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Abstract

Purpose

This study aims to design a Smart Pre-Decision Accounting Framework that employs digital twin simulation and real-
options analysis to evaluate national project trade-offs before implementation. The framework provides policymakers
with scientifically modeled scenarios for governance, privatization, or partnership alternatives to optimize national
value creation and resource efficiency.

Design/Methodology/Approach

The study integrates counterfactual simulation, reference-class forecasting, and real-options valuation within a digital
twin environment. It applies a comparative mixed method approach, combining econometric forecasting for Egypt’s
national projects with benchmark data from advanced and emerging economies to test predictive validity and scenario
adaptability.

Findings

Results demonstrate that using digital-twin-driven accounting enables governments to visualize multidimensional trade-
offs (financial, social, and strategic) before committing resources. The framework reduces policy uncertainty, enhances
governance quality, and supports data-driven decision-making for public investment portfolios.

Theoretical, Practical, Economic, and Social Implications

Theoretically, the study extends decision-usefulness theory to pre-decision contexts. Practicality establishes a structured
accounting model for evaluating national project alternatives. Economically, it improves capital allocation efficiency
and mitigates costly misallocations. Socially, it strengthens transparency and intergenerational equity in national asset
management.

Originality and Value
This is the first accounting-based model combining digital twin simulation and real-options thinking to support pre-
decision evaluation of national investments, offering a novel mechanism for sustainable public wealth management.

Keywords: Smart Accounting, Digital Twin, Pre-Decision Framework, National Projects, Real Options, Counterfactual Simulation,
Governance, Public Wealth, Emerging Economies, Global Benchmarks
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1. Introduction

1.1 Background and Context

Public investment decisions increasingly define the trajectory of
national economic resilience, especially in emerging economies
where state-led projects dominate the fiscal landscape. Over the
last decade, many governments-Egypt included-have expanded
large-scale infrastructure and development projects as instruments
of growth, employment, and modernization. However, evidence
from the, World Bank, and OECD indicates that the success of
such projects often depends less on their financial scope and more
on the quality of ex-ante decision processes that precede resource
commitment. Traditional accounting and budgeting systems, which
emphasize post-implementation reporting, provide limited insight
for strategic evaluation before funds are allocated [1,2]. In the
evolving global landscape, Digital Twin technology-the creation
of virtual replicas of physical or policy systems-has emerged as
a powerful analytic tool for simulation, forecasting, and adaptive
governance [3,4]. Parallel advances in real-options theory and
counterfactual analytics enable decision-makers to model multiple
“what-if” pathways and quantify the trade-offs among governance,
privatization, or public-private partnership (PPP) scenarios. Yet,
most public-sector accounting frameworks remain descriptive
rather than predictive, limiting their usefulness in guiding national
investment choices under uncertainty [5,6].

1.2 Motivation and Problem Orientation

In emerging economies, governments frequently face competing
pressures: fiscal constraints, social expectations, and the pursuit of
economic sustainability. When evaluation mechanisms are static
or politically biased, project approval tends to rely on optimism
rather than analytical validation. Egypt’s current development
agenda toward Vision 2030 exemplifies this dilemma-rapid
implementation has sometimes outpaced systematic pre-decision
analysis [7,8]. International experience suggests that the absence
of integrated, simulation based accounting tools contributes to
budget overruns, time delays, and under-performance [1,2].

Consequently, there is a critical need for an accounting-driven
decision system that functions before commitment-one capable
of quantifying the trade-offs among alternative policy options and
visualizing their economic and social consequences. The emerging
integration of digital-twin environments with real-options and
counterfactual simulation offers a unique opportunity to redesign
how accounting information supports strategic choices [9,10]. By
shifting from retrospective reporting to anticipatory modeling,
accounting can evolve from a record keeping function into a
decision-optimization platform for public wealth management.

1.3 Aim and Research Objective

This study introduces a Smart Pre-Decision Accounting
Framework that leverages digital-twin simulation to evaluate
national project trade-offs before resource allocation. The model
integrates multidimensional performance indicators-financial,
governance, and societal-into a unified decision dashboard. It aims
to provide evidence-based guidance for policymakers in Egypt and
benchmark economies on how different strategic choices affect

national value creation, fiscal sustainability, and inter-generational
equity.

1.4 Research Approach and Methodological Orientation

To operationalize this objective, the study adopts a comparative
mixed-method design that merges quantitative modeling with
qualitative benchmarking. The empirical component integrates
econometric forecasting and counterfactual simulation across
selected national projects in Egypt, benchmarked against cases
from advanced economies such as Singapore, Sweden, and the
United Kingdom, and from emerging peers like Indonesia and
Brazil. This multi-tiered comparison ensures that the framework
reflects both local institutional realities and global efficiency
standards [7,11].

The digital twin architecture developed in this study functions as
a dynamic simulation platform, continuously fed by accounting,
financial, and socio-economic indicators. Through real-
options valuation, alternative policy pathways are quantified
in probabilistic terms-illustrating how different governance or
privatization choices affect fiscal sustainability, debt ratios, and
public value outcomes. The resulting model generates a “decision
dashboard” that visualizes trade-offs among financial, social, and
environmental variables before final approval [3,4].

1.5 Expected Contributions

Theoretically, the research extends the decision-usefulness
paradigm in accounting by shifting its focus from ex-post reporting
to ex-ante simulation. It integrates elements of real options theory
and systems thinking into the accounting discipline, establishing a
new lens-Smart Pre-Decision Accounting (SPDA)-for analyzing
national investment behavior. Practically, the study proposes
a replicable analytical tool that can be institutionalized within
nation-al audit offices, ministries of finance, and public investment
authorities. The framework enables evidence-based prioritization,
enhancing transparency, accountability, and strategic foresight in
government spending.

Economically, SPDA contributes to improved capital allocation
and reduces the macro-fiscal risks associated with politically
driven project selection. By simulating multi-year outcomes, it
helps prevent cost overruns and underperforming assets-issues
frequently documented in emerging economies [6,12].

Socially, the model reinforces the principle of intergenerational
equity, ensuring that today’s investments do not compromise
future fiscal space or societal welfare. It offers a pathway toward
sustainable development that balances economic growth with
social value and environmental stewardship [8,13].

1.6 Structure of the Paper

*  The remainder of this paper is structured as follows.

» reviews the literature on national project evaluation, digital-
twin applications, and real-options theory, leading to the
development of research hypotheses.

* presents the theoretical foundation and the proposed Smart
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Pre-Decision Accounting Frame work.

e details the research methodology,
comparative benchmarks.

»  reports and discusses empirical findings.

» claborates on theoretical, practical, economic, and social
implications, concluding with policy recommendations.

*  closes with conclusions and future research directions.

data sources, and

2. Literature Review and Hypothesis Development

2.1 Conceptual Foundations: From Ex-Post Reporting to
Smart Pre-Decision Accounting

Traditional public-sector accounting has long emphasized ex-post
financial reporting, focusing on compliance, stewardship, and fiscal
accountability [5]. While this paradigm provides transparency
after project completion, it offers limited guidance before funds
are committed. According to Flyvbjerg and Bester, nearly 80% of
large public projects globally experience overruns or performance
shortfalls because governments lack predictive accounting tools
that assess alternative scenarios ex ante [2]. This gap has driven
the recent evolution of decision-oriented accounting frameworks
that embed forecasting, simulation, and behavioral modeling into
financial analysis [9,14-19].

The decision-usefulness theory, a cornerstone of modern
accounting research, posits that accounting information must
assist users in making rational economic decisions [20]. However,
in the context of national projects, usefulness depends not on
retrospective accuracy but on predictive relevance how well
accounting data anticipate future outcomes. Studies by IMF and
World Bank emphasize that shifting accounting’s role from record
keeping to decision optimization is vital for fiscal resilience and
sustainable investment [7,12,21-27].

Emerging research extends this paradigm through Smart
Accounting Systems, integrating Al-driven analytics, real-time
data streams, and simulation technologies [6,4]. Yet, even within
this modernization wave, most frameworks remain reactive-
reporting deviations rather than simulating trade-offs. The concept
of Smart Pre-Decision Accounting (SPDA) introduced in this
study builds on these advancements by positioning accounting
as a predictive mechanism for evaluating strategic alternatives
among governance, privatization, or partnership paths prior to
implementation [10,25-45].

2.2 The Evolution of Digital Twin Simulation in Accounting
and Public Decision-Making

The term Digital Twin originated in engineering and manufacturing
to describe a virtual replica of a physical system that continuously
mirrors real-world performance [3]. Recent advances have
extended this logic to policy modeling and public finance [46,47].
By creating dynamic data environments, digital twins enable
policymakers to simulate policy interventions and observe
outcomes across financial, social, and environmental dimensions
[13].

In accounting, the digital twin paradigm represents a profound
methodological shift-from static re-ports to living models that learn
and adapt [4]. Through data integration, scenario simulation, and
counterfactual testing, digital twins support continuous assurance
and pre-implementation risk evaluation [10]. Research by Tao et
al. demonstrates that digital twin systems reduce forecasting errors
and improve resource allocation in public infrastructure programs
[3]. Similarly, studies in Computers in Industry and Journal of
Emerging Technologies in Accounting show that combining
digital twins with real options valuation enhances decision quality
under uncertainty [9,48-53].

However, literature addressing digital twins within accounting
research remains fragmented. Most existing applications are
technical-focused on data architecture rather than decision
relevance. Recent reviews by the OECD (2023) and UNDP
note that while several countries (e.g., Singapore, Finland,
and the UAE) have developed national digital twin platforms,
few integrate these systems with accounting or performance
measurement. This underlines the novelty of connecting digital
twin simulation directly to pre-decision accounting in the public
sector an innovation central to this study [8,54-57].

2.3 Real-Options Theory and Decision Flexibility in National
Investments

The real-options approach provides a powerful conceptual lens
for understanding flexibility in investment decision-making
[58]. Unlike static net present value (NPV) models, real-options
analysis values the right but not the obligation to expand, delay,
or abandon a project as new information emerges. In public
finance, this logic translates into designing policies that can adapt
to shifting economic or political conditions without irreversible
commitments [5,12].

Recent accounting studies highlight the potential of integrating
real-options reasoning into performance management systems
[9,14]. For instance, the Harvard Business Review identifies
“option-based decision windows” as a critical factor for successful
megaproject governance [1]. When embedded within a digital twin
environment, real-options valuation allows governments to model
multiple “policy pathways,” quantify downside risks, and identify
the optimal point of resource commitment [3,4].

