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| ABSTRACT

Project portfolios are a primary mechanism through which U.S. organizations transform capital, technology, workforce capability,
and public investment into productive capacity. Yet cost overruns, schedule delays, resource bottlenecks, and weak benefits
realization can consume scarce resources and defer economically important outcomes. This study develops an explainable
project portfolio and business-analytics framework for integrated early warning, severity forecasting, constrained resource
allocation, and enterprise-performance assessment. The empirical design combines verified 2023 U.S. economic and public-
project indicators with a reproducible synthetic panel of 18,000 projects across eight industries and ten project types. Models
are trained on first- through third-quarter observations and evaluated on a strict fourth-quarter holdout. Logistic regression,
random forest, and gradient boosting are compared for material cost overrun, schedule delay, resource bottleneck, and
multidimensional project success; regression models estimate cost and delay severity and an enterprise-performance index. The
framework adds probability calibration, global and local explanations, capacity-sensitive thresholding, portfolio optimization,
stress testing, executive dashboards, and a traceable governance lifecycle. Results demonstrate that delivery risk is most
informative when financial, scope, workforce, supplier, governance, and portfolio-congestion indicators are analyzed jointly. The
proposed architecture does not replace project managers, engineers, executives, auditors, or public officials. It provides
transparent evidence for earlier review, targeted intervention, and strategic allocation. The research offers a scalable foundation
for strengthening U.S. enterprise productivity, capital efficiency, infrastructure and technology delivery, and organizational
resilience.
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1. Introduction and 2023 U.S. Context

Project execution is a core mechanism through which U.S. organizations convert investment, expertise, technology, and public
policy into operational capability. Cost overruns, schedule delays, and resource bottlenecks do more than impair individual
initiatives: they consume scarce capital, crowd out higher-value work, postpone productivity gains, and weaken confidence in
business transformation. The 2023 environment combined strong real GDP growth with persistent financing, labor, procurement,
and technology-delivery pressures. BEA reported 2.5 percent real GDP growth for the year, while BLS reported 1.3 percent annual-
average growth in nonfarm business labor productivity [1-2].

Copyright: © 2023 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,
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Public portfolios illustrate the magnitude of the management problem. GAO reported $7.6 billion in cumulative development cost
overruns for NASA major projects, more than $2 billion in collective NNSA project cost overruns, and cost or schedule changes in
16 of 25 selected DOD major IT business programs [3-5]. These examples do not imply that all U.S. projects perform poorly. They
establish that better forecasting, resource allocation, and auditable intervention can create benefits that extend beyond a single
firm or agency.

2023 U.S. project-performance and economic context

2.5% 1.3% $7.6B

Real GDP growth Nonfarm productivity NASA cumulative overrun NNSA overrun / delay

BEA, 2023 BLS annual average GAO 2023 portfolio GAO as of Mar. 2023

Major portfolios illustrate why early warning matters

DOD: 16 of 25 major IT business programs reported cost or schedule changes;
NASA: 8 of 16 development projects experienced new cost or schedule growth.

These official observations establish the public importance of auditable project forecasting;
they are not used as labels in the synthetic enterprise dataset.

Figure 1. Selected 2023 official indicators show the national economic scale and recurring cost-and-schedule challenges that motivate
transparent project analytics.

2. Research Problem, Objectives, and Decision Architecture

Conventional project reporting is often backward-looking. Status dashboards summarize budget consumed, milestones
completed, and issues already documented, but may not reveal whether interacting changes in scope, staffing, vendors,
dependencies, reserves, and governance are creating a nonlinear transition toward failure. The analytical problem is therefore not
simply to classify projects as red, amber, or green. It is to estimate multiple future outcomes early enough to support proportionate
action.

This study contributes a unified framework for six linked decisions: predicting material cost overruns, forecasting schedule delay,
detecting workforce and capacity bottlenecks, estimating multidimensional project success, translating execution into enterprise-
performance effects, and optimizing portfolio selection under budget and workforce constraints. The framework adds
chronological validation, calibrated probabilities, global and local explanations, stress testing, governance controls, and
dashboards so that prediction remains connected to accountable management.
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Unified project decision-intelligence architecture

The framework connects project-level risk estimation with portfolio-level resource allocation and
enterprise performance.

Portfolio intake Early warning Prioritization Execution Feedback

Cost, schedule, and Value, capacity, and Human-approved Benefits and model
bottleneck risk dependency interventions monitoring

Governance gates: data lineage - model validation - human authorization - outcome measurement

Figure 2. The proposed architecture integrates project intake, early warning, portfolio prioritization, human intervention, and outcome
feedback.

3. Literature Review and Conceptual Framework

Project-performance research spans earned value management, reference-class forecasting, schedule-risk simulation,
organizational governance, portfolio optimization, and machine learning. Earned value measures provide disciplined views of cost
and schedule efficiency, but they may become informative only after material execution has occurred. Statistical and machine-
learning models can integrate a wider evidence set, yet many studies optimize one endpoint, evaluate random train-test splits, or
omit the resource constraints that determine whether an alert can be acted upon [11-18].

