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Foreword

There are moments when a field must admit that its familiar vocabulary is no
longer enough. Information Systems is at such a moment now, not because
we lack theories or methods, but because the object of our study is mutating.
Systems that once stored, processed, and reported information are rapidly
evolving to systems that infer, reccommend, persuade, and decide. They do
not simply support information processing and flow through an organization;
they shape what counts as information in the first place.

This is the intellectual wager of Managing Information Singularity: Al
Quantum Technologies and the Future of Information Systems. The authors argue
that we are approaching a threshold where the defining challenge is no longer
“digital transformation” in the managerial sense, but epistemic transforma-
tion: who produces knowledge, how it is validated, how it flows, and how it
is contested. In practical terms, this is already visible. Generative models draft
reports and essays (in fact, this very foreword was co-authored with such a
model), write code, summarize intelligence, generate synthetic media, and
provide decision support at speed and scale. Recommender systems curate
attention and, with it, public discourse. Automated agents execute tasks across
workflows. The informational environment becomes less like a database and
more like a continuously updated hypothesis about the world—useful, pow-
erful, and sometimes dangerously wrong.

What makes this book particularly timely is its multidimensional analy-
sis; rather than treating artificial intelligence (AI) as a standalone topic
and quantum information science as a separate scientific and technological

vii
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advancement, the authors place both within the core of IS: the design, gov-
ernance, and consequences of socio-technical systems that mediate work,
markets, and institutions. Al changes the /ogic of information systems as it
blurs the lines between data and interpretation, and between reporting and
reasoning, between assistance and delegation. Quantum technologies change
the assumptions underlying information systems, as they enable us to reimag-
ine security, trust, and computational advantage. Along with the strategic
asymmetries that will emerge as quantum capabilities will become unevenly
distributed across states and firms, together, Al and quantum information
systems (QIS) will manage both the production and the trustworthiness of
knowledge.

Readers will find that the authors do not romanticize this shift. They
acknowledge what many of us have observed in our own research and prac-
tice: that the benefits of advanced systems are inseparable from new forms of
fragility. When systems generate outputs that appear authoritative, using con-
fident language, plausible citations, and compelling imagery, the burden of
validation shifts from the system to the user and the institution. This shift can
take place in a gradual and unnoticeable manner, rendering the users unaware
of their new responsibility. Furthermore, when automation accelerates action,
it also accelerates error. When decision support becomes decision shaping,
accountability becomes harder to locate, especially across supply chains of
models, platforms, data brokers, and outsourced analytics. And when infor-
mation becomes abundant, the scarce resource is no longer access, it is trust.

It is precisely here that the book makes a contribution beyond technical
forecasting. It treats governance as part of system design rather than an after-
thought. Regulation, standards, auditing, procurement rules, professional
norms, and institutional ethics are not external constraints imposed upon
technology; they are components of the socio-technical architecture that
determine the extent of both the public value and the potential harm they
introduce. In the coming years, organizations will be expected to justify not
only what their systems do, but how they were trained, what data they relied
upon, what risks were assessed, what safeguards were implemented, and how
failures will be detected and corrected. The future of Information Systems will
be shaped as much by ethics and accountability as by performance.

As a discipline, Information Systems has lived through waves of techno-
logical change that promised rupture from mainframes and time-sharing,
personal computing, enterprise integration, to the web, platforms, cloud, and
mobile. Each wave altered organizational life, but it also forced Information
Systems scholars to clarify what we study and why it matters. This book con-
tinues in these lines; beyond discussing new tools and technologies, it asks
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what kinds of systems we are building, what kinds of organizations these sys-
tems shape, and what kinds of societies these organizations sustain.

The authors’ ambition to speak across audiences is noteworthy as well.
Scholars will recognize core disciplinary concerns, related to data, infrastruc-
ture, organizational routines, decision processes, and the politics of technol-
ogy, reframed for an era of Al-mediated knowledge and emerging quantum
capabilities. Policymakers and regulators will encounter a nuanced account
of why simplistic solutions, whether total permissiveness or blanket bans, fail
to address the realities of complex socio-technical systems. Practitioners will
find terminology extended for expressing what they are already experienc-
ing: accelerating automation, expanding vendor ecosystems, mounting com-
pliance expectations, and risk landscapes that no longer fit legacy governance
structures.

