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Abstract Purpose: The rapid diffusion of artificial intelligence (Al) across enterprise workflows has accelerated structural
transformations in labor demand, prompting widespread calls for proactive, predictive workforce analytics (Acemoglu &
Restrepo, 2022). However, evaluating individual-level displacement risk and longitudinal wage recovery is severely impeded by
federal statutory constraints (Titles 13 and 26 of the U.S. Code), which legally prohibit merging public-use survey microdata
(such as the CPS Displaced Worker Supplement) with state administrative Unemployment Insurance wage records using personal
identifiers. To address this empirical impasse, this study presents a Monte Carlo computational simulation and multi-scenario
policy stress test (N = 5,000 workers across B = 1,000 replications) evaluating the diagnostic viability, parameter recovery, and
construct validity of predictive workforce targeting.

Data/Methods: Rather than asserting an unfeasible empirical merge of public data, we construct a mathematically rigorous

simulation environment calibrated to empirical distributions from the Bureau of Labor Statistics (BLS) Current Population
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Survey (CPS) Displaced Worker Supplement (2018-2022 waves), the Occupational Information Network (O*NET 26.0), the Felten
et al. (2021) Al Occupational Exposure (AIOE) index, and state longitudinal training benchmarks (Washington State Workforce
Training and Education Coordinating Board, 2022). We evaluate: (1) Monte Carlo estimator recovery and 95% confidence interval
coverage; (2) multivariable logistic classification discrimination across baseline and Al-enhanced models; (3) operational
precision (Positive Predictive Value [PPV]) under formal Bayesian base-rate recalibration to national displacement incidence
(~3.5%); (4) construct-validity sensitivity under cognitive re-labeling confounding (Rai, ; Autor & Dorn, 2013); and (5) reskilling

wage recovery across institutional pathways.

Key Findings: Across 1,000 Monte Carlo replications, logistic regression recovered pre-specified AIOE parameters with minimal
bias (Mean beta = 0.8420 vs. True = 0.8373, Bias = +0.0047, 94.2% empirical coverage). Al exposure elevated classification
discrimination from a baseline AUC of 0.692 [95% MC interval: 0.681, 0.703] to 0.821 [0.812, 0.830]. However, our policy stress
test reveals that because national annual displacement incidence is low (~3.5%), operational Positive Predictive Value (PPV)
drops from 74.5% in balanced research samples to just 9.6% in the general population, generating 9.4 false alarms per true
displacement. Furthermore, when AIOE is simulated under Rai's cognitive re-labeling scenario, model AUC collapses to 0.584,
disproportionately misclassifying highly educated professional workers. Reskilling simulations mirror longitudinal state
benchmarks, where employer-sponsored models (+$2.40/hr, +9.6%) substantially outperform community colleges (+S1.25/hr,
+5.0%) and public workforce programs (+50.30/hr, +1.2%).

Implications: This simulation provides a methodological blueprint for state workforce agencies operating inside secure data
enclaves (e.g., FSRDCs or state longitudinal data partnerships). Crucially, the severe base-rate penalty mathematically proves
that predictive algorithms must be restricted to voluntary upskilling outreach and strictly barred from guiding adverse
personnel actions. We discuss legal liabilities under Title VIl and the ADEA, illustrated by the Meta Al layoff class-action
litigation and EEOC regulatory guidance.

Keywords: Artificial Intelligence (Al), Worker Displacement, Predictive Labor Analytics, Monte Carlo Simulation, Policy Stress

Test, Construct Validity, Base-Rate Recalibration, Reskilling Pathways.

1. INTRODUCTION
1.1 Background

The rapid integration of artificial intelligence (Al) into commercial and administrative operations
represents a fundamental structural shock to the United States economy. Contemporary enterprise
systems increasingly leverage large language models, computer vision architectures, and autonomous
decision pipelines to execute complex analytical, clerical, and operational tasks. Unlike prior waves of
mechanical automation that primarily substituted for physical labor in manufacturing (Acemoglu &
Restrepo, 2020), Al technologies directly interface with routine and semi-routine cognitive tasks—
transforming document synthesis, software development, medical records management, and inventory

logistics (Brynjolfsson et al., 2018; Eloundou et al., 2023).

Crucially, the labor market impacts of Al are highly heterogeneous. Two employees holding identical
educational credentials and firm tenure may experience vastly divergent occupational trajectories
depending on the granular task composition of their daily responsibilities (Autor et al., 2003; Felten et
al., 2021). Task-level exposure measures capture this within-industry and within-firm variance far more

effectively than aggregate macroeconomic classifications. However, prevailing public workforce
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development systems and corporate human resource practices continue to allocate retraining capital
reactively, responding to layoffs after plant closures or corporate restructuring have already been

finalized.
1.2 Problem Statement: The Institutional and Statutory Data Access Impasse

Federal and state workforce policies in the United States remain fundamentally reactive. Statutory
mechanisms—including Worker Adjustment and Retraining Notification (WARN) Act notices, Trade
Adjustment Assistance (TAA), and Workforce Innovation and Opportunity Act (WIOA) Title | Dislocated
Worker programs—activate only after an individual has received a formal notice of termination or
experienced a permanent job separation. While this operational model was viable during historical
industrial downturns characterized by sudden, geographically concentrated factory shutdowns, it is ill-

suited to the dynamics of Al adoption.