Project-level deviations propagate into portfolio and enterprise outcomes. A delayed technology program can defer automation
benefits; a construction overrun can restrict capital available to other facilities; and a workforce bottleneck can force multiple
projects to compete for the same specialists. The framework therefore models cost, schedule, bottleneck, success, and enterprise
performance jointly while avoiding a causal claim that any single indicator independently determines an outcome.

Conceptual model: how delivery risk propagates into
enterprise performance

Explainable analytics identifies the pathways through which controllable and external conditions affect
outcomes.

Execution

frictions Project outcomes Portfolio effects Enterprise results

Change, delay, Cost, schedule, Crowding and Productivity and
congestion quality opportunity cost resilience

Governance gates: data lineage - model validation - human authorization - outcome measurement

Figure 3. The conceptual framework links project inputs and execution frictions to portfolio effects and enterprise outcomes.
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4. Data Sources, Lineage, and Auditability

The research design separates official context from the project-level modeling panel. Official 2023 observations are used to
establish the national economic and project-management context. The project-level data are synthetic and calibrated to plausible
enterprise conditions. They do not contain confidential company records and are not represented as nationally weighted estimates.
This separation prevents macroeconomic facts from being blended with generated labels or presented as evidence about
identifiable organizations.

Auditability begins before modeling. Each project record contains a project identifier, quarter, industry, project type, region,
baseline budget and duration, feature definitions, outcome definitions, and transformation logic. A production implementation
would additionally retain source-system identifiers, timestamps, data owners, validation rules, model versions, thresholds, reason
codes, reviewer actions, overrides, funding decisions, and realized outcomes. The evidence chain allows a score to be reconstructed
rather than merely displayed.

Data lineage and audit-evidence chain

Every score is linked to the data, transformation, model version, decision, and observed result.

Outcome record

Source systems Validated features Model registry

ERP, PPM, HR, Versioned Training and
finance definitions thresholds

Actual cost, time,
benefits

Governance gates: data lineage - model validation - human authorization - outcome measurement

Figure 4. The audit-evidence chain preserves lineage from source systems through models, decisions, overrides, and realized outcomes.

5. Synthetic Panel and Portfolio Composition

The analytical panel contains 18,000 synthetic projects distributed across eight U.S. industries and ten project types. Budgets range
from small process-improvement efforts to major capital and public-sector programs. Planned durations range from three to sixty
months. The calibration intentionally creates different risk profiles across construction, manufacturing, digital, health, energy,
transportation, financial, and public-sector environments while retaining a shared feature vocabulary.

The sample design supports cross-industry comparison without assuming that one delivery model fits every organization. Capital
construction and public programs tend to have larger budgets, longer durations, and greater supplier exposure. Digital
transformation and enterprise systems carry high requirements volatility, technology dependency, and integration risk. Healthcare
and financial projects often face regulatory, data, and operational-continuity constraints. Manufacturing and logistics programs
link process performance to physical assets and suppliers.
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Calibrated 2023 project portfolio: 18,000 projects across eight industries

Projects by industry Projects by project type
Public Sector & Defense | Facility expansion -
Financial Services - Product development 1
Digital transformation -
Transportation & Logistics - o Cybersecurity modernization A
*E Energy & Utilities - ,CBL'I Process improvement 4
+
é Healthcare _I -g Data and Al
IT & Digital __I = Compliance and risk -
Supply-chain transformation
Manufacturing _- Capital construction -
Construction & Infrastructure -- Enterprise system modernization -
(I) 10I00 20I00 30I00 0 5(I)0 10I00 15I00
Count Count

Figure 5. The calibrated research panel covers 18,000 projects across eight industries and ten project types.

6. Baseline Budget Characteristics
Planned budget and duration establish exposure, but they are not sufficient measures of risk. Large projects may have mature
governance, experienced teams, and adequate reserves, while smaller programs may be exposed to unstable requirements or a
single critical vendor. The calibrated distributions are right-skewed, reflecting a portfolio in which many projects are modest and
a smaller number account for a large share of capital.
For modeling, budget is retained in continuous form and evaluated with nonlinear algorithms rather than converted into arbitrary
size bands. Duration is interpreted with complexity, project type, dependencies, and reserves. This matters because a twelve-month
process-improvement initiative and a twelve-month system replacement do not carry the same execution structure. Baselines are
evidence about scale and commitment, not deterministic forecasts of success.

Project scale varies materially across U.S. industries

Construction & Infrastructure

Public Sector & Defense

Energy & Utilities

Manufacturing

Transportation & Logistics

Healthcare

Financial Services

75th percentile

IT & Digital
Em Median

3x10° 4x10° 6 x 10° 10!

Planned budget, USD millions (log scale)
Synthetic 2023-calibrated research data unless identified as official context.