The integration of real-options logic with digital-twin simulation
is especially relevant for countries like Egypt, where policy
choices often involve trade-offs between rapid implementation
and fiscal prudence. Through this combined approach, accounting
information becomes dynamic, enabling policymakers to visualize
not only expected outcomes but also the distribution of possible
futures-transforming accounting into a true decision laboratory.

Table 1 — Presents Key Conceptual Pillars of Smart Pre-Decision
Accounting
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Conceptual Dimension Core Idea

Key References (2020-2025)

Decision-Usefulness
report ex-post results

Accounting should guide ex-ante decision-making, not just

Kothari et al. (2022); IMF (2023); World Bank
(2024)

Digital Twin Simulation

Virtual replication of real systems for scenario modeling

Tao et al. (2023); Deloitte (2024); EY (2022)

Real-Options Theory

Valuing flexibility and strategic timing in investment decisions

D’Amato & Esposito (2021); Grant & Collis (2021)

Counterfactual Analytics

Testing “what-if” policy scenarios and causal pathways

Chen & Hu (2023); Li & Qi (2023)

Smart Accounting
Integration

indicators

Combining data analytics, simulation, and governance

PwC (2023); OECD (2023); UNDP (2023)

Table 1: Key Conceptual Pillars of Smart Pre-Decision Accounting

2.4 Comparative Evidence from Emerging and Advanced
Economies

A growing body of international literature has explored how
public-sector decision frameworks differ between emerging and
advanced economies, particularly in terms of accounting maturity,
digital transformation, and governance integration. In advanced
economies such as the United Kingdom, Sweden, and Singapore,
public accounting has evolved toward integrated pre-decision
analytics, where digital-twin environments and performance
dashboards are embedded into the investment appraisal cycle
[11,59]. The U.K. Green Book model combines financial, social,
and environmental criteria under a standardized cost benefit
analysis that incorporates probabilistic simulation an -early
institutionalized version of digital-twin thinking [60-70].

In contrast, emerging economies often rely on static cost—benefit
frame works, where ex-post reporting dominates policy evaluation
[12]. Egypt, Indonesia, and Brazil exhibit a similar pat-tern:
despite substantial public investment portfolios, decision-making
tends to be reactive, and scenario-based evaluation tools remain
underdeveloped [7,8]. Empirical assessments by Flyvbjerg and
Bester reveal that the average cost overrun in mega projects across
emerging economies exceeds 30%, compared with less than 10% in
advanced economies [2]. This discrepancy is attributed not only to
governance weaknesses but also to the absence of digital decision
infrastructures that integrate accounting, risk, and performance
data [6, 4,71-75].

Singapore and Finland provide exemplary cases of how digital-
twin-driven evaluation systems transform national project
governance. In Singapore’s Smart Nation initiative, real-time
data from construction and infrastructure projects feed into a
centralized analytics platform that simulates pol-icy trade-offs
before parliamentary approval [13]. Similarly, Sweden’s Digital
Infrastructure Agency employs digital-twin models linked with
public-sector accounting databases to project alternative fiscal
outcomes [5]. These experiences highlight how the digital twin
functions not only as a technical innovation but also as a decision
accountability instrument-one that embeds pre-decision analytics
into fiscal governance [76,77].

In Egypt and comparable emerging markets, reforms have
increasingly recognized this need. The Egypt Vision 2030
framework and Public Investment Management Assessment

(PIMA) mission have both emphasized the necessity of decision
analytics preceding project selection [12]. However, institutional
practices remain anchored in manual feasibility studies and
traditional financial ratios. Hence, there exists a strong argument
for localizing the digital-twin and real-options concepts within
a Smart Pre-Decision Accounting (SPDA) model specifically
adapted to the Egyptian and emerging context.

2.5 Integrating Real-Options and Digital-Twin Perspectives:
Toward a Unified Decision Model

Bringing together the literatures on real-options analysis and
digital-twin simulation establishes a conceptual bridge between
financial flexibility and informational intelligence. Real-options
theory addresses when to act, whereas digital-twin simulation
explains how alternative actions might per-form [9,3]. When
merged within an accounting framework, the two approaches
yield a predictive model that not only estimates future outcomes
but quantifies the value of decision timing.

In advanced economies, such integration has already shown
tangible outcomes. Research by the World Bank and IMF
demonstrates that combining simulation-based analytics with
option valuation significantly enhances the return-on-investment
(ROI) of public capital expenditure by reducing sunk costs and
improving prioritization [7]. For example, the U.K. Infrastructure
and Projects Authority (IPA) apply a decision gate system-akin
to real-options reasoning-within digital dashboards that update
project valuations in real time [11].

By contrast, emerging economies face systemic challenges such
as fragmented data systems, inconsistent disclosure standards, and
limited analytical capacity [8]. These constraints underscore the
need for accounting frameworks that are not merely descriptive but
prescriptive and adaptive, enabling decision-makers to experiment
virtually before acting physically. Smart Pre-Decision Accounting
(SPDA) thus serves as a mechanism for aligning national project
evaluation with international standards of fiscal prudence and
public value creation [46,47].

2.6 Conceptual Relationships Among Key Constructs

Based on the comparative literature, four interdependent constructs
emerge as the foundation for hypothesis development as shown in
table 2.
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* Digital Twin—Driven Accounting (DTDA):

Provides real-time, data-integrated simulation of national project
scenarios, enhancing foresight and reducing uncertainty [3,4].

* Real-Options Decision Logic (RODL):

Enables valuation of managerial flexibility under uncertainty,
translating dynamic choices into quantifiable accounting measures
[58].

* Decision Quality (DQ):

Represents the rationality and data alignment of policy choices,
reflecting how accurately accounting information supports optimal
outcomes [14,20].

* National Value Creation (NVC):

Denotes the economic, social, and governance value generated
from national projects relative to invested resources and risk

exposure [7,12].

Country Type Example Dominant Decision | Key Accounting Observed Impact | Core References
Economies Approach Integration
Advanced UK, Sweden, Pre-decision analytics, | Digital twin linked Reduced cost OECD (2023); HM
Singapore simulation dashboards | to fiscal data; real- overruns (<10%), Treasury (2024); Flyvbjerg
options gate model higher ROI, & Bester (2023)
transparency
Emerging Egypt, Indonesia, | Ex-post evaluation, Fragmented data; no | Average overruns IMF (2023); World Bank
Brazil manual feasibility simulation or option | >30%; low (2024); UNDP (2023)
studies valuation accountability
Hybrid Reformers | UAE, Chile, Early-stage adoption | Partial data Improved project PwC (2023); KPMG
Malaysia of digital-twin pilots | integration; PPP- prioritization, (2024)
focused moderate fiscal
gains

Table 2: Comparative Synthesis: Digital Twin and Real-Options Applications in National Decision Contexts

2.7 Linking Theoretical Constructs to Decision Outcomes
Building on these insights, literature converges on the proposition
that the synergistic integration of digital-twin simulation and real-
options logic within accounting systems significantly enhances the
quality and sustainability of national project decisions. According
to Grant and Collis, when accounting data are structured within a
digital twin, decision-makers can iteratively update assumptions
and observe causal impacts-transforming uncertainty into
measurable scenarios. Meanwhile, IMF argues that introducing
real-options valuation into public investment appraisals enables
governments to treat each project phase as an “option,” preserving
flexibility and preventing premature commitment [9,12].

This synthesis suggests a dynamic chain:

Digital Twin Simulation — Enhanced Decision Quality —
Optimized National Value,

with Real-Options Logic moderating the relationship by embedding
strategic flexibility into accounting evaluation.

2.8 Hypothesis Development

Building on the theoretical synthesis and comparative evidence
presented earlier, this study develops a structured set of hypotheses
linking Digital Twin—Driven Accounting (DTDA), Real-Options
Decision Logic (RODL), Decision Quality (DQ), and National
Value Creation (NVC).

The conceptual premise rests on the notion that accounting
information, when transformed through digital-twin simulation and
enriched with option-based flexibility, enhances the government’s
ability to anticipate and manage trade-offs among competing
national project alternatives as shown in table 3.

H1: Digital Twin—Driven Accounting (DTDA) Positively
Influences Decision Quality (DQ).

Recent empirical evidence underscores that digital-twin
environments transform accounting from static documentation
into interactive decision platforms [3,14]. By simulating multiple
policy pathways, digital twins enable decision-makers to assess
financial and non-financial consequences dynamically [4]. Such
predictive modeling enhances both the relevance and timeliness of
accounting information, thus improving decision rationality.
Hence, it is hypothesized that adopting DTDA mechanisms
improves the accuracy, reliability, and foresight of governmental
project evaluation.

H2: Decision Quality (DQ) positively affects National Value
Creation (NVC).

The decision-usefulness theory posits that the quality of
accounting-based decisions directly determines the efficiency of
resource utilization and the sustainability of generated value [20].
Studies by the World Bank and IMF confirm that higher-quality
decisions-those grounded in data-driven analysis-result in lower
fiscal leakages, enhanced accountability, and higher returns on
public capital [12]. Accordingly, when decision processes are
informed by high quality accounting insights, the economic and
social outcomes of national projects improve substantially [7].

H3: Real-Options Decision Logic (RODL) strengthens the
Relationship Between DTDA and Decision Quality (DQ).

Real-options reasoning introduces strategic flexibility-the ability
to revise, delay, or scale projects as new information emerges
[58]. Within a digital twin environment, such flexibility allows
policymakers to test alternative strategies without incurring
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real costs. Empirical research in infrastructure finance [9,11]
demonstrates that when accounting models incorporate real-
options thinking, decision quality improves through iterative
learning and reduced uncertainty.

Therefore, the study hypothesizes that RODL moderates the
DTDA-DQ relationship, amplifying the positive impact of digital-
twin insights on decision rationality.

H4: Decision Quality (DQ) Mediates the Relationship Between
Digital Twin-Driven Accounting (DTDA) and National Value
Creation (NVC).

While DTDA enhances the flow and analysis of information, it
is through decision quality that this information translates into
tangible public value. The mediating effect reflects that technology
alone does not create value; rather, value emerges when digital
insights are interpreted through robust accounting judgment and

governance controls [6,47]. Consequently, DQ acts as a behavioral
and institutional bridge linking technological innovation with
fiscal outcomes.

Hence, the study predicts that DQ partially mediates the effect of
DTDA on NVC.

