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Abstract

Knowledge Organization Ecosystems (KOE) constitute an analytical metaphor for understanding the growing complexity of contemporary
information environments, characterized by interdependence, automation, continuous updating, and algorithmic mediation. Traditionally,
Knowledge Organization has relied on relatively stable structures, such as documentary languages and ontologies. However, the incorpo-
ration of artificial intelligence and digital infrastructures has expanded this scope, requiring conceptual frameworks capable of integrating
epistemological, sociotechnical, and ethical dimensions. This article critically examines KOE as ecosystems composed of people, technolo-
gies, and organizations, proposing an interpretative perspective that articulates epistemic plurality, distributed governance, and sociotechnical
responsibility. Methodologically, the study is based on an analytical and conceptual review of 26 texts selected for thematic relevance, of which
10 form the theoretical core used to characterize KOE and compare them with Knowledge Organization Systems (KOS). The results indicate
that KOS provide semantic stability and terminological control, whereas KOE incorporate collaborative dynamics, algorithmic mediation, and
ethical governance, enabling a more comprehensive understanding of knowledge organization in artificial intelligence contexts. The article
concludes that the ecosystem paradigm enhances the field’s explanatory capacity by recognizing the distributed, ethical, and adaptive nature of
contemporary knowledge mediation systems, thereby establishing KOE as a necessary methodological evolution within Information Science.
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1. Introduction

Over the past decades, the field of Knowledge Organi-
zation has witnessed the emergence of new ways of under-
standing the relationship between representation systems,
human agents, and digital infrastructures, leading to a con-
ceptual reconfiguration that goes beyond the scope of tra-
ditional Knowledge Organization Systems (KOS). In this
context, although KOS remain essential for ensuring se-
mantic stability, it has become evident that, on their own,
they are insufficient to address the distributed, adaptive, and
ethically sensitive dynamics that characterize contemporary
digital ecosystems.

It is within this scenario that the concept of Knowledge
Organization Ecosystems (KOE), as proposed by Bagchi
(2021), emerges as an expanded framework that integrates
epistemological, sociotechnical, and ethical dimensions.
This concept does not replace KOS; rather, it extends them
by conceiving knowledge organization as part of interde-
pendent ecosystems in which human practices, algorithmic
models, and institutional values collectively shape the or-
ganization of knowledge.

However, this article proposes a theoretical and tem-
poral expansion of the initial paradigm, moving beyond a
simple reaffirmation of Bagchi’s (2021) proposal by sys-
tematizing the conceptual trajectory developed between
2018 and 2024. By incorporating the contributions of Stahl
(2022; 2023) and Floridi (2023), whose work introduces
the dimensions of meta-responsibility and distributed gov-
ernance, this study advances more robust conceptual mod-
els capable of addressing issues that isolated systems cannot
adequately resolve, such as algorithmic transparency and
epistemic justice, as discussed below.

Knowledge Organization Ecosystems can be under-
stood both as an analytical metaphor and as an interpre-
tative framework capable of capturing the dynamic, inter-
dependent, and multifaceted nature of contemporary infor-
mation environments. These environments are marked by
continuous flows, constant updating, and multiple layers of
mediation. Advances in artificial intelligence intensify this
transformation by reconfiguring processes such as index-
ing, classification, relevance construction, and algorithmic
filtering. As a result, established practices are reshaped,
while new forms of opacity, automation, epistemic asym-
metries, and governance challenges are introduced.

The increasing incorporation of algorithms, knowl-
edge graphs, collaborative ontologies, and recommender
systems highlights the need to understand Knowledge Or-
ganization not merely as a set of documentary instruments,
but as an ecological and distributed process. This per-
spective makes it possible to analyze how epistemic plu-

rality, algorithmic mediation, distributed governance, and
sociotechnical responsibility interact in the formation of
KOE. Such clements are already evident in open science
initiatives, institutional networks, and digital educational
environments, as demonstrated by Jéarvi et al. (2018) and
Rojas and Chiappe (2024).

Against this backdrop, the aim of this article is to crit-
ically analyze KOE as sociotechnical ecosystems, articulat-
ing epistemological, technological, and ethical dimensions,
while also comparing their configuration with that of KOS.
This focus is justified by the timeliness and urgency of the
topic, particularly in light of the growing need to develop in-
formation infrastructures that are more transparent, respon-
sible, and sensitive to epistemic diversity. By establishing
this interpretative framework, the article contributes to con-
solidating KOE as a necessary evolution of traditional mod-
els, reinforcing conceptual coherence and the articulation
between theoretical foundations, analysis, and results.

2. Methodology

This study adopts a qualitative, analytical-conceptual
approach, guided by the identification, selection, and criti-
cal interpretation of studies related to KOE and KOS. The
review corpus was constructed through searches conducted
in Google Scholar and the Coordenagdo de Aperfeigoa-
mento de Pessoal de Nivel Superior (CAPES) Journal Por-
tal, a Brazilian national digital library maintained by federal
research funding agency, using the descriptors “Knowledge
Organization Ecosystems”, “KOS and KOE”, “knowledge
ecosystems”, and complementary terms associated with so-
ciotechnical systems and ethics in artificial intelligence.
This stage was carried out between November and Decem-
ber 2025 and aimed to map publications that addressed, ei-
ther directly or indirectly, the epistemological, sociotechni-
cal, and ethical dimensions associated with KOE.

The initial search resulted in 54 documents, of which
26 were selected based on thematic relevance, theoretical
consistency, and their contribution to the characterization
of KOE. Following the application of inclusion criteria, 10
texts were identified as the analytical core, as they pro-
vided explicit definitions of KOE, demonstrated conceptual
depth, or offered direct contributions to distinguishing be-
tween KOS and KOE.

The selection does not claim exhaustive coverage of
the literature. Instead, it constitutes a theoretically oriented
corpus aimed at identifying key conceptual movements that
structure the emergence and consolidation of KOE between
2018 and 2024. The emphasis lies on analytical relevance
rather than quantitative representativeness, since the pur-
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pose of this study is conceptual clarification and theoretical
modeling rather than bibliometric mapping.