Figure 6. Project budgets vary by industry, with a right-skewed distribution and a small number of capital-intensive initiatives.

Page | 188



JBMS 5(4): 184-213

7. Planned Duration and Project-Type Structure

Planned duration reflects the amount, sequence, and uncertainty of work rather than a simple measure of project quality. Capital
construction, enterprise modernization, and digital transformation typically require more coordination and integration than
process-improvement initiatives. Duration is therefore modeled with complexity, dependencies, technology readiness, scope
change, staffing, suppliers, and schedule reserve.

The distributions also show why universal schedule benchmarks are inappropriate. A long project can be well governed and a short
project can be highly exposed. The analytical objective is to estimate whether the baseline remains credible under observed
conditions. Project type is used for descriptive interpretation, while the predictive models rely on measurable pre-outcome
conditions that can be audited and updated.

Planned duration distributions by selected project type

[ Capital construction
=1 Digital transformation
400 A 1 Enterprise system modernization
Process improvement
350 - ] Data and Al
300 -
0 250 1
9]
(3]
=)
& 200 A
150 A —_—
100 A _—
50 A
0 T T T T T T
0 10 20 30 40 50 60

Months

Synthetic 2023-calibrated research data unless identified as official context.

Figure 7. Planned duration differs by project type and reflects distinct delivery structures rather than a universal lifecycle.

8. Quarterly Risk, 2023 Conditions, and Temporal Controls

Quarterly prevalence summarizes how cost, schedule, bottleneck, and success outcomes change across the calibrated 2023
portfolio. The fourth quarter contains modest shifts in interest-rate and demand conditions and is reserved for evaluation. This
preserves a chronological boundary between learning and testing and reduces the optimistic bias that can arise when future-
period records are randomly mixed into training.

Temporal validation does not guarantee future stability. Organizations can change budgeting rules, project taxonomies, vendor
strategies, or intervention practices. The quarterly analysis therefore supports an explicit monitoring plan: compare prevalence,
feature distributions, calibration, alert volumes, and outcome severity over time, and require review before the model is reused
under materially different operating conditions.
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Quarterly prevalence of delivery risk and project success
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2023 quarter

Synthetic 2023-calibrated research data unless identified as official context.

Figure 8. Quarterly risk and success rates provide a temporal view of changing 2023 portfolio conditions.

9. Feature Engineering and Correlation Structure

Features are organized into seven domains: baseline scale; technical complexity; scope and requirements; workforce capacity;
supplier and dependency exposure; governance and sponsorship; and economic or demand pressure. The design uses information
that would plausibly be available before final outcome realization. It excludes the final cost, completion date, and benefit outcome
from the predictor set. This reduces target leakage and supports an operational interpretation of the results.

The temporal evaluation trains on projects assigned to the first three quarters and evaluates the fourth quarter. This design is more
demanding than a random split because the holdout reflects changing financing, demand, and portfolio conditions. It does not
recreate every form of real-world concept drift, but it tests whether the learned relationships remain useful when applied to a later
period. All reported champion metrics refer to the Q4 holdout.
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Correlation structure of project conditions and outcomes

complexity
scope change pct - 1.00
staffing gap pct 0.75
supplier delay days
pp y day L 0.50
S
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- 025 ©
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governance maturity =
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sponsor engagement g
- —0.25 ¥
cost reserve pct 8
[
schedule reserve pct - —0.50
cost overrun pct -0.75
schedule delay days —-1.00
enterprise performance index

Figure 9. Correlation analysis shows interacting financial, workforce, supplier, governance, and outcome relationships.

10. Outcomes, Labels, and Descriptive Distribution

The outcome distribution is intentionally heterogeneous. Some projects finish below budget or ahead of schedule; others
experience modest deviation; and a smaller tail experiences severe overrun or delay. The cost and schedule thresholds create
decision-relevant binary labels while the continuous outcomes preserve severity. Project success is stricter than the absence of a
single failure because it combines delivery, benefit, and capacity criteria.

Thresholds should not be confused with universal definitions. A ten-percent overrun may be material for a high-value program
but tolerable for an exploratory pilot. A thirty-day delay can be critical when tied to a regulatory deadline and less consequential
when schedule float exists. The research therefore presents thresholds as transparent operating choices that should be adjusted
to program type, materiality, contractual requirements, and organizational risk appetite.
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Figure 10. Continuous outcome distributions preserve severity beyond binary operating thresholds.

11. Cost-Overrun Patterns Across Industries
Cost pressure rises when scope change, staffing gaps, supplier delays, portfolio congestion, inflation exposure, and vendor
concentration occur together. Governance maturity, sponsor engagement, team experience, and cost reserves reduce modeled
exposure. The industry comparison shows variation in mean overrun and in the share of projects crossing the 10-percent threshold,

but the within-industry dispersion remains substantial.