2.9 Conceptual Model

The proposed conceptual framework integrates these four
constructs into a multi-layered system, aligning with contemporary
calls for predictive and policy-oriented accounting [11,12].

At its core, Digital Twin—Driven Accounting provides the data
environment and simulation engine; Real-Options Logic embeds
decision flexibility; Decision Quality reflects the analytical
integrity of policy choices; and National Value Creation captures
the measurable outputs in terms of economic, governance, and
social gains.

Hypothesis Statement Theoretical Basis Expected Relationship | Key References (2020-2025)
H1 DTDA — DQ Decision-Usefulness Theory Positive Tao et al. (2023); Chen & Hu
(2023); Deloitte (2024)
H2 DQ — NVC Decision-Usefulness Theory; Positive Kothari et al. (2022); World
Public Value Theory Bank (2024); IMF (2023)

H3 RODL moderates DTDA | Real-Options Theory Strengthening Effect D’Amato & Esposito (2021);
— DQ Grant & Collis (2021)

H4 DQ mediates DTDA — | Decision-Usefulness + Behavioral | Partial Mediation Ernst & Young (2022); PwC
NVC Governance (2023)

Table 3: Summary of Hypotheses and Theoretical Justification

2.10 Concluding Remarks

The literature reviewed across diverse contexts converges on the
necessity of transforming accounting into a pre-decision science.
Smart Pre-Decision Accounting (SPDA), driven by digital-twin
simulation and guided by real-options logic, represents the next
evolutionary stage of public-sector financial governance. For
Egypt and similar emerging economies, adopting this paradigm
offers a pragmatic yet innovative pathway to rationalize national
investments, enhance fiscal transparency, and optimize the trade-
offs inherent in economic development.

This conceptual foundation establishes the analytical basis for the
subsequent chapter, which details the theoretical framework and
operational structure of Smart Pre-Decision Accounting (SPDA)
within the digital-twin environment.

3. Theoretical Framework and Smart Pre-Decision Accounting
Driven by Digital Twin

3.1 Overview of Theoretical Integration

The conceptual basis of this study lies in merging four
complementary theoretical streams-Decision Usefulness Theory,
Real-Options Theory, Systems Thinking, and Digital Twin
Logic to construct a coherent framework of Smart Pre-Decision

Accounting (SPDA) as shown in table 4.

Each component contributes a distinct lens: decision-usefulness
provides behavioral justification for accounting relevance; real-
options introduce strategic flexibility under uncertainty; systems
thinking ensures holistic integration of financial and non-financial
variables; and digital twin logic delivers technological capability
for real-time simulation and feedback. Together, these foundations
redefine accounting not as a retrospective reporting tool but as an
anticipatory decision architecture for national projects [9,3,12,78-
82].

3.2 Decision-Usefulness
Anticipation
Decision-Usefulness Theory posits that accounting information
attains value only when it improves users’ decisions under
uncertainty [20]. Traditional applications have focused on
investors and corporate management; however, in the public
sector, the relevant “users” are policy-makers allocating scarce
national resources [11,83].

Theory: From Reporting to

Contemporary scholars emphasize that government accounting
must extend beyond compliance to support predictive decision
environments [14,7]. In this sense, usefulness derives not from
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accurate description of past events but from accurate anticipation
of potential futures [84].

SPDA operationalizes this theoretical extension by positioning
accounting as a decision optimizer. It translates historical data and
policy assumptions into simulated outcomes using digital-twin
models. The resulting projections-budget paths, risk exposures,
social impacts-allow decision-makers to visualize consequences
before irreversible commitments occur [4,6,85-91].

Thus, SPDA fulfills the decision-usefulness condition in a forward-
looking form, transforming accounting information from ex-post
verification to ex-ante validation.

3.3 Real-Options Theory: Accounting for Flexibility and
Strategic Timing

While decision-usefulness establishes the normative objective of
relevance, Real-Options Theory (ROT) provides the analytical
engine for valuing flexibility [58]. The theory conceptualizes
investment decisions as a sequence of options-each granting the
right, but not the obligation, to proceed. In national projects, this
means treating each policy alternative (build, delay, scale, or
abandon) as an embedded option whose value depends on evolving
economic and social information [9].

Applying ROT to accounting expands its traditional valuation role
toward strategic foresight. When coupled with SPDA, real-options
logic is embedded within digital-twin simulations that continually
recalculate the option value of proceeding with or postponing a
project. This approach aligns with findings by the IMF and OECD

that governments adopting option-based appraisal frameworks
experience more efficient resource allocation and reduced fiscal
risk [11,12,92-99].

Therefore, Real-Options-Based Accounting becomes a central
pillar of SPDA: it quantifies uncertainty and embeds flexibility
directly into accounting evaluation. It also supports policy
resilience, ensuring that state decisions remain adaptable as new
data emerge [2,100].

3.4 Systems Thinking and Public-Sector Integration
Accounting information rarely operates in isolation. Public
investment decisions involve interdependencies among ministries,
financial regulators, and social programs. Systems Thinking offers
the necessary conceptual infrastructure for capturing these cross-
sectoral interactions as shown in table 4 [28,101].

Within the SPDA framework, systems thinking ensures that digital-
twin simulations incorporate feedback loops-linking financial
performance, governance quality, and social outcomes. This
systems based structure supports multidimensional optimization
rather than narrow cost minimization [13,102-104].

By modeling interconnections (for example, between project
spending and employment generation, or between debt levels and
public trust), SPDA contextualizes accounting within the broader
socioeconomic ecosystem. This perspective aligns with recent
calls by the UNDP and World Bank for integrating public value
metrics into financial decision processes [7,8,105].

Theoretical Lens Core Proposition

Contribution to SPDA Key References (2020-2025)

Accounting information should
enhance the quality of economic
decisions.

Decision-Usefulness Theory

Kothari et al. (2022); Chen & Hu
(2023); World Bank (2024)

Shifts accounting from reporting
to anticipatory modeling.

Real-Options Theory Flexibility and timing create

measurable value under

D’Amato & Esposito (2021);
Grant & Collis (2021); IMF

Embeds adaptive decision
capability within accounting.

whole system.

uncertainty. (2023)
Systems Thinking Outcomes result from Integrates financial, governance, Bianchi & Worrell (2021); UNDP
interdependent variables withina | and social dimensions. (2023)

Virtual replication enables
real-time experimentation and
learning.

Digital-Twin Logic

Tao et al. (2023); Deloitte (2024);
OECD (2023)

Provides the technological
infrastructure for SPDA
simulation.

Table 4: Presents Core Theoretical Pillars of Smart Pre-Decision Accounting

3.5 Toward an Integrated Framework

Synthesizing these theories yields a multidimensional view of
accounting as a pre-decision control system. Decision-usefulness
defines the normative objective-inform better choices; real-options
theory provides the analytical logic-quantify flexibility; systems
thinking supplies the integrative structure capture interdependence;
and digital-twin logic ensures real-time simulation. The fusion
of these streams establishes the foundation for a Smart Pre-

Decision Accounting Framework that converts raw data into
simulated insights and actionable recommendations. The next
section elaborates on its structural components-inputs, analytical
processes, and outputs-and illustrates how the framework can be
operationalized within national project governance.
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3.6 Structural Components of the Smart Pre-Decision
Accounting Framework

The proposed Smart Pre-Decision Accounting (SPDA) framework
is constructed around three interdependent layers: Input, Analytical
Core, and Output.

Each layer reflects a fusion of accounting principles with decision
sciences and digital intelligence.

This structure ensures that accounting information not only records
historical facts but dynamically simulates policy consequences
prior to implementation as shown in table 5 [4,11].

(a) Input Layer: Integrated Data Environment
The input layer consolidates financial, operational, and socio-
economic data within a unified digital-twin ecosystem.

Key elements include:

* Accounting and Fiscal Data — budgets, cost structures, capital
allocations, and cash flow fore-casts extracted from ERP and
national accounts [12].

* Governance and Risk Indicators — internal control ratings,
audit findings, and public transparency indexes [7].

* Socio-Economic Variables — employment, inflation,
environmental impact, and social welfare metrics linked to national
projects [8].

Data interoperability and consistency are achieved through
standardized taxonomies such as IPSAS, IFRS, and SDG-aligned
performance indicators.

This harmonized data infrastructure enables real-time mirroring of
national project performance within the digital twin environment

(3]

(b) Analytical Core: Simulation and Real-Options Engine
The analytical core serves as the decision intelligence center of
SPDA.

It combines statistical modeling, econometric forecasting, and
counterfactual simulation to estimate how different policy choices
influence future outcomes [14,2].

The simulation module operates under three sequential logics:

* Predictive Analytics: Uses historical data to generate baseline
forecasts for project costs, revenues, and macroeconomic linkages.
* Counterfactual Scenario Testing: Evaluates “what-if”
conditions-e.g., what happens if a project is delayed, privatized, or
operated under PPP governance [9].

* Real-Options Valuation: Assigns quantifiable value to
managerial flexibility, defining the optimal timing and scale for
investment or divestment decisions [58].

These analytical cycles convert accounting information into
decision scenarios quantified in both monetary and non-monetary
metrics, bridging predictive accuracy with strategic flexibility
[4,11].

(¢) Output Layer: Decision Dashboard and Accountability
Mechanism

The output layer represents the policy interface of SPDA.

It translates analytical results into clear, comparable decision
visuals and reports that summarize trade-offs among fiscal,
economic, and social dimensions.

Three deliverables emerge:

* Pre-Decision Reports — evidence-based summaries quantifying
the expected return, risk, and public value of each scenario before
approval [12].

* Decision Dashboards — interactive interfaces enabling
policymakers to visualize alternative policy paths and their long-
term implications [6].

* Accountability Records — standardized documentation linking
every national project decision to its pre-decision evaluation,
ensuring audit traceability and institutional learning [46].

This output structure operationalizes the theoretical linkage
between decision-usefulness and accountability key elements
highlighted in the AAA research agenda

Framework Layer Functional Purpose Illustrative Components Expected Output | Core References
(2020-2025)
Input Data integration and Accounting, fiscal, and socio-economic | Unified data IMF (2023); UNDP
standardization datasets; governance indicators environment (2023); Tao et al. (2023)

Analytical Core Dynamic modeling and

scenario simulation

Predictive analytics, real-options
valuation, counterfactual testing

Multi-scenario
forecasts

Chen & Hu (2023); Grant
& Collis (2021); Deloitte
(2024)

Decision communication
and accountability

Output

Dashboards, reports, audit traceability

Evidence-based
policy decisions

OECD (2023); KPMG
(2024); PwC (2023)

Table 5: Structural Architecture of the Smart Pre-Decision Accounting Framework

3.7 Functional Dynamics within the SPDA Cycle
Within the SPDA framework, accounting operates as a continuous
decision feedback loop rather than a periodic reporting cycle.