On the note of terminology, the term “information singularity” can sound
dramatic. In this book, it is carefully handled, serving for naming a conver-
gence of forces that compresses time, amplifies scale, and destabilizes the tra-
ditional relationship between information, expertise, and authority. Whether
we embrace this term or choose another, the underlying question remains: how
do we design and govern information systems when the system is no longer a
mere conduit of information, but a producer of meaning?

While we all hold our own perspectives on the questions explored in the
book, and some may differ with the authors™ specific analyses, one thing is
certain: regardless of your background, this book will challenge you to recon-
sider your assumptions and reevaluate your vision of the future.

Professor Irit Hadar, Director, Center for Cyber, Law and Policy, University
of Haifa.

Haifa, Israel
March 1st, 2026
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1

Introduction

1.1 About the Book

Throughout modern human history, Information Systems (IS) have always
been both mirrors and engines of change. They reflect the organization of
knowledge, labor, and power at any given time, while simultaneously shaping
new modes of coordination and decision-making, serving as enhancers and
enablers of work. Today, however, IS stands at a juncture that demands more
than incremental adaptation. The accelerating fusion of Artificial Intelligence
(Al) and Quantum Information Science (QIS) is not merely adding com-
putational horsepower to existing infrastructures, but it is altering the very
fabric of how information is produced and managed. These two forces, Al
and QIS, form the twin engines of what we term in this book as Information
Singularity, a phase in which the velocity and autonomy of information pro-
cessing exceed the capacities of human oversight and institutional control.
The central argument of this book is that Al and QIS together compress
the information cycle: the span between input, inference, output, and, of
course, decision. As information loops tighten and decisions become increas-
ingly automated, the boundaries between data/information, knowledge, and
action begin to blur. Traditional architectures of governance, audits, regula-
tions, and ethical reviews operate too slowly to keep pace. Managing this
compression responsibly requires a reimagined discipline of IS that integrates
technical, organizational, and regulatory design—a socio-technical approach
or alignment. Information Singularity, therefore, denotes not a distant
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2 B. Kantsepolsky and L. Topor

science-fiction event but a concrete managerial threshold: the point at which
the tempo and complexity of information flows demand continuous verifica-
tion, adaptive control, and cross-disciplinary governance and regulation. This
book proposes a roadmap for reaching that threshold deliberately rather than
stumbling into it. Of course, we cannot predict how this might develop, but
we can plausibly and probably assume this stage is coming in the twenty-first
century, and perhaps, we are already in its beginning.

Our book begins with history, because history offers both caution and
guidance. The discipline of IS was built, layer by layer, at the intersection of
computing, management, operations research, and social science. Each tech-
nological wave, from mainframes to client-server, from the Web to cloud and
mobile, reconfigured the relationship between data and decision. Scholars
such as Heinz K. Klein and Rudy Hirschheim have shown that IS evolved
through multiple overlapping eras characterized by shifts in governance struc-
tures, research themes, and educational institutions. IS became pluralistic by
necessity as it absorbed insights from engineering, sociology, even psychology
and behavior, and management science because no single discipline could
explain or manage the socio-technical complexity it confronted. This plural-
ism is the field’s greatest strength and its enduring challenge. It allows IS to
adapt, but it also demands constant negotiation of boundaries and purposes.
That is, there is no point in computing power or complex systems if we, the
people, cannot use them for our benefit, and, thus, IS can also be considered
as a problem solver.

Revisiting the field’s intellectual history is not an antiquarian exercise.
Understanding how earlier generations defined the information problem helps
us recognize our own blind spots. The transition from data processing to
information management in the 1960s mirrored industrial modernization;
the move toward decision support in the 1980s reflected the rise of strategic
management; the subsequent turn to enterprise systems and business intel-
ligence paralleled globalization and digitization, especially with the rise of
the internet. Each stage carried its own assumptions about human judgment,
organizational control, and technological determinism. Today’s fascination
with Al and automation revives similar hopes and anxieties, only now ampli-
fied by scale, speed, and even depth. By recovering the field’s earlier debates
about systems thinking along with the balance between design science and
interpretive inquiry, we arm ourselves against the amnesia that often accom-
panies technological enthusiasm.

What, then, distinguishes IS as a discipline in the mid-2020s? Above all, it
is its action-orientation, or usability. Unlike computer science, which focuses
on the properties of artifacts, or management science, which often abstracts
from the materiality of technology, IS studies the intertwined integration of
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people, processes, data, and machines in real contexts. It produces knowledge
that is both descriptive and prescriptive, grounded in practice yet theoretically
aware. Hirschheim’s and Klein’s call for bridging the gap between disciplines
and communities remains relevant precisely because it encourages the codifi-
cation of process knowledge, the reusable insights about how systems are con-
ceived, developed, implemented, and governed. Codifying such knowledge
does not constrain pluralism, but rather channels it into patterns that practi-
tioners and educators can use. This book continues that effort by articulating
patterns and capabilities for Al-native and quantum-aware IS design.

