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Abstract

This paper develops a foundational inquiry into knowledge-capital expansion under conditions of
public knowledge. Its starting point is the observation that epistemic resources may influence more
than the immediate production of knowledge. Accumulated propositions, questions, concepts, meth-
ods, data, technical capacities, and other epistemic resources can alter an actor’s subsequent capacity
to generate further knowledge. Knowledge may therefore acquire capital-like properties when previ-
ous epistemic production becomes a productive condition of later epistemic production. The paper
introduces knowledge capital, knowledge-capital expansion, epistemic capitalization, capitalization
capacity, capitalization asymmetry, and recursive epistemic advantage as preliminary concepts for
examining this process.

The inquiry places these concepts in dialogue with several intellectual traditions, including classi-
cal and Marxian political economy, theories of capital and accumulation, Kantian epistemology and
the conditions of knowledge, human and intellectual capital, forms and conversion of capital, the so-
ciology of science, knowledge-commons scholarship, academic and platform capitalism, epistemic
injustice, and generative justice. Particular attention is given to the distinction between the dynamics
of capital-like expansion and positions within relations of production. Knowledge-capital expansion
concerns a dynamical structure through which epistemic resources recursively enlarge future gener-
ative capacities. A knowledge capitalist, by contrast, denotes a relational position characterized by
control over significant means and conditions of epistemic production. Rapid epistemic accumula-
tion consequently does not by itself determine an actor’s position within capitalist relations.

Public knowledge creates a further theoretical problem. Shared epistemic resources can enlarge
collective possibilities of inquiry while producing unequal gains among actors with different prior
knowledge, time, infrastructure, institutional access, networks, computational resources, and other
capitalization conditions. The paper develops this problem through the concepts of public knowledge
as generative infrastructure, capitalization asymmetry, cross-domain recombination, cross-capital
conversion, and an openness–concentration paradox. Questions themselves are also examined as
potential epistemic resources when they enlarge the space of possible future inquiry.

Artificial intelligence is considered as a contemporary amplifier of these dynamics becausemachine-
scaled epistemic infrastructure can increase the volume and range of publicly accessible knowledge
that becomes practically capitalizable. The paper treats this development as one case within the
wider theory and leaves its fuller political economy to subsequent research. The discussion also
identifies preliminary ethical and jurisprudential implications concerning appropriation, generative
extraction, recirculation, ownership, stewardship, and enclosure. These issues remain open research
directions. The resulting framework is offered as a provisional basis for investigating the dynam-
ics, relational structures, institutional conditions, and unresolved normative questions surrounding
knowledge-capital expansion in the public knowledge commons.

Keywords: knowledge capital; knowledge-capital expansion; public knowledge commons; epistemic
capitalization; capitalization asymmetry; political economy; epistemic generativity; recursive accumula-
tion; knowledge production; artificial intelligence
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Discussion Paper Note

This paper is a foundational conceptual inquiry into knowledge-capital expansion under conditions of
public knowledge. Its purpose is not to establish a complete theory of knowledge, capital, knowledge
production, or the knowledge commons. It instead develops a preliminary conceptual vocabulary for ex-
amining a recurring phenomenon: epistemic resources generated or acquired at one stage of inquiry may
alter the conditions under which subsequent inquiry becomes possible, thereby contributing to further
epistemic generation.

The paper begins from the observation that knowledge accumulation need not be purely additive. If
Kt denotes epistemic resources available at time t, and Gt denotes a subject’s or system’s capacity for
subsequent epistemic generation, a minimal recursive structure may be written as

Kt −→ Gt+1 −→ Kt+1. (1)

Equation 1 does not claim that knowledge production follows a universal deterministic law. Nor does
it imply that every increase in knowledge necessarily increases future generative capacity. Epistemic
resources may become obsolete, misleading, inaccessible, incommensurable, institutionally unusable,
or generatively unproductive. The relation is introduced as an analytical possibility whose conditions,
limits, and empirical manifestations require further investigation.

The term knowledge capital is therefore used cautiously. The paper does not assume that knowledge
is capital merely because it is valuable, scarce, productive, accumulable, or economically consequential.
The capital analogy becomes analytically relevant where an epistemic resource can enter a recursive pro-
cess in which previous epistemic acquisition modifies the capacity for subsequent epistemic production.

For this purpose, the paper adopts a deliberately broad provisional category of epistemic resources,

K = {P,Q,C,M,D, T, . . .}, (2)

where P may include propositions or established knowledge, Q questions, C concepts and distinc-
tions, M methods, D data or archives, and T tools, techniques, or other epistemically consequential
resources. The list is neither exhaustive nor ontologically homogeneous. Its purpose is to prevent knowl-
edge capital from being reduced prematurely to a stock of codified propositions.

Questions are especially important in this respect. An epistemically productive question may enlarge
the space of possible subsequent inquiry without itself constituting an answer. A schematic process can
therefore take the form

Kt −→ Qt+1 −→ Ωt+1 −→ Kt+1, (3)

where Ωt+1 denotes a changed possibility space of inquiry. Equation 3 is used to emphasize that
epistemic production may accumulate conditions for future questioning as well as completed answers.

The vocabulary of capital also requires careful differentiation. The paper does not use capital, capi-
talization, accumulation, expansion, reproduction, concentration, and centralization as interchangeable
expressions. Classical political economy, Marxian political economy, later Marxist traditions, and con-
temporary economic theories employ these concepts within different theoretical architectures. Their
historical and conceptual relations are therefore reviewed before the paper introduces knowledge-capital
expansion as its own analytical category.

Marxian political economy is particularly important because it distinguishes the movement and re-
production of capital from the social positions occupied within capitalist relations of production. The
present inquiry develops an analogous analytical distinction without presupposing identity between in-
dustrial capital and epistemic production.

The distinction may be stated schematically as

knowledge-capital expansion ̸⇒ knowledge-capitalist position. (4)
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Knowledge-capital expansion concerns a dynamical structure. It asks how epistemic resources accu-
mulate, recombine, reproduce, convert, and alter future generative capacity. A knowledge capitalist, by
contrast, denotes a position within a relational structure of epistemic production. The relevant questions
concern control over means and conditions of knowledge production, the organization of epistemic labor,
appropriation, dependency, access, recognition, and the capacity to govern future generative conditions.