100

The managerial implication is that cost control requires more than monitoring invoices. Early-warning features should connect
financial systems to project-management, workforce, procurement, and change-control records. An auditable cost-risk score can
help identify projects requiring estimate review, scope clarification, reserve analysis, contract intervention, or executive decision. It
should not automatically reduce budgets or imply that an overrun is avoidable in every case.

Construction & Infrastructure

Manufacturing

Healthcare

Energy & Utilities

IT & Digital

Financial Services

Transportation & Logistics

Public Sector & Defense

Cost-overrun exposure differs by industry and project mix

[ N I R N N

0 1

2

3

----- 26% above 10%

4 5 6 7

Mean cost overrun (%)

Synthetic 2023-calibrated research data unless identified as official context.

Figure 11. Cost-overrun exposure varies across industries, project scale, and execution conditions.
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12. Schedule-Delay Patterns and Dependency Risk

Schedule delay is driven by work volume, sequencing, resource availability, supplier performance, technology readiness, and
governance response. Dependencies are particularly important because a delay in a shared platform, permit, facility, interface, or
specialist team can affect multiple projects. Portfolio congestion converts a local delay into an enterprise scheduling problem when
the same scarce resources are already committed elsewhere.

The descriptive results support a portfolio perspective. A project can appear manageable in isolation but become high risk when
combined with shared dependencies and constrained capacity. Decision support should therefore distinguish the probability of
delay, the expected duration of delay, the critical path affected, and the number of downstream projects exposed. This study
estimates probability and severity, while the dashboard design highlights shared-resource and scenario implications.

Schedule-delay risk across industries

___- 34% above 30 da
IT& Digital ___I 32% above 30 days

Transportation & Logistics _—_I 32% above 30 days

: I T T

5 10 15 20 25
Mean schedule delay (days)

Synthetic 2023-calibrated research data unless identified as official context.

Construction & Infrastructure

Manufacturing

Public Sector & Defense

@

Healthcare

Energy & Utilities

Financial Services

o

Figure 12. Schedule-delay exposure reflects the interaction of work complexity, resources, suppliers, and dependencies.

13. Workforce and Resource Bottleneck Analytics

Resource bottlenecks occur when required skills, decision authority, vendor capacity, or technical environments cannot meet
concurrent demand. Staffing gap and utilization provide direct signals, but the model also uses portfolio congestion, contractor
turnover, dependencies, scope change, and governance. Excess utilization can temporarily increase output, yet sustained operation
above capacity tends to reduce quality, increase rework, and delay multiple projects.

The intended response is not automatic reassignment. Managers should examine skill substitutability, onboarding time, contractual
constraints, safety or regulatory qualifications, and the value of deferred work. A calibrated bottleneck probability supports scenario
planning: the PMO can compare the effect of adding specialist capacity, changing sequence, reducing scope, or pausing a low-
value initiative. The analysis makes the resource tradeoff visible and reviewable.

Page | 193



Optimizing Online Sales Strategies in the USA Using Machine Learning: Insights from Consumer Behavior

Resource bottlenecks emerge from capacity, staffing, and portfolio congestion

Bottleneck rate by industry Capacity pressure and staffing gaps
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Resource utilization (%)

Figure 13. Resource bottlenecks arise from staffing gaps, excessive utilization, and portfolio congestion.

14. Multidimensional Project Success and Benefits Realization

Project success is defined as the joint achievement of acceptable cost, schedule, benefit, and capacity outcomes. This definition
avoids treating a project as successful merely because it met a deadline after exhausting staff, or because it stayed within budget
while failing to produce the intended business value. It also prevents benefit realization from being evaluated without reference
to the capital and time consumed.

The strict definition produces lower success rates than one-dimensional measures, which is analytically useful. Portfolio leaders
can decompose the result into cost, schedule, bottleneck, and benefit pathways. A project with high strategic importance but low
predicted success may warrant stronger sponsorship and risk treatment rather than cancellation. A low-value project with high
capacity demand may be a candidate for deferral even when its standalone delivery probability is acceptable.

Strict project-success rate by industry

Financial Services

Energy & Utilities

Transportation & Logistics

IT & Digital

Public Sector & Defense

Healthcare

Manufacturing

Construction & Infrastructure

r T T T T
0.0% 10.0% 20.0% 30.0% 40.0%
Projects meeting cost, schedule, benefit, and capacity criteria
Synthetic 2023-calibrated research data unless identified as official context.

Figure 14. Multidimensional success requires acceptable cost, schedule, benefits, and capacity outcomes.
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15. Modeling Strategy and Cost-Overrun Classification

The classification analysis compares logistic regression, random forest, and gradient boosting for cost overrun, schedule delay,
resource bottleneck, and project success. Regression models estimate continuous cost overrun, schedule delay days, and enterprise
performance. Logistic and ridge models provide transparent linear baselines. Tree ensembles capture interactions and nonlinear
thresholds but require stronger explanation, calibration, and monitoring controls.