This dynamic process can be conceptualized through three
interrelated feedback mechanisms as shown in table 6:
* Forecast—Decision Feedback: Predictive models continuously
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update expected outcomes as new data enter the system. This
iterative updating transforms static budgets into adaptive fiscal
plans [7].

» Risk-Flexibility Feedback: Real options analysis introduces
adaptive control, allowing decision makers to reconfigure project
parameters as uncertainty resolves [58].

* Performance-Learning Feedback: Digital twin simulations

provide ex-post learning from virtual experiments, refining future
pre-decision evaluations and fostering institutional learning [2].

These feedback loops ensure that SPDA remains both adaptive and
accountable, continuously aligning projected results with evolving
socio-economic realities.

valuation into policy appraisal

Feedback Type Description Decision Function Expected Benefit References

Forecast—Decision Continuous updating of Adjust budgets and Higher forecasting World Bank (2024); IMF
projections based on new data | priorities dynamically accuracy (2023)

Risk—Flexibility Integration of real-options Optimize timing and Reduced fiscal risk, D’Amato & Esposito

resource allocation

improved efficiency (2021); OECD (2023)

Performance-Learning | Learning through digital-twin

scenario replication

Institutionalize learning and
accountability

Improved governance and
transparency

Flyvbjerg & Bester
(2023); PwC (2023)

Table 6: Dynamic Feedback Mechanisms in Smart Pre-Decision Accounting

3.8 Theoretical Linkage and Internal Consistency

The internal consistency of SPDA arises from the seamless

interplay among its three layers and feedback mechanisms.

* Decision-usefulness ensures relevance of accounting
information.

* Real-options theory quantifies uncertainty and embeds
adaptability.

* Systems thinking integrates feedback across economic and
social subsystems.

» Digital twin logic operationalizes these theoretical insights
into continuous simulation and learning.

Collectively, they transform the accountant’s role into that of a
strategic decision architect rather than a financial recorder-a shift
strongly advocated in the latest American Accounting Association
research agenda [106].

3.9 Theoretical Coherence and Integration

The theoretical coherence of Smart Pre-Decision Accounting
(SPDA) stems from its ability to reconcile what have traditionally
been fragmented approaches to public-sector financial
management. Conventional accounting theories tend to emphasize
either ex-post accountability (focused on control and compliance)
or ex-ante evaluation (emphasizing forecasting and planning).
SPDA integrates both under a unified analytical logic-bridging
decision-usefulness and accountability within a single digital
ecosystem [11,12].

This reconciliation is crucial because in public finance,
accountability without foresight results in rigid bureaucracy, while
foresight without accountability fosters fiscal irresponsibility.
By embed-ding both dimensions in one feedback-driven cycle,
SPDA converts accounting into a policy intelligence system.
This fusion satisfies the core expectation of The Accounting
Review framework-that theory development must articulate how
accounting information changes decision behavior [20].

Moreover, SPDA harmonizes the micro—macro divide in
accounting theory. It connects micro-level decision processes
(individual projects, ministries, programs) with macro-level fiscal
and governance outcomes. This multilevel integration aligns
with systems theory’s principle of dynamic interdependence,
establishing a bridge between organizational accounting and
national economic policy [28].

3.10 Theoretical Contributions

(a) Extension of Decision-Usefulness Theory

SPDA extends decision usefulness theory into the pre-decision
domain, where information is evaluated not for how it reflects
the past but for how it shapes the future. This temporal shift-from
retrospective reporting to predictive simulation-creates a new
epistemic dimension for accounting theory [14].

The contribution lies in demonstrating that usefulness is maximized
not by descriptive precision but by predictive validity-the degree
to which accounting information can simulate alternative future
outcomes.

(b) Integration of Real-Options Theory into Public Accounting
Traditional applications of real-options logic are primarily
corporate or financial-market oriented. SPDA adapts this logic
to sovereign-level decision making, quantifying flexibility and
timing within the public investment process [58]. This adaptation
advances accounting theory by embedding option-based valuation
directly into fiscal analysis, positioning flexibility as an accounting
variable rather than a managerial intuition.

(c) Digital Twin as an Enabler of Continuous Accounting

By embedding accounting data into a digital twin simulation, SPDA
conceptualizes accounting as an ongoing process of learning and
adaptation rather than a static representation of financial reality
[3.4].
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This reconceptualization contributes to the emerging stream of
continuous accounting and predictive assurance, aligning the
discipline with real-time governance and data-driven decision
science.

(d) Systems-Based Accounting Architecture

SPDA also advances the theory of public-sector accounting by
embedding systems thinking directly into its architecture. This
allows simultaneous optimization across financial, social, and
environmental domains-moving beyond single-dimensional fiscal
efficiency to multidimensional public value [7,8].

Thus, SPDA embodies a new generation of integrated public
accounting systems that serve both managerial and societal
objectives.

3.11 Practical and Policy Contributions

Practically, SPDA offers policymakers and auditors a replicable tool
for evaluating national projects under uncertainty. Its architecture
supports the establishment of National Decision Accounting Units
(NDAUSs) tasked with simulating the fiscal, governance, and social
implications of each major investment proposal.

Such institutionalization aligns with the IMF’s recommendation
for “evidence-based pre-investment evaluation frameworks” and
the World Bank’s emphasis on “digital governance ecosystems”
[7,12].

Economically, the SPDA approach enhances capital allocation
efficiency by minimizing sunk costs and overinvestment in
politically motivated projects. Socially, it reinforces transparency
and intergenerational equity, ensuring that public resources
generate measurable and sustainable benefits [13].

From an auditing standpoint, it provides traceable documentation
of pre-decision justifications-strengthening auditability and
governance legitimacy.

In essence, SPDA transforms accounting into a strategic foresight
mechanism that supports the President’s Office, Cabinet, and
Supreme Audit Institutions in rationalizing national investment
choices-a reform direction fully consistent with global fiscal
governance standards.

3.12 Implications for Accounting Research and Education

The SPDA model redefines how accounting scholars conceptualize
the discipline’s boundary with data analytics, simulation, and
policy modeling. It calls for a paradigm in which accounting
re-searchers and educators move beyond financial statement
interpretation toward computational policy experimentation. Such
a shift mirrors recent movements in TAR emphasizing “accounting
as an information science”-where accounting data serve as inputs
to predictive and normative models rather than static records [106].

For emerging economies like Egypt, incorporating SPDA into
accounting curricula and public-sector training can cultivate
a new generation of professionals proficient in simulation
modeling, option-based valuation, and integrated reporting for
policy contexts. This educational transformation is essential for
sustaining the methodological depth that SPDA requires.

3.13 Summary of Theoretical Framework (Table 7)

Table 7 below synthesizes the major theoretical and practical
dimensions of SPDA, consolidating the framework’s role as both a
conceptual innovation and a practical reform tool.

Dimension Theoretical Foundation | SPDA Contribution Expected Impact Key References (2020-2025)
Decision Orientation Decision-Usefulness Transforms accounting from | Improves policy Kothari et al. (2022); Chen &
Theory descriptive to predictive foresight Hu (2023)

Flexibility Logic Real-Options Theory Quantifies adaptive decision | Reduces fiscal and D’Amato & Esposito (2021);
rights implementation risk Grant & Collis (2021)

Systems Integration Systems Thinking Links fiscal, social, and Enhances cross-sectoral | Bianchi & Worrell (2021);
environmental variables alignment UNDP (2023)

Technological Digital Twin Logic Enables real-time simulation | Institutionalizes learning | Tao et al. (2023); Deloitte

Infrastructure and feedback and accountability (2024); OECD (2023)

Table 7: Summary of Theoretical Framework

3.14 Concluding Remarks

The theoretical framework presented in this chapter provides a
coherent foundation for developing and empirically validating the
Smart Pre-Decision Accounting model. By synthesizing decision
usefulness, real-options, systems thinking, and digital-twin logic,
SPDA transcends conventional accounting paradigms to become
a strategic, adaptive, and predictive framework for public-sector
decision making. This theoretical synthesis directly supports the

next phase of the study-the research methodology and comparative
evidence-where the SPDA framework will be operationalized,
empirically tested, and benchmarked across Egypt and global
counterparts.

4. Research Methodology and Global Comparative Evidence
4.1 Overview of Methodological Orientation
The methodological design of this study aligns with the purpose
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of developing and empirically validating the Smart Pre-Decision
Accounting (SPDA) framework.

Following the guidance of The Accounting Review’s empirical
research standards, the study integrates both quantitative and
qualitative comparative methods to ensure analytical robustness
and contextual depth [20].

The design seeks not merely to test statistical relationships but to
evaluate the operational capacity of SPDA in diverse fiscal and
governance environments.

Hence, the study adopts a comparative mixed-methods approach,
combining econometric analysis, simulation modeling, and policy
benchmarking. This integration allows the model to be empirically
assessed in Egypt and validated against global benchmarks from
both emerging and advanced economies [7,12].

The research design proceeds in two sequential stages:

1. Model Development and Calibration: constructing the SPDA
simulation environment using national project datasets and
accounting variables.

2. Cross-National Benchmarking: comparing SPDA performance
metrics across selected countries representing varying stages of
digital governance maturity [4,11].

4.2 Research Design and Methodological Logic

The study employs an explanatory—comparative design that
integrates econometric estimation with counterfactual simulation.
This hybrid approach reflects the dual nature of SPDA-as both
a theoretical framework and a computational decision model
[14,107].

*  Quantitative Component:

The econometric model examines the relationships between
digital-twin-driven accounting variables (DTDA), decision quality
(DQ), and national value creation (NVC).

Panel data analysis is applied using multi-country datasets
spanning the period 2015-2024, ensuring consistency with post-
digital governance reforms.

The model controls for macroeconomic and institutional factors
such as GDP growth, fiscal transparency index, and digital
readiness score [8,12,108-110].

*  Qualitative Component:

The comparative case analysis explores how SPDA principles
manifest in specific national contexts [111].

Three categories of economies are examined:

1. Egypt (focal case) — representing a transitional digital economy.
2. Emerging peers — Indonesia, Brazil, and Malaysia.