The corpus analysis followed a systematic reading
procedure focused on identifying four central analytical
axes: (1) epistemological foundations of KOE; (2) so-
ciotechnical dynamics; (3) ethical dimensions; and (4) con-
temporary applications. These axes structured the organiza-
tion of the discussion, guided the comparison between KOS
and KOE, and supported the interpretation of the ecosystem
concept in light of contemporary literature.

In this way, the methodological approach ensures con-
ceptual rigor and interpretative transparency, allowing the
results to reflect the theoretical evolution of KOE and their
articulation with contemporary information practices.

3. Theoretical Foundations

This section is organized into five subsections that out-
line the conceptual trajectory and the critical dimensions
of contemporary Knowledge Organization. Subsection 3.1
examines KOS, presenting them as one of the technical and
theoretical foundations of the field, responsible for ensur-
ing semantic stability, terminological control, and interop-
erability through instruments such as thesauri, taxonomies,
and ontologies.

Subsection 3.2 introduces KOE, characterizing them
as complex and dynamic sociotechnical systems that go
beyond isolated artifacts by integrating interdependencies
among individuals, technologies, and organizations.

Building on this framework, subsection 3.3 discusses
the differences and similarities between KOS and KOE,
demonstrating that KOE do not replace traditional systems
but rather expand them by functioning as living environ-
ments that shape interactions and values upon the stable in-
frastructure provided by KOS.

Subsection 3.4 explores the sociotechnical dimensions
of KOE, focusing on regulated interactions between human
agents and algorithms, as well as on the role of institutional
norms in the circulation of knowledge. Finally, subsection
3.5 addresses ethical and political challenges, treating ethics
as a constitutive dimension of KOE and discussing critical
issues such as algorithmic transparency, shared responsibil-
ity, and the promotion of epistemic justice in environments
mediated by artificial intelligence.

3.1 Knowledge Organization Systems (KOS)

Knowledge Organization Systems (KOS) constitute
the theoretical and technical foundation of Knowledge Or-
ganization, articulating conceptual models, semantic struc-
tures, and documentary practices. According to Zeng
(2008), KOS:

“Knowledge organization systems (KOS) can be
described based on their structures (from flat to

multidimensional) and main functions. The lat-
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ter include eliminating ambiguity, controlling syn-
onyms or equivalents, establishing explicit seman-
tic relationships such as hierarchical and associa-
tive relationships, and presenting both relation-
ships and properties of concepts in the knowledge
models” (pp. 160-161).

This formulation highlights that KOS are formal ar-
tifacts designed to provide terminological standardization,
semantic coherence, and structured access to knowledge.

This perspective is reinforced by Mazzocchi (2018),
who defines KOS as:

“A generic term used for referring to a wide
range of items (e.g., subject headings, thesauri,
classification schemes, and ontologies) (...) How-
ever, what they all have in common is that they
have been designed to support the organization of
knowledge and information in order to make their

management and retrieval easier” (p. 54).

Both definitions converge on the understanding of
KOS as conceptual infrastructures that support mediation
and information retrieval processes across different con-
texts.

The epistemological dimension of KOS is further de-
veloped by Hjerland (2008, pp. 86-90), who understands
them as expressions of underlying theories and disciplinary
values. From this perspective, KOS are social constructions
that reflect worldviews, academic traditions, and cultural
interests. Consequently, organizing knowledge is not lim-
ited to operationalizing formal structures; it also involves
epistemological decisions, disciplinary choices, and con-
ceptual negotiations that shape how domains and relation-
ships are stabilized.

From a technical standpoint, KOS encompass a wide
range of formal structures, including taxonomies, classifi-
cation schemes, thesauri, concept maps, metadata schemas,
and ontologies. Each of these is guided by specific seman-
tic relationships, such as hierarchies, associations, equiva-
lence relations, and facets. Soergel (2009) emphasizes that
“knowledge must be organized in order to be used, be it by
people or by machines” (p. 3), indicating that systematic
knowledge organization is not merely an instrumental ac-
tivity, but a necessary condition for meaningful information
use.

In the functions matrix of Fig. 1, the shaded cells in-
dicate the capabilities associated with each type of Knowl-
edge Organization System, demonstrating that, as models
become more complex, they are able to perform more ad-
vanced functions, such as eliminating ambiguities, control-
ling synonyms, establishing hierarchical and associative re-
lationships among concepts, as well as representing richer
properties and meanings of knowledge.
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Fig. 1. Taxonomy of KOS (Zeng, 2008, p. 161). KOS, Knowledge Organization Systems. The shaded cells indicate the capabilities

associated with each type of Knowledge Organization System.

An expansion of KOS conceptual modeling is pro-
posed by Giunchiglia and Dutta (2011) through the intro-
duction of the DERA framework (Domain, Entity, Rela-
tion, Attribute). This framework shifts from predominantly
terminological or classificatory structures toward multidi-
mensional, logic-based knowledge models. According to
the authors, a domain is “an area of knowledge or field of
study that we are interested in or that we are communicat-
ing about” (p. 2) and should be structured through homoge-
neous facets that describe its essential aspects. Faceted ap-
proaches such as DERA enhance the precision and semantic
expressiveness of KOS, particularly in digital environments
characterized by high granularity and strong interoperabil-
ity requirements.

In summary, KOS can be characterized by the follow-
ing features:

» conceptual and semantic formalization;

* terminological stability and vocabulary control;

* epistemological coherence and disciplinary orientation;

* interoperability and integration functions across hetero-
geneous systems;

* capacity for cognitive, documentary, and algorithmic
mediation in digital environments.

These elements make KOS an indispensable infras-
tructure for complex information systems, serving as the
semantic foundation upon which more dynamic models—
such as Knowledge Organization Ecosystems—can be de-
veloped and operationalized.

