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Abstract

Digital simulations have become integral across scientific, educational, and societal domains,
offering innovative ways to replicate and enhance real-world phenomena. This paper explores
whether digital simulations can achieve ontological parity with empirical data, examining their
epistemological contributions and inherent limitations. It synthesizes insights from theoretical
frameworks, real-world applications, and philosophical debates, particularly representationalism
and constructivism, to evaluate the status of simulations in relation to empirical observations.
While simulations demonstrate remarkable epistemic utility in domains such as climate science,
personalized medicine, and virtual reality, they remain ontologically distinct due to their reliance
on theoretical assumptions and predefined models. The paper also considers advancements in Al
and self-evolving simulations, highlighting their potential to challenge traditional notions of
representation and autonomy. These findings provide a comprehensive understanding of the
evolving role of digital simulations in reshaping scientific inquiry, decision-making, and our
perceptions of reality.
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1.0 INTRODUCTION

The advancement of digital simulations has profoundly transformed modern science, technology,
and industry. From weather forecasting and climate modeling to virtual reality platforms and
personalized medicine, simulations now serve as indispensable tools for understanding, predicting,
and interacting with complex systems. These technologies replicate physical phenomena and
extend predictive capabilities, driving unprecedented levels of efficiency, accuracy, and innovation
across diverse disciplines. However, their growing influence raises critical questions about their
fundamental nature and relationship with empirical data.

Central to this discourse is the issue of ontological parity: Are digital simulations merely
representations of empirical systems, or do they hold the same existential status as the phenomena
they emulate? This question bridges fields such as ontology, epistemology, and computer science,
challenging traditional assumptions about the hierarchy between the real and the simulated.
Ontological parity, in this context, examines whether simulations are equivalent to empirical
systems in their existence, functionality, and autonomy [1][2].

The transformative potential of digital simulations is evident in various domains. Virtual worlds,
for example, replicate complex social and economic dynamics, such as those observed in virtual
economies, which often mirror real-world financial systems and influence physical markets [3].

Similarly, predictive models in personalized medicine enable the simulation of patient-specific
physiological responses, guiding treatment decisions. Digital twins, as real-time virtual replicas of
physical systems, enhance operational efficiency by predicting failures and optimizing
performance in industries such as manufacturing and urban planning [4]. These applications
demonstrate the ability of simulations to achieve functional equivalence, allowing them to replicate
and even enhance the capabilities of empirical systems.

However, functional success does not necessarily equate to ontological equivalence. Critics argue
that simulations remain inherently dependent on empirical data for calibration and validation,
which undermines their existential independence. Furthermore, the abstraction necessary for
computational feasibility often results in simplifications that omit critical nuances of real-world
complexity [5].

The increasing reliance on machine learning further complicates the issue, as many advanced
simulations operate as "black boxes," with their internal decision-making processes inaccessible
to human understanding. These limitations underscore the need for a rigorous evaluation of
whether simulations can transcend their roles as tools to become autonomous entities capable of
reshaping our understanding of reality.

This paper investigates the conditions under which digital simulations may achieve ontological
parity with empirical data. By exploring theoretical foundations, examining real-world
applications, and engaging with philosophical perspectives, this research aims to contribute to the
broader discourse on the nature of simulations. It seeks to elucidate their potential to redefine the
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boundaries between reality and representation, offering insights into their role in reshaping
knowledge, decision-making, and our perception of existence

2.0. LITERATURE REVIEW
2.1 Introduction

The study of digital simulations, ranging from immersive virtual worlds to advanced predictive
models, has become a central focus in both scientific and philosophical discourse. Digital
simulations are computational systems designed to replicate, emulate, or predict phenomena in
controlled environments. They play a critical role in fields such as climate science, astrophysics,
and medicine, offering insights into complex systems that may otherwise be inaccessible through
direct observation. However, this growing reliance on simulations has sparked debates about their
ontological and epistemological status: Do digital simulations merely represent reality, or do they
establish new forms of reality? The key question driving this investigation is whether these
simulated environments hold ontological parity with empirical data.

Ontology refers to the study of what exists, while ontological parity examines whether two entities,
in this case, simulations and empirical data, are equally real or valid in their capacity to represent
or constitute reality. Empirical data, traditionally viewed as the gold standard of scientific inquiry,
is derived from direct observation or experimentation [6]. In contrast, simulated data is constructed
through computational models, relying on theoretical assumptions and algorithmic processes [7].
This distinction raises significant philosophical and practical questions: Can simulations achieve
the same level of objectivity, reliability, and representational fidelity as empirical data? Or do their
constructed nature and reliance on pre-defined parameters limit their equivalence?