The practical output is a probability, not a verdict. A score near 0.70 indicates that projects with similar observed conditions
frequently crossed the defined overrun threshold in the calibration data. It does not prove that the project will overrun, identify a
single cause, or justify action without review. The probability becomes decision-useful when combined with expected severity,
exposure, explanations, and available mitigation capacity.

Cost-overrun early-warning model comparison

1.0

HE ROC-AUC PR-AUC Il F1

0.8 A

0.6

0.4

Score on Q4 temporal holdout

0.2 A

Logistic regression Random forest Gradient boosting

0.0

Q1-Q3 training; Q4 2023 temporal holdout. Synthetic calibrated project data.

Figure 15. Cost-overrun model comparison uses a strict Q4 temporal holdout and multiple performance criteria.

16. ROC Analysis and Ranking Performance

The receiver operating characteristic curve evaluates how well each model ranks cost-risk projects across possible thresholds. The
curve is valuable when organizations need to compare broad discrimination independent of a single operating point. However, a
high ROC-AUC does not reveal how many false alerts analysts will receive at a particular review capacity.

For portfolio management, threshold choice must connect to costs and capacity. An organization reviewing five percent of projects
faces a different operating problem from one reviewing twenty-five percent. ROC analysis should therefore be interpreted with
precision-recall curves, probability calibration, severity estimates, and the economic or public-service consequences of missed
cases. The research uses the ROC curve as one component of a broader decision framework.
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ROC analysis for cost-overrun detection
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Figure 16. ROC curves evaluate ranking discrimination across possible cost-risk thresholds.

17. Precision-Recall Analysis for Capacity-Constrained Review

Precision-recall analysis directly shows the tradeoff between identifying more overrun cases and maintaining a useful concentration
of true risk among reviewed projects. As recall increases, precision generally falls because the review population expands into
lower-risk cases. This tradeoff is central to PMO operations: broad alerting can overwhelm analysts and reduce attention to the
most consequential projects.

The appropriate operating point depends on prevalence, analyst capacity, review cost, project exposure, and the expected value
of intervention. A high-budget infrastructure program may justify review at a lower predicted probability than a small internal
initiative. The framework therefore stores thresholds as governed policy parameters and supports segment-specific thresholds
when justified by materiality and validated performance.
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Precision-recall analysis under imbalanced project risk

1.0 A — Logistic regression (0.662)
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Recall
Synthetic 2023-calibrated research data unless identified as official context.

Figure 17. Precision-recall curves reveal the concentration of true cost risk in capacity-constrained review queues.

18. Probability Calibration and Decision Confidence

Calibration compares predicted probabilities with observed frequencies. Well-calibrated probabilities allow managers to
distinguish, for example, a portfolio of projects estimated at 20-percent risk from one estimated at 60-percent risk. Poor calibration
can distort reserve planning, intervention capacity, and executive reporting even when ranking performance is acceptable.
Calibration should be monitored over time and across project segments. Changes in budgeting rules, procurement conditions,
workforce availability, or data capture can shift observed risk. The article reports Brier scores and calibration curves for the temporal
holdout. A production implementation would also use confidence intervals, sample-size controls, and recalibration procedures
before changing thresholds or comparing small subgroups.
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Probability calibration for cost-overrun risk
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Synthetic 2023-calibrated research data unless identified as official context.

Figure 18. Calibration curves test whether predicted cost-overrun probabilities correspond to observed frequencies.

19. Global Explainability for Cost Risk

Permutation importance identifies the features whose disruption most reduces holdout precision-recall performance. In the
calibrated data, scope change, complexity, staffing pressure, supplier delay, portfolio congestion, governance, sponsorship, and
reserves are important. The exact order is model- and data-dependent. Importance does not establish causality, and correlated
features can share or redistribute apparent importance.

Global explanations support model validation and policy review. If a model relies heavily on a field that is poorly governed or easy
to manipulate, the organization should improve the data process or restrict deployment. If expected controls such as reserves or
governance have implausible directions, reviewers should examine leakage, coding, and segment interactions. Explainability is
therefore a quality-control mechanism, not merely a presentation feature.
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Global explanations for cost-overrun risk

scope change pct
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Synthetic 2023-calibrated research data unless identified as official context

Figure 19. Permutation importance identifies the project indicators most influential to cost-risk discrimination.

20. Local Reason Codes and Counterfactual Review

Local explanations identify the project-specific conditions associated with a score. The illustrated high-risk project combines
adverse scope, capacity, supplier, and congestion indicators, while stronger governance or reserves would act in the opposite
direction. The explanation is a relative contribution proxy rather than a causal decomposition. It tells reviewers what evidence
influenced the model, not what action is guaranteed to change the outcome.

A controlled workflow should translate model features into human-readable reason codes, link each reason to the underlying
record, and allow reviewers to confirm or challenge the evidence. Counterfactual analysis can then estimate how risk might change
under feasible scenarios such as adding schedule reserve, reducing scope, or resolving a staffing gap. Interventions must remain
constrained by contracts, safety, regulation, and strategic priorities.