Al-induced displacement rarely presents as an abrupt mass layoff. Instead, it manifests through gradual
attrition, reduced entry-level hiring velocity, narrowed job descriptions, and silent role consolidation
distributed across dispersed firms (Webb, 2020). By the time a displaced worker accesses public
workforce centers, they have often endured prolonged spells of unemployment, substantial earnings

scarring, and human capital depreciation (Abraham & Houseman, 2019; Jacobson et al., 2005).

Although predictive labor market analytics offer the technical capacity to anticipate displacement
vulnerability before job separation occurs, empirical researchers and policymakers face an
insurmountable legal and structural data barrier: public-use survey microdata, such as the Current
Population Survey Displaced Worker Supplement (CPS DWS), cannot be linked to state administrative
Unemployment Insurance (Ul) wage registries or WIOA participant records due to federal confidentiality
protections under Title 13 and Title 26 of the United States Code. No publicly available dataset merges
individual worker displacement records with longitudinal training enrollment and wage recovery
outcomes. Consequently, researchers cannot directly observe the full chain from pre-displacement Al
exposure to post-program wage restoration outside of highly restricted Federal Statistical Research
Data Centers (FSRDCs).

1.3 Purpose: A Methodological Simulation and Policy Stress-Test Framework

To overcome this empirical fragmentation and provide an actionable methodological blueprint for
workforce agencies, this study conducts a simulation-based methodological experiment and policy
stress test. Rather than asserting an unfeasible empirical merge of public datasets, we construct a
parameterized computational simulation environment (N = 5,000 across B = 1,000 Monte Carlo
replications) that mirrors the joint empirical distributions of the CPS DWS, O*NET 26.0 task profiles,
Felten et al. (2021) Al Occupational Exposure indices, and published administrative training evaluations

(e.g., Washington State Workforce Training and Education Coordinating Board, 2022; Card et al., 2018).
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This simulation study addresses four core research questions:

e RQ1: Can multivariable predictive models reliably recover latent displacement parameters by
incorporating occupational Al exposure alongside demographic and sectoral covariates?

e RQ2: How do choice-based sampling designs (1:1 case-control matching) affect model
classification performance, and what are the mathematical consequences of population base-
rate recalibration for operational workforce screening?

e RQ3: How robust is the construct validity of prevailing task-based Al exposure indices when
subjected to cognitive re-labeling confounding (Rai, ; Autor & Dorn, 2013)?

e RQ4: Under simulated longitudinal wage recovery scenarios, how do post-displacement earnings
trajectories diverge across distinct institutional reskilling pathways (Employer-Sponsored,

Community College, Public Workforce)?
1.4 Significance and Scope

This paper provides three primary contributions to the computational labor economics and workforce

policy literature:

1. Methodological Proof-of-Concept: It formalizes an end-to-end analytical framework demonstrating
how state workforce agencies can structure predictive screening models once granted access to linked

administrative enclaves.

2. Mathematical Calibration Discipline: It explicitly derives the Bayes' rule probability adjustment
required to adapt machine learning models trained on balanced samples to low-prevalence real-world
displacement environments (~3.5% annual incidence), demonstrating why high-discrimination models

yield low positive predictive values.

3. Critical Construct Engagement: It incorporates recent theoretical critiques regarding the construct
validity of Al exposure metrics (Rai, ) and grounds reskilling comparisons in empirical benchmarks from

state longitudinal training boards.
2. LITERATURE REVIEW AND THEORETICAL FRAMEWORK
2.1 Theoretical Foundations: Routine-Biased Technological Change and the Task-Based Model

The foundational economic framework for analyzing automation is the theory of Routine-Biased
Technological Change (RBTC), formalized by Autor, Levy, and Murnane (2003). RBTC posits that
computerization substitutes for workers in performing routine, codifiable tasks that follow explicit,
programmable rules (e.g., mathematical calculations, repetitive assembly, and clerical bookkeeping),
while complementing non-routine cognitive tasks requiring problem-solving, creativity, and executive

judgment.
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Acemoglu and Restrepo (2020, 2022) extended this paradigm into a comprehensive task-based
framework. In their model, production requires the execution of a continuum of tasks. Technological
progress exerts two opposing forces: (1) the displacement effect, wherein capital substitutes for labor
in tasks previously performed by workers, reducing the labor share and depressing labor demand; and
(2) the reinstatement effect, wherein technological innovation creates new, technologically complex

tasks in which labor retains a comparative advantage, generating employment opportunities.

The critical evolution introduced by modern Al architectures is the shifting boundary of automatable
tasks. Machine learning algorithms, large language models, and natural language processing pipelines
do not require deterministic hand-coded rules; rather, they identify probabilistic patterns across
massive corpora of semi-structured data (Brynjolfsson et al., 2018). Consequently, occupations
involving high levels of cognitive, verbal, and analytical processing—such as financial analysis,
document drafting, market research, and computer programming—now exhibit substantial task overlap

with artificial intelligence capabilities (Eloundou et al., 2023).
2.2 Construct Validity of Al Exposure Indices: The Rai Critique

To quantify occupational vulnerability, Felten, Raj, and Seamans (2021) developed the Artificial
Intelligence Occupational Exposure (AIOE) index, which links Al application benchmarks to the 52
cognitive, psychomotor, and sensory abilities documented in O*NET. While widely adopted, the
construct validity of AIOE and related task-based metrics (e.g., Eloundou et al., 2023) has recently

faced rigorous challenge.

In a critical methodological study, Rai demonstrated that prevailing Al exposure indices substantially
re-label general cognitive ability rather than measuring Al-specific task substitution. Specifically, Rai
found that the Felten et al. AIOE correlates at +0.85 with a standardized general cognitive ability index
and at -0.91 with a manual/physical ability index. Furthermore, AIOE correlates only at -0.33 with the
established Autor and Dorn (2013) Routine Task Intensity (RTI) metric.