This literature review seeks to explore these questions by critically synthesizing existing research
on the ontology of digital simulations. It will examine the characteristics of simulations, compare
them to empirical data, and analyze philosophical perspectives that challenge or support their
equivalence. The review also considers practical applications of simulations, such as in scientific
discovery and decision-making, and the implications of their use in shaping knowledge and
societal outcomes. By investigating these dimensions, the review aims to provide a comprehensive
understanding of whether digital simulations can truly hold ontological parity with empirical data

2.2 THE NATURE OF DIGITAL SIMULATIONS
2.2.1 Virtual Worlds and Immersion

Virtual worlds, as a subset of digital simulations, are characterized by their interactive, immersive
nature. These environments often aim to mimic real-world scenarios or create entirely new realities
where users can engage in lifelike experiences. For example, virtual reality (VR) systems provide
sensory input that allows users to "step into™ a simulated world, enhancing applications in training,
education, and entertainment [8]. In medical education, VR environments enable students to
practice surgeries without risk, while in corporate training, employees can simulate scenarios like
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crisis management or negotiation. Virtual worlds are thus not just simulations of physical
phenomena but also tools for experiential learning and skill development.

The authenticity and ontological status of virtual worlds remain debated. While they replicate real-
world experiences, their constructed nature raises questions about accurately representing reality.
The immersive quality of VR blurs the boundary between representation and experience,
influencing cognitive and emotional responses. However, this constructed nature limits their
ability to fully emulate empirical reality [1].

2.2.2 Predictive Models and Their Applications

Predictive models, another category of digital simulations, are designed to forecast future states of
systems based on current and historical data. These models rely heavily on algorithms and
statistical methods to generate insights, making them indispensable in fields like climate science,
economics, and epidemiology. For example, climate models simulate atmospheric processes to
predict global temperature changes, while in healthcare, predictive models forecast disease
outbreaks or patient outcomes based on existing data patterns [9]. The accuracy and utility of these
models depend on the robustness of the underlying algorithms and their ability to incorporate
diverse data sources.

Despite their utility, predictive models face significant challenges related to uncertainty and
validation. Unlike empirical data, which is grounded in direct observation, predictive models
operate within a framework of assumptions about system dynamics. These assumptions can
introduce biases or errors, particularly when applied to complex, non-linear systems [7].

Furthermore, the inability of predictive models to fully account for unexpected variables or
emergent behaviors raises questions about their ontological status. Are these models merely tools
for approximation, or do they establish their own form of reality by generating new insights beyond
empirical observation? This tension between utility and philosophical legitimacy remains central
to discussions on predictive modeling.

While virtual worlds and predictive models serve distinct purposes, they share commonalities in
their reliance on computational algorithms to replicate and enhance understanding of complex
systems. Both types of simulations bridge the gap between empirical data and constructed realities,
challenging the hierarchy between representation and autonomy. For example, predictive models
in medicine and VR-based training environments both simulate scenarios to improve decision-
making and skill development, suggesting overlapping methodologies in simulation design.

Whether in virtual worlds or predictive models, the question remains: Can these simulations
achieve ontological parity with empirical data? The subsequent sections explore the philosophical
and practical dimensions of this question, evaluating the implications of simulations’ constructed
nature and their potential to redefine scientific inquiry.
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2.3 Digital simulations and empirical data
2.3.1 Characteristics of Digital Simulations

Digital simulations are computational constructs designed to replicate, emulate, or predict real-
world processes and phenomena. These simulations rely on algorithms and mathematical models
to represent complex systems, enabling researchers to test hypotheses, explore scenarios, and
generate synthetic data in controlled virtual environments (Winsberg, 2010). For instance,
simulations in climate science model atmospheric processes to predict temperature changes or
extreme weather patterns, while simulations in engineering assess the structural integrity of
materials under varying conditions. Their versatility and scalability make digital simulations
indispensable across diverse domains, from education to scientific discovery.

However, the reliability and utility of simulations depend heavily on their underlying models and
assumptions. Simulations are not inherently objective; their accuracy is influenced by the precision
of the algorithms and the quality of the input data used to calibrate them. This reliance on
predefined parameters and theoretical frameworks highlights a key limitation of simulations: they
cannot fully capture the unpredictability and variability of real-world systems. This limitation
raises important ontological questions about the nature of simulations. Are they merely tools for
approximating reality, or do they create new realities that extend beyond the constraints of
empirical observation [10]?