The distinction can be summarized through two analytical objects:

DK = dynamics of knowledge-capital expansion, RE = relations of epistemic production. (5)

No one-to-one correspondence between DK and RE is assumed. A subject may exhibit rapid re-
cursive knowledge-capital expansion while occupying no capitalist position in the relevant relations of
production. Conversely, an actor may control substantial means of epistemic production while possess-
ing comparatively little of the embodied knowledge involved in the resulting epistemic output.

This separation is necessary because accumulation alone does not determine the political character of
accumulation. Epistemic resources may enter proprietary cycles, commons-oriented cycles, institutional
cycles, cooperative cycles, or other forms of circulation. The paper therefore distinguishes accumulation
from enclosure and leaves open the possibility that substantial accumulation may coexist with extensive
public recirculation.

The public knowledge commons introduces a second major problem. Public availability does not
imply equal capacity for productive use. Actors differ in prior knowledge, language, time, institutional
access, education, networks, funding, computational infrastructure, publication channels, and other gen-
erative conditions. Formally similar access to the same epistemic resource may therefore yield heteroge-
neous changes in subsequent generative capacity:

∆GA(C) ̸= ∆GB(C), (6)
where C denotes an accessible epistemic resource or commons condition.
Equation 6 does not imply that inequality is produced by openness itself. The paper instead exam-

ines the possibility that openness can interact with pre-existing differences in capitalization capacity. A
knowledge commons may consequently increase aggregate epistemic generativity while also permitting
unequal recursive gains.

The resulting tension is provisionally described as an openness–concentration paradox. The expres-
sion does not assert that greater openness necessarily causes greater concentration. It identifies a research
problem concerning conditions under which wider access and increasing concentration of effective epis-
temic capacity may coexist.

The paper also distinguishes access, possession, ownership, control, and appropriation. These cat-
egories become especially important because knowledge is frequently non-rival or partially non-rival.
One actor’s possession of an epistemic resource does not necessarily deprive another actor of posses-
sion of the same resource. The politically significant transformation may therefore occur when shared
epistemic resources are converted into control over future generative conditions.

A simplified commons-to-private capitalization trajectory may be represented as

Kpublic −→ G′
A −→ K ′

A −→ C ′
A, (7)

where C ′
A represents an enlarged set of generative conditions available to actor A. The trajectory

is not inherently exploitative. Its normative status depends upon additional relations, including the ori-
gin of the resources, conditions of access, modes of appropriation, effects on other actors, enclosure,
dependency, recirculation, and regeneration of the source field.

The paper therefore uses generative extraction and generative exploitation cautiously. Unequal cap-
italization is not automatically extraction, and extraction is not automatically exploitation. The stronger
normative vocabulary requires further criteria concerning appropriation, degradation, suppression, de-
pendency, or loss of future generativity. These criteria are introduced as open problems rather than
settled conclusions.
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Knowledge capital may also interact with other forms of capital. Epistemic resources can contribute
to reputation, institutional position, financial resources, networks, infrastructure, and visibility, which
may subsequently alter the conditions of further epistemic production. A provisional cross-capital rep-
resentation is

C = (K,R, F,N, S, I, . . .), (8)

where K denotes epistemic capital, R reputational resources, F financial resources, N network re-
sources, S status or institutional resources, and I infrastructural resources.

A recursive conversion trajectory may then take the form

K −→ R,F,N, S, I −→ G′ −→ K ′. (9)

Equation 9 is a conceptual scaffold rather than a universal causal sequence. Different institutions and
historical contexts may permit, restrict, reverse, or interrupt particular conversions.

Kantian epistemology enters the inquiry through a different theoretical problem. The paper is con-
cerned not only with quantities of information but with conditions under which epistemic objects become
available to a knowing subject. Kantian questions concerning the conditions of possible knowledge there-
fore provide an important philosophical interlocutor for distinguishing an epistemic resource from the
conditions that permit that resource to become generatively operative.

The present paper does not attempt to reconstruct Kantian epistemology into a theory of capital. Nor
does it claim that Kant’s transcendental conditions are equivalent to the material, relational, institutional,
or technological generative conditions examined here. The comparison instead helps clarify a more
general problem: access to an object or representation does not by itself specify the conditions through
which that object becomes knowable, usable, or generative for a particular epistemic subject.

This concern also limits the scope of capitalization. Codified, embodied, relational, situated, and
temporally formed knowledge may differ substantially in their transferability and capitalization dynam-
ics. The present foundational paper identifies this problem but does not attempt a complete epistemology
of embodied or relational knowing.

Artificial intelligence is treated as a historically important amplifier rather than the defining origin
of knowledge-capital expansion. AI systems can alter epistemic absorption capacity, search scale, re-
combination, question generation, drafting, filtering, and other stages of knowledge production. They
may therefore reduce the gap between publicly accessible knowledge and knowledge that an actor can
practically capitalize upon.

The paper nevertheless avoids inferring that AI-mediated production is equivalent to human knowing.
It also avoids treating every use of AI as capital-intensive or capitalist. The relevant questions concern
the ownership, control, accessibility, scale, infrastructure, labor relations, and recursive effects through
which AI becomes embedded in epistemic production.

A particularly important possibility is a shift from enclosure of completed knowledge products to-
ward control over knowledge-generating capacity:

Kpublic −→ Iprivate −→ G′
private, (10)

where Iprivate denotes privately controlled epistemic infrastructure and G′
private denotes an enlarged

capacity for future generation. The paper introduces this possibility only as a bounded contemporary
extension. A fuller political economy of industrialized epistemic capitalization is reserved for subsequent
work.