3. Advanced benchmarks — United Kingdom, Sweden, and
Singapore.

This triangulation of econometric, simulation, and institutional
data ensures that the conclusions drawn are not merely statistically
significant but also practically interpretable and policy-relevant
[9,11,112-116].

4.3 Data Sources and Variable Construction

* Data Sources

The research draws upon multiple, high-quality international

and national datasets to ensure reliability and comparability. The

principal sources include:

*  World Bank: Public Investment Management and World
Governance Indicators [7].

* IMF (2023): Fiscal Transparency Evaluations and Public
Investment Management Assessments (PIMA) [12].

« OECD (2023): Digital Government and Governance
Databases [11].

* UNDP (2023): Sustainable Development and e-Governance
Metrics [8].

* Egyptian Ministry of Planning (2024): Data on national
projects, budget allocations, and completion rates.

*  National Audit Authority and FRA (Egypt): Governance audit
data and project evaluation reports.

All data are harmonized under a unified coding system to ensure
cross-country comparability [6,11].

* Key Variables
Four principal latent constructs, consistent with the theoretical
framework, are operationalized as follows as shown in table 8:

Construct Measurement Indicators Data Source Expected Relationship
Dimension

DTDA Digital integration and Digital governance index, OECD, IMF Positive effect on DQ
accounting analytics real-time reporting ratio,
capacity ERP adoption level

DQ Rationality and accuracy | Forecast error reduction, World Bank, Egypt MoP | Positive effect on NVC
of policy decisions decision turnaround time,

audit consistency index

NVC Socio-economic value Project RO, fiscal UNDP, FRA, IMF Dependent variable
created from national sustainability index, social
projects impact score
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RODL Real-options flexibility in

decision-making

Option valuation
coefficient, project deferral
ratio, scenario variance

IMEF, World Bank Moderator of DTDA-DQ

Table 8: Key Variables

Each construct is normalized on a 0-1 scale to eliminate unit
inconsistencies and facilitate cross-country comparisons.

Aseries of diagnostic tests (e.g., VIF for multicollinearity, Hausman
for fixed—random effects, and heteroskedasticity corrections)
ensure the statistical soundness of the panel regression models as
shown in table 9 [12,14] .

Variable Indicator Examples Scale Source Description

DTDA ERP penetration (%), 0-1 OECD (2023) Measures digital integration of
automation index normalized accounting systems

DQ Mean forecast deviation, | Continuous IMF (2023), FRA (2024) | Reflects decision accuracy and
audit lag (days) timeliness

NVC Project ROI (%), fiscal Continuous World Bank (2024) Captures national value generated
balance change by projects

RODL Project deferral ratio, 0-1 IMF (2023), PwC (2023) | Quantifies flexibility embedded in
option value score normalized decisions

Table 9: Data Sources and Construct Measurement

4.4 Econometric Model Specification

The quantitative phase of the study employs a panel-data regression
model to empirically examine the hypothesized relationships
between the four constructs as shown in table 10:

Digital Twin—Driven Accounting (DTDA), Real-Options Decision
Logic (RODL), Decision Quality (DQ), and National Value
Creation (NVC).

The baseline model is structured as follows:

NVCit =0 + p1DTDA it + p2DQit + B3RODLIt + B4(DTDAIt x
RODLIt) +€itNVC_{it} =\beta 0+ \beta 1 DTDA_{it} +\beta 2
DQ _{it} + \beta 3 RODL {it} + \beta 4 (DTDA {it} \times
RODL ({it}) + \epsilon {it}NVCit = 0 + BIDTDAIt +B2DQit +
B3RODLit + p4(DTDAIt x RODLit) + €it

Where:

*  1ii represents country,

+  ttt represents time period (2015-2024),
+ cit\epsilon_{it}eit is the error term.

To test the mediating effect of Decision Quality (DQ) between
DTDA and NVC (as proposed in H4), the study uses structural
equation modeling (SEM) with bootstrapped standard errors. The
moderation effect of RODL (as per H3) is incorporated through
the interaction term (DTDAxRODL)(DTDA \times RODL)
(DTDAXRODL).

The Hausman test is applied to determine whether fixed- or
random-effects estimation is more ap-propriate. Heteroskedasticity
and autocorrelation issues are addressed using Driscoll Kraay
robust standard errors. All estimations are conducted in STATA 18
and validated through AMOS 27 for SEM analysis [9,14,117-119].

Analytical Step Objective Model/Tool Expected Outcome Key References

1. Panel Regression Quantify DTDA, DQ, Fixed/Random Effects Significance of IMF (2023); Chen & Hu
RODL effects on NVC (STATA) coefficients (2023)

2. Moderation Test Assess role of flexibility Interaction Term Strengthening of D’Amato & Esposito
(RODL) (DTDAxRODL) DTDA—DQ link (2021)

3. Mediation Test Examine indirect pathway | SEM with Bootstrapping | Identification of mediating | Grant & Collis (2021);
DTDA—DQ—NVC effect Kothari et al. (2022)

4. Robustness Analysis Validate model under Driscoll-Kraay SE, Model consistency OECD (2023); World
alternative specifications Subsample Tests Bank (2024)

Table 10: Econometric Model Components and Analytical Techniques
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4.5 Digital Twin Simulation and Counterfactual Modeling

In the second analytical phase, the research integrates Digital
Twin Simulation (DTS) to emulate national project decision
environments.

Each country’s fiscal and performance data are mirrored into a
virtual decision model-the SPDA twin-which allows testing of
alternative policy pathways without real-world financial exposure
[3.4].

The simulation process follows three primary steps:

I. Calibration Stage:

Historical data (2015-2020) from national projects are used to
calibrate the simulation parameters, including cost structures,
investment timelines, and policy triggers.

II. Scenario Generation Stage:

Using counterfactual modeling, three alternative pathways are

created for each project category:

*  Scenario A — Governance Optimization (enhanced oversight,
no sale or privatization).

*  Scenario B — Privatization and PPP Integration.

*  Scenario C — Hybrid Governance (state ownership with digital
monitoring).

These scenarios allow policymakers to compare the fiscal and
social trade-offs ex-ante [2].

II1. Evaluation Stage:
Each scenario is scored across multidimensional criteria-financial

ROI, governance effectiveness, and social impact-using weighted
indicators [6,12].

The simulation outputs form the empirical foundation for testing
how digital-twin-driven accounting modifies decision outcomes
under varying institutional conditions.

4.6 Cross-Country Comparative Method
To validate SPDA’s external relevance, the study implements a
comparative benchmarking analysis across selected economies.

This analysis uses z-score normalization to create a Smart Decision
Index (SDI) for each country as shown in table 11:

SDIi = wl(DTDAi) + w2(DQi) +w3 (RODLi) + w4(NVCi)SDI i
= w_I(DTDA i) + w 2(DQ i) + w 3(RODL i) + w_4(NVC. i)
SDIi = wI(DTDAI) + w2(DQi) + w3(RODLi) + w4(NVCi)

where wl..wdw_1 ... w_4wl..w4 are weights derived from
principal component analysis (PCA).

The SDI enables ranking of countries according to their integrated
performance in smart decision accounting.

Egypt serves as the focal benchmark, compared with:

*  Advanced economies: United Kingdom, Sweden, Singapore.
* Emerging economies: Brazil, Indonesia, Malaysia.

By applying identical variable definitions and normalization
procedures, cross-country differences reflect genuine structural
and institutional variations rather than measurement bias [8,11].

integration

adoption

Dimension Advanced Economies Emerging Economies Analytical Tool Expected Outcome
(UK, Sweden, (Egypt, Brazil,
Singapore) Indonesia, Malaysia)

Data Quality High (integrated digital Moderate (fragmented PCA-based normalization | Objective comparison
governance systems) accounting structures)

SPDA Maturity Mature digital-twin Transitional or pilot Simulation benchmarking | Identification of gaps

Decision Flexibility
(RODL)

Institutionalized

Case-specific, ad hoc

Interaction term
estimation

Moderation validation

Public Value Impact

Sustained fiscal returns

Variable, dependent on
governance

SDI composite index

Relative performance
measure

Table 11: Comparative Analytical Framework

4.7 Methodological Rigor and Validity Checks

To ensure validity, the study applies multiple forms of triangulation:

* Data Triangulation: combining cross-institutional datasets
(IMF, OECD, World Bank).

e Methodological Triangulation: integrating
analysis, SEM, and digital simulation.

e Theoretical Triangulation: aligning statistical findings
with decision-usefulness, real-options, and systems thinking
theories.

regression

Reliability is further enhanced through cross-validation of
simulation outputs with actual performance data from Egypt’s audit
and investment reports [120]. Ethical integrity and transparency
standards are followed according to the AAA’s research conduct
guidelines [106].

4.8 Preliminary Comparative Results and Descriptive Evidence
The comparative simulation results derived from the SPDA digital-
twin model reveal consistent trends across country clusters.
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Advanced economies-particularly Singapore, the United Kingdom,
and Sweden-exhibit the highest Smart Decision Index (SDI) scores,
ranging between 0.78 and 0.86. These countries demonstrate well-
established digital infrastructures and institutionalized real-options
frameworks that support adaptive fiscal governance [11,59].

Emerging economies, by contrast, show wider dispersion, with
Egypt, Indonesia, and Brazil scoring between 0.48 and 0.63 on
the SDI scale.

Egypt’s relatively moderate score (0.58) reflects its significant
progress in digital transformation-especially in financial disclosure
and e-governance-yet also highlights the partial integration of
accounting data with strategic policy simulation [7,120]

Two main insights emerge:

I. Digital Twin Integration as a Differentiator: Countries with
strong DTDA components consistently achieve higher decision
quality and national value creation.

I1. Institutional Flexibility as a Catalyst: The presence of
real-options-based evaluation mechanisms (RODL) strengthens
decision responsiveness, reducing fiscal overcommitments and
project delays [12,58].

These results support the conceptual claim that combining
predictive simulation and decision flexibility forms the cornerstone
of sustainable public investment management.

4.9 Cross-Validation of SPDA Model Performance

To test model robustness, the study conducts multiple cross
validation procedures:

* Temporal Validation:

The model is re-estimated using pre-pandemic (2015-2019) and
post-pandemic (2020-2024) sub-samples.

Results remain stable, confirming the SPDA model’s adaptability
across macroeconomic cycles [12].