2.3.2 Empirical Data as the Gold Standard

Empirical data, derived from direct observation or experimentation, has historically been regarded
as the foundation of scientific inquiry. It provides tangible evidence for validating theories, making
it a cornerstone of disciplines that rely on measurable and observable phenomena (Latour, 1999).
Examples include astronomical data collected through telescopes or experimental results in
particle physics. Empirical data’s perceived objectivity and grounding in the physical world give
it a unique ontological status within scientific practice.

Nevertheless, empirical data is not without its limitations. The process of collecting, measuring,
and interpreting data introduces subjectivity, as it is often shaped by the theoretical frameworks
and tools used in its acquisition [6] For instance, telescopic observations are interpreted through
models of astrophysical phenomena, while social science surveys depend on the design of the
questionnaire and the sample population. These dependencies reveal that empirical data, much like
simulations, is influenced by constructed frameworks. This complicates the comparison between
simulations and empirical data, as both rely on mediated processes to represent reality. If empirical
data is itself a "construction™ to some extent, does this place simulations and empirical data on
equal footing?

2.3.3 Simulations vs. Empirical Data

While empirical data is rooted in direct observation, simulated data is generated through
computational processes designed to approximate or predict phenomena. In some cases, simulated
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data has been shown to closely match empirical findings. For example, in astrophysics, simulations
of galaxy formation align with observational data from telescopes, and climate models often
produce predictions that are later validated through meteorological observations [7]. These
examples suggest that simulated environments can achieve a degree of fidelity that mirrors
empirical reality.

However, fundamental differences remain. Simulated data is inherently tied to the assumptions
and limitations of its underlying models, while empirical data directly engages with the material
world. Critics argue that this distinction prevents simulations from achieving full ontological
equivalence to empirical data [11]. At the same time, proponents of simulations highlight their
ability to extend scientific inquiry into realms that empirical observation cannot access, such as
modeling atomic interactions or predicting long-term climate trends. The question of whether
simulations hold ontological parity with empirical data ultimately hinges on their ability to
generate accurate, reliable, and meaningful insights that complement or even surpass traditional
empirical methods.

The comparison between digital simulations and empirical data often hinges on their ability to
achieve ontological parity. For instance, while VR environments provide immersive experiences
that mimic real-world phenomena, their reliance on pre-defined algorithms raises questions about
their equivalence to empirical observation [8]. Similarly, predictive models may achieve functional
parity by producing accurate forecasts but remain ontologically distinct due to their dependence
on theoretical assumptions.

2.4 Philosophical dimensions of ontological parity
2.4.1 Representationalism vs. Constructivism

The debate surrounding digital simulations often hinges on two philosophical perspectives:
representationalism and constructivism. Representationalism asserts that simulations serve as
proxies for real-world phenomena, replicating observable processes to provide a more accessible
or controlled representation of reality. From this standpoint, the primary role of simulations is to
mirror empirical data as accurately as possible, thereby validating their epistemic value [7]. For
example, climate simulations aim to represent atmospheric dynamics using empirical
measurements as inputs, with their accuracy judged by how closely their predictions align with
observed meteorological trends.

In contrast, constructivism posits that simulations are not mere representations of the world but
active constructors of new realities. This perspective emphasizes that simulations generate insights
unattainable through traditional empirical methods by creating environments that extend beyond
observable parameters [10]. A notable example is molecular dynamics simulations, which allow
researchers to explore atomic-level interactions that are inaccessible to direct observation.
Constructivists argue that simulations contribute not only to the representation of reality but also
to the construction of new knowledge frameworks. This divergence between representationalism
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and constructivism raises critical questions about the ontological status of simulations: Are they
tools to approximate reality, or do they establish independent ontological domains that
complement empirical observations?

2.4.2 Ontological Equivalence

The possibility of ontological equivalence between simulations and empirical data has been a
contentious topic in both philosophy and scientific practice. Advocates for equivalence argue that
when simulations are built on robust algorithms and validated through empirical benchmarks, they
can achieve parity in their ability to represent and explain phenomena [7]. For instance, in
astrophysics, simulations of galaxy formation are calibrated using empirical observations, such as
data from the Hubble Space Telescope, and have successfully predicted phenomena later observed
in the universe. This demonstrates that simulations, under certain conditions, can produce
knowledge on par with empirical methods.