In the context of product design, the present moment can be characterized
as one of compressed complexity, meaning we now see a visible part with a
hidden backend. Cloud computing, data pipelines, MLOps, and, generally,
platform ecosystems have made organizations simultaneously more powerful
and more fragile. Information now flows across global infrastructures with
latency measured in milliseconds, yet governance mechanisms often lag by
months or years. The GDPR, for example, was adopted only in 2016 and
became effective in 2018, decades after the internet raised privacy-related
issues. Now, IS professionals are tasked not only with implementing tech-
nologies but also with ensuring that they remain transparent, secure, and ethi-
cally aligned, which is a whole contested topic of its own.

Education must evolve accordingly, and now we see the beginning of effec-
tive programs that integrate technical proficiency with socio-technical aware-
ness, teaching students not just how to build systems but how to anticipate
their organizational and ethical consequences. We can attest to this firsthand,
as Dr. Kantsepolsky is a scholar-practitioner and seasoned executive with
over 30 years of experience leading strategy, business development, prod-
uct innovation, and the development of Information and Communication
Technologies (ICT) in multinational corporations. Dr. Topor served as the
Head of Cybersecurity Studies at the School of Information Systems at the
Academic College of Tel Aviv-Yaffo, where both are currently educating
the next generation of IS specialists. While working on this book, we applied
the logic of professional practice—every technical decision embeds a gover-
nance decision.

1.2 The Challenges of Technological Progress

Technological progress has always been a double-edged sword, where every
leap in efficiency is shadowed by a growing “pathology” of security debt and
algorithmic bias. The automation of information flows often outpaces the
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automation of accountability. Machine-learning models trained on biased or
low-quality data produce inequitable outcomes that undermine trust. Data
pipelines designed for efficiency frequently sacrifice traceability, making post-
hoc audits difficult. Organizational incentives, meanwhile, can encourage
speed over safety. The result is a growing mismatch between the complexity
of systems and the maturity of the institutions that rely on them. The finan-
cial aspect of IS is still premature in mid-2020, but this issue is outside of our
research scope. One of the book’s core claims is that governance itself must be
treated as architecture—just like the concept of security by design, or objectiv-
ity by design. Legal obligations and ethical principles must be translated into
system properties like auditability, explainability, and resilience, rather than
appended as afterthoughts, just as software code should be written securely,
and not patched afterward.

Al-enhanced IS is already well underway. Al reshapes every classical sys-
tem type. For instance, transaction systems become self-monitoring and
anomaly-detecting; management information systems evolve into predictive
dashboards; decision support systems employ ensemble models to simulate
strategic outcomes; executive systems ingest near-real-time intelligence from
global data streams; and enterprise resource planning, customer relationship
management, and supply-chain management platforms now incorporate gen-
erative and prescriptive analytics that automate planning and interaction.
These capabilities expand organizational intelligence but also magnify risk.
Bias, model drift, and lack of interpretability can undermine decisions at
scale. The challenge is to integrate intelligence without losing control.

Still emergent but already influential are quantum technologies. Quantum
Information Science promises revolutionary breakthroughs in optimization,
simulation, sensing, communications, and cryptography. Even before these
systems reach widespread practical advantage, their implications are imme-
diate: classical cryptography will need to be replaced or augmented with
post-quantum algorithms, demanding years of migration work across digital
infrastructures. The governance dimension of this transition is critical. Asset
inventories, key-management policies, and cryptographic agility must be
treated as continuous capabilities, not one-time projects. Moreover, quantum-
inspired and hybrid quantum-classical algorithms may soon redefine what
is computationally feasible in machine learning, creating new opportunities
for pattern discovery but also new challenges for verification. The prudent
approach is scenario-based, where we should plan multiple options, define
decision checkpoints, and maintain adaptability.