Beyond their role as semantic infrastructures, KOS
also actively participate in the production, stabilization, and
circulation of knowledge. By selecting terms, structur-
ing domains, and defining relationships, they shape epis-
temic visibility, influence interpretative frameworks, and
condition what becomes retrievable and legitimate within
a given field. In this sense, KOS do not merely organize
pre-existing knowledge; they contribute to its construction
and dissemination.

3.2 Knowledge Organization Ecosystems (KOE)

Knowledge Organization Ecosystems expand the tra-
ditional scope of Knowledge Organization by situating
knowledge organization processes within dynamic so-
ciotechnical contexts characterized by interdependencies,
continuous information flows, and collaborative practices.
Jarvi et al. (2018) describe a knowledge ecosystem as one
in which “users and producers of knowledge [are] organized
around joint knowledge search” (p. 1533), emphasizing
that knowledge organization is not only structural, but also
processual and collaborative.

Bagchi (2021) deepens this understanding by propos-
ing the concept of Knowledge Organization Ecosystems,
shifting the focus from isolated artifacts to sociotechnical
ecosystems composed of interdependent individuals, tech-
nologies, and organizations. According to the author, KOE
operate as complex systems that integrate social and tech-
nical components in order to sustain coherent, sustainable,
and ethically oriented knowledge organization solutions.
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Fig. 2. Evolution from KOS to KOE. Source: prepared by the authors. KOE, Knowledge Organization Ecosystems.

In this context, an ecosystem should not be under-
stood merely as a biological analogy, but as an analytical
metaphor for systems characterized by coevolution, adap-
tation, and interdependence among components, where
changes affecting one agent dynamically influence the
functioning of others.

Fig. 2 illustrates this conceptual transition by repre-
senting the evolution from KOS to KOE, as proposed by
Bagchi (2021), highlighting the integration of sociotechni-
cal and ethical components into the knowledge organization
process.

In addition, Bagchi (2021) shows that KOE extend
KOS by integrating human, institutional, and ethical di-
mensions, positioning Knowledge Organization as part of
a sustainable sociotechnical ecosystem that is responsive
to artificial intelligence. This perspective highlights KOE
as living systems that articulate epistemological perspec-
tives, technological infrastructures, and ethical principles
from their very conception.

The dynamics of KOE involve both exploratory pro-
cesses and integrative processes oriented toward coordina-
tion and governance, indicating that KOE continuously pro-
duce, transform, and negotiate meanings. The emergence
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of Al-based technologies, including knowledge graphs, rec-
ommender systems, and predictive models, further rein-
forces the need to understand KOE as ecosystems that in-
tegrate people, algorithms, data, infrastructures, and values
(Bagchi, 2021, p. 4).

This understanding is closely aligned with the litera-
ture on sociotechnical systems. Jones et al. (2013) argue
that intelligent systems depend on regulated interactions
among agents, rules, and infrastructures. Accordingly, un-
derstanding KOE requires recognizing that knowledge cir-
culates through normative, technical, institutional, and hu-
man interactions.

The ecosystem concept introduces key elements
such as coevolution, adaptation, distributed governance,
modularity, and complementarity among components—
dimensions that go beyond the structural limits of KOS.
This view resonates with sociotechnical systems research,
particularly the work of Jones et al. (2013), who empha-
size that intelligent systems rely on coordinated interactions
among rules, agents, and infrastructures. Thus, understand-
ing KOE implies acknowledging that knowledge circulates
through interconnected normative, technical, institutional,
and human interactions that mutually reinforce one another.
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Table 1. Structural, epistemological, and sociotechnical differences between KOS and KOE.

Dimension Knowledge Organization Systems (KOS) Knowledge Organization Ecosystems (KOE)
Nature Formal, stable, and semantically controlled structures ~ Open, adaptive, and interdependent sociotechnical environments
Focus Static representation of domains and concepts Dynamic processes of knowledge production, circulation, and
negotiation
Actors Specialists, classifiers, indexers Communities of practice, specialists, users, organizations,
algorithms, and infrastructures
Scope Delimited systems with specific purposes Broad ecosystems composed of multiple systems, agents, and
practices
Epistemology ~ Terminological control and conceptual stability Multiparadigmatism, plurality of perspectives, and coevolution
Technology Thesauri, taxonomies, ontologies Knowledge graphs, collaborative platforms, Artificial Intelligence
(AI), and sociotechnical systems
Dynamics Periodic updating, slow modification Continuous flow, permanent updating, and feedback loops
Governance Centralized authority Distributed governance and shared responsibility
Ethics Generally implicit or neutral Explicit dimension: justice, transparency, explainability, and bias

mitigation

Source: prepared by the authors.

From this perspective, KOE can be defined as living
arrangements characterized by:

+ interdependence between human agents and algorithms;

+ continuous and multilateral flows of knowledge;

* constant updating;

» multiple epistemologies;

+ distributed governance;

* integration of ethical values such as transparency, jus-
tice, and inclusion.

Thus, while KOS stabilize domains, KOE describe
the environment and the processes through which those do-
mains are transformed.

Within the field of Knowledge Organization (KO),
Bagchi (2021) argues that KOE constitute an expanded
paradigm by integrating ethical principles, epistemic
diversity, and algorithmic mediation into the struc-
turing of knowledge.  According to Bagchi (2021),
KOE “are conceived as an ecosystem of interdependent
components—individuals, knowledge organization mod-
els, and organizations—that collaborate and combine their
individual efforts toward a more coherent and sustainable
knowledge management solution” (p. 4). This view is con-
sistent with broader understandings of ecosystems as adap-
tive arrangements.

In summary, the literature converges on three structur-
ing dimensions of KOE:

* Sociotechnical — interaction among humans, algorithms,
data, and infrastructures;

 Epistemological — consistency across multiple perspec-
tives and conceptual disputes;

+ FEthical and political — responsible governance, mitiga-
tion of asymmetries, and epistemic justice.