Ethical and jurisprudential questions are likewise treated as implications of the foundational analysis
rather than as problems resolved within the present paper. The discussion considers issues including
accumulation, appropriation, generative extraction, recirculation, responsibilities toward commons, pri-
ority, provenance, proprietorship, stewardship, ownership, and enclosure. The paper does not derive a
general moral duty to return all epistemic value to the commons, nor does it assume that public knowl-
edge requires the elimination of identifiable legal ownership.
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The jurisprudential problem is therefore left open: legal subjectivity may serve attribution, prove-
nance, integrity, accountability, or remedy while also creating possibilities for exclusion and control.
Whether a form of retained or stewardship-oriented rights can protect public epistemic circulation with-
out reconstructing conceptual monopoly requires dedicated legal analysis across specific jurisdictions
and rights regimes.

Similarly, the paper does not claim that one existing open license already solves the problems identi-
fied here. Copyright, moral rights, attribution, contract, database rights, public-domain status, model
training, derivative production, integrity, and remedies operate through different legal architectures.
Their interaction requires separate and jurisdiction-sensitive research.

The analytical framework is consequently descriptive, explanatory, and problem-generating before
it is normative. It seeks to distinguish processes that are often conflated and to identify conditions under
which different epistemic trajectories may emerge. Its concepts remain provisional and revisable.

The orientation of the paper can be summarized through five methodological commitments:

Knowledge capital is examined through its generative consequences rather than treated as
a synonym for information or knowledge stock. Capital-like expansion is examined as a
dynamical structure rather than identified with capitalist social position. Public access is
distinguished from effective capitalization capacity. Accumulation is distinguished from
appropriation and enclosure. Normative and jurisprudential consequences are identified
without being prematurely settled within the foundational inquiry.

The Introduction develops the motivating phenomenon and scope of the inquiry. The Literature Re-
view reconstructs relevant traditions in political economy, Marxian theories of capital and accumulation,
Kantian epistemology, theories of knowledge and intellectual capital, sociology of science, knowledge
commons, generative justice, and contemporary political economies of knowledge. The subsequent sec-
tions develop the conceptual vocabulary, expansion dynamics, public-commons conditions, relational
positions of epistemic production, a preliminary analytical framework, and the contemporary amplifi-
cation associated with artificial intelligence. The Discussion considers broader theoretical, ethical, and
jurisprudential implications, while the final open-problems section preserves unresolved conceptual, em-
pirical, normative, jurisprudential, epistemological, and methodological questions for the wider research
programme.

Responsible Use and Rights Reservation

This section separates requested scholarly conduct from the legal permissions stated on the following
page. It records an ethical request for responsible use and then defines the narrower scope of retained
legal rights.

The author encourages good-faith discussion, criticism, independent inquiry, and responsible use of
the material in this work. Separately from the licence’s terms, the author asks users to consider foresee-
able harms when adapting or applying the proposed framework. This ethical request leaves the licence’s
permissions and legally authorized uses unchanged.

The author retains the rights preserved under CC BY-NC 4.0 and may pursue remedies to which the
author is legally entitled for breach of the licence or violation of the author’s independently applicable
rights. Reuse remains independent from authorial endorsement. Third-party rights require authorization
from their respective holders where applicable. Copyright exceptions and limitations, including applica-
ble forms of fair use or fair dealing, remain fully available.
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Notices

This page consolidates the manuscript’s publication status, licence, development disclosure, research-
programme relation, and suggested citation.

Status. This working draft records an evolving stage of the author’s position and is circulated for dis-
cussion. Definitions, section structure, formal statements, and numbering remain subject to revision. A
systematic value-theory review, expanded recognition-theory review, empirical network cases, specialist
statistical review, institutional design, and originality audit remain future research stages.

Licence. Except where otherwise indicated, copyright 2026Wanhong Huang. This work is made avail-
able under the Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC
4.0). Subject to its terms, the licence permits sharing and adaptation for noncommercial purposes with
appropriate attribution, a link to the licence, an indication of changes, and attribution that preserves the
licensor’s independence from the reuse. Reuse is governed solely by that licence; the responsible-use
request on the preceding page remains separate from its terms. The licence deed and legal-code link are
available at https://creativecommons.org/licenses/by-nc/4.0/. The licence governs in case
of conflict with this summary. Third-party material remains subject to the rights held by its respective
rights holders.

Statement on the use of language models. The exploratory discussions and preparation of this paper
involved OpenAI’s ChatGPT. ChatGPT supported exploratory dialogue, formal reconstruction, source
discovery followed by website verification, exact calculation, argumentative criticism, and drafting in
LATEX. The author selected the research questions, directed and approved the theoretical commitments
and epistemic status of the claims, and bears sole responsibility for the manuscript, including its defi-
nitions, formal constructions, taxonomy, calculations, arguments, conclusions, and errors. Authorship
credit remains with the human author. The access level and claim limit for every cited source are recorded
in the accompanying literature audit.
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1 Introduction

This section establishes the research object, conceptual motivation, analytical scope, and programme of
the present inquiry. The discussion begins from the recursive relation between accumulated epistemic
resources and subsequent knowledge-generating capacity, then situates this relation within the political
economy of capital, the epistemology of knowledge conditions, the sociology of cumulative advantage,
and scholarship on knowledge commons. The section next introduces the distinction between knowledge-
capital expansion as a dynamical structure and the knowledge capitalist as a position within relations
of epistemic production. It then develops the problem created by public knowledge: shared epistemic
resources can support broad knowledge generationwhile actors retainmarkedly heterogeneous capacities
to capitalize upon those resources. The final part defines the scope of the foundational inquiry and locates
its later extensions into artificial intelligence, ethics, jurisprudence, epistemology, and epistemic praxis.

Knowledge is commonly described through metaphors of accumulation. Individuals acquire knowl-
edge, disciplines accumulate findings, archives preserve previous work, and scientific communities en-
large bodies of theory, data, methods, and technical capability. Such descriptions can suggest an additive
structure in which later knowledge is appended to an expanding stock. Epistemic development, how-
ever, can also transform the conditions of subsequent generation. A concept learned at one stage can
enable recognition of previously unavailable questions. A mathematical method can make a new class
of problems tractable. Knowledge of two previously separate fields can support combinations that were
unavailable within either field alone. A database, archive, instrument, computational tool, language,
or theoretical distinction can alter the range, rate, direction, and practical feasibility of subsequent in-
quiry. Accumulated epistemic resources can therefore participate in the production of further epistemic
resources.