From these dynamics emerge three guiding questions. First, how do Al
and QIS reconfigure classical IS types at the levels of architecture, workflow,
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and control? Second, what design and governance patterns make AI/QIS-
ready systems trustworthy and compliant in practice, or not? Third, what
transition pathways allow organizations to capture the benefits of acceleration
while minimizing technical and regulatory debt? Each question connects to
a corresponding set of working propositions. We suggest, for example, that
organizations embedding auditability-by-design will outperform those that
rely on post-hoc audits in both incident response and regulatory exposure. We
argue that human-in-the-loop oversight must evolve into human-on-the-loop
governance, where people supervise systems rather than micromanage them.
And we also suggest that crypto-agility, the ability to change cryptographic
primitives rapidly, is the best leading indicator of quantum readiness, in the
context of security.

1.3 Methodology and Book Structure

This book adopts a multidimensional, pragmatic framework to bridge the
gap between technical complexity and regulatory oversight. The evidence
base spans peer-reviewed IS scholarship, standards such as those from NIST
and ISO/IEC, industry white papers, incident analyses, and regulatory docu-
ments. The approach combines literature synthesis, comparative case studies,
design-science pattern mining, legal-doctrinal analysis, and scenario planning.
The synthesis identifies convergences and divergences across IS, security, and
policy research. Case studies, drawn from multiple sectors, are used to surface
repeatable problem-solution patterns, each articulated with context, forces,
and consequences. Legal and regulatory analysis translates obligations, such
as transparency, robustness, and accountability, into technical requirements.
Finally, scenario planning tests these patterns under varying technological and
regulatory futures, ensuring that the recommendations remain robust amid
uncertainty. We also avoid vendor-specific prescriptions and focus on capa-
bilities, those architectural and managerial competencies that remain valid
even as specific technologies evolve.

The eight chapters that follow are arranged as a coherent arc. The present
introduction establishes the conceptual frame, definitions, guiding questions,
and methodology. Chapter 2 revisits the history of IS, tracing its evolution
through successive technological and organizational paradigms and exam-
ining how its pluralistic identity took shape. Chapter 3 surveys the current
landscape, describing dominant technologies, industry practices, and educa-
tional trends. Chapter 4 examines the dark side, security debt, bias, disin-
formation, and other abuses that test the limits of governance. Chapter 5
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analyzes the often too many and too complex legal and regulatory frame-
works that define what responsible practice means, translating their demands
into system properties. Chapter 6 explores the concrete implications of Al
for traditional IS types, identifying both opportunities and systemic risks.
Chapter 7 introduces QIS, explaining its technical foundations and gover-
nance ramifications. Finally, Chapter 8 synthesizes these thematic threads
into a strategic roadmap toward the information singularity. By introduc-
ing the Information Singularity Readiness Maturity Model (ISRMM), the
chapter provides a robust framework for capability assessment and a targeted
research agenda. ISRMM may serve as a planning utility for both scholars and
practitioners, facilitating the design of transition sequences for governing Al-
enabled autonomy and navigating quantum-era security shifts.

1.4 Book Audience and Contribution

Designed as a bridge between technical and strategic disciplines, this book
speaks to the diverse stakeholders tasked with building and regulating our
digital future. Executives and architects will find actionable guidance for
designing and governing next-generation systems. Policymakers will gain a
translation layer between technical feasibility and legal obligation. Educators
and researchers will encounter a conceptual framework that links historical
foundations to emerging challenges. Each chapter is self-contained yet inter-
dependent, allowing readers to enter through the pathway most relevant to
their roles. For this reason, we include chapter introductions, conclusions,
and some recurring examples. The style is deliberately integrative, where
technical detail is paired with conceptual clarity, and theoretical discussion is
grounded in practice.

The contribution of this work lies in four interlocking achievements. First,
it offers a unified conceptual framework for understanding the convergence
of Al and QIS as a single socio-technical phenomenon: the compression of
information cycles that constitutes information singularity. Second, it sug-
gests actionable design patterns for Al-native and quantum-aware IS, giving
practitioners tools for building systems that are explainable, auditable, and
resilient. Third, it advances the notion of compliance-as-architecture, demon-
strating how legal and ethical obligations can be embedded into the technical
and organizational layers of IS. Fourth, it proposes a research and education
agenda that redefines what it means to teach and study IS in the age of Al
and QIS, ensuring that future professionals are equipped not only to build
systems but also to govern them.
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The book’s scope is ambitious but bounded. It does not aim to teach quan-
tum mechanics or to catalog every Al algorithm or every possible risk and
bias. Its focus is on implications, architectures, and governance—on the man-
agerial and institutional challenges of integrating these technologies into the
infrastructures of society. Where we generalize, we do so cautiously, acknowl-
edging the diversity of organizational contexts and legal regimes. Where we
prescribe, we label our guidance as design-and-action, open to empirical
refinement. The pace of technological change guarantees that some details
will age, but the underlying principles—responsibility, transparency, and
adaptability—will remain.