This empirical divergence creates a serious construct-validity dilemma: if AIOE primarily captures high-
level cognitive demands rather than automation vulnerability, predictive models incorporating AIOE
may inadvertently flag professional, highly educated occupations that have historically possessed
robust labor market insulation. As Webb (2020) observed via patent analysis, while Al software targets
analytical tasks, whether this exposure translates into net labor displacement or labor-augmenting
productivity depends heavily on institutional and organizational adoption constraints. Our simulation
explicitly engages this tension by modeling the joint interaction of AIOE, education, and sectoral
buffers.
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2.3 Econometric Foundations of Predictive Labor Analytics and Case-Control Sampling

Predictive modeling has increasingly complemented causal econometrics in labor market analysis
(Varian, 2014; Chalfin et al., 2016). When forecasting rare or discrete events such as involuntary job
displacement, researchers frequently construct choice-based or matched case-control samples (e.g., a
1:1 ratio of displaced to retained workers) to ensure adequate statistical power across low-incidence

categories.

Classical econometric theory establishes that under choice-based sampling, the slope coefficients (odds
ratios) estimated by logistic regression are consistent and asymptotically unbiased estimates of true
population parameters (Prentice & Pyke, 1979). However, the model intercept is systematically biased
upward by the log-odds ratio of sample prevalence to population prevalence. Consequently, deploying
such models for operational screening requires explicit probability recalibration to prevent severe over-

prediction of individual risk.
2.4 Reskilling Pathways and Empirical Training Returns

When structural displacement occurs, active labor market programs (ALMPs) serve as the primary
institutional mechanism to facilitate worker reallocation. The empirical literature broadly distinguishes

among three formal institutional reskilling pathways, alongside informal learning:

1. Employer-Sponsored Training: Programs funded and administered directly by employers, frequently
organized as registered apprenticeships or internal upskilling pipelines tied to designated roles. Autor,
Mindell, and Reynolds (2022) emphasize that employer-led models overcome the fundamental
'matching friction' in labor economics: the employer possesses proprietary knowledge regarding skill
requirements, while the worker is guaranteed employment placement upon completion. Empirical
evidence from the Washington State Workforce Training and Education Coordinating Board (2022, )
indicates that registered apprenticeships achieve a net participant earnings impact of +$19,257 per

year, far exceeding any public program.

2. Community College Credential Programs: Structured sub-baccalaureate associate degrees and
technical certificates accredited by state higher education systems. In their seminal study of displaced
workers in Washington State, Jacobson, LalLonde, and Sullivan (2005) demonstrated that community
college coursework yields substantial, long-term earnings gains, particularly when credits are
concentrated in quantitative, technical, and health-related disciplines (averaging +$7,411 annually in

net impact; Washington State Workforce Board, 2022).

3. Public Workforce Development Programs (WIOA Title I): Federally subsidized, state-administered
employment services offering job search assistance, Individual Training Accounts (ITAs), and short-term
occupational training. While these programs reach broad, disadvantaged populations, extensive meta-

analyses indicate that their earnings returns are often modest and highly variable (Card et al., 2018).
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In Washington State's longitudinal evaluation, WIA/WIOA dislocated worker programs yielded an annual
net earnings impact of only +$3,622 (Washington State Workforce Board, 2022). Because public
programs typically train for general occupational categories without direct firm-level hiring
commitments, completers face significant post-program job search frictions (Abraham & Houseman,
2019).

4. Self-Directed Online Coursework: Independent participation in Massive Open Online Courses (MOOCs)
or unaccredited digital certificates. Reich and Ruipérez-Valiente (2020) document that while online
courses provide flexible knowledge acquisition, completion rates are exceptionally low (often < 10%),
and credentials carry weak signaling value among hiring managers in the absence of verified

institutional accreditation.
3. METHODOLOGY AND SIMULATION ARCHITECTURE
3.1 Simulation Rationale and Research Design

Because direct individual-level linkage between public-use CPS DWS files and state Unemployment
Insurance wage records is legally precluded under Titles 13 and 26, this study employs a quantitative
computational simulation design. We construct a synthetic cohort of N = 5,000 workers across B = 1,000
Monte Carlo replications to benchmark the performance of predictive displacement analytics and

evaluate reskilling trajectories.
3.2 Data Generating Process (DGP) and Parametric Calibration

The simulation environment is not arbitrary; it is strictly calibrated to replicate the empirical joint

distributions reported in official federal datasets and published labor economics literature:

1. Demographic and Labor Market Parameters: Calibrated to the BLS Current Population Survey
Displaced Worker Supplement (pooled waves 2018, 2020, and 2022). Participant age is modeled as
N(41.3, 11.2) bounded within [20, 64]; educational attainment is modeled as N(14.1, 2.4) years;
baseline firm tenure follows an exponential distribution with mean 7.8 years; and sex is set to 52.0%

male.

2. Industry Sector Distributions: Calibrated across ten major NAICS industry sectors to replicate
empirical displacement concentrations observed during structural transitions: Manufacturing (n = 600,
75.0% simulated displacement rate), Retail Trade (n = 600, 66.7%), Professional Services (n = 550,
36.4%), Health Care (n = 550, 32.7%), Finance & Insurance (n = 500, 44.0%), Transportation &
Warehousing (n = 500, 60.0%), Information (n = 450, 55.6%), Administrative Support (n = 450, 62.2%),
Construction (n = 450, 28.9%), and Accommodation & Food Services (n = 350, 25.7%).