However, critics highlight the inherent limitations of simulations that prevent them from achieving
full ontological equivalence. Simulations rely on predefined models and assumptions, which are
often simplified representations of complex systems. These assumptions can introduce biases or
exclude emergent phenomena that empirical data might reveal [11]. Furthermore, simulations lack
direct engagement with the material world, which some philosophers argue is a fundamental
requirement for ontological parity. While simulations may complement empirical data and provide
valuable predictions, their dependence on theoretical constructs raises questions about whether
they can fully replace empirical methods in scientific inquiry.

2.4.3 Simulacra and Hyperreality

Jean Baudrillard’s theory of simulacra and hyperreality offers a critical lens through which to
analyze digital simulations, particularly in virtual environments. According to [1] , simulacra are
representations that no longer refer to a real-world original but instead create their own reality. As
simulations evolve, they can blur or even dissolve the boundary between the real and the simulated,
resulting in hyper reality a state where simulations are perceived as more real than the reality they
are intended to represent. This perspective is particularly relevant in virtual worlds, such as those
found in gaming, metaverse platforms, or VR-based training, where users often experience these
environments as authentic.

From an ontological perspective, Baudrillard’s ideas challenge the assumption that simulations
must replicate reality to be meaningful. Instead, simulations may establish their own ontological
frameworks, independent of empirical data. For instance, VR-based therapy programs for PTSD
do not replicate real-life combat experiences but create environments that effectively address
psychological trauma. While Baudrillard’s theory primarily critiques sociocultural phenomena, it
raises important philosophical guestions for scientific simulations: If simulations create realities
that influence behavior and decision-making, can their outputs be considered ontologically
equivalent to empirical data, or do they occupy a separate ontological space altogether?
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Representationalism asserts that simulations serve as proxies for real-world phenomena,
replicating observable processes to provide a more accessible or controlled representation of
reality. In contrast, constructivism posits that simulations generate insights unattainable through
traditional empirical methods by creating environments that extend beyond observable parameters.
Ontological parity remains a point of contention between representationlists and constructivists.
Representationlists argue that simulations, as proxies, depend on their fidelity to empirical data,
thereby limiting their independence. In contrast, constructivists view simulations as entities
capable of generating new ontological domains, such as virtual worlds that function independently
of empirical reality

2.5 Challenges and limitations of simulations
2.5.1 Dependence on Assumptions

One of the central limitations of digital simulations is their reliance on predefined assumptions and
models. Simulations are built on algorithms and theoretical frameworks that simplify complex
systems into manageable parameters [7]. For instance, climate models rely on assumptions about
atmospheric behavior, ocean currents, and human activity patterns to predict future climate
scenarios. While these models are validated through empirical data, their outputs are constrained
by the quality and scope of the input data, as well as the assumptions underlying the computational
framework.

This reliance on assumptions often results in an oversimplification of real-world phenomena,
which can exclude emergent or unpredictable behaviors that empirical data might reveal. [11]
highlight this limitation, noting that simulations are unable to fully capture the dynamic and chaotic
nature of certain systems, such as the Earth's climate or molecular interactions. These constraints
raise significant ontological questions: If simulations are built on incomplete representations of
reality, can they be considered equivalent to empirical data? Furthermore, their dependency on
initial conditions and boundary settings limits their adaptability and universality.

2.5.2 Validation Against Empirical Data

Another significant challenge for simulations is their validation against empirical data. Simulations
gain credibility when their outputs align with observations from the physical world, but this
process itself is fraught with complexity. For example, astrophysical simulations are validated
using data from telescopic observations, and molecular dynamics simulations are compared to
laboratory results. However, the validation process does not guarantee ontological equivalence;
rather, it underscores the supplementary role of simulations in scientific inquiry [9].

Critics argue that the need for validation inherently places simulations in a subordinate role to
empirical data, as their legitimacy depends on external benchmarks. Additionally, some
simulations operate in domains where empirical data is sparse or unavailable, such as modeling
the early universe or hypothetical protein structures. In these cases, validation is limited to internal
consistency or expert judgment, which further complicates their ontological status. While
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simulations can generate reliable predictions and insights, their dependence on empirical
validation highlights their role as tools for representation rather than independent realities.

2.6 Applications and Implications of Digital Simulations
2.6.1 Scientific Knowledge Production

Digital simulations have become integral to advancing scientific knowledge, particularly in areas
where empirical observation is impractical or impossible. For example, molecular dynamics
simulations enable scientists to study atomic-scale phenomena, such as protein folding or material
properties, that are beyond the reach of experimental methods [7]. Similarly, astrophysical
simulations provide insights into galaxy formation and evolution, offering a deeper understanding
of phenomena observed through telescopes (Winsberg, 2010).