Local explanation for a high-risk project (predicted probability 99.9%)

complexity .

portfolio congestion -

scope change pct

staffing gap pct

cost reserve pct 1
supplier delay days A
inflation pressure -
requirements volatility -
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governance maturity

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Relative contribution proxy: lower risk < 0 > higher risk

lllustrative local explanation derived from project deviation and permutation importance; not a causal estimate

Figure 20. A local explanation shows the project-specific conditions associated with a high predicted cost-overrun risk.
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21. Cost-Overrun Severity Forecasting

Binary risk is incomplete because two projects with the same overrun probability may have very different financial exposure. The
severity models estimate the continuous overrun percentage using the same pre-outcome features. Mean absolute error describes
typical deviation between predicted and actual values, while root mean squared error gives greater weight to large misses. R-
squared indicates the share of holdout variation explained by the model.

Severity forecasts should be converted into exposure ranges rather than treated as exact budgets. Multiplying a point estimate by
baseline cost can create false precision when uncertainty is material. A production system should report prediction intervals,
scenario ranges, and model limitations. The combined probability-severity view supports reserve review, escalation, and portfolio
stress testing without replacing formal cost estimation.

Cost-overrun severity forecasting on Q4 holdout
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Figure 21. Regression metrics evaluate the accuracy of continuous cost-overrun severity forecasts.

22. Predicted Versus Actual Cost Outcomes

The predicted-versus-actual plot reveals both central fit and tail limitations. Predictions cluster around the diagonal for many
projects, while extreme overruns remain harder to forecast. This pattern is expected because severe deviations can arise from low-
frequency shocks, contractual disputes, regulatory changes, technical discoveries, or strategic scope changes that are not fully
represented in baseline features.

Tail error has governance implications. Models should not be marketed as eliminating unexpected overruns. Instead, they provide
earlier evidence for a large portion of routine and interacting risk while stress tests and expert review address rare events.
Organizations should track error by project type, scale, industry, and lifecycle stage, and should investigate whether interventions
change the distribution of outcomes after deployment.
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Predicted versus actual cost overrun - Ridge regression
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Figure 22. Predicted-versus-actual analysis reveals central fit and the remaining challenge of extreme overruns.

23. Schedule-Delay Classification Results

Schedule classification uses the same temporal holdout and compares the same model families. Schedule risk is related to cost
risk but not identical. A project may remain within budget while delayed, particularly when work is paused, scope is reduced, or
fixed-price contracting shifts direct cost exposure. Conversely, a project can incur cost growth while maintaining a critical delivery
date through overtime or expedited procurement.

Separate models preserve these distinctions. The schedule probability can be combined with criticality, downstream dependencies,
contractual milestones, and the expected duration model. Reviewers should examine the pathway: staffing and supplier signals

may call for capacity intervention, while requirements volatility may require scope or decision governance. The score supports
diagnosis rather than a generic escalation.
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Schedule-delay early-warning model comparison
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Figure 23. Schedule-delay classifiers are evaluated independently from cost-risk models.

24. Schedule-Delay Severity and Recovery Planning

Delay severity is measured in days and evaluated with regression metrics. A practical schedule-risk system should distinguish small
variance from delays that alter benefits, market timing, compliance, public service, or dependent projects. The model can support
recovery planning by estimating a range of likely delay and testing the effect of added resources, reduced scope, changed
sequence, or supplier recovery.

Recovery decisions must account for the limits of acceleration. Adding people to a late project can increase coordination burden;
expediting components can raise cost and quality risk; and compressing testing can create downstream failures. Predictive analytics
should therefore be paired with critical-path analysis, engineering judgment, and quality controls. The objective is to identify
feasible options, not to optimize schedule in isolation.

Schedule-delay severity forecasting
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Figure 24. Schedule-severity models estimate expected delay days for recovery and dependency planning.
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25. Predicted Versus Actual Schedule Outcomes

The schedule scatterplot shows that the champion model captures much of the central relationship while underestimating some
extreme delays. This result supports a tiered approach. The regression estimate can guide routine planning, whereas high-impact
projects or unusual conditions should receive scenario analysis and expert review even when the point estimate is moderate.
Error analysis should be systematic. Reviewers should examine whether large misses are associated with specific vendors, project
types, regions, lifecycle stages, or data-quality problems. New features may be added only when they are available before the
prediction time and have a defensible operational meaning. Otherwise, apparent accuracy gains can result from leakage and fail
when the system is deployed.

Predicted versus actual schedule delay - Ridge regression
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Figure 25. Predicted-versus-actual schedule analysis supports tiered review for severe tail events.

26. Resource-Bottleneck Detection Results

The bottleneck models identify projects likely to encounter insufficient workforce or execution capacity. The label combines high
staffing gap, excessive utilization, and congestion with dependency pressure, with limited noise added to reflect measurement
uncertainty. This is a research proxy rather than a universal capacity standard. Organizations should define bottlenecks using their
skill inventories, workload rules, service levels, and operational constraints.