* Cross-Model Validation:

The panel regression findings are compared with digital-twin
simulation outputs. The correlation between econometric
predictions and simulated outcomes exceeds 0.82 (p < 0.01),
indicating strong internal consistency [14].

* Sensitivity Analysis:

Adjusting variable weights in the SDI index by +10% does not
materially alter country rankings, confirming structural stability.
These checks ensure that empirical inferences drawn from the
model are statistically reliable and theoretically coherent.

4.10 Methodological Strengths and Innovations

The methodological framework of this research provides several

distinctive innovations that advance accounting and public finance

methodology:

e Integration of Real Data and Simulation: SPDA uniquely
combines econometric modeling with digital-twin simulation,
bridging quantitative and scenario-based approaches within a

single accounting framework [9].

* Cross-National Standardization: By applying a unified
measurement structure across economies, the study enables
objective benchmarking of fiscal decision quality.

*  Policy Transferability: The digital-twin simulation can be
customized for Egypt’s national planning apparatus, providing
an applied mechanism for ex-ante project assessment [4].

e Theoretical Alignment: Each methodological component
directly operationalizes theoretical principles established
in Chapter 3-Decision-Usefulness, Real-Options, Systems
Thinking, and Digital Twin Logic-ensuring tight theoretical—
empirical integration.

This methodological convergence positions the SPDA model as
a replicable, data-driven accounting system adaptable to different
national governance contexts.

4.11 Limitations and Boundary Conditions

While rigorous, the study acknowledges several limitations
consistent with best practices in empirical accounting research

e Data Availability: Not all emerging economies provide
consistent open-access data on fiscal transparency and digital
accounting adoption.

* Measurement Equivalence: Some indicators such as social
impact and decision timeliness are subject to subjective evaluation,
despite normalization efforts.

e Temporal Horizon: The dataset (2015-2024) captures the
digital transformation period but may not yet reflect the long-term
equilibrium effects of SPDA implementation.

* Policy Contextuality: Differences in administrative capacity
and political stability can moderate the transferability of the SPDA
model.

Future studies may address these constraints through longitudinal
data expansion, deeper qualitative fieldwork, and collaboration
with national audit institutions to refine measurement validity.

4.12 Concluding Remarks

The methodological design presented in this chapter offers
a comprehensive, theory-driven frame-work for empirically
examining the Smart Pre-Decision Accounting (SPDA) model.

By combining panel econometrics, digital-twin simulation, and
comparative benchmarking, the study establishes a multi-layered
approach that balances analytical precision with contextual
interpretation.

The comparative evidence underscores Egypt’s transitional stage
toward digital fiscal governance and highlights the potential of
SPDA to strengthen decision accountability, enhance policy fore-
sight, and align national investments with sustainable development
goals.

This methodological foundation paves the way for the subsequent
empirical analysis.
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The next chapter (Chapter 5) applies the SPDA model empirically,
presenting data analysis, hypothesis testing, and interpretation of
findings, followed by detailed discussion linking results to theory
and practice.

5. Empirical Findings and Discussion

5.1 Overview of Empirical Strategy

This chapter presents the empirical validation of the Smart Pre-
Decision Accounting (SPDA) framework developed in the
previous chapters.

The analysis combines econometric estimation, digital-twin
simulation outputs, and comparative benchmarking to assess
how Digital Twin-Driven Accounting (DTDA), Real-Options
Decision Logic (RODL), and Decision Quality (DQ) jointly
influence National Value Creation (NVC) across both emerging
and advanced economies.

Following the rigorous empirical standards of The Accounting
Review, the presentation of results proceeds through three stages:
1. Descriptive analysis and correlation structure.

2. Hypothesis testing and robustness verification.

3. Interpretive discussion linking empirical patterns to theoretical
propositions.

The central purpose is not only to test statistical relationships but
to interpret their meaning within the evolving landscape of public-
sector accounting and governance reform.

5.2 Descriptive Statistics and Correlation Analysis

Table 12 summarizes the descriptive statistics of all primary
variables for the full sample of 10 economies over the period 2015—
2024, encompassing both emerging (Egypt, Brazil, Indonesia,
Malaysia) and advanced (United Kingdom, Sweden, Singapore,
Canada, Finland, Australia) cases.

Variable Mean SD Min Max Skewness Kurtosis
DTDA 0.62 0.17 0.31 0.89 -0.44 2.11
DQ 0.59 0.14 0.33 0.84 0.12 2.65
RODL 0.57 0.18 0.28 0.83 -0.15 2.48
NVC 0.64 0.16 0.37 0.90 -0.29 2.32

Table 12: Descriptive Statistics (2015-2024, n = 10 Countries)

The mean value of DTDA (0.62) indicates a moderate-to-high level
of digital integration in accounting systems across the sample,
with advanced economies clustering near the upper quartile (mean
~ (.81) and emerging economies around 0.48.

Decision quality (DQ) shows similar dispersion, underscoring
institutional heterogeneity in analytical capacity and governance
efficiency [7,11].

Pearson correlation coefficients reveal significant positive
relationships between DTDA and both DQ (r=10.71, p <0.01) and
NVC (r=0.68, p < 0.01), while RODL correlates positively with

DQ (r=0.59, p < 0.01) but only moderately with NVC (r = 0.42,
p <0.05).

These initial patterns are consistent with theoretical expectations
that digital simulation enhances decision accuracy, and that
flexibility mechanisms amplify this relationship [9,58].

5.3. Testing Hypothesis H1: Effect of DTDA on Decision Quality
The first hypothesis (H1) posits that Digital Twin—Driven
Accounting (DTDA) positively influences Decision Quality (DQ).
The results of the fixed-effects regression (Table 13, Model 1)
confirm this proposition.

Variable Coefficient (B) Std. Error t-Statistic p-Value
Constant 0.223 0.048 4.65 0.000
DTDA 0.487 0.072 6.74 0.000
RODL 0.163 0.059 2.76 0.008
Control: Fiscal Transparency 0.118 0.045 2.62 0.010
Control: GDP per capita 0.093 0.041 2.27 0.024
Adj. R? 0.63

F-statistic 21.34 0.000

Table 13: Regression Results: Determinants of Decision Quality
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The coefficient of DTDA (B = 0.487, p < 0.001) demonstrates a
strong, statistically significant positive relationship with decision
quality, even after controlling for macroeconomic and governance
variables.

This confirms that nations adopting digital-twin-driven accounting
frameworks exhibit more accurate and timely decision-making
processes-reducing forecast errors and audit lags.

This finding reinforces the theoretical claim that decision
usefulness is maximized when accounting becomes anticipatory
rather than retrospective [20,14].

In the Egyptian context, the partial deployment of digital-twin
models under the National Planning Observatory correlates
with measurable improvements in project appraisal accuracy-
particularly in cost forecasting and timeline adherence [120].

5.4 Testing Hypothesis H2: Decision Quality and National
Value Creation

The second hypothesis (H2) asserts that Decision Quality (DQ)
positively affects National Value Creation (NVC).

Regression results (Table 13, Model 2) validate this hypothesis,
revealing that improved decision quality significantly enhances
economic and social returns on public investment.

NVCit = 0.212 + 0.536DQit + 0.114GDPit + 0.096Governanceit
+ &itNVC {it} = 0.212 + 0.536DQ _{it} + 0.114GDP_{it} +
0.096Governance {it} + \varepsilon {it}NVCit = 0.212 +
0.536DQit + 0.114GDPit + 0.096Governanceit + git

The DQ coefficient (f = 0.536, p < 0.001) is both economically
and statistically significant, suggesting that every one-unit

improvement in decision quality (e.g., through enhanced analytical
rigor or scenario simulation) increases national project value by
approximately 0.54 units on the normalized scale.

This finding aligns with recent World Bank evidence showing that
countries institutionalizing pre-decision appraisal mechanisms
achieve ROI improvements between 20-35% compared to
traditional budgeting systems [7].

For Egypt, the implication is direct: enhancing decision quality
through SPDA could yield cumulative fiscal savings of 2-3%
of GDP annually-comparable to the fiscal efficiency gains
documented in Singapore and the U.K. [11,12].

These results confirm the foundational logic of the SPDA model:
Digital twin integration enhances accounting’s predictive power,
which in turn translates into tangible public value through bet-ter-
informed policy choices.

5.5 Testing Hypothesis H3: Moderating Role of Real-Options
Decision Logic (RODL)

The third hypothesis (H3) posits that Real-Options Decision Logic
(RODL) strengthens the relationship between Digital Twin—Driven
Accounting (DTDA) and Decision Quality (DQ).

This effect represents the capacity of managerial flexibility-valued
as an “option to adapt”-to amplify the usefulness of accounting
information in uncertain environments.

The interaction term DTDAXRODLDTDA \times RODLDT-
DAxRODL was added to the regression model to test this moder-
ating effect. The results are summarized in Table 14.

Variable Coefficient (p) Std. Error t-Statistic p-Value
Constant 0.215 0.047 4.57 0.000
DTDA 0.401 0.068 5.90 0.000
RODL 0.187 0.056 333 0.001
DTDA x RODL 0.142 0.049 2.89 0.005
Fiscal Transparency 0.116 0.043 2.69 0.009
GDP per capita 0.098 0.040 245 0.015
Adj. R? 0.69

F-statistic 26.17 0.000

Table 14 : Moderation Results: RODL as a Strengthening Mechanism

The positive and significant coefficient for the interaction term
(B =0.142, p < 0.01) confirms that the presence of real-options
flexibility significantly strengthens the influence of DTDA on DQ.
This finding supports the theoretical proposition of D’Amato
& Esposito that flexibility mechanisms, when embedded into
accounting evaluations, reduce cognitive and informational

rigidity in public decision-making [58].

In practice, the moderating effect indicates that digital-twin
simulations are more effective when decision frameworks
explicitly value the option to delay, scale, or abandon a project
based on simulated feedback.
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This synergy allows accounting information to operate within
a learning loop, adjusting forecasts dynamically as new data
emerge-a feature central to SPDA’s adaptive architecture [3,9]

For Egypt, the empirical evidence reveals that ministries applying
option-based appraisal within national project oversight-such as
transport and housing-achieve measurable reductions in cost over-
runs and higher alignment between projected and actual outcomes
[12,120].

5.6 Testing Hypothesis H4: Mediating Role of Decision Quality
The fourth hypothesis (H4) proposes that Decision Quality (DQ)

mediates the relationship between DTDA and National Value
Creation (NVC).

This hypothesis addresses the causal pathway through which
technology (DTDA) generates value-not directly, but through
improved decision-making.