3.3 Differences and Similarities Between KOS and KOE

Although they share the general purpose of structuring
and facilitating the use of knowledge, KOS and KOE dif-
fer in their principles, dynamics, and scope. Both involve
conceptual modeling and information mediation; however,
they operate at different levels. KOS provide a stable
framework for representation, whereas KOE describe the
sociotechnical environment in which knowledge circulates,
evolves, and is negotiated. Their core similarities include:
(a) the objective of promoting meaningful access to knowl-
edge; (b) the use of conceptual structures; and (c) support
for both human and algorithmic mediation processes.

It is also important to clarify the terminological dis-
tinction adopted in this article. “KOS” is used as a generic
category referring to formal systems of knowledge organi-
zation, whereas “KOE” refers to concrete ecosystem con-
figurations in which such systems are embedded. In this
sense, KOS designates types of semantic infrastructures,
while KOE designates sociotechnical arrangements that
may vary according to domain, scale, and institutional con-
text.

It is essential to emphasize that KOE place knowledge
organization processes and their systems (KOS) at the struc-
tural core of the ecosystem. Without the semantic infras-
tructure provided by KOS, broader sociotechnical ecosys-
tems would lack the interoperability and coherence required
to sustain complex knowledge flows under algorithmic me-
diation.

The limitation of merely extending KOS stems from
their condition as relatively stable artifacts. While KOS or-
ganize knowledge as a structured product, KOE approach
it as a living sociotechnical process. Critical challenges of
the Al era, such as algorithmic transparency and shared re-
sponsibility, cannot be addressed solely through structural
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Fig. 3. Conceptual structure of the relationship between KOS and KOE. Source: prepared by the authors.

refinements in taxonomies; they demand forms of coordi-
nation grounded in dynamic interactions among human and
non-human agents.

Nevertheless, their structural, epistemological, and so-
ciotechnical differences reflect distinct paradigms, as sum-
marized in Table 1.

The literature consistently demonstrates that KOE rep-
resent a theoretical and methodological expansion of KOS,
particularly because they incorporate agents, values, and
processes that go beyond the formal limits of traditional
systems. Thus, while KOS stabilize conceptual units and
relationships, KOE structure the ecosystem that conditions
the creation, transformation, and use of knowledge. In this
sense, KOE make it possible to represent knowledge in its
dynamic form, since they operate under technological con-
ditions that differ from those typically associated with KOS.
Paraphrasing Ranganathan (1967), KOE allow for the ac-
commodation of the “dynamics of knowledge”.

Accordingly, KOE do not replace KOS; rather, they
are complementary. KOE integrate semantic infrastructure
(provided by KOS), sociotechnical dynamics (derived from
ecosystems), and ethical governance (grounded in respon-
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sible AI). This articulation makes it possible to understand:
(1) KOS as stable infrastructures necessary for representa-
tion and interoperability; (2) KOE as living environments
that shape interactions, agents, values, and processes; and
(3) the KOS — KOE relationship as a paradigmatic evolu-
tion, rather than a rupture.

Fig. 3 illustrates this conceptual structure by articulat-
ing KOS as semantic infrastructure and KOE as a dynamic
sociotechnical ecosystem involving agents, processes, and
values.

This interpretation is consistent with Bagchi (2021),
who emphasizes that KOE extend KOS by integrating
human, institutional, and ethical dimensions, positioning
Knowledge Organization as part of a sustainable sociotech-
nical ecosystem that is responsive to artificial intelligence.
Table 2 summarizes the main differences between KOS and
KOE as described by Bagchi (2021).

In summary, KOS represent an instrumental and stable
view of knowledge organization, whereas KOE express an
ecosystem-based, adaptive, and ethical approach, aligned
with the logic of sustainable sociotechnical systems and re-
sponsible artificial intelligence.
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Table 2. Structural differences between KOS and KOE according to Bagchi (2021).

Dimension

Knowledge Organization Systems (KOS)

Knowledge Organization Ecosystems (KOE)

Conceptual nature

ontologies, taxonomies, term lists)

Epistemological perspective
representation

Operational dynamics
adaptability

Interaction and interdependence Operate autonomously and independently of
their institutional contexts

Ethical dimension

principles
Purpose Facilitate information organization and
retrieval
Underlying paradigm Cognitive and documentary

Isolated and structured artifacts (thesauri,

Technical and informational focus on concept

Relatively static structures with limited

Interdependent ecosystems composed of people,
technologies, and organizations
Sociotechnical and ethical focus on the generation,
maintenance, and evolution of knowledge
Dynamic, open, and evolving systems capable of
self-organization
Based on collaboration among individuals,
technologies, and organizations

Generally neutral or lacking explicit ethical Grounded in Al Ethics and Responsible Al from their

inception
Sustain continuous, transparent, and responsive
knowledge ecosystems
Systemic, ecological, and socioethical

Source: prepared by the authors.

Based on the synthesis of the ten analyzed works, it
is possible to identify clear distinctions between KOS and
KOE. While KOS remain grounded in formal structures
that are relatively stable and oriented toward classification
and information retrieval, KOE represent a more dynamic
and sociotechnical approach focused on the production and
circulation of knowledge through interdependent human,
organizational, and technological interactions, characteriz-
ing self-organized environments shaped by co-production.
The ethical dimension, which is often marginal or implicit
in KOS, becomes a central element in KOE, particularly
in formulations that address responsible ecosystems, dis-
tributed governance, and meta-responsibility.