The resulting process has a recursive character. If Kt denotes the epistemic resources available to
an actor or system at time t, and Gt denotes the capacity through which further epistemic resources
can be generated, the relation of interest can be represented compactly as Kt → Gt+1 → Kt+1. The
analytical significance lies in the intermediate transformation of generative capacity. Previous knowledge
can contribute to the production of later knowledge through the changes it produces in the conditions of
inquiry itself. The present paper uses the expression knowledge-capital expansion for this broader family
of recursive processes and develops epistemic capitalization for the conversion of accessible epistemic
resources into enhanced conditions of subsequent epistemic generation.

The vocabulary of capital requires careful conceptual treatment. Political economy contains several
distinct traditions concerning capital, accumulation, reproduction, ownership, labor, and productive con-
ditions. Marx’s analysis gives particular importance to the movement of capital through processes of
valorization and accumulation and treats capital through a social organization of production rather than
through a purely static collection of productive things [13]. The Marxian framework also connects accu-
mulation with relations among owners of capital, workers, means of production, and processes through
which surplus becomes incorporated into further production. These distinctions provide an important
conceptual interlocutor for knowledge production because they separate the dynamics through which
capital expands from the positions occupied by actors within the relations that organize production.

The present inquiry carries that separation into the epistemic domain. Knowledge-capital expansion
designates a dynamical structure involving generation, accumulation, capitalization, recombination, con-
version, and recursive change in future productive capacity. The expression knowledge capitalist desig-
nates a relational position associated with substantial control over means and conditions of epistemic pro-
duction. The first concept concerns trajectories and feedback processes. The second concerns relations
among actors, infrastructures, productive conditions, epistemic labor, access, control, and appropriation.
These analytical dimensions can vary independently. A researcher can undergo rapid knowledge-capital
expansion while maintaining extensive circulation of outputs and limited control over other producers.
An institution or infrastructure owner can occupy a powerful position within epistemic production while
possessing only a fraction of the embodied knowledge involved in the resulting outputs.

This distinction provides one of the principal organizing commitments of the paper:
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Capital-like expansion is a dynamic property; capitalist position is a relational property.

The distinction also permits a more precise engagement with accumulation. Accumulation can oc-
cur across heterogeneous relational arrangements. Epistemic resources can accumulate within individual
learning, collaborative research, public archives, universities, firms, open-source communities, scientific
networks, state institutions, and other organizational forms. The political character of an accumulation
process consequently depends upon additional relations concerning control, access, labor, appropriation,
circulation, dependency, and the reproduction of generative conditions. The analytical separation be-
tween expansion and relational position therefore precedes the later normative evaluation of particular
forms of knowledge-capital accumulation.

The concept of knowledge capital also intersects with a different philosophical lineage concerning
the conditions of knowledge. Kant’s critical philosophy places the conditions and limits of cognition
at the center of epistemological inquiry and examines the contributions of sensibility, understanding,
and reason to human knowledge [10]. The present paper operates at a different analytical level, yet
the Kantian orientation toward conditions of possibility remains relevant. An epistemic resource can
become productive only through conditions that allow an actor to recognize, interpret, combine, apply,
or transform it. Formal availability of information therefore supplies only one component of epistemic
generation. Previous knowledge, conceptual schemes, language, training, material resources, time, in-
stitutional access, instruments, computational infrastructure, social relations, and other conditions can
influence whether an available resource becomes generatively operative.

This conditional structure becomes especially significant under public knowledge. Scholarship on
knowledge commons has developed an extensive account of knowledge as a shared resource and has
examined access, governance, intellectual property, open scholarly communication, collaborative pro-
duction, and possible enclosure in digital environments [9]. Public availability can enlarge the range of
resources from which subsequent inquiry proceeds. A theorem, dataset, archive, article, software library,
conceptual distinction, or research question placed into public circulation can enter productive processes
far beyond the institution or person from which it originated.

Public availability nevertheless interacts with heterogeneous productive conditions. Two actors can
encounter the same accessible epistemic resource while possessing different prior knowledge, education,
languages, time, funding, institutional affiliation, networks, computational resources, publication access,
and technical infrastructure. The same epistemic input can therefore produce different changes in their
subsequent generative capacities. The present paper describes this relation through capitalization capac-
ity and capitalization asymmetry. Equal formal access to a resource can coexist with unequal capacity
to incorporate that resource into further cycles of knowledge generation.

The sociology of science supplies an important neighboring account of recursive inequality. Merton’s
analysis of cumulative advantage examines processes through which differences in scientific recognition,
resources, opportunities, and subsequent rewards can accumulate over time [14]. Knowledge-capital ex-
pansion shares an interest in self-reinforcing trajectories while extending the analytical object toward
the generative consequences of epistemic resources themselves. A previous advantage can consist in
reputation or institutional opportunity, and it can also consist in possessing a conceptual, methodologi-
cal, linguistic, computational, or relational resource that changes the capacity to capitalize on the next
accessible resource. The relevant recursion therefore involves both the social distribution of opportunity
and the transformation of epistemic productive capacity.

Such recursion can extend across different forms of capital. Epistemic production can generate rep-
utation, credentials, institutional position, funding, networks, visibility, infrastructure, and access to fur-
ther collaboration. These resources can subsequently alter the conditions of later epistemic production.
Knowledge capital therefore participates in potential conversion cycles linking epistemic, reputational,
financial, network, institutional, and infrastructural resources. Research on academic capitalism has al-
ready examined organizational arrangements through which universities and academic actors become
increasingly connected to markets, commercialization, intellectual property, and revenue-generating cir-
cuits [18]. The present inquiry extends the problem toward recursive generative capacity: accumulated
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epistemic resources and their converted returns can alter an actor’s ability to acquire, recombine, produce,
circulate, and capitalize upon further knowledge.