3. Al Occupational Exposure Calibration: Based on Felten et al. (2021). The raw AIOE index is a

standardized continuous z-score (M = 0.00, SD = 1.00, empirical range: -3.02 to +2.48). We apply min-
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max normalization into [0, 1]: AIOE_norm = (AIOE - (-3.02)) / (2.48 - (-3.02)). In the simulation,
retained workers follow AIOE_norm -~ N(0.520, 0.170) and displaced workers follow AIOE_norm -
N(0.630, 0.180), yielding a pooled mean of M = 0.575 (SD = 0.184) bounded within [0.08, 0.94].

4. Reskilling Pathway Allocation and Wage Dynamics: Calibrated to state longitudinal workforce
evaluations (Washington State Workforce Board, 2022; Jacobson et al., 2005; Card et al., 2018).
Baseline pre-displacement hourly wages are calibrated to N($25.00, $6.50). Displaced workers (n =
2,500) are partitioned into: Employer-Sponsored Training (n = 520, simulated mean wage change =
+$2.40/hr, +9.6%), Community College Credentials (n = 320, mean wage change = +$1.25/hr, +5.0%),
Public Workforce WIOA Programs (n = 610, mean wage change = +$0.30/hr, +1.2%), and Non-

Completers/Informal Search (n = 1,050, mean wage change = -$2.80/hr, -11.2% displacement scarring).
3.3 Econometric Implications of Choice-Based Sampling and Base-Rate Recalibration

Our simulated cohort utilizes a 1:1 case-control matched sampling frame (2,500 displaced and 2,500
retained workers, p_sample = 0.50). In accordance with Prentice and Pyke (1979), logistic regression
slope coefficients (odds ratios) remain consistent and asymptotically unbiased under choice-based

sampling. However, the estimated intercept is shifted upward by:
ABO = In[(p_sample / (1 - p_sample)) / (p_pop / (1 - p_pop))]

In the broader U.S. economy, the annual displacement incidence is approximately p_pop = 0.035
(3.5%). Thus, the intercept shift is In[(0.50/0.50) / (0.035/0.965)] = In(1 / 0.03627) = +3.316. To
convert raw model probabilities into operational population risk scores, Bayes' theorem must be

applied:

P(Displaced | X) = [P(X | Displaced) * p_pop] / [P(X | Displaced) * p_pop + P(X | Retained) * (1 -
p_pop)]

We formally compute and report classification metrics under both the uncalibrated sample base rate

(50%) and the recalibrated population base rate (3.5%).
3.4 Analytical Plan and Computational Software

The statistical evaluation protocol proceeds through four stages: (1) Monte Carlo estimator recovery
and 95% confidence interval coverage across B = 1,000 replications; (2) multivariable logistic regression
comparing a Baseline Model (Demographics, Tenure, Wave, Industry) with an Al-Enhanced Model
(Baseline + AIOE_norm); (3) multi-scenario policy stress testing evaluating operational precision across
population base rates (1.0% to 15.0%); and (4) construct-validity sensitivity testing comparing an
unconfounded Al exposure model with a Rai cognitive re-labeling specification. All simulations were

executed in R 4.3.1 and verified in Python 3.10 using scipy.stats, numpy, and pandas.
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4. SIMULATION RESULTS AND POLICY STRESS-TEST DIAGNOSTICS
4.1 Monte Carlo Parameter Recovery and Estimator Diagnostics

A fundamental standard for any simulation study is evaluating whether the estimation methodology
1,000 Monte Carlo

replications of our N = 5,000 cohort, we evaluated the empirical properties of the logistic regression

successfully recovers known population parameters without bias. Across B =

estimator. Table 1 summarizes the parameter recovery diagnostics.

95% Cl
Target Mean Empirical
Parameter Bias Model SE Coverage
Value Estimate SE
(%)
AIOE log-odds (B_Al) 0.8373 0.8420 +0.0047 | 0.0816 0.0790 94.2%
AIOE Odds Ratio (OR) 2.3100 2.3312 +0.0212 | 0.1902 0.1841 94.2%
Education log-odds
-0.0619 -0.0624 -0.0005 | 0.0158 0.0152 94.8%
(B_edu)
Tenure log-odds
-0.0202 -0.0205 -0.0003 | 0.0084 0.0081 95.1%
(B_tenure)
Age log-odds (B_age) +0.0198 +0.0201 +0.0003 | 0.0068 0.0065 94.6%
Sex log-odds (Male) +0.1133 +0.1150 +0.0017 | 0.0792 0.0768 94.4%

Table 1. Monte Carlo Parameter Recovery and Estimator Properties (B = 1,000 Replications, N = 5,000).
Note. Bias is calculated as Mean Estimate minus Target Value. Coverage denotes the percentage of
replications in which the estimated 95% Wald confidence interval captured the true parameter

(nominal rate = 95.0%).

The Monte Carlo diagnostics confirm excellent parameter recovery. For our key exposure predictor
(AIOE), the mean estimated log-odds was 0.8420 against a true target of 0.8373, reflecting an empirical
bias of just +0.0047 (relative bias < 0.6%). The empirical standard error (0.0816) closely matched the
mean analytical standard error (0.0790), yielding an empirical-to-model SE ratio of 0.968. Empirical
coverage for the 95% confidence interval was 94.2%, well within standard simulation tolerances for

nominal 95% intervals. Similar robustness was achieved across demographic controls.
4.2 Sample Characteristics and Industry Sector Disparities

The simulated sample reflects N = 5,000 observations balanced between displaced (n = 2,500, 50.0%)
and retained (n = 2,500, 50.0%) workers. Across all observations, participant age averaged 41.3 years
(SD = 11.2), educational attainment averaged 14.1 years (SD = 2.4), and tenure averaged 7.8 years (SD

= 5.6). Normalized Al occupational exposure averaged M = 0.575 (SD = 0.184). Table 2 presents the
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crosstabulation across the ten NAICS industry sectors, including sector displacement rates and adjusted

standardized residuals.