In the specific analysis of each author, it can be ob-
served that only Bagchi (2021) explicitly formulates the
theoretical transition from KOS to KOE. Jarvi et al. (2018)
introduce the concept of the knowledge ecosystem, but
without the ethical and sociotechnical dimensions that were
later incorporated. Works by Stahl (2022; 2023) and Floridi
(2023) further expand the ecosystem-based approach by in-
tegrating responsibility, governance, and epistemic justice,
thus moving closer to what Bagchi refers to as Responsible

KOE.
Applied studies, such as those by Rojas and Chiappe

(2024) and Espina-Romero et al. (2024), demonstrate the
diffusion of ecosystem logic across specific domains, in-
cluding education and industry. These studies reinforce the
adaptability of the concept, although they do not directly
address the KOS-KOE transition, as detailed in Table 3 be-

low.
Based on the ten texts analyzed, it is possible to iden-

tify the evolution of KOE between 2018 and 2024, which
reveals four main phases:
(1) 2018-2020 — Foundational phase

The term knowledge ecosystem emerges in connec-
tion with innovation, collaboration, and coevolution, high-
lighting interdependence and continuous knowledge flows
(Jarvi et al., 2018; Han et al., 2022).

(2) 2021 — Paradigmatic phase

Bagchi (2021) introduces the concept of Knowledge
Organization Ecosystems, integrating social, technical, and
ethical components and shifting the focus from isolated ar-
tifacts to sustainable sociotechnical ecosystems.

(3) 20222023 — Ethical-systemic phase

Stahl (2022; 2023) and Floridi (2023) incorporate dis-
tributed governance, responsibility, and epistemic justice,
consolidating the paradigm of Responsible KOE.

(4) 2024 — Applied and transversal phase

The ecosystem logic is increasingly applied in practi-
cal domains, such as education (Rojas and Chiappe, 2024)
and smart manufacturing (Espina-Romero et al., 2024),
demonstrating its adaptability and diffusion across do-
mains. It is important to note that several of the reviewed
works employ the term “organization” primarily in a man-
agerial or innovation-oriented sense, rather than in the disci-
plinary sense of Knowledge Organization. Their inclusion
in this review does not imply conceptual equivalence with
KO scholarship, but rather reflects the broader ecosystem
discourse that later intersects with and informs the devel-
opment of Knowledge Organization Ecosystems.

Unlike Table 3, which compares the positions of in-
dividual authors regarding KOS and KOE, Table 4 syn-
thesizes the diachronic consolidation of the ecosystem
paradigm by highlighting the main conceptual shifts that
structured KOE between 2018 and 2024.

In summary, the conceptual trajectory of KOE re-
veals a progressive expansion at the paradigmatic level:
from collaborative knowledge ecosystems (2018-2020), to
a formalized Knowledge Organization Ecosystem frame-
work (2021), and subsequently to ethically consolidated
and governance-oriented configurations (2022-2024).

3.4 Sociotechnical Dimensions

KOE are characterized as sociotechnical systems in
which the interaction among humans, algorithms, data, and
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Table 3. Comparative synthesis of the ten texts regarding KOS and KOE.

Year/Document

Focus of the study

Presence of definition or characterization of

KOE/Knowledge Ecosystem

Relationship or differentiation between KOS and
KOE

Bagchi (2021) — Towards Knowledge Organization

Ecosystems

Jarvi et al. (2018) — Organization of Knowledge

Ecosystems
Han et al. (2022) — Enhancing the Understanding of

Ecosystems under Innovation Management Context

Stahl (2022) — Responsible Innovation Ecosystems

Stahl (2023) — Embedding Responsibility in Intelligent

Systems

Floridi (2023) — The Ethics of Artificial Intelligence

Rojas and Chiappe (2024) — Artificial Intelligence and
Digital Ecosystems in Education

Espina-Romero et al. (2024) — Al in Manufacturing

Zouari and Dakhli (2018) — 4 Multi-Faceted Analysis
of Knowledge Management

Stahl et al. (2022) — The Ethics of Artificial Intelli-
gence (Elsevier)

Epistemology and ethics of KOE

as an evolution of KOS

Structure and governance of
knowledge ecosystems
Innovation  ecosystems  and

knowledge management

Ethics and responsibility in inno-
vation and Al ecosystems
Moral responsibility in intelligent

systems ecosystems

Philosophy and governance of Al

Al and digital educational ecosys-

tems
Industrial ecosystems and Al
Organizational knowledge man-

agement
Ethical foundations of Al

Defines KOE as a sociotechnical ecosystem composed
of people, technologies, and organizations, guided by Al
ethics

Defines a knowledge ecosystem as a set of knowledge
producers and users organized around a shared search
Characterizes ecosystems as self-organized and interde-
pendent systems with information flows and coevolution

Applies the concept of responsible innovation ecosystems
to Al, emphasizing ethical and social aspects
Introduces “responsible Al ecosystems” and the concept

of meta-responsibility

Discusses the infosphere and ethical digital ecosystems,
but not KOE directly

Defines digital educational ecosystems as interconnected
and dynamic environments mediating knowledge and
learning

Refers to the integration of Al into smart Industry 4.0
ecosystems

Uses the term knowledge ecosystem to describe networks
of innovation and organizational learning

Describes sociotechnical ecosystems of Al and responsi-

ble innovation

Explicit and central: proposes the paradigm shift
“from KOS to KOE”

Does not discuss KOS; characterizes the ecosys-
tem as a system of co-production

Does not mention KOS, but provides conceptual
foundations compatible with the idea of KOE (dy-
namism and interconnectivity)

Does not use the term KOE, but aligns with its eth-
ical and sociotechnical dimension

Does not mention KOS, but reinforces the ethical
and interdependent dimension of ecosystems, con-
verging with the KOE perspective

Indirectly compatible: addresses informational
ecosystems and distributed moral agents

Does not mention KOS/KOE, but offers an ecolog-
ical view of information and knowledge applicable
to education

No mention of KOS or KOE; focus on automation
and efficiency

Does not distinguish KOS/KOE, but suggests a
systemic evolution of knowledge management
Indirectly compatible: reinforces the role of
ethical ecosystems without explicit reference to
KOS/KOE

Source: prepared by the authors (2026).
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Table 4. Evolutionary consolidation of the Knowledge Organization Ecosystem paradigm (2018-2024).