The mediation analysis follows Baron and Kenny’s (1986)
framework, complemented by boot-strapped structural equation
modeling (SEM) using 10,000 resamples [14] as shown in table
15.

Effect Type Path Coefficient Bootstrapped SE 95% CI Significance
Total Effect DTDA — NVC 0.472 0.063 [0.338, 0.584] p <0.001
Direct Effect DTDA — NVC (controlling for DQ) | 0.233 0.071 [0.098, 0.382] p<0.01
Indirect Effect DTDA — DQ — NVC 0.239 0.056 [0.142, 0.346] p <0.001
Sobel Test (z) - 3.87 - - p <0.001

Table 15: Mediation Analysis: Indirect Effect of DQ on the DTDA-NVC Link

The significant indirect effect (0.239), combined with the reduced
direct effect (0.233), confirms partial mediation, meaning that
while DTDA contributes directly to national value, a substantial
portion of its impact is transmitted through enhanced decision
quality.

This empirical finding substantiates the decision-usefulness theory
in its forward-looking form-proving that accounting information
derives its social and economic value through the quality of
decisions it enables, not merely the accuracy of what it reports
[7,20].

In the Egyptian case, simulation outputs show that ministries using
pre-decision accounting analytics report 30—40% lower project
rework rates compared with traditionally evaluated projects (Egypt
MoP, 2024).

This aligns with IMF findings across emerging economies,
demonstrating that digitally simulated pre-investment appraisals
can save up to 2% of GDP annually by preventing inefficient
capital allocations [12].

5.7 Discussion: Linking Empirical Evidence to Theory

Taken together, the results across the four hypotheses (H1-H4)
validate the Smart Pre-Decision Accounting (SPDA) framework
as a coherent theoretical and empirical model.

The empirical evidence demonstrates that:

* Digital-twin-driven accounting (DTDA) significantly improves
decision quality (H1).

* Decision quality (DQ) directly enhances national value creation
(H2).

* Real-options logic (RODL) amplifies the DTDA-DQ link (H3).
* Decision quality (DQ) mediates the DTDA-NVC relationship

(H4).

These results confirm that the integration of digital simulation
and decision flexibility transforms accounting into an anticipatory
science of public value [9,14].

Moreover, the consistent statistical significance across all paths
and the high explanatory power (Adj. R? = 0.68-0.72) underscore
the model’s empirical robustness.

For policy and research, this implies that SPDA is not a theoretical
abstraction but an operationally feasible accounting innovation
that can be institutionalized in national decision systems.

By merging predictive analytics, real-options logic, and governance
accounting, SPDA aligns perfectly with the future orientation of
The Accounting Review’s current editorial focus: accounting as
an intelligent information system that enables strategic decisions
rather than merely recording them [106].

5.8 Comparative and Global
Benchmarks

To interpret the empirical outcomes meaningfully, this section
compares Egypt’s performance within the SPDA model against
emerging and advanced benchmarks.

The comparison draws from both econometric estimates and the
Digital Twin Simulation (DTS) results described in Chapter 4.
Egypt’s Smart Decision Index (SDI) averaged 0.58, positioning it
in the upper-middle range among emerging economies but below
advanced peers (0.78—-0.86).

This differential reflects both structural challenges and institutional
progress.

« Strengths: Egypt demonstrates substantial advances in digital

Interpretation: Egypt
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financial disclosure, budget transparency, and national project
tracking through its Planning and Performance Portal (2023),
aligning with the OECD’s “open data readiness” indicators.

* Weaknesses: The absence of fully integrated real-options
appraisal and continuous accounting feedback limits adaptive
decision capacity.

Comparatively, Singapore and Sweden exhibit nearly closed
decision loops-where predictive accounting models continuously
inform fiscal adjustments [4,11].

In contrast, Egypt’s system remains episodic, relying on periodic
reporting cycles rather than continuous digital-twin simulations.
The implication is not incapacity but incompleteness: Egypt
possesses the technological infrastructure but has yet to embed
predictive decision logic institutionally.

5.9 Cross-Country Scenario Evidence from Digital Twin
Simulation

Simulation outcomes across 10 economies reveal distinct
behavioral patterns in how national pro-jects respond to alternative
governance scenarios.

1. Scenario A — Governance Optimization (Reform Without Sale):
» Advanced economies achieved an average ROI of 18-22%.

* Egypt’s modeled ROI rose to 16.4% (from 11.2% baseline),
showing that non-privatization strategies combined with digital
oversight can substantially improve efficiency.

2. Scenario B — Privatization and PPP Integration:

* ROI increased marginally to 13.8% in Egypt but improved more
significantly in Brazil (17.9%) and the UK (20.2%), indicating that
privatization yields returns only when institutional monitoring is
strong.

3. Scenario C — Hybrid Governance (State Ownership + Digital
Monitoring):

* Produced the highest simulated value for Egypt (ROI =
19.1%) and Indonesia (18.5%), confirming that balanced models
leveraging both state accountability and private-sector agility
maximize social return.

These counterfactual results provide concrete evidence that policy
sequencing matters-governance reform must precede ownership
reform.

This insight resonates with World Bank and IMF recommendations
emphasizing “governance-first privatization” as a safeguard
against fiscal leakage and inefficiency [7,12].

5.10 Theoretical Implications

The empirical findings reinforce and extend several theoretical
constructs discussed in Chapter 3:

* Decision-Usefulness Theory:

The evidence empirically validates a predictive reinterpretation of
this theory.

Accounting information becomes most useful when it serves as
ex-ante intelligence rather than ex-post documentation [20].
SPDA operationalizes this principle through its digital twin
mechanism, converting historical data into future-oriented decision
metrics.

* Real-Options Theory:

The verified moderation effect (H3) confirms that flexibility should
be treated as an accounting variable, not a managerial intuition.
By embedding optionality into fiscal models, SPDA integrates
the valuation of uncertainty directly into accounting decision
processes [58].

* Systems Thinking:

The cross-country evidence supports the argument that sustainable
decision systems must operate as feedback-driven ecosystems
rather than linear reporting pipelines. Egypt’s transition toward
SPDA exemplifies a systemic transformation where financial,
governance, and social subsystems converge within a continuous
information loop. Thus, SPDA contributes to a new paradigm in
public-sector accounting-one that merges predictive analytics,
governance accountability, and socio-economic impact evaluation
into a unified decision science.

5.11 Economic and Social Implications
Economically, the SPDA model promises measurable fiscal
efficiency.

Simulation and regression results collectively indicate potential
annual savings of 2-3% of GDP through reduced project delays,
cost overruns, and misallocations.

This mirrors results in OECD economies where predictive
governance frameworks have optimized capital expenditure
efficiency [11]. Socially, the implementation of SPDA enhances
transparency and intergenerational equity-ensuring that national
investment decisions are not politically expedient but socially
rational. By institutionalizing pre-decision accountability, citizens
gain clearer visibility into the logic behind public spending, thus
strengthening trust between government and society [8,13]. From
a governance perspective, SPDA provides auditors and oversight
bodies with traceable digital records linking every policy decision
to its pre-decision rationale-transforming audit from retrospective
judgment to proactive learning [4,46].

This shift redefines the auditor’s societal role: from an after-the-
fact watchdog to a co-designer of accountable foresight.

5.12 Integrative Discussion and Synthesis

Collectively, the empirical evidence affirms the central thesis of
this study:

that accounting, when reengineered through digital twin logic
and real-options reasoning, evolves into a proactive instrument
of governance intelligence. Egypt’s experience serves as a pivotal
testbed illustrating the transformational power-and transition-
al challenges of such an approach. While structural constraints
remain, the nation’s progress demonstrates that accounting reform
can act as a strategic lever for national competitiveness rather than
a bureaucratic formality.

The comparative analysis suggests that developing economies need
not imitate advanced models mechanically; rather, they should
adaptively hybridize combining digital predictive frameworks
with context-sensitive governance reforms. SPDA thus bridges
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global innovation with local institutional realities, offering a
scalable pathway toward intelligent fiscal governance.

5.13 Concluding Remarks

This chapter has demonstrated, through rigorous quantitative and
simulation-based analysis, that the SPDA model not only holds
strong theoretical validity but also delivers tangible empirical and
policy relevance.

Digital twin integration, decision flexibility, and accountability
synergy collectively enhance fiscal efficiency and social value
creation.

These findings provide the empirical foundation for Chapter 6,
which articulates the theoretical, practical, economic, and social
implications of SPDA, and develops a comprehensive policy blue-
print for Egypt’s adoption of Smart Pre-Decision Accounting as a
pillar of its Vision 2030 governance reform strategy.

6. Implications and Recommendations

6.1 Overview

The preceding empirical analysis has demonstrated the operational
and theoretical strength of the Smart Pre-Decision Accounting
(SPDA) model.

This chapter interprets those findings by articulating their
theoretical, practical, economic, and social implications, and by
outlining policy recommendations relevant to both developed and
emerging economies, with particular reference to Egypt’s reform
trajectory toward Vision 2030 [121].

Following The Accounting Review (TAR) conventions,
the discussion proceeds from theoretical insight to applied
implementation, emphasizing generalizability, contribution, and
societal relevance [20].

6.2 Theoretical Implications

(a) Reframing the Purpose of Accounting

The SPDA framework redefines accounting as a pre-decision
system of foresight rather than a retrospective mechanism of
record-keeping [122,123].

Empirical validation of hypotheses H1-H4 confirms that
accounting information achieves its highest decision-usefulness
when it anticipates, simulates, and quantifies the consequences of
strategic alternatives [11,14,124,125].

This reformulation extends decision-usefulness theory into a
predictive paradigm, consistent with TAR’s current research
emphasis on “accounting as a technology of governance [126-129]

(b) Integration of Real-Options Logic

Results from the moderation analysis substantiate real-options
theory as an essential complement to modern accounting [130-
134].

By quantifying flexibility and timing within fiscal decision models,
accounting transcends deter-ministic budgeting and becomes a
tool of adaptive optimization [58,135-138]. SPDA thus embeds
managerial flexibility directly within accounting metrics-turning
optionality from an intuitive concept into a measurable accounting
variable [139-143].

(¢) Bridging Micro and Macro Perspectives

The multi-country evidence verifies that SPDA bridges the
micro—macro divide in accounting thought. Through its digital-
twin architecture, SPDA links organizational financial behavior
with macroeconomic policy performance, fulfilling the systems-
thinking call for cross-level integration [28,144,145].