These examples illustrate the dual role of simulations: They not only replicate observable
phenomena but also construct new knowledge frameworks that extend beyond empirical data. For
instance, simulations have been used to predict the existence of exoplanets, later confirmed
through direct observation. However, while simulations contribute to scientific discovery, their
reliance on constructed assumptions raises questions about their epistemic and ontological status.
Are these insights fundamentally tied to empirical validation, or do they represent a distinct and
equally valid form of scientific knowledge?

2.6.2 Practical Applications

The practical applications of digital simulations span multiple fields, including education,
healthcare, and policy-making. In education, simulations provide interactive and immersive
environments for experiential learning. Flight simulators, for instance, allow pilots to practice
maneuvers in safe, controlled conditions, while virtual labs enable students to perform experiments
without the need for physical equipment [12]. In healthcare, surgical simulations help train medical
professionals, reducing risks associated with live procedures.

Simulations also play a critical role in decision-making and policy. Predictive climate models, for
example, inform strategies for mitigating the effects of global warming, while economic
simulations guide fiscal policies. Despite their utility, these applications are often limited by the
constructed nature of simulations, which may oversimplify real-world complexities. Policymakers
relying on simulations must account for these limitations to avoid unintended consequences.

2.6.3 Ethical and Societal Implications

The use of simulations raises important ethical and societal questions, particularly regarding their
influence on decision-making and behavior. Simulations used in public policy or military strategy,
for instance, carry significant consequences if their assumptions or outputs are flawed. For
example, predictive models used to allocate resources during a pandemic may unintentionally
prioritize certain populations over others, leading to ethical dilemmas [9].
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In addition to ethical concerns, simulations shape societal perceptions of reality. Virtual worlds,
such as those in gaming or the metaverse, often blur the line between real and simulated
experiences, raising questions about their psychological impact. [11] theory of simulacra argues
that such simulations can create hyperrealities where distinctions between the real and the
simulated dissolve. While this phenomenon has profound implications for entertainment and
education, it also raises concerns about the potential for manipulation or misinformation in
simulated environments.

2.6.4 The Future of Ontological Parity in Simulations

As Al and machine learning continue to advance, the potential for simulations to achieve
ontological parity with empirical data becomes increasingly plausible. For instance, generative Al
models capable of creating realistic synthetic datasets challenge traditional notions of empirical
data dependence. Furthermore, self-evolving simulations that adapt to emergent behaviors may
transcend their roles as tools, functioning as autonomous systems that reshape our understanding
of reality. These developments raise critical questions about the ethical and epistemological
implications of simulations, particularly as they begin to rival empirical methods in accuracy and
innovation.

3.0 METHODOLOGY

This study employs a literature-based analytical approach to investigate whether digital
simulations hold ontological parity with empirical data. The methodology is designed to critically
evaluate existing theoretical and empirical research, synthesizing insights from diverse disciplines,
including philosophy of science, computational modeling, and applied sciences. This approach
ensures a comprehensive exploration of the philosophical, epistemological, and practical
dimensions of digital simulations.

3.1 Research Design

The research is structured as a systematic literature review aimed at identifying, analyzing, and
synthesizing existing scholarship relevant to the study's core question. This review integrates
conceptual frameworks, empirical findings, and philosophical perspectives to provide a well-
rounded understanding of the ontology of digital simulations. Key elements of the design include:

This study evaluates the ontological status of digital simulations through philosophical
frameworks such as representationalism, constructivism, and Baudrillard’s theory of simulacra. It
examines empirical comparisons using case studies from astrophysics, climate science, and
molecular biology to assess the fidelity of simulations to empirical data. Additionally, it explores
practical implications by analyzing their applications in education, policy-making, and scientific
discovery, highlighting their transformative potential and limitations in real-world contexts.

3.2 Source Selection

10
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To ensure rigor and relevance, sources were selected systematically using well-defined inclusion
and exclusion criteria.

3.2.1 Databases and Search Strategy

Searches were conducted on academic databases, including Google Scholar, JSTOR,
SpringerLink, and ScienceDirect.

Keywords used included: ontological parity, digital simulations, empirical validation of
simulations, constructivism in simulations, philosophy of simulations.

3.2.2 Inclusion Criteria

Peer-reviewed journal articles, books, and conference proceedings published between 2000 and
2023.