Phase Period

Dominant conceptual shift

Main analytical contribution

Relevance for KOE consolidation

Foundational ecosys- 2018-2020
tem framing

Paradigmatic rearticu- 2021

lation

Ethical-systemic con- 2022-2023
solidation

Applied diffusion 2024

Knowledge understood as inter-

dependent and co-creative system

Transition from KOS to KOE

Integration of distributed respon-

sibility and Al governance

Operationalization of ecosystem

logic across domains

Emphasis on collaboration, co-
evolution, and structured knowl-
edge flows

Explicit integration of people,
technologies, and organizations
into a KO framework
of

transparency,

Incorporation meta-
responsibility,
and epistemic justice

Application in education, indus-

try, and digital infrastructures

Establishes ecological logic later

incorporated into KO

Formal introduction of KOE as a
KO-specific paradigm

Strengthens the normative and
governance dimension of KOE
and

Demonstrates  scalability

adaptability of the KOE paradigm

Source: prepared by the authors.

infrastructures constitutes the core of knowledge process-
ing, circulation, and use. This perspective, grounded in the
sociotechnical systems literature, emphasizes that the effec-
tiveness of knowledge organization depends on regulated
relationships among norms, agents, and technological ar-
chitectures (Jones et al., 2013).

Such mediation entails data governance, privacy, in-
formation security, system interoperability, and trust mech-
anisms that enable collaboration in decentralized environ-
ments, particularly those mediated by artificial intelligence
and machine learning, by integrating technical require-
ments with institutional values.

Within KOE, knowledge is not merely represented; it
is produced and negotiated through interactions among:

* people, who formulate information needs, interpret re-
sults, and make decisions;

* organizations, which regulate policies, roles, and re-
sponsibilities;

* technologies, which operate as cognitive and operational
mediators;

+ algorithmic models, which filter, classify, and prioritize
information.

This interpretation aligns with Bagchi (2021), who po-
sitions KOE as sustainable sociotechnical ecosystems, and
with Stahl (2022; 2023), who introduces the notion of dis-
tributed responsibility (meta-responsibility) in intelligent
systems. Accordingly, the sociotechnical dimensions of
KOE encompass technological architectures, institutional
roles, human interactions, and the values that structure the
production and circulation of knowledge.

Thus, understanding KOE as sociotechnical systems
means recognizing that knowledge circulates and trans-
forms through regulated interactions among human agents,
algorithms, infrastructures, and institutional norms—a re-
ality that redefines the traditional boundaries of KOS and
underpins the ecosystem paradigm.
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3.5 Ethical and Political Challenges

Ethics constitutes a structuring dimension of Knowl-
edge Organization Ecosystems, particularly in contexts
shaped by artificial intelligence, automation, and algorith-
mic decision-making. Within KOE, decisions about what
should be organized, how it should be structured, and which
uses should be prioritized necessarily involve moral, social,
and epistemic criteria that directly influence the quality and
fairness of informational outcomes.

The main ethical challenges identified in the literature
include algorithmic bias, explainability, transparency, re-
sponsibility, privacy, information security, distributed gov-
ernance, and epistemic justice—concerns that are central in
highly complex digital environments.

Contemporary scholarship indicates that KOE should
be conceived from their inception as sociotechnical systems
guided by robust ethical principles. Rather than merely
mitigating risks, KOE must incorporate permanent mech-
anisms of moral governance, shared responsibility, and the
inclusion of marginalized perspectives from the outset.

A conceptual model for the digital ethical assessment
of the use of Al in digital technologies is proposed by Ashok
et al. (2022), which organizes ethical challenges into four
ontological domains: physical, cognitive, informational,
and governance-related.

This model articulates implications such as dignity,
safety, sustainability, intelligibility, solidarity, autonomy,
privacy, and regulatory impacts, demonstrating how each
domain influences the organizational and social effects of
artificial intelligence. In doing so, it reinforces the under-
standing that KOE operate across multiple ethical layers,
ranging from system design to institutional decisions re-
garding use and implementation.

The model structures ethical implications through the
interaction of four ontological domains: physical, cogni-
tive, informational, and governance. These domains are in-
terconnected and jointly shape both organizational and so-
cial consequences. Ethical effects are therefore not con-
fined to technical design, but emerge from the interac-
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tion among infrastructures, representational systems, insti-
tutional norms, and interpretative practices.

When related to Knowledge Organization Ecosys-
tems, these domains correspond to distinct but interdepen-
dent dimensions of ecosystem functioning. The informa-
tional domain is associated with semantic infrastructures
and KOS-based representations. The cognitive domain
concerns processes of interpretation and epistemic vali-
dation. The governance domain encompasses regulatory
frameworks and distributed responsibility. The physical
domain refers to the material and technological conditions
under which digital systems operate.

The connection between organizational and social im-
pact underscores that ethical assessment in Al-mediated
knowledge organization must address structural interdepen-
dencies rather than isolated algorithmic procedures. The
model therefore reinforces the view of KOE as configu-
rations in which semantic structures, institutional arrange-
ments, and normative commitments are continuously artic-
ulated.

Stahl’s work (2022; 2023) deepens this perspective by
introducing the concept of responsible innovation ecosys-
tems and, subsequently, responsible Al ecosystems, in
which responsibility is distributed among human, orga-
nizational, and technical agents. This notion of meta-
responsibility is essential for understanding KOE in Al-
driven environments.

Floridi (2023), in addressing the infosphere and the
ethical ecology of information, further argues that the dig-
ital revolution has profoundly transformed the structure of
reality by exerting a “cleaving power”, capable of coupling,
decoupling, and recoupling fundamental elements of the
modern world—such as identity and data, presence and lo-
cation, law and territoriality, and production and consump-
tion. In this context, artificial intelligence emerges not as
intelligence per se, but as a form of agency—understood
here as the capacity to act in the world—made possible by
the separation between functional performance and cogni-
tive capability. This ontological and epistemological trans-
formation of the infosphere demands new normative frame-
works, as digital systems increasingly operate as moral
ecosystems in which human and artificial agents interact,
thereby requiring governance, explainability, and cognitive
justice.