This integrative capacity enables accounting to serve
simultaneously as a firm-level control system and a national policy
intelligence mechanism [146-149].

6.3 Practical and Institutional Implications

Table 16. Summarizes Key Implications of the SPDA Framework
(a) Policy and Regulatory Reform

Forpolicymakers, SPDA offers areplicable institutional mechanism
for embedding analytical rigor into fiscal decision-making. It
provides a template for creating National Decision Accounting
Units (NDAUSs) within ministries and planning agencies-entities
responsible for conducting pre-decision accounting simulations
prior to project approval [7,12].

In Egypt, establishing NDAUSs under the joint supervision of the
Ministry of Planning and the Central Auditing Organization would
institutionalize accountability before resource allocation.

This structure mirrors successful reforms in Singapore’s Ministry
of Finance and Sweden’s National Audit Office, where digital
appraisal dashboards form the backbone of evidence-based
budgeting [4,11].

(b) Audit and Oversight Practice

For auditors and supreme audit institutions, SPDA transforms
assurance into a forward-looking discipline. Instead of merely
verifying compliance ex post, auditors can employ digital-twin data
to test the plausibility of projected results ex ante. This evolution
aligns with the predictive assurance movement in the AAA’s 2024
research agenda and reinforces the auditor’s emerging role as a
strategic evaluator of foresight quality [46,106,150].

(c) Professional Education and Capacity Building

From an educational standpoint, accounting curricula should
integrate courses on data analytics, re-al-options modeling, and
digital simulation. Professional bodies-such as the Egyptian
Society of Accountants and Auditors-could collaborate with
international partners to develop certification programs in Smart
Pre-Decision Accounting. Such programs would cultivate a
generation of accountants proficient in predictive modeling, policy
evaluation, and integrated reporting [6,8,151,152].
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Dimension Core Contribution Implementation Expected Impact Key References (2020
Mechanism 2025)

Theoretical Extends decision-usefulness | Digital twin simulation Stronger link between Kothari et al. (2022);
into predictive domain within accounting information and foresight | Chen & Hu (2023)

Practical Embeds decision intelligence | Creation of NDAUs Institutionalized pre- IMF (2023); World Bank
into fiscal management decision accountability (2024)

Economic Enhances resource allocation | Option-based valuation of | Fiscal savings ~2-3 % of | OECD (2023); Deloitte
efficiency projects GDP annually (2024)

Social Promotes transparency and Digital audit traceability Improved public trust and | UNDP (2023); WEF
equity intergenerational fairness | (2024)

Table 16: Summary of Key Implications of the SPDA Framework

6.4 Economic and Fiscal Implications

The empirical validation of the SPDA model reveals substantial
fiscal and macroeconomic implications. By embedding digital-
twin simulation and real-options valuation within accounting
processes, governments can achieve measurable improvements
in capital efficiency and budgetary sustainability. Cross-country
simulations indicate that SPDA adoption leads to a 2—3% annual
GDP-equivalent saving through reduction of project overruns,
procurement inefficiencies, and misaligned investments [11,12].
In economies with high infrastructure intensity, such as Egypt
and Indonesia, these savings translate into enhanced fiscal space
for social spending and debt stabilization. Moreover, SPDA’s
predictive analytics enhance sovereign credit credibility by
introducing forward looking transparency. When accounting
data integrate policy foresight, international rating agencies
and investors perceive fiscal management as more credible and
resilient to shocks [4,7]. Hence, the framework contributes not
only to micro-level decision efficiency but to macro-level fiscal
governance and international competitiveness.

6.5 Social, Ethical, and Governance Implications

From a societal perspective, SPDA institutionalizes a culture
of transparency, fairness, and intergenerational accountability.
By linking each national project to its pre-decision analytical
justification, citizens and oversight bodies can trace the logic
behind spending decisions-thereby transforming accountability
from a punitive to a learning-based function [8,46]. Socially, this
transparency reinforces public trust in governmental institutions,
a vital component for sustainable development. Ethically, SPDA
aligns with the United Nations’ Sustainable Development Goals
(SDGs) by ensuring that fiscal actions are not only efficient but
equitable. Projects are assessed for long-term public value rather
than short-term political visibility-a profound cultural shift toward
evidence-based governance [13]. In Egypt’s context, integrating
SPDA with the National Anti-Corruption Strategy 2023-2030
would strengthen early detection of inefficiencies, enabling both
proactive oversight and public engagement through open-data
dashboards managed by the Central Auditing Organization and the
Ministry of Planning.

6.6 Strategic Recommendations for Egypt’s Vision 2030
Based on the theoretical, empirical, and comparative insights, the

following strategic recommendations are proposed for Egypt’s
national application of SPDA:

* Legislative Integration:

Enact a Presidential or Cabinet Decree establishing the Smart Pre-
Decision Accounting System as a mandatory step for all national
investment projects exceeding a specified fiscal threshold.

* Institutional Reform:

Create National Decision Accounting Units (NDAUS) in each
economic ministry, reporting jointly to the Ministry of Planning
and Central Auditing Organization, with shared data pipelines
through Egypt’s Integrated Financial Management Information
System (IFMIS).

* Capacity Development:

Partner with leading universities and international bodies
(e.g., IMF, OECD, AAA) to develop professional training and
certification tracks in digital-twin accounting and fiscal analytics.

4. Digital Infrastructure Expansion:

Establish a unified National Digital Twin Platform connecting
project planning, budgeting, and auditing cycles-ensuring that
every fiscal decision is analytically simulated and historically
traceable.

5. Performance and Evaluation Framework:

Introduce a Smart Decision Index (SDI) as a standardized national
performance indicator, measuring improvements in forecasting
accuracy, public value creation, and decision efficiency across
ministries.

These recommendations collectively form a roadmap for
embedding SPDA within Egypt’s fiscal governance architecture,
creating a feedback-driven, intelligent, and transparent decision
ecosystem consistent with Vision 2030 priorities of efficiency,
integrity, and sustainable growth.

6.7 Concluding Remarks

The implications of this study reaffirm that the Smart Pre-Decision
Accounting (SPDA) framework is not merely an academic
construct but a policy innovation capable of transforming
governance reality.
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By fusing accounting, economics, and data science into a coherent
decision architecture, SPDA elevates accounting’s purpose from
information stewardship to strategic foresight.

For Egypt, the model offers a scientifically grounded pathway to
rationalize national investment choices, safeguard fiscal resources,
and enhance societal well-being-fulfilling both economic prudence
and moral accountability.

Globally, SPDA represents a new phase in the evolution of
accounting thought: from recording to reasoning, from hindsight
to foresight, and from compliance to cognition.

7. Conclusion and Future Research Directions

7.1 Summary of Core Findings

This study has developed and empirically validated the Smart Pre-
Decision Accounting (SPDA) framework-an innovative, digital-
twin-driven model that reconceptualizes accounting as a predictive
and decision-oriented discipline rather than a retrospective
reporting function [14,20].

Through econometric analysis, counterfactual simulation, and
cross-country benchmarking, the results confirm that digital twin
integration and real-options logic significantly enhance decision
quality (DQ) and national value creation (NVC) [3,11].

Empirical evidence from ten countries, including Egypt, reveals
that SPDA strengthens fiscal fore-sight, reduces inefficiencies, and
builds institutional accountability through continuous learning
feedback loops [7,12].

Advanced economies such as Singapore and Sweden exemplify
full institutionalization of predictive accounting, while Egypt’s
evolving digital infrastructure demonstrates promising potential
for intelligent fiscal governance [4].

7.2 Theoretical Contributions

Theoretically, the SPDA model extends decision-usefulness theory
by embedding predictive analytics into the informational role of
accounting [10,20].

Accounting information thus gains relevance not by describing the
past but by simulating possible futures, enabling more rational and
evidence-based decisions.

Moreover, by incorporating real-options evaluation into fiscal
modeling, this study transforms flexibility into a quantifiable
accounting dimension [58].

SPDA also bridges micro and macro levels of analysis,
consistent with the systems thinking perspective that emphasizes
interconnectedness between organizational, fiscal, and societal
subsystems [28].

Collectively, these findings position SPDA as a theoretical
advancement that merges accounting science with governance

intelligence.

7.3 Practical and Policy Implications

Practically, SPDA offers policymakers and supreme audit
institutions a structured method for simulating public investment
outcomes before committing financial resources [7,12].

Its implementation through National Decision Accounting
Units (NDAUSs) can enhance fiscal discipline and pre-decision
accountability in Egypt, reflecting global best practices in Sweden
and Singapore [4,11].

For auditors, SPDA redefines assurance into a forward-looking
discipline, enabling the use of digital-twin data for predictive
assurance and risk-based simulation [46].

Educationally, the framework highlights the need for integrating
data analytics, scenario simulation, and real-options analysis
within professional accounting training.

By embedding these competencies in national curricula, Egypt can
align its accounting profession with global shifts toward Al-driven
predictive governance [8,106].

7.4 Limitations and Future Research Directions
While robust, the study acknowledges certain limitations.

The time frame (2015-2024) represents only the early phase of
digital transformation; extending longitudinal data would enable
stronger causal inferences [12].

Additionally, future research should conduct micro-level case
studies within ministries or state-owned enterprises to observe
SPDA’s behavioral and organizational impact [7,28].

Comparative research including low-income economies could also
test scalability under fiscal and institutional constraints [8].

Emerging technologies such as Al-based scenario generation,
blockchain audit trails, and quantum simulation can further expand
SPDA'’s analytical precision and traceability [3].

Integrating these technologies would move accounting closer to
the vision of the American Accounting Association transforming
it into an intelligent, self-learning ecosystem that continuously
refines policy foresight [106].

7.5 Final Reflection
In conclusion, this study demonstrates that accounting can serve as

a scientific, ethical, and strategic instrument for national progress
[11,13].

The Smart Pre-Decision Accounting (SPDA) framework elevates
accounting’s purpose from information stewardship to strategic
foresight-linking financial data with future-oriented decision
intelligence [153-161].
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For Egypt,

adopting SPDA represents a transformational

opportunity to align fiscal governance with the principles of
sustainability, transparency, and intergenerational equity.
Ultimately, SPDA signals a paradigm shift:

from recording to reasoning,

from hindsight to foresight,

and from compliance to cognition.

It reimagines the accountant’s role as an architect of foresight,
guiding nations toward decisions that are scientifically grounded,
socially responsible, and economically sustainable [20,106].
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