Questions themselves expand the scope of the inquiry beyond conventional representations of knowl-
edge as a stock of established propositions. A question can have generative consequences before an
answer exists. A new question can identify previously unrecognized variables, establish a new compar-
ison, reveal a missing dataset, motivate a method, connect separate literatures, reorganize an existing
problem, or generate further questions. Epistemic accumulation can therefore include expansion of the
space of possible inquiry. Concepts, distinctions, methods, questions, data, tools, archives, and trained
interpretive capacities can all become candidates for knowledge capital when their presence changes the
possibilities of subsequent generation.

Cross-domain knowledge further introduces combinatorial effects. An epistemic resource acquired
in one field can enter another field as a conceptual, formal, methodological, or heuristic resource. The
resulting combination can then modify the original field or create an intermediate research space. The
productive significance of interdisciplinary accumulation therefore depends partly on relations among
resources. An expanding knowledge system acquires new nodes and new possible connections among
existing nodes. This relational dimension helps explain why equivalent increments in informational
quantity can produce markedly different changes in generative capacity.

The public knowledge commons consequently presents a structural tension. Broader circulation
can increase the generative resources available throughout a field while heterogeneous capitalization
capacities produce unequal gains from those resources. Under some conditions, actors already possess-
ing strong epistemic, financial, institutional, network, or infrastructural resources can convert public
knowledge into further private or organizational advantage at a higher rate. The enlarged advantage can
subsequently increase their capacity to capitalize upon the next round of public resources. The paper
uses openness–concentration paradox as a provisional name for situations in which expansion of shared
epistemic accessibility coexists with increasing concentration of effective knowledge-generating capac-
ity. The expression identifies a theoretical possibility whose causal conditions, empirical frequency, and
institutional variation remain open to investigation.

Questions of circulation and extraction follow from the same structure. Generative justice provides
a relevant conceptual resource through its emphasis on the circulation of value and the relation between
generated value and the people or systems from which that value emerges [5]. Applied to knowledge
commons, this perspective directs attention toward the trajectory followed by publicly available epis-
temic value after capitalization. Some trajectories can contribute to further public generativity through
open methods, concepts, data, teaching, infrastructure, or other forms of recirculation. Other trajectories
can increase exclusive control over subsequent generative conditions. These possibilities motivate later
distinctions among accumulation, appropriation, generative extraction, enclosure, and generative return.

Artificial intelligence gives these questions renewed practical significance. AI systems are increas-
ingly used across multiple stages of scientific work, and policy discussions have emphasized their poten-
tial effects on research productivity, discovery, scientific infrastructure, and research governance [15].
AI can expand the volume of information that an actor can search, summarize, compare, translate, clas-
sify, and recombine within a given period. Agentic and computational infrastructures can also support
parallel exploration of candidate questions, hypotheses, methods, and textual outputs. These capabilities
can enlarge the set of publicly accessible epistemic resources that becomes practically capitalizable for
actors who possess the required infrastructure and complementary capacities.

The present foundational inquiry treats AI as a contemporary amplification of a more general mecha-
nism. Knowledge-capital expansion precedes current generative AI and can occur through human learn-
ing, libraries, institutions, collaboration, disciplinary specialization, computational tools, and other his-
torical means of epistemic production. AI changes the potential scale, speed, parallelism, and infras-
tructural organization of several processes already contained within the broader framework. Its fuller
political economy, including machine-scaled production, infrastructural epistemic capital, automated
capitalization, and possible concentration of knowledge-generating capacity, therefore constitutes a ma-
jor extension of the present paper.
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The conceptual framework also generates ethical and jurisprudential questions. Rapid knowledge-
capital expansion alone supplies insufficient information for evaluating the justice of an epistemic ar-
rangement. Normative assessment requires attention to the relations through which generative resources
were obtained, the distribution of productive conditions, the organization and recognition of epistemic la-
bor, the degree of dependency created, the circulation of resulting value, and the effects of accumulation
on other actors’ future generativity. Similar distinctions matter in jurisprudence. Ownership, posses-
sion, access, control, appropriation, attribution, provenance, and stewardship represent different legal or
practical relations to epistemic resources. Public circulation can therefore coexist with identifiable rights
holders, while particular configurations of rights can also facilitate enclosure or control over future gen-
erative conditions.

These normative and jurisprudential implications enter the Discussion as research frontiers generated
by the foundational analysis. Detailed ethical criteria for generative extraction and exploitation belong to
a subsequent normative inquiry. Detailed legal analysis of retained rights, licensing, attribution, integrity,
stewardship, public-domain status, and remedies requires jurisdiction-sensitive jurisprudential research.
The present paper supplies conceptual distinctions through which those later questions can be formulated
with greater precision.

The inquiry therefore pursues several connected objectives. It develops a provisional concept of
knowledge capital grounded in generative consequence; distinguishes knowledge-capital expansion from
adjacent concepts of knowledge stock and informational accumulation; develops epistemic capitalization,
capitalization capacity, capitalization asymmetry, and recursive epistemic advantage; examines ques-
tions and cross-domain relations as components of epistemic generativity; analyzes public knowledge
as shared generative infrastructure; distinguishes expansion dynamics from positions within relations
of epistemic production; introduces the categories of knowledge capitalist and epistemic proletariat for
later development; examines cross-capital conversion and possible openness–concentration dynamics;
and uses contemporary AI as a bounded case through which the scale implications of the framework
become visible.

The resulting framework remains deliberately foundational. Its concepts are provisional analytical
instruments whose boundaries require historical, philosophical, institutional, and empirical testing. The
paper therefore retains open questions concerning the boundary of capital terminology, relations among
valorization, accumulation, reproduction, expansion, concentration, and centralization, the measurement
of epistemic generativity, the empirical identification of capitalization asymmetry, the aggregation of
knowledge capital across individual and institutional levels, the limits of capitalization for embodied and
relational knowledge, and the normative thresholds separating productive use, appropriation, extraction,
and exploitation.