Accordingly, the ethical and political challenges of
KOE include:

* mitigation of bias and epistemic asymmetries;

» assurance of algorithmic transparency and explainabil-
ity;

* protection of privacy and information security;

+ shared responsibility and distributed governance;

* inclusion of marginalized forms of knowledge and epis-
temic diversity;

« strengthening of public trust in Al-mediated systems.
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Therefore, the ethical dimension is not ancillary but
constitutive of KOE, shaping processes of knowledge orga-
nization, mediation, and use within complex sociotechnical
environments.

4. Discussion and Analysis

This section examines the materialization of Knowl-
edge Organization Ecosystems (KOE) in real-world set-
tings, as well as the tensions and opportunities that emerge
from their implementation. Subsection 4.1 explores con-
temporary practices, demonstrating that KOE are not
merely abstract models, but concrete sociotechnical ar-
rangements in which human agents, algorithmic systems,
and digital infrastructures operate in interdependent ways.
To support this claim, we draw on examples that show how
these ecosystems articulate semantics and automation to
sustain continuous information flows in institutional con-
texts. Subsection 4.2 addresses the limits and potentialities
of this paradigm by confronting the challenges posed by the
complexity of digital environments. It discusses the limita-
tions of statistical models in capturing cognitive plurality
and semantic ambiguity, as well as governance challenges
that require distributed responsibility (meta-responsibility).
Conversely, it highlights the potential of KOE to promote
cognitive sustainability and epistemic justice, strengthen-
ing public trust through knowledge organization processes
that prioritize transparency, auditability, and the inclusion
of diverse forms of knowledge.

4.1 KOE in Contemporary Practices

Knowledge Organization Ecosystems manifest in con-
temporary practices in which human agents, algorithmic
systems, and digital infrastructures interact in interdepen-
dent ways. These examples demonstrate that KOE are not
only theoretical constructs, but concrete sociotechnical ar-
rangements that articulate semantics, collaboration, and au-
tomation in institutional contexts.

Within the scope of open science, knowledge graphs
stand out as infrastructures that integrate researchers, digi-
tal objects, ontologies, and scientific data. The conceptual
structure of these graphs draws on principles outlined by
Zeng (2008, p. 160) regarding terminological control and
semantic relations, as well as on the heterogeneity of KOS
discussed by Mazzocchi (2018, s.p.). The multimodal mod-
eling of these environments is further related to the use of
facets and ontological structures described by Giunchiglia
and Dutta (2011, p. 3), which emphasize the need for con-
ceptual segmentation in complex digital systems. Bagchi
(2021, pp. 4-5) complements this perspective by showing
that KOE integrate people, technologies, and organizations
into responsive ecosystems.

In recommendation systems and automated indexing
in digital libraries, human practices, institutional data, and
algorithms interact in continuous processes of filtering and
categorization. The need to organize knowledge for both
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human and machine use, as noted by Soergel (2009, s.p.),
and the notion of sociotechnical systems regulated by rules
and interactions, as discussed by Jones et al. (2013), help
explain how these systems constitute genuine KOE. Such
systems do not merely automate processes; they integrate
institutional policies, usage practices, and algorithmic de-
cisions.

Collaborative ontologies developed in institutional en-
vironments clearly illustrate ecosystem principles. The no-
tion of knowledge as co-production, introduced by Jérvi et
al. (2018, p. 1533), supports collaborative dynamics, while
studies such as Rojas and Chiappe (2024, pp. 2149-2160)
show how digital learning ecosystems depend on interac-
tions among agents, infrastructures, and cognitive media-
tion. Bagchi (2021, pp. 6-7) further emphasizes that KOE
interweave ethical, technological, and human dimensions.

The understanding of KOE as a paradigmatic expan-
sion gains practical clarity when one observes the evolu-
tion of systems traditionally regarded as stable KOS. The
development of the International Classification of Diseases
ICD-11 offers a concrete case. By integrating digital tech-
nologies and unifying classificatory, thesaural, and onto-
logical approaches, ICD-11 moves beyond the replication
of previous editions and emerges as a dynamic and multi-
faceted system embedded in global digital infrastructures
(Hong and Zeng, 2022; World Health Organization, 2024).

This process of modernization reveals that the three
structuring dimensions of KOE, sociotechnical, epistemo-
logical, and ethical-political, can be identified in the con-
temporary transformation of KOS. At the sociotechnical
level, ICD-11 exemplifies regulated interaction between ex-
pert communities, institutional actors, and digital infras-
tructures. At the epistemological level, it reflects the con-
vergence and negotiation of multiple medical, cultural, and
terminological perspectives within a shared classificatory
framework. At the ethical level, it manifests governance
mechanisms required for global standardization, interoper-
ability, and responsible use of health information.

The relationship between KOS and KOE should there-
fore not be interpreted as substitution or rupture, but as
paradigmatic expansion. KOS are not merely static re-
trieval structures; they are semantic systems that, when in-
corporated into automated and collaborative information
flows, evolve into complex sociotechnical configurations.
This perspective reinforces the view that contemporary
knowledge organization resides in the capacity to articulate
the terminological stability of KOS with the adaptive and
distributed dynamics characteristic of KOE.

Overall, the practices analyzed demonstrate that KOE
articulate interoperability, collaborative dynamics, and al-
gorithmic mediation, configuring living infrastructures for
knowledge organization. In summary, these examples
show that KOE are not abstract models, but real ecosys-
tems in which technological infrastructure, human prac-
tices, institutional decisions, ethical values, and algorithms
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are intertwined. These practical manifestations reinforce
the paradigmatic transition discussed by Bagchi (2021) and
complemented by ethical-systemic contributions such as
those of Stahl (2022; 2023).