. ] . . Sector Adjusted
Displaced | Displ. | Retained | Retained | Total

Industry Sector Displ. Residual

(n) % (n) % (N)

Rate (z)

Manufacturing 450 18.0% | 150 6.0% 600 75.0% +13.56
Retail Trade 400 16.0% | 200 8.0% 600 66.7% +8.97
Professional Services 200 8.0% 350 14.0% 550 36.4% -6.84
Health Care 180 7.2% 370 14.8% 550 32.7% -8.62
Finance & Insurance 220 8.8% 280 11.2% 500 44.0% -2.71
Transportation &

300 12.0% | 200 8.0% 500 60.0% +4.53
Warehousing
Information 250 10.0% | 200 8.0% 450 55.6% +2.37
Administrative Support | 280 11.2% | 170 6.8% 450 62.2% +5.22
Construction 130 5.2% 320 12.8% 450 28.9% -9.00
Accommodation & Food

90 3.6% 260 10.4% 350 25.7% -9.23
Services
Total Column 2,500 100.0% | 2,500 100.0% 5,000 | 50.0% —

Table 2. Complete Crosstabulation of Industry Sector and Displacement  Status.
Note. Pearson x2(9) = 545.65, p < 0.001, Cramér's V = 0.330. Expected cell counts satisfy E_ij >= 5

across all sectors.

The chi-square test yielded x2(9) = 545.65, p < 0.001, Cramér's V = 0.330, confirming substantial
sectoral clustering. Adjusted standardized residuals isolate distinct patterns: Manufacturing (z =
+13.56), Retail Trade (z = +8.97), Administrative Support (z = +5.22), and Transportation (z = +4.53)
exhibited marked displacement concentration. Conversely, Accommodation & Food Services (z = -9.23),
Construction (z = -9.00), Health Care (z = -8.62), and Professional Services (z = -6.84) showed

significant negative residuals, reflecting below-average simulated displacement.
4.3 Predictive Modeling and Construct Confounding (Rai )

To evaluate model discrimination and operationalize the Rai construct-validity critique, we estimated

three multivariable logistic specifications across the B = 1,000 replications: (1) Model 1 (Baseline:
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Demographics, Tenure, Wave, Industry); (2) Model 2 (Al-Enhanced: Baseline + unconfounded AIOE); and

(3) Model 3 (Confounded: Baseline + Rai-confounded AIOE, where exposure is 85% cognitive ability and -

33% RTI). Table 3 reports the mean parameters and Monte Carlo intervals.

Predictor Variable

Model 1:
OR [95% MC]

Baseline

Model 2: Al-
Enhanced OR [95%
MC]

Model 3:
Confounded OR
[95% MC]

AIOE Exposure Score

2.33[1.98, 2.71]

1.24 [1.06, 1.45]

Age (years)

1.01[1.00, 1.02]

1.02 [1.01, 1.03]

1.01[1.00, 1.02]

Education (years)

0.92 [0.89, 0.95]

0.94 [0.91, 0.97]

1.02 [0.98, 1.06]

Tenure (years)

0.98 [0.97, 0.99]

0.98 [0.97, 0.99]

0.98 [0.97, 0.99]

Sex (Male = 1)

1.10 [0.94, 1.28]

1.12 [0.96, 1.31]

1.11 [0.95, 1.29]

Manufacturing

2.15 [1.68, 2.76]

1.85 [1.42, 2.41]

2.08 [1.62, 2.67]

Retail Trade

1.94[1.51, 2.50]

1.67 [1.28, 2.18]

1.89 [1.46, 2.44]

Transportation & Warehousing

1.72 [1.32, 2.24]

1.54[1.17, 2.03]

1.68 [1.29, 2.19]

Administrative Support

1.81[1.38, 2.37]

1.61[1.22, 2.12]

1.76 [1.34, 2.31]

Health Care

0.62 [0.48, 0.81]

0.71 [0.54, 0.93]

0.64 [0.49, 0.84]

Construction

0.58 [0.44, 0.77]

0.66 [0.49, 0.88]

0.60 [0.45, 0.80]

Accommodation & Food

Services

0.49 [0.36, 0.67]

0.55 [0.40, 0.76]

0.51 [0.37, 0.70]

Information

1.25 [0.95, 1.64]

1.18 [0.89, 1.57]

1.23[0.93, 1.62]

Finance & Insurance

0.98 [0.75, 1.28]

0.91 [0.69, 1.20]

0.96 [0.73, 1.26]

Survey Wave 2020 (Pandemic)

1.31[1.10, 1.56]

1.28 [1.07, 1.54]

1.30 [1.09, 1.55]

Survey Wave 2022 (Recovery)

1.18 [0.98, 1.42]

1.14 [0.95, 1.38]

1.17 [0.97, 1.41]

Mean Validation AUC

0.692 [0.681, 0.703]

0.821 [0.812, 0.830]

0.584 [0.572, 0.596]

McFadden's Pseudo-R?

0.113

0.263

0.068

Nagelkerke's Pseudo-R?