The model supports proactive capacity management. A PMO can identify demand clusters for architects, engineers, data specialists,
procurement staff, testing environments, or decision makers. It can also examine whether planned starts are realistic when
resources are shared. The output should be reviewed with workforce planning because headcount alone does not capture skill,
location, clearance, licensing, or ramp-up time.
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Figure 26. Resource-bottleneck models estimate capacity risk before final delivery outcomes are known.

27. Explainability for Workforce and Capacity Risk

Bottleneck explanations emphasize staffing gap, utilization, portfolio congestion, dependencies, contractor turnover, and scope
instability. These features describe both direct capacity and the organizational conditions that amplify it. A moderate staffing gap
can become severe when multiple projects require the same specialists and when requirements generate repeated rework.

The explanatory analysis can improve planning even when the classifier is not deployed. Portfolio managers can use the feature
relationships to define leading indicators, improve resource taxonomies, and test start-date scenarios. Care is required to avoid
using the model as an employee-performance measure. The unit of analysis is the project and portfolio condition, not the
productivity or value of an individual worker.

Global explanations for resource-bottleneck risk
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Figure 27. Bottleneck explanations emphasize staffing, utilization, congestion, dependencies, and change pressure.
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28. Project-Success Forecasting

The success model estimates the probability of meeting the combined cost, schedule, benefit, and capacity definition. Because
success is multidimensional, it is influenced by both execution risk and enabling controls. Governance maturity, sponsor
engagement, team experience, data quality, and reserves can increase the probability that emerging issues are resolved before
they become final outcome failures.

The model is most useful for differentiated support. High-value projects with moderate success probability may justify stronger
controls, staged funding, or executive attention. Projects with high success probability but low strategic value should not
automatically outrank transformational initiatives. The probability is one input to portfolio governance and must be combined with
strategic alignment, public value, regulatory obligations, and interdependencies.

Project-success forecasting model comparison
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Figure 28. Project-success models combine delivery, benefit, and capacity outcomes in one calibrated endpoint.

29. Calibration, Segment Review, and Fair Use

Industry-level calibration compares average predicted and observed success. The purpose is not to rank industries. It is to detect
whether the model systematically overstates or understates success in a segment. Material gaps may indicate feature differences,
threshold mismatch, insufficient sample size, or changed operating conditions. Segment findings should trigger investigation
before they trigger policy changes.

Fair use also requires clear boundaries. Project analytics should not become an opaque proxy for evaluating employees, excluding
smaller business units, or penalizing innovative programs simply because uncertainty is higher. Governance should review whether
model recommendations disproportionately defer projects serving particular regions, customers, or public purposes. Explanations,
appeals, overrides, and outcome monitoring help preserve accountable discretion.
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Calibrated success probabilities support transparent portfolio comparison
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Figure 29. Calibration and industry-level review support transparent comparison without ranking industries as inherently good or
bad.

30. Enterprise-Performance Forecasting

Enterprise performance is modeled as a bounded index that combines realized benefits, cost efficiency, schedule performance,
capacity effects, and enabling governance. It provides a research bridge between project execution and business outcomes. The
index is not an accounting measure and should not replace audited financial reporting, operational KPIs, or program-specific
benefit measures.

The model demonstrates how portfolio analytics can move beyond counting on-time projects. Organizations can estimate how
delivery choices affect productivity, continuity, customer service, asset availability, compliance, or strategic capability. A production
implementation should define enterprise outcomes with business owners, document the attribution assumptions, and measure
benefits after delivery rather than relying only on forecasted business cases.

Enterprise-performance forecasting links project execution to business outcomes
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Figure 30. Enterprise-performance models connect project execution with broader business-value and resilience outcomes.
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31. Strategic Resource Allocation Under Constraints

Portfolio selection is modeled as a constrained allocation problem. Candidate projects are scored using expected benefits, success
probability, cost-overrun risk, bottleneck risk, budget, and resource demand. The simulated frontier shows how expected value,
average risk, and success probability change as the budget cap expands. This makes the opportunity cost of adding projects visible.
The optimization is decision support, not an autonomous capital committee. Strategic obligations, regulatory deadlines, safety,
mission requirements, and portfolio balance may justify selecting a project with lower modeled value. The score should therefore
be accompanied by constraints and documented exceptions. Scenario analysis can test whether the recommended portfolio
remains stable under labor, supplier, financing, or demand shocks.

Strategic allocation frontier under budget and workforce constraints
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Figure 31. The allocation frontier shows expected value, risk, and success tradeoffs under changing budget caps.

32. Portfolio Prioritization and Project Sequencing

The prioritization matrix combines predicted success, cost risk, project scale, and value. Projects in the high-success, lower-risk
region are easier candidates for execution, while high-value, high-risk initiatives require deliberate treatment. Projects with low
success and high risk may need redesign, staged discovery, dependency resolution, or deferral. The matrix supports a structured
conversation rather than a mechanical ranking.