1.5 Debating on Information Singularity

To understand the systems of tomorrow, we must first acknowledge the dual
heritage of IS as a field built on the rigid feedback loops of early systems
theory and the nuanced, even interpretivist, perspectives that followed. IS has
always balanced the technical and the human. Early systems thinkers empha-
sized feedback and control; later waves incorporated interpretivist approaches
that valued meaning and context. The coexistence of these paradigms, some-
times contentious, ultimately enriched the field. Pluralism, rather than frag-
mentation, is what allows IS to address complex real-world problems. The
field’s ongoing efforts to establish a coherent body of knowledge, seen in the
IS literature and in comparative education studies, reflect its maturing profes-
sional identity. Meanwhile, contemporary research on IS education empha-
sizes the triad of learner, environment, and curriculum. Understanding who
learns, where they learn, and what they learn in a digital age shaped by Al can
indicate a lot. The same triad guides how institutions must now adapt their
own IS to the coming quantum horizon.

From this vantage point, the integration of Al and QIS appears not as a
rupture but as the next logical evolution in the co-development of technol-
ogy and governance. Architecture and compliance emerge as the twin pillars
of this evolution. Architecture determines where intelligence resides, at the
edge, in the service layer, or in the enterprise core, and how it connects to data
sources and human oversight. Compliance ensures that these architectures
remain accountable to the societies that depend on them—somewhat of a
social contract. Together, they define a new professional ethic, which means
that technical design is a form of governance.

Skeptics may question whether talk of information singularity exaggerates
near-term change. They may argue that both Al and QIS are still constrained
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by technical and economic limits. Such caution is healthy, but it misses the
point. The singularity, as used here, is not a prediction of runaway intelli-
gence; it is a description of accelerating interdependence between human
and machine decision loops. Even if full quantum advantage remains decades
away, the preparation window for governance and migration is already open.
Cryptographic standards are being rewritten as these lines are being written
as well, and regulators are integrating Al risk management into law. Delay
carries a cost. Proactive design is the rational form of skepticism, and we must
learn from past delays, as with previous technologies.

Others may fear that efforts to codify patterns and bodies of knowledge
risk freezing a dynamic field. Yet codification, if done correctly, is not ossifica-
tion. Patterns do not prescribe a single method; they record problem-solution
relationships that can be adapted to context. Our aim is not to standardize
thought but to make learning cumulative. Similarly, design-and-action guid-
ance will inevitably age, but by embedding scenario planning and capability
thinking, we ensure that organizations can adapt their implementations as
technologies evolve.

In practical terms, the message of this introduction is straightforward.
The acceleration of information cycles is real and measurable. The risk of
institutional lag—Ilegal, organizational, or ethical—is likewise real. The task
ahead is to build systems and organizations that can keep pace without los-
ing coherence or legitimacy. That means embedding governance into design,
cultivating crypto-agility and auditability as core capabilities, and educating a
generation of professionals who can think simultaneously in technical, mana-
gerial, and ethical terms.

The chapters that follow elaborate this agenda in detail, but the orienta-
tion is clear from the outset, and we advise that information singularity is
not destiny—it is design. Whether societies experience it as empowerment
or as disruption depends on how deliberately we manage the convergence of
intelligence and information. IS, as both a discipline and a practice, holds the
keys to that management. By revisiting our history, refining our methods,
and expanding our imagination, we can ensure that the next transformation
of information serves human purposes rather than eroding them. This book
is written in that spirit.
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A Brief History of Information Systems

2.1 Introduction

This chapter contains a historical exploration of information systems, briefly
from ancient times and pre-industrialization and digitization, and mainly
from the twentieth century onward until the year 2000, when it became clear
that the world was headed toward more reliance on IS. In addition, the chap-
ter charts IS’s institutional maturation, conferences, journals, curricula, and
its shift from tool appraisal to theory about adoption, value, alignment, and
change. Our purpose is twofold. First, we show how successive waves of tech-
nology, mechanization, mainframes, personal computing, and the internet
reconfigured the basic informational functions of collection, storage, pro-
cessing, and communication. Second, we situate these changes within the
maturation of IS as a discipline, highlighting how its questions, theories, and
methods differentiated it from adjacent fields such as computer science and
management while remaining deeply intertwined with them. In doing so,
we treat IS as a socio-technical endeavor: systems that succeed only when
technical architectures, organizational routines, and human practices evolve
together.