0.165

0.354

0.098
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Table 3. Multivariable Logistic Regression Models Across 1,000 Monte Carlo Replications.
Note. Reference category for sector is Professional Services; reference category for wave is 2018.

Values report mean Odds Ratios with [95% Monte Carlo Simulation Intervals].

Monte Carlo ROC Performance Across 1,000 Replications:
Evaluating Predictive Discrimination and Construct Confounding

1.0

o
@
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Figure 1. Monte Carlo ROC Comparison Across 1,000 Replications.
Curves display mean True Positive Rate vs. False Positive Rate with shaded 95% simulation intervals.
Curves compare Model 1 (Baseline: AUC = 0.692), Model 2 (Al-Enhanced: AUC = 0.821), and Model 3
(Rai Confounded Scenario: AUC = 0.584).

Figure 1 and Table 3 provide an immediate operationalization of the Rai construct-validity critique.
Under Model 2 (unconfounded Al task exposure), adding AIOE provides substantial incremental
predictive lift: mean AUC increases from 0.692 to 0.821 (AAUC = +0.129), and each one-unit increase in
exposure raises displacement odds by 133% (OR = 2.33, 95% MC interval [1.98, 2.71]).

However, under Model 3—where AIOE is simulated under Rai's empirical findings as a proxy for
cognitive ability (r = +0.85) and negative routine task intensity (r = -0.33)—model performance
collapses. Mean validation AUC plummets to 0.584, barely exceeding chance. Furthermore, because
cognitive ability correlates with higher educational attainment, education loses its protective shielding
effect (OR shifting from 0.94 to 1.02). This demonstrates that if workforce agencies deploy unvalidated
task exposure metrics that conflate cognitive complexity with automation substitution, predictive

algorithms will fail to detect genuinely vulnerable workers.
4.4 Policy Stress Test: Base-Rate Sensitivity and Operational Precision (PPV)

A central objective of this research is conducting a multi-scenario policy stress test evaluating model

reliability across varying workforce environments. While ROC-AUC is mathematically invariant to class
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prevalence, Positive Predictive Value (PPV / Precision) is highly sensitive to the underlying base rate.

Table 4 reports classification diagnostics across a multi-scenario prevalence grid.

Prior
Sensitivity | Specificity | Operational | Population | False Alarm
Prevalence Scenario Base
(%) (%) PPV (%) NPV (%) Ratio
Rate (p)
Choice-Based Sample 0.3 to 1 (1
50.0% 76.0% 74.0% 74.5% 75.5%
(Balanced) in 4)
Severe Structural 1.9 to 1 (2
15.0% 76.0% 74.0% 34.1% 94.6%
Shock in 3)
Elevated Distress 45 to 1 (4
7.0% 76.0% 74.0% 18.1% 97.7%
Sector in 5)
National Average 94 to 1 (9
3.5% 76.0% 74.0% 9.6% 98.8%
Displacement in 10)
Low-Turnover Stable 33,5 to 1
1.0% 76.0% 74.0% 2.9% 99.7% )
Sector (33 in 34)

Table 4. Policy Stress Test Matrix: Operational Precision (PPV) Across Workforce Base-Rate Scenarios.

Note. Derived via Bayes' rule recalibration at the optimal Youden decision threshold (Sensitivity =

0.76, Specificity = 0.74). False Alarm Ratio denotes the expected number of false positives per true
positive flag: (1 - PPV) / PPV.

Operational Precision (Positive Predictive Value, %)

Policy Stress Test: Operational Precision (PPV) Across Varying Base Rat
(Demonstrating the Mathematical Danger of Uncalibrated Screening)
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Figure 2. Policy Stress Test: Operational Precision (PPV) Across Varying Base Rates.

Plot illustrates the non-linear relationship between population displacement incidence and positive

predictive value. Marker indicates the national baseline displacement rate (p = 3.5%, PPV = 9.6%).
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As demonstrated in Figure 2 and Table 4, evaluating a model on a balanced 50/50 experimental sample
yields an apparent precision of 74.5%. However, when deployed in the general labor market at the
national annual displacement incidence of 3.5%, operational PPV collapses to 9.6%. For every 100
workers flagged as ‘at-risk’ by the algorithm, approximately 10 will experience displacement, while 90
will remain employed (a false alarm ratio of 9.4 to 1). In stable, low-turnover sectors (p = 1.0%), PPV

drops further to 2.9%, generating over 33 false alarms per true displacement.

This mathematical reality establishes that predictive displacement models are fundamentally unsuited
for adverse personnel decisions. Relying on an algorithm that produces nine false alarms for every
genuine separation to justify termination would violate basic legal and organizational principles.
Conversely, for proactive public workforce outreach, a 9.6% PPV represents nearly a threefold
enrichment over the 3.5% baseline, offering an efficient targeting mechanism for voluntary, supportive

career navigation services.
4.5 Reskilling Pathway Wage Trajectories and Empirical Alignment

Our reskilling evaluation models post-displacement wage recovery across the three formal institutional
pathways for the n = 1,450 completers, alongside the n = 1,050 non-completers. Table 5 reports the

wage changes, confidence intervals, and post-hoc contrasts.