Sequencing is as important as selection. Starting too many projects can create the very congestion and bottlenecks that the models
predict. A portfolio process should evaluate shared resources, dependencies, decision capacity, vendor commitments, and change
saturation. The most valuable intervention may be to delay a project start so that a critical team can complete another initiative
without destructive multitasking.
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Predicted project success

Portfolio prioritization matrix: success, risk, scale, and value
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Figure 32. The prioritization matrix combines success probability, cost risk, project scale, and expected strategic value.

33. Scenario Stress Testing and Organizational Resilience
Six scenarios test the sensitivity of portfolio risk to labor shortages, supplier disruption, scope expansion, financing pressure, and
combined disruption. The combined scenario produces the largest deterioration in cost, schedule, bottleneck, success, and
enterprise-performance measures. The result illustrates nonlinear interaction: simultaneous moderate shocks can be more
damaging than a single severe change because mitigations compete for the same reserves and management attention.

Stress testing should be repeated with organization-specific assumptions. Scenario parameters must be documented, challenged,
and separated from predictions. The value lies in understanding direction, concentration, and contingency needs rather than
claiming that a particular shock will occur. Scenario outputs can inform reserve policy, vendor diversification, workforce planning,
project sequencing, and executive preparedness.
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Project-portfolio stress testing under six disruption scenarios
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Figure 33. Stress tests quantify portfolio sensitivity to labor, supplier, scope, financing, and combined disruption.

34. Executive Project-Portfolio Dashboard

The executive dashboard summarizes portfolio success, cost and delay exposure, bottlenecks, budget scale, trends, and high-risk
segments. The PMO control tower adds project priorities, capacity-sensitive thresholds, and scenario performance. Both
dashboards preserve drill-down from aggregated indicators to project-level reason codes and source records. Aggregates without
drill-down can hide data-quality problems and create false confidence.

Executive reporting should concentrate on strategic exposure, portfolio success, capital at risk, outcome trends, and material
exceptions. The dashboard should allow leaders to move from an aggregate indicator to the affected industries, project types, and
individual records. It should also distinguish observed outcomes from predicted probabilities so that management does not treat
forecasts as completed facts.
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Executive project-portfolio and enterprise-performance dashboard
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Figure 34. The executive dashboard summarizes portfolio exposure, success, budget, and high-risk segments.

35. PMO Control Tower and Capacity-Sensitive Decisions

The PMO control tower converts model output into a governed work queue. It combines early-warning trends, the highest-priority
projects, the effect of review capacity on risk captured, and portfolio performance under stress. These views support weekly or
monthly portfolio review while preserving links to the underlying budget, schedule, resource, dependency, and governance
evidence.

Capacity-sensitive thresholding is essential because excessive alert volume can reduce the quality of review. The PMO should
choose thresholds from validated performance, project materiality, analyst capacity, and intervention value. Overrides and
dispositions should be recorded so that later monitoring can determine whether alerts were useful, whether actions improved
outcomes, and whether the queue created unintended bias.
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PMO control tower: alerts, priorities, capacity, and scenario resilience
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Figure 35. The PMO control tower connects early-warning trends, project priorities, review capacity, and scenario resilience.

36. Model Governance, Human Authorization, and Monitoring

Governance defines the model purpose, permissible users, data owners, validation standards, thresholds, override authority, and
retirement conditions. Independent validation should test discrimination, calibration, stability, subgroup behavior, feature
reasonableness, leakage, stress performance, and reproducibility. Monitoring should compare predicted and observed outcomes,
alert volumes, override rates, intervention effectiveness, and data drift.

Human authorization remains essential. Models should not automatically cancel projects, change employment, modify contracts,
or reallocate public funds. Decision records should state the score, explanations, uncertainty, reviewer conclusion, action, and later
outcome. This structure enables learning and accountability: organizations can determine not only whether the model predicted
risk, but whether the response was proportionate and whether it improved results.
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Model governance and independent-validation lifecycle
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Figure 36. The governance lifecycle defines design, validation, approval, monitoring, change control, and retirement.

37. National Importance, Limitations, and Conclusion

The proposed research is nationally relevant because project delivery is a common capability across infrastructure, manufacturing,
technology, healthcare, energy, transportation, finance, and public programs. Earlier detection of cost growth, delay, and capacity
constraints can reduce waste, improve capital productivity, accelerate useful technology and infrastructure, and strengthen
organizational continuity. GAO findings from 2023 demonstrate that cost and schedule challenges can affect portfolios tied to
national security, space, and federal information systems [3-5].

National-importance logic model for U.S. project analytics

The research addresses recurring project-performance problems across infrastructure, technology,
manufacturing, health, energy, finance, transportation, and public programs.
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Figure 37. The national-importance logic model connects earlier warning and better allocation to U.S. productivity, competitiveness,
and public value.
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