Works discussing: Theoretical perspectives on the ontology of simulations. Case studies
comparing simulated and empirical data. Applications of simulations in scientific and societal
contexts. Foundational texts predating 2000 (e.g., Kuhn, 1962; Baudrillard, 1981) were included
for theoretical grounding.

3.2.3 Exclusion Criteria

Non-peer-reviewed articles, opinion pieces, and sources focused exclusively on technical
implementation without philosophical or empirical analysis. Studies with a narrow focus irrelevant
to the ontological or epistemological dimensions of simulations.

3.2.4 Analytical Framework

A thematic synthesis approach was used to analyze and organize findings from the literature. This
framework enabled the identification of recurring themes, points of contention, and gaps in current
research. The analysis was structured around three key themes:

Fidelity and Validation

Examining how simulations replicate or approximate empirical data and the challenges in
validating their outputs [7] [11]. Highlighting cases where simulations align with or diverge from
observed phenomena.

Philosophical Perspectives

Investigating representationalism and constructivism to assess whether simulations merely
replicate reality or construct new knowledge frameworks [1] Applying [10] theory of simulacra to
evaluate the ontological implications of virtual worlds and hyperrealities.

Practical Applications

Exploring how simulations are used in education, policy, and scientific discovery, and their impact
on societal perceptions of reality [4] [12].

11
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3.3 Data Extraction and Organization

The selected literature was organized using a structured review matrix, which categorized sources
based on:

o Type of study (e.g., empirical, theoretical, philosophical).
« Discipline (e.g., philosophy of science, computational modeling).
o Themes (fidelity, philosophical perspectives, applications).

This matrix facilitated cross-referencing of findings, ensuring that insights from different
disciplines were integrated effectively.

3.4 Rationale for Methodology
This methodology ensures a robust and transparent investigation by:

Broadening Scope: Integrating diverse disciplinary perspectives to address a multifaceted
research question.

Ensuring Relevance: Systematically selecting sources aligned with the study's objectives.

Promoting Critical Analysis: Using thematic synthesis to identify patterns, debates, and gaps in
the literature.

By employing this methodology, the study aims to provide a comprehensive understanding of
whether digital simulations hold ontological parity with empirical data, addressing theoretical,
empirical, and practical dimensions of the debate.

4.0 FINDINGS AND ANALYSIS
4.1 Thematic Analysis.

The systematic literature review revealed three dominant themes central to the investigation of
whether digital simulations hold ontological parity with empirical data: fidelity and validation of
simulations, philosophical perspectives on their status, and practical implications and limitations.
These themes reflect the complex interplay between simulations' constructed nature, their role in
extending scientific knowledge, and their dependence on empirical validation.

4.1.1. Fidelity and Validation of Simulations

The fidelity of simulations, or their ability to replicate real-world phenomena, is often considered
their defining strength. In disciplines like astrophysics, simulations of galaxy formation have
successfully mirrored patterns observed through telescopic data, such as the distribution of mass
and spiral arm structures [7]. Similarly, climate models predict temperature shifts and extreme
weather patterns with remarkable precision when compared to historical records [9]. These
achievements suggest that simulations can approximate empirical reality with a high degree of
accuracy, bolstering their epistemic credibility.

12
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However, fidelity alone does not resolve questions about simulations’ ontological status. Critics
argue that simulations rely on highly specific assumptions embedded in their algorithms and initial
parameters, creating a dependency on constructed frameworks rather than the physical world itself
[11]. This reliance introduces limitations, particularly in modeling emergent phenomena or
unpredictable interactions. For instance, climate models often struggle to account for chaotic
atmospheric dynamics, which empirical observations might capture over time. Moreover, when
simulations operate in domains with sparse empirical data—such as molecular dynamics or early-
universe cosmology—their outputs risk becoming internally consistent but externally unverifiable
constructs. These challenges highlight the tension between the representational fidelity of
simulations and their reliance on theoretical assumptions.

4.1.2 Philosophical Perspectives on Ontological Parity

Digital simulations occupy a contested philosophical space, with scholars divided between two
perspectives: representationalism, which views simulations as proxies for reality, and
constructivism, which positions simulations as creators of new knowledge and realities.

Representationalism

Representationalism asserts that simulations aim to mirror real-world processes, making their
validity dependent on alignment with empirical data. [7] argues that simulations serve as
extensions of empirical methods, designed to fill observational gaps and refine theoretical models.
For instance, climate simulations depend on empirical inputs, such as atmospheric readings and
historical data, to calibrate their algorithms. Their predictive success, such as forecasting global
temperature trends, reinforces their value as tools for representing observable phenomena.