The paper proceeds from this introduction to a broad Literature Review. The review reconstructs
relevant concepts from classical and Marxian political economy, Kantian epistemology, theories of hu-
man and intellectual capital, capital conversion, sociology of science, knowledge-commons scholarship,
academic and platform capitalism, epistemic injustice, generative justice, and the emerging political
economy of AI. The conceptual sections then define knowledge capital and its principal categories be-
fore examining the dynamics of recursive expansion and the distinctive conditions created by public
knowledge. A subsequent political-economic analysis develops means of epistemic production, control
over generative conditions, knowledge capitalists, epistemic proletariat, dependency, subordination, ap-
propriation, and extraction. The preliminary analytical framework organizes these relations across actors,
epistemic resources, generative conditions, and cross-capital feedback. The AI section examines contem-
porary amplification without exhausting the dedicated AI-specific research programme. The Discussion
develops theoretical, ethical, and jurisprudential implications. The final open-problems section preserves
the conceptual, empirical, normative, legal, epistemological, and methodological questions that remain
available for subsequent research.
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2 Literature Review

This section establishes the intellectual context required for a foundational account of knowledge-capital
expansion. The review has four objectives. First, it reconstructs distinctions among capital, accumu-
lation, expansion, reproduction, productive conditions, and capitalist position in classical and Marxian
political economy. Second, it examines philosophical and economic traditions concerned with the condi-
tions, production, and productive use of knowledge. Third, it reviews literatures concerned with unequal
accumulation, commons governance, institutional and infrastructural power, epistemic participation, and
value circulation. Fourth, it locates contemporary artificial intelligence within these longer histories of
epistemic production. The section uses conceptual comparison across these literatures to identify their
respective analytical objects and to delimit the theoretical space occupied by the present inquiry.

2.1 Capital and Accumulation in Classical Political Economy

This subsection establishes the pre-Marxian political-economic background of capital and accumulation.
The discussion focuses on Adam Smith and David Ricardo because their analyses already distinguish
productive resources, accumulation processes, income distributions, and social positions associated with
ownership of capital. These distinctions provide an important historical basis for separating the dynamics
of capital from the position of a capitalist.

In An Inquiry into the Nature and Causes of the Wealth of Nations, Smith organizes Book II around
the nature, accumulation, and employment of stock [19]. A central distinction separates the portion of
a person’s stock reserved for immediate consumption from the portion employed with an expectation of
revenue. Capital thereby receives a productive orientation: accumulated stock can support productive
activity and the further division of labor. Accumulation consequently has consequences beyond the quan-
tity of wealth already possessed. It changes the productive resources available for subsequent economic
activity.

This feature is relevant to the present inquiry because a resource acquires a capital-like charac-
ter partly through its relation to subsequent production. The analogy nevertheless requires domain-
specific reconstruction. Smith’s capital concerns economic stock employed for revenue-generating ac-
tivity, whereas the present inquiry examines epistemic resources whose accumulation changes future
capacities for knowledge generation. The conceptual connection lies in the relation between previously
accumulated resources and subsequent productive possibilities.

Ricardo places distribution among the central problems of political economy. The preface to On
the Principles of Political Economy and Taxation identifies landlords, owners of capital, and laborers
as distinct classes among whom social production is distributed through rent, profit, and wages [16].
Ricardo also examines accumulation in relation to profits, wages, population, trade, and the employment
of capital. His analysis therefore combines a theory of productive resources with a theory of distribution
among differently positioned actors.

Smith and Ricardo together provide an early conceptual separation among capital as a productive
resource, accumulation as a process through time, and capital ownership as a position relevant to dis-
tribution. These categories remain tightly connected within classical political economy while retaining
different analytical functions. The distinction becomes substantially more developed inMarxian political
economy.

2.2 Marxian Capital and Valorization

This subsection reconstructs the dynamic conception of capital developed in Marx’s Capital. Its role
is to clarify the relation among capital, valorization, circulation, and expansion before the present pa-
per introduces knowledge-capital expansion. Particular attention is given to capital as a process whose
continuation depends upon repeated transformation and augmentation.

Marx’s analysis of the general formula for capital begins from the circuit in whichmoney is advanced,
converted through commodity relations, and returns in an augmented monetary form [13]. The analytical
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importance of this circuit lies in themovement of value through successive forms and in the augmentation
that gives the circuit its specifically capitalist character. Capital therefore has a temporal and processual
dimension. A quantity of value functions as capital through its participation in relations and processes
that permit valorization.

This dynamic conception is significant for the present inquiry. A stock-based description records how
much of a resource exists at a given moment. A capital-expansion perspective additionally examines
how an accumulated resource enters a process that modifies the conditions of subsequent production.
The distinction between stock and generative movement provides a conceptual precedent for treating
knowledge-capital expansion as a trajectory rather than a static quantity.

Marx’s framework also establishes an important constraint on the transfer of capital terminology.
Valorization in Marx concerns a historically specific capitalist production process involving commodity
production, labor power, surplus value, and relations of production. Epistemic generation has different
objects, mechanisms, institutions, and forms of labor. The present inquiry therefore uses the Marxian
analysis as a theoretical interlocutor for distinguishing movement, accumulation, productive conditions,
and relational positions. The specific categories of Marxian value theory retain their own historical and
theoretical domain.

The relevant conceptual inheritance is consequently structural. Capital can be studied through its
movement, reproduction, and capacity for augmentation. This permits a parallel question concerning
epistemic resources: under which conditions does an epistemic resource enter a recursive process through
which previous generation contributes to enlarged conditions for subsequent generation?

2.3 Capitalist Position, Labor, and Means of Production in Marx

This subsection examines the relational dimension of Marxian capital. Its objective is to distinguish the
movement of capital from the position occupied by the capitalist within the social organization of pro-
duction. The discussion also introduces labor power and control over means of production as relational
elements that later inform the concepts of knowledge capitalist and epistemic proletariat.