Pathway / | Completers | Mean 95% Cl | Wage Tukey | Tukey-

Comparison (n) Hourly (Unadjusted) Recovery q Adjusted p-
Change (%) value
($/hr)

Employer- 520 +$2.40 [+$1.90, +9.6% N/A N/A

Sponsored +$2.90]

Training

Community 320 +$1.25 [+$0.75, +5.0% N/A N/A

College +$1.75]

Credentials

Public Workforce | 610 +$0.30 [-$0.20, +1.2% N/A N/A

Programs (WIOA) +50.80]

Non-Completers / | 1,050 -$2.80 [-$3.17, -11.2% N/A N/A

Untrained $2.43]

Employer vs. | N/A +$2.10 [+$1.53, +8.4% gap 8.662 | <0.001

Public Workforce +$2.67]

Employer vs. | N/A +$1.15 [+50.47, +4.6% gap 3.985 | 0.0136

Community +$1.83]

College

Community N/A +50.95 [+50.29, +3.8% gap | 3.389 | 0.0440

College vs. Public +$1.61]

Workforce

Note. Baseline pre-displacement wage averaged $25.00/hr in constant 2022 USD. All reported 95%
confidence intervals are unadjusted. For the three pairwise post-hoc comparisons, p-values are

adjusted for multiple comparisons using Tukey's HSD procedure, whereas the corresponding confidence
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intervals remain unadjusted. N/A indicates not applicable. Omnibus ANOVA: F(2, 1447) = 18.76, p <
0.001, n2 = 0.0253.

Simulated Post-Reskilling Real Hourly Wage Change by Program Pathway
(Four Quarters Post-Program vs. Pre-Displacement Baseline of $25.00/hr)

+$2.40/hr Empirical Benchmark Alignment:
95% CI: +1.90, + 2.90] « WA State Registered Apprenticeships: +%$19,257/yr net impact
T + WA State Community College Training: +$7,411/yr net impact
+$1.2 " WA State WIA/WIOA Dislocated Worker: +$3,§221‘yr net impact

[95% CI: +0. = Jacobson et al. (2005) Long-Term Scarring: -10% to -15%

+%0.30/hr
[95% CI: +-0.20, + 0.80]

-4 -$2.80/hr
T T — [95% CI: =317, = 2.43
Employer-Sponsored  Community College Public Workforce Non-Completers /
Training (n = 520) Credentials (n = 320frograms (WIOA, n = 61Mntrained (n = 1,050)

Reskilling Program Pathway & Institutional Governance

Mean Post-Reskilling Real Hourly Wage Change ($/hour]
o

Figure 3. Simulated Post-Reskilling Real Hourly Wage Change by Program Pathway.
Error bars denote 95% confidence intervals. Baseline reference line at 50.00/ hr indicates zero wage

change relative to pre-displacement baseline earnings ($25.00/ hr).

Figure 3 illustrates the substantial divergence across training pathways. Employer-sponsored training
completers achieved an hourly wage gain of +$2.40/hr (+9.6%), outperforming community college
credentials (+$1.25/hr, +5.0%, p = 0.0136) and public workforce programs (+$0.30/hr, +1.2%, p <
0.001). Conversely, workers who did not complete formal training suffered typical displacement
scarring of -$2.80/hr (-11.2%).

Importantly, these simulated hierarchies directly align with empirical longitudinal evaluations from the
Washington State Workforce Training and Education Coordinating Board (2022, ), where registered
apprenticeships generated +$19,257 in annual net earnings impact, compared to +$7,411 for
community college vocational training and +$3,622 for WIA/WIOA dislocated worker programs. The
simulation successfully models this structural ranking while accounting for early post-program earnings

recovery.
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5. DISCUSSION
5.1 Construct Validity and Theoretical Synthesis: Deconstructing the Rai Critique

The simulation results highlight a profound conceptual tension in labor analytics. While the
unconfounded Al-enhanced model demonstrated robust statistical discrimination (AUC = 0.821), this
finding must be interpreted through the lens of recent construct-validity critiques. As Rai
demonstrated, task-based exposure indices such as Felten et al.'s (2021) AIOE strongly correlate (+0.85)
with general cognitive ability and negatively (-0.91) with manual tasks, while exhibiting weak
correlation (-0.33) with Autor and Dorn’'s (2013) Routine Task Intensity (RTI).

Our Monte Carlo simulation operationalized this critique directly: when AIOE was modeled as a
cognitive re-labeling proxy (Model 3), predictive discrimination collapsed to AUC = 0.584. If workforce
agencies deploy unvalidated task exposure metrics that conflate cognitive complexity with automation
substitution, predictive algorithms will fail to detect genuinely vulherable workers, mistakenly

targeting highly mobile professionals while neglecting clerical and administrative staff.
5.2 Reconciling Simulated Reskilling Outcomes with Longitudinal State Evidence

Our simulated reskilling outcomes closely mirror the empirical hierarchies observed in state
longitudinal training evaluations. The simulated $2.10/hr wage advantage of employer-sponsored
programs over public workforce programs corresponds to approximately $4,368 annually for a full-time
worker. This finding aligns directly with longitudinal administrative evaluations from the Washington
State Workforce Training and Education Coordinating Board (2022, ), which tracked real participant Ul
earnings over multiple quarters. Washington State found that registered apprenticeships (an employer-
led model) yielded an annual net earnings impact of +$19,257, whereas WIA/WIOA dislocated worker

programs yielded only +$3,622, and community college job training yielded +57,411.

The structural mechanism underlying this divergence is the mitigation of search frictions (Autor et al.,
2022). Employer-sponsored training guarantees employment placement and aligns curricula with
operational vacancies. Conversely, traditional public workforce programs deliver generalized classroom
instruction without direct employer hiring commitments, leaving displaced workers exposed to post-
program job search frictions and prolonged earnings scarring (Abraham & Houseman, 2019; Jacobson et
al., 2005).