This chapter is organized into three main sections. We begin with the his-
tory of information practices to illuminate how enduring informational needs
of early humans developed through time up to the Industrial Revolution,
which introduced the first communication and information processing meth-
ods and technologies. Then we provide historical perspectives on the birth
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of computers, and their deployment in organizations, along with the first
managerial applications. This section also presents the development path
and explains the information and communication technologies available by
the late 1990s. Finally, we end with the internet’s diffusion and the web’s
standardization to explain how, at the end of the twentieth century, formerly
isolated applications became networked platforms serving global audiences,
foreshadowing developments we cover in later chapters.

Following the explanations on the core technological components of IS, the
last section deals with the rise and establishment of IS as a distinguished dis-
cipline. A part of this section, we present the initial IS schools of thought and
academic programs of that time. The historical trajectory of IS reveals a field
shaped by continuous technological advancements, shifting human, social,
and organizational needs, and evolving academic perspectives. By examining
IS as a socio-technical process, we set the stage for the subsequent chapters in
this book, which also address human and technological factors.

2.2 Capturing, Storing, Processing, and
Disseminating Information

2.2.1 Information Practices from Ancient Civilizations to
the Middle Ages

The need to collect and share information has been fundamental to survival
since the earliest days of human existence. Early humans used oral communi-
cation to transmit and share experiences and thus preserved vital knowledge
about reaching food, survival strategies, and social hierarchies (Couch, 1989;
Marlowe, 2005). The transition from oral to written communication con-
stituted significant progress in social development. Writing as a method of
information creation was used to record and document stories, laws, and eco-
nomic activities. The literature and the archeological artifacts show that the
Sumerians used cuneiform writing on clay tablets around 3200-3000 BCE
(Kramer, 2010). Written records enabled the storage of information beyond
the limitations of human memory and, consequently, its sharing across gen-
erations. Hence, cuneiform writing constitutes one of the earliest examples
where information used for decision-making enabled advanced social struc-
ture development.

The importance of information in the governance and administration
of ancient civilizations is often exemplified in the literature by referring to
ancient Egypt. As part of their cultural tradition, Egyptians used temple
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walls, tombs, statues, and papyrus scrolls to describe and document every-
day life routines, important events, and even religious beliefs (Teeter, 2011;
Lichtheim, 2019; Galdn, 1994). Ancient Egyptians are also often credited for
establishing the first bureaucratic systems that relied on information to man-
age resources, labor, and trade. One example is the construction of monu-
mental architecture, including pyramids (Bard, 2005). The writings in the
form of hieroglyphics, along with the information-based decision-making
management practices, were vital for organizing information to coordinate
large-scale labor, materials, resources, and timelines (Kahl, 2022).

In addition to governance and administration, the economic prosperity of
ancient civilizations was also dependent on trading. Since the role of infor-
mation in trade and commerce cannot be overestimated, the ability to dis-
seminate information during Egyptian times was critical. To allow trading
operations, there was a need for information about trade routes and market
conditions, along with record-keeping about transactions, goods, and prices
(Vasiljevi¢, 2013). With the time and development of trade networks, the
influence of information management practices extended beyond Egypt,
where similar systems emerged, and the need for information exchange con-
tinued to grow.

The first alphabet was developed about 2000 years later, approximately
1050 BCE, by the Phoenicians, significantly simplifying writing and improv-
ing communication across cultures (Elayi, 2018). The economic development
and rise of empires, such as Greece and Rome, enhanced the importance of
and dependence on information management. In the fields of philosophy and
science, the Greeks developed early forms of data organization and classifica-
tion. Greek philosophers of that time laid the basis for systematic thinking
about information and knowledge (Chondros, 2017). In turn, the Romans’
sophisticated administrative systems for governing territories relied on writ-
ten rules and protocols and served as the basis for hierarchical management
practices with an emphasis on documentation and record-keeping (Haighton,
2010; Zhang, 2022). As the organization and retrieval of information became
increasingly important, this period of human history marked the beginning
of a structured approach to information management.

The Antikythera Mechanism, dating to approximately the second century
BCE, serves as a profound historical precursor to the human drive to mecha-
nize calculation and systematize information. Often described as the world’s
first mechanical calculator, its intricate assembly of bronze gears demonstrates
an early mastery of converting complex celestial data into predictable, physi-
cal outputs, hinting at the human desire to calculate and control information

(Seiradakis & Edmunds, 2018).
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