Marx characterizes the capitalist as a bearer or personification of capital within capitalist production
[13]. This formulation is especially important for the present framework because the category capitalist
denotes a position and function within a social relation. The capitalist participates in a structure involving
ownership or control of productive resources, acquisition of labor power, organization of production,
appropriation of surplus value, and reinvestment into further accumulation.

The capitalist can consequently be distinguished analytically from capital itself. Capital has circuits,
rates, compositions, accumulation dynamics, and reproductive processes. The capitalist occupies a posi-
tion through which particular functions of capital are organized and enacted. Marx’s description of the
capitalist as personified capital makes their connection especially close while preserving the conceptual
distinction between a dynamic process and the social bearer of that process.

The relation to means of production is equally significant. Capitalist production presupposes his-
torically constituted relations in which workers possess labor power while access to principal means
of production is organized through property and control structures. The resulting relation shapes who
can initiate production, who directs productive activity, who depends upon access controlled by another
actor, and how the resulting value enters subsequent cycles.

This relational architecture supplies a crucial precedent for the epistemic domain. A person with
extensive knowledge does not acquire the analytical position of a knowledge capitalist through quantity
of knowledge alone. The relevant category concerns control over significant means and conditions of
epistemic production and the capacity to organize, direct, scale, and appropriate epistemic production.
Correspondingly, a knowledge producer may possess substantial generative capacity while depending
upon institutions, infrastructures, funding, tools, publication systems, or other conditions controlled else-
where.

The distinction therefore supports one of the foundational separations of the present inquiry: knowledge-
capital expansion concerns dynamics, while knowledge-capitalist position concerns relations of epis-
temic production.
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2.4 Reproduction, Accumulation, Concentration, and Centralization in Marx

This subsection differentiates several Marxian processes that can otherwise be compressed into the broad
language of capital expansion. Its objective is to prevent the present concept of knowledge-capital ex-
pansion from treating valorization, accumulation, reproduction, concentration, and centralization as in-
terchangeable processes.

Marx defines accumulation through the reconversion of surplus value into capital and examines how
accumulation contributes to production on an enlarged scale [13]. Accumulation thereby links the result
of a previous productive cycle to the productive conditions of a subsequent cycle. Previous accumulation
becomes part of the basis for further accumulation. This recursive structure is directly relevant to the
present inquiry, although themechanisms of epistemic capitalization differ from the conversion of surplus
value analyzed by Marx.

Reproduction adds another level of analysis. Capitalist production reproduces material inputs and
outputs while also reproducing the social conditions under which the production process continues. Ex-
panded reproduction concerns the continuation of production on an enlarged scale. This distinction is
useful for knowledge systems because persistence of an epistemic resource and reproduction of the con-
ditions that permit further epistemic generation are analytically separable phenomena.

Marx further distinguishes concentration from centralization. Concentration develops through accu-
mulation and growth of individual capitals, while centralization concerns the redistribution and combi-
nation of capitals already formed [13]. A large capital can consequently emerge through internal accu-
mulation, through centralization, or through combinations of these processes. The distinction is particu-
larly important for later analysis of epistemic concentration. Growth in an actor’s knowledge-generating
capacity through recursive learning has a different structure from acquisition, merger, platform consoli-
dation, institutional aggregation, or control over previously distributed epistemic infrastructures.

The term knowledge-capital expansion in the present paper therefore functions as an umbrella an-
alytical category whose internal mechanisms require further differentiation. Recursive epistemic accu-
mulation, cross-capital conversion, concentration of generative capacity, and centralization of epistemic
infrastructure can contribute to expansion through different causal pathways.

2.5 Accumulation in Later Marxist Political Economy

This subsection situates Marxian accumulation within later debates concerning the reproduction, geo-
graphical extension, and systemic conditions of capital. Its objective is to show how subsequent Marxist
scholarship expanded the scale at which accumulation could be analyzed, from individual capital and
social reproduction toward broader institutional and spatial configurations.

Luxemburg’s The Accumulation of Capital places reproduction and expanded reproduction at the
center of an inquiry into the broader social conditions of capital accumulation [11]. Her analysis extends
the problem beyond an isolated productive unit and examines accumulation through relations connecting
capitalist production with wider economic and historical environments. The specific conclusions of
Luxemburg’s argument generated extensive controversy, while the scale of the question remains relevant:
accumulation depends upon conditions distributed across a broader social field.

Harvey develops another influential extension through the spatial, technological, financial, and crisis
dynamics of capitalist accumulation [8]. His account emphasizes movement among forms of capital, tem-
poral and spatial displacement, fixed capital, finance, and the geographical organization of production.
The result is a conception of capital whose expansion and crisis dynamics depend upon heterogeneous
infrastructures and spatially differentiated conditions.

These later developments are relevant to knowledge-capital expansion because epistemic production
is similarly distributed across multiple scales. Individual cognition, laboratories, universities, archives,
publishers, digital platforms, funding agencies, computational infrastructures, states, and transnational
networks can participate in a single generative trajectory. The productive conditions available at one
scale can therefore depend upon accumulation, control, and circulation at another.
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The later Marxist literature consequently supports a multi-level approach to knowledge capital. Re-
cursive epistemic expansion can be examined through the trajectory of an individual actor while remain-
ing embedded within institutional, infrastructural, and political-economic fields.

2.6 Kantian Epistemology and Conditions of Cognition

This subsection introduces a philosophical literature whose analytical object differs substantially from
political economy. Its role is to foreground the importance of conditions under which cognition becomes
possible and thereby prevent knowledge capital from being reduced to quantities of externally available
information. Kantian epistemology is used here as a conceptual interlocutor concerning epistemic con-
ditions and limits.

The Critique of Pure Reason investigates the conditions and limits of human cognition through the
relation among sensibility, understanding, and reason [10]. Kant’s transcendental inquiry asks about
conditions that make cognition of objects possible for a finite discursive knower. Space and time, forms
of intuition, and the categories of the understanding occupy different roles within this architecture.

The present inquiry operates at another theoretical level. Its generative conditions include material,
cognitive, linguistic, social, institutional, historical, and technological conditions of epistemic produc-
tion. Kant’s transcendental conditions and the present paper’s generative conditions therefore belong to
distinct explanatory projects. Their comparison remains useful because both direct attention toward the
insufficiency of treating an available object as equivalent to a possible act of knowing.