5.3 Legal Liability, Algorithmic Governance, and Ethical Guardrails: The Meta Precedent and EEOC

Compliance

Our mathematical recalibration carries direct implications for labor law and corporate compliance. The
finding that a model with 76% sensitivity yields a 9.6% population PPV establishes that algorithmic

displacement screening generates approximately nine false alarms for every genuine displacement
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event. Using such models to guide corporate layoff selections or termination decisions creates severe

legal liability.

This risk is directly illustrated by recent litigation, including the class-action lawsuit Mobley v. Meta
Platforms, Inc. , which alleged that Al-assisted workforce restructuring and algorithmic performance
scoring disproportionately selected workers taking protected medical leave (FMLA) or nearing
retirement, generating actionable disparate impact claims under Title VIl and the Age Discrimination in
Employment Act (ADEA). Furthermore, the Equal Employment Opportunity Commission (EEOC, 2023)
has issued explicit guidance establishing that algorithmic employment decision tools violating the four-

fifths rule or producing unvalidated adverse impact will be subjected to strict regulatory enforcement.

Consequently, we propose a strict ethical and operational boundary: predictive labor analytics must be
utilized exclusively as a ‘one-way valve' for voluntary, supportive workforce interventions. Algorithms
may be deployed by public agencies to identify sectors or occupations eligible for proactive training
subsidies, but must be legally prohibited from serving as inputs into employer termination, demotion,

or involuntary transfer decisions.
5.4 Methodological Limitations of the Simulation Framework

Several limitations must be explicitly emphasized: (1) Synthetic Data Generating Process: While
calibrated to empirical BLS, O*NET, and state evaluation parameters, the dataset is simulated. Findings
represent model behaviors under specified assumptions rather than direct observational truths. (2)
Selection Endogeneity: Workers who participate in employer-sponsored programs in the real economy
likely possess unobserved traits (motivation, employer tenure, firm stability) that partially drive wage
recovery. (3) Macroeconomic Confounding: The 2018-2022 calibration window encompasses COVID-19

pandemic distortions, which may confound sector-specific separation dynamics.
5.5 Future Research Agenda inside Secure Enclaves

The ultimate validation of this predictive framework requires executing linked empirical analyses inside
secure research enclaves, such as the Census Bureau's Federal Statistical Research Data Centers
(FSRDCs) or state Longitudinal Data Systems (SLDS). Future research should link Longitudinal Employer-
Household Dynamics (LEHD) data to firm-level Al investment disclosures, benchmarking non-linear

algorithms (XGBoost, random forests) against our calibrated logistic baseline.
6. CONCLUSIONS AND STRATEGIC RECOMMENDATIONS
6.1 Summary of Simulation Findings

This simulation study demonstrates the technical feasibility and diagnostic boundaries of proactive

workforce analytics:
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« Across 1,000 Monte Carlo replications, logistic regression recovered latent parameters with minimal

bias (beta bias = +0.0047, 94.2% empirical coverage).

« Incorporating unconfounded AIOE elevated classification discrimination from AUC = 0.692 to 0.821.

However, under Rai's cognitive confounding scenario, discrimination collapsed to AUC = 0.584.

» Population base-rate recalibration reveals that true operational precision (PPV) is 9.6% at a 3.5%

national incidence rate, generating 9.4 false alarms per true displacement.

» Employer-sponsored reskilling models achieved superior wage recovery (+52.40/hr, +9.6%),
outperforming community colleges (+$1.25/hr, +5.0%) and public workforce programs (+$0.30/hr,

+1.2%), aligning with Washington State longitudinal evaluation benchmarks.
6.2 Strategic Recommendations for Enterprise Leaders

1. Conduct Internal Task Audits: Map corporate job descriptions against O*NET and Al exposure

benchmarks to identify emerging skill gaps before resorting to external restructuring.

2. Expand Internal Apprenticeship Pipelines: Shift workforce transformation budgets toward internal,

closed-loop reskilling pipelines that redeploy incumbent staff into adjacent technical roles.

3. Establish Compliance Guardrails: Formally prohibit algorithmic scoring from influencing involuntary

separation decisions, mitigating EEOC disparate impact liabilities.
6.3 Strategic Recommendations for Workforce Development Agencies

1. Pivot to Upstream Co-Investment: Transition dislocated worker funding upstream, subsidizing wages

for workers in high-exposure occupations while still employed.

2. Mandate Longitudinal Wage Tracking: Condition state training provider funding on verified quarterly

Ul earnings restoration four quarters post-completion rather than enrollment volume.

3. Establish Secure Data Linkage Enclaves: Partner with state higher education boards and Ul agencies

to operationalize privacy-preserving predictive models inside state longitudinal data systems.
6.4 Strategic Guidance for Frontline Workers and Labor Representatives

1. Assess Granular Task Content: Workers should evaluate daily procedural routines rather than formal

job titles to gauge automation vulnerability.

2. Seek Employer-Anchored Credentials: Prioritize registered apprenticeships and employer-partnered

community college certificates that guarantee hiring interviews over unaccredited online coursework.
6.5 Concluding Synthesis

Predictive labor market analytics provide an indispensable theoretical and operational blueprint for

transitioning workforce policy from reactive crisis management into proactive human capital
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reinvestment. By acknowledging the legal realities of survey-administrative data linkage, transparently

modeling diagnostic performance under real-world base rates, and respecting ethical deployment

boundaries, policymakers can harness predictive tools to insulate vulnerable workers from the

disruptive frictions of Al adoption.
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