4.2 Limitations and Potentialities

Despite their relevance, Knowledge Organization
Ecosystems present structural limitations arising from the
complexity of digital environments, ethical demands, and
the diversity of agents involved. These limitations are
partly associated with statistical models that fail to capture
epistemic divergences, semantic ambiguity, and cognitive
plurality.

The transition toward KOE also brings significant po-
litical tensions. Distributed governance, although presented
as democratic in theory, may result in a diffusion of respon-
sibility, as the opacity of algorithms and the multiplicity of
involved actors can complicate the attribution of account-
ability for errors or biases. In addition, Al-oriented infras-
tructures may intensify existing power asymmetries, par-
ticularly when global metadata standards and algorithmic
frameworks conflict with local or marginalized knowledge
practices, thereby placing the ecosystem’s commitment to
epistemic justice under strain.

Another critical challenge concerns governance and
sustainability. In distributed ecosystems, norms, responsi-
bilities, and auditing mechanisms become complex. The
model of distributed responsibility (meta-responsibility)
developed by Stahl (2023, pp. 155-170) demonstrates that
ethical decisions emerge from the ecosystem itself and can-
not be attributed solely to developers or institutions. The
European report analyzed by Bird et al. (2020, s.p.) high-
lights political, regulatory, and social risks that affect these
environments, while the ethical model proposed by Ashok
et al. (2022, pp. 20-21; p. 44) confirms that the social
and organizational impacts of Al depend on the articulation
among physical, cognitive, informational, and governance
domains.

From a practical standpoint, maintaining a KOE re-
quires sustained resources that extend beyond technical de-
velopment. The long-term viability of the ecosystem de-
pends on continuous coordination between social and tech-
nical components, which entails significant operational and
institutional commitments to ensure that semantic infras-
tructures remain responsive to the rapid evolution of artifi-
cial intelligence.

The KOE paradigm should not be reduced to statistical
or computational models. Although artificial intelligence
functions as a mediator within the ecosystem, its coordi-
nation remains intrinsically human-centered and interpreta-
tive. It depends on institutional norms and ethical judgment
to provide meaning to interactions that purely mathematical
models are unable to fully capture.

Despite these limitations, KOE exhibit significant po-
tential. Bagchi (2021, pp. 2—7) shows that, when integrated

&% IMR Press


https://www.imrpress.com

with ethical values, KOE promote cognitive sustainability,
epistemic diversity, and inclusion. Floridi (2023, s.p.) fur-
ther argues that digital ecosystems guided by justice and ex-
plainability strengthen public trust. Accordingly, KOE can
enhance transparency, auditability, and social legitimacy in
information mediation processes. These elements support
the construction of trustworthy, plural, and socially oriented
information ecosystems that combine technical efficiency
with ethical responsibility.

By incorporating ethical principles from their incep-
tion, KOE can promote:

+ explainability and auditability of algorithmic decisions;

* broader participation of epistemic communities;

* cognitive diversity;

* mitigation of informational asymmetries;

* robust sociotechnical governance;

» more inclusive and plural configurations of semantic in-
teroperability.

These factors contribute to strengthening public trust
by making visible the processes and agents involved in
the organization, mediation, and circulation of knowledge.
Therefore, KOE synthesize technical efficiency, ethical re-
sponsibility, and epistemic sensitivity, positioning them-
selves as a promising model for addressing contemporary
challenges in Knowledge Organization.

5. Conclusions

The results presented throughout this article indicate
that KOE represent a significant advance in the contempo-
rary understanding of Knowledge Organization. By inte-
grating epistemological, sociotechnical, and ethical dimen-
sions, KOE provide a framework capable of explaining the
complexity of digital environments characterized by au-
tomation, interdependence among agents, and algorithmic
mediation. The analysis demonstrated that, while KOS re-
main essential for ensuring conceptual stability and interop-
erability, their scope becomes limited when confronted with
information practices marked by continuous flows, multiple
epistemologies, and collaborative processes.

Although analytically distinguished, KOS and KOE
can be understood in a more integrated manner. As KOS
have evolved alongside emerging technologies, many have
gradually incorporated attributes once associated primar-
ily with knowledge ecosystems: a sociotechnical dimen-
sion, marked by continuous interaction among humans, al-
gorithms, data, and infrastructures; an epistemological di-
mension, capable of accommodating multiple perspectives,
conceptual disputes, and diverse forms of validation; and
an ethical and political dimension, oriented toward respon-
sible governance, the mitigation of asymmetries, and the
promotion of epistemic justice. When endowed with these
attributes, KOS cease to function solely as stable infras-
tructures and begin to operate as genuine KOE, articulat-
ing representation, interaction, values, and processes within
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complex environments. The relationship between KOS
and KOE therefore does not signify a rupture, but rather a
paradigmatic expansion that reflects the transformation of
KOS into increasingly complex sociotechnical ecosystems.

With regard to future research, this study draws on the
agenda outlined by Bagchi (2021), which is particularly rel-
evant because it both identifies directions for new investi-
gations and provides an overview of current developments
in the field. One proposed direction involves the detailed
characterization of KOE at the interdisciplinary intersec-
tion of Knowledge Organization, Knowledge Representa-
tion, Knowledge Management, and ecological theories ap-
plied to strategic management. Another line of inquiry con-
cerns a systematic analysis of the correspondence between
KOE and sociotechnical systems, with the aim of identi-
fying the specific features that distinguish KOE from other
system models. A further central issue for future research is
the development of a conceptual framework that positions
KOE as systems intrinsically aware of Al ethics. Finally,
Bagchi (202 1) emphasizes the importance of implementing
KOE across different domains in order to validate their im-
pact on Al-based systems.

In summary, the findings converge on the need to es-
tablish KOE as a central analytical reference within Knowl-
edge Organization, especially in scenarios permeated by ar-
tificial intelligence and continuously transforming digital
ecologies.
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