An article, dataset, mathematical formalism, archive, or model can be publicly accessible while re-
maining practically unavailable to a particular subject as a generative resource. Language, prior con-
ceptual knowledge, disciplinary training, instruments, computational capability, time, and interpretive
competence can mediate the transformation of accessibility into epistemic use. The object of interest con-
sequently shifts from the mere presence of an epistemic resource toward the relation between a resource
and the conditions through which it becomes generatively consequential.

Kantian epistemology therefore contributes a philosophical caution to the capitalization framework.
Formal access does not exhaust the conditions of knowing. This point later becomes important for capi-
talization asymmetry and for the distinction between public availability and effective epistemic capacity.

2.7 Knowledge Economy and Economics of Information

This subsection reviews economic traditions that explicitly treat knowledge and information as econom-
ically consequential resources. Its role is to connect the political-economic literature on capital with
scholarship on knowledge production, information characteristics, innovation, and economic growth.

Machlup’s The Production and Distribution of Knowledge in the United States provided an early sys-
tematic attempt to identify and measure sectors devoted to the production and distribution of knowledge
[12]. The study widened the economic object beyond formal scientific research and treated educational,
informational, communicative, and related activities as components of a knowledge-producing econ-
omy. Machlup’s contribution is especially relevant because it establishes knowledge production itself as
an economic object susceptible to institutional and quantitative analysis.

Arrow’s analysis of inventive activity addresses the distinctive economic properties of information
and the institutional problems created by invention [1]. Information can be costly to produce while its
use and transmission have properties that differ from conventional rival goods. The resulting tension
between production incentives, uncertainty, appropriability, and dissemination became foundational for
later economics of innovation and knowledge.

Romer’s endogenous growth theory further places ideas and technological change inside the growth
process [17]. His model emphasizes the nonrival character of technological knowledge together with
partial excludability and intentional investment in research. Knowledge can therefore contribute repeat-
edly to production without being exhausted through a single use. Such properties are directly relevant
to public knowledge commons, because wide circulation can coexist with institutional mechanisms of
exclusion, licensing, appropriation, and private return.
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These traditions establish several properties important for the present framework: knowledge can be
produced through resource-intensive processes, knowledge can enter subsequent production, knowledge
can generate spillovers, and informational resources frequently display nonrival characteristics. The
present inquiry adds a different analytical emphasis by examining changes in the recipient’s future ca-
pacity to generate further epistemic resources.

2.8 Human Capital and Investment in Productive Capacity

This subsection examines human-capital theory as one of the closest established uses of capital termi-
nology for capacities embodied in persons. Its objective is to distinguish investment in economically
productive human capacities from the broader recursive epistemic processes proposed in this paper.

Becker’s Human Capital develops an economic treatment of investments in education, training, and
other activities that alter individual productive capacity and future economic returns [2]. Education can
therefore be analyzed as an investment whose costs are incurred in relation to future productivity and
earnings.

Human-capital theory provides an important precedent for moving the concept of capital beyond
physical assets. Productive capacities embodied in persons can have durable consequences and can be
enlarged through investment. The theory also gives time a central role because acquisition of education
or training changes later productive possibilities.

Knowledge-capital expansion has a broader analytical object. Epistemic resources can be embodied
in persons, encoded in texts, instantiated in infrastructure, embedded in relational systems, distributed
across institutions, or publicly available in commons. Questions, conceptual distinctions, methods,
archives, software, and networks can become generatively consequential even when their effects can-
not be represented adequately through future earnings.

The distinction is therefore one of analytical scope and mechanism. Human capital helps explain
investment in productive human capacity. Knowledge- capital expansion examines recursive changes in
epistemic generativity across multiple kinds of resources and multiple levels of organization.

2.9 R&D-Based Knowledge Capital

This subsection reviews the econometric tradition that already employs the expression knowledge capi-
tal. Its role is especially important for terminological clarity because the present inquiry uses the same
expression with a substantially broader conceptual definition.

Griliches develops a production-function approach in which accumulated research and development
expenditure is represented through an R&D capital stock and related to productivity [7]. This tradition
became a major framework for estimating returns to research, technological spillovers, and the contri-
bution of R&D to productivity. Subsequent productivity research frequently refers to such accumulated
R&D stocks as knowledge capital.

The R&D-based knowledge-capital model provides an operationally disciplined and empirically use-
ful concept. Its object is usually constructed from research investment, depreciation assumptions, and
productivity relationships. The present inquiry addresses a different level of abstraction. It includes epis-
temic resources whose generative significance may arise through conceptual recombination, question
generation, methods, data, trained judgment, networks, or public knowledge, including resources whose
formation cannot be represented through R&D expenditure.

This difference also affects the meaning of accumulation. An R&D stock can increase quantitatively
while its epistemic components vary in their combinatorial relevance, accessibility, interpretability, or
future generativity. Conversely, a single conceptual distinction or research question can produce a large
change in future inquiry possibilities with limited correspondence to expenditure-based capital measures.

The present paper therefore retains knowledge capital as a broad conceptual category while explicitly
recognizing the established econometric use of the term. Later empirical work will require operational
definitions suited to specific kinds of epistemic capital.
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2.10 Intellectual Capital in Organizational Research

This subsection examines intellectual-capital research at the organizational level. Its objective is to dis-
tinguish the present framework from approaches that classify intangible resources according to their
contribution to organizational performance.

Intellectual-capital scholarship developed frameworks for identifying and measuring intangible re-
sources located in human capacities, organizational structures, routines, relationships, and knowledge
systems. Bontis, for example, develops measures connecting dimensions of intellectual capital with or-
ganizational performance [3]. The literature therefore expands the capital concept beyond physical and
financial assets toward knowledge-intensive resources distributed within an organization.

This tradition is relevant in two respects. First, it recognizes that valuable knowledge resources can
reside in different organizational locations. Knowledge held by