) / Σ(Categorized Expenditureᵢ)
where the sum is taken over all programs i in the grouping that reported category data. Categorized Expenditure refers to the sum of category columns, not the reported program total. This is equivalent to a dollar-weighted average among reporting programs and is the standard approach for fiscal portfolio analysis (Mikesell, 2014). It differs from the unweighted mean of program-level percentages, which would give equal influence to programs regardless of size.
For groups containing programs with zero category data but nonzero totals (e.g., the Safe Outcome domain where many programs lack category data), those programs are excluded from both the numerator and denominator of the category percentage calculation. The “Categorized” column in each summary table shows what percentage of each group’s total expenditure was covered by programs that reported category data. The Coverage Notes sheet identifies all such cases.
Appendix B: Discrepancy Detail — Category Sum vs. Reported Total
No programs in the current dataset have category sums exceeding the reported total by a factor of 1.8× or greater. The table below documents 10 Department of Education discrepancies identified during data validation; all were resolved during FY25 data reconciliation and are retained here for audit purposes.
	Program
	Total ($)
	Cat Sum ($)
	Ratio

	ESSA-Title I, Part A
	$469,489
	$291.5M
	620.9×

	Assessment & Accountability
	$52.0M
	$95.7M
	1.8×

	SIG section 1003(g)
	$158,321
	$24.8M
	156.6×

	ESSA-Title III ELA-Immigrant
	$704
	$10.2M
	14,460.5×

	CCTE Perkins Basic Grant
	$5.1M
	$13.8M
	2.7×

	ESSA-Admin-Title V-B Rural
	$105,533
	$4.2M
	39.3×

	ESSA-Title IX-McKinney-Vento
	$28,259
	$2.4M
	84.1×

	ESSA-Title I Part D Subpart 2
	$33,165
	$1.8M
	53.9×

	ESSA-Admin-Title 1-C Migrant
	$2,664
	$1.3M
	505.2×

	TN Project AWARE
	$471,950
	$1.6M
	3.3×
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