Despite their utility, representationalism does not fully address the philosophical challenges posed
by simulations’ constructed nature. While simulations rely on empirical data for validation, they
do not directly engage with the material world, raising questions about their ontological
equivalence to empirical observations. If simulations are ultimately abstractions derived from
theoretical models, can they genuinely replicate the unpredictability and complexity of real-world
systems?

Constructivism

In contrast, constructivism emphasizes the ability of simulations to generate new insights that
extend beyond empirical observation. [10] highlights that simulations enable researchers to
explore phenomena inaccessible to direct measurement, such as atomic interactions or hypothetical
astrophysical events. This constructive capacity suggests that simulations hold a unique
ontological status, independent of empirical data. For example, molecular dynamics simulations
have predicted protein folding mechanisms later confirmed through laboratory experiments,
demonstrating their role in advancing scientific knowledge.

However, this independence introduces its own philosophical challenges. Constructivists argue
that simulations establish their own form of reality, but critics contend that this reality remains

13
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contingent on the assumptions and parameters governing the simulation. While simulations may
contribute to scientific discovery, their constructed nature raises questions about their ability to
stand on equal footing with empirical data in representing the material world.

Emerging Technologies and Ontological Implications

Advancements in Al and machine learning add a new dimension to the philosophical debate.
Generative Al models create realistic synthetic datasets that rival empirical observations,
challenging traditional views of simulations as mere representations [5]. Self-evolving
simulations, which adapt to real-time data and emergent behaviors, demonstrate functional
autonomy, aligning with constructivist arguments. For example, Al-driven urban planning models
optimize resource allocation dynamically, illustrating how simulations can act as independent
systems in complex environments [4].

Practical Implications and Societal Impact

The practical applications of simulations in fields such as healthcare, education, and public policy
underscore their transformative potential. Predictive models in personalized medicine simulate
patient-specific outcomes, guiding treatment decisions and improving care. Virtual reality
platforms enhance experiential learning in education by providing immersive environments for
skill development [12]. Despite these advancements, ethical concerns arise regarding algorithmic
biases, inclusivity in design, and the societal implications of simulations that heavily influence
decision-making.

4.1.3 Synthesis of Findings

The findings reveal that digital simulations excel as tools for representing and extending
knowledge but fall short of achieving full ontological parity with empirical data. While they
demonstrate remarkable fidelity in replicating observable phenomena, their reliance on constructed
frameworks and assumptions constrains their ability to equate with the material engagement
inherent in empirical methods. Philosophically, simulations challenge traditional notions of
representation and reality, occupying a unique space between empirical validation and constructive
innovation. Practically, their transformative applications are tempered by limitations in fidelity,
reliability, and ethical considerations.

5.0 DISCUSSION

The discussion section interprets the findings from the literature review, critically analyzing how
they address the central research question: Do digital simulations hold ontological parity with
empirical data? This section integrates theoretical insights, empirical observations, and practical
applications to evaluate the philosophical and epistemological implications of simulations.
Additionally, it highlights unresolved debates and potential avenues for future exploration.

5.1 Ontological Parity: A Complex Duality
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The findings reveal that simulations occupy a dual role: they act as tools for representing reality
while also constructing new forms of knowledge. This duality creates a nuanced ontological
position for simulations, as they both complement and diverge from empirical data.

Alignment with Empirical Data

Digital simulations demonstrate their capacity to approximate real-world phenomena with high
fidelity. For example, astrophysical simulations of galaxy formation align closely with empirical
data from telescopic observations, and climate models accurately forecast temperature trends
[7]1[8]. These cases suggest that simulations can achieve epistemic equivalence, serving as reliable
proxies for empirical observation under controlled conditions.

Constructed Reality

Despite their fidelity, simulations rely on theoretical assumptions and predefined parameters,
which constrain their ability to engage with the material world directly. Philosophers like [11]
argue that this reliance differentiates simulations ontologically from empirical data, positioning
them as constructed realities rather than direct representations. For instance, molecular dynamics
simulations construct atomic interactions based on algorithmic rules, enabling novel insights but
remaining detached from physical experimentation.

This tension underscores a central question: Should ontological parity be determined by material
engagement or epistemic utility?

5.2 Philosophical Implications

The debate between representationalism and constructivism encapsulates the philosophical
complexities surrounding simulations.

Representationalism

Representationalists argue that simulations derive their value from their ability to replicate
empirical phenomena. From this perspective, simulations are extensions of empirical methods,
designed to enhance scientific understanding through accurate modeling [7] However, this view is
challenged by the inherent limitations of simulations, such as their inability to fully capture
emergent or chaotic behaviors found in nature.

Constructivism

Constructivists, in contrast, view simulations as independent knowledge-generating systems.
Simulations construct realities that extend beyond empirical observation, enabling researchers to
explore phenomena like protein folding or early-universe dynamics [10]. While this perspective
highlights the innovative potential of simulations, it raises concerns about their ontological
independence. If simulations construct their own realities, can their insights be fully integrated into
the empirical framework of scientific inquiry?

5.3 Practical Considerations and Ethical Challenges
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The transformative applications of simulations demonstrate their practical significance but also
expose ethical and epistemological challenges.

Utility and Limitations

Simulations have become indispensable in fields like education, healthcare, and policy-making.
For example, virtual worlds provide immersive environments for training, while predictive models
inform decisions in public health and climate change mitigation [12] [9]. However, their reliance
on assumptions introduces risks of oversimplification, particularly in complex systems.
Policymakers relying on simulations must account for these limitations to avoid unintended
consequences.

Ethical Concerns

The ethical implications of simulations stem from their influence on decision-making and societal
perceptions. [1] theory of hyperreality highlights the risk of simulations creating realities that
distort material truth, leading to potential manipulation or bias. For instance, simulations used in
resource allocation during a pandemic might unintentionally reinforce social inequities if their
assumptions favor certain demographics. Addressing these ethical concerns requires greater
transparency and accountability in simulation design and application.

5.4 Unresolved Debates and Future Directions

While this study provides insights into the ontology of digital simulations, critical questions remain
regarding their validation, ontological status, and ethical implications. Addressing these issues
requires interdisciplinary research and collaboration.

5.4.1 Validation Beyond Empirical Data

Simulations in fields like early-universe modeling or quantum phenomena often lack accessible
empirical benchmarks. Traditional validation methods may be inadequate, necessitating
alternative strategies such as hybrid approaches that combine empirical observations with
theoretical and computational frameworks.

5.4.2 Ontological Independence

The ability of simulations to construct their own realities raises questions about their role in
science. Future research should explore how simulations contribute independent insights to
scientific discovery and examine their philosophical implications as autonomous systems.

5.4.3 Ethical Frameworks for Simulation Use

As simulations increasingly influence societal decisions, robust ethical guidelines are essential.
These must address inclusivity in design, minimize algorithmic biases, and critically examine the
ethical implications of simulations blurring the lines between reality and representation.

5.4.4 Emerging Technologies and Ontological Status
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Advancements in generative Al and self-evolving simulations challenge traditional views of
representation and autonomy. These technologies produce systems that rival empirical
observations, requiring research into their impact on the boundaries between simulations and
empirical systems.

This discussion underscores the complex interplay between simulations’ representational and
constructive roles, emphasizing their epistemological importance while questioning their
ontological equivalence.

6.0 CONCLUSION AND FUTURE RESEARCH

The investigation into whether digital simulations hold ontological parity with empirical data
reveals a nuanced interplay between their epistemological utility and constructed nature.
Simulations have become indispensable tools across scientific, educational, and societal domains,
offering insights that often complement and extend empirical observations. From virtual worlds to
predictive models, their transformative potential lies in their ability to replicate, emulate, and
enhance real-world phenomena. However, their reliance on theoretical assumptions, predefined
parameters, and empirical validation underscores their current limitations in achieving full
ontological parity with empirical data.

While simulations possess significant epistemological value, they remain ontologically distinct
from empirical data due to their constructed frameworks and lack of direct engagement with the
material world. Their ability to extend scientific inquiry into unobservable or hypothetical
domains, however, positions them as complementary rather than equivalent to empirical methods.
This dual role as both tools for advancing knowledge and constructs challenging traditional notions
of reality highlights their unique position in the scientific and philosophical landscape.

This study identifies key areas for future research, including developing hybrid validation methods
to enhance simulation credibility in fields with limited empirical data and exploring how
simulations independently contribute to knowledge production. Advancements in Al, such as
generative Al and self-evolving simulations, challenge traditional concepts of representation,
necessitating research into their implications for blurring reality and simulation. Additionally,
establishing ethical guidelines to address biases, promote inclusivity, and ensure societal benefits
in high-stakes domains like public policy and healthcare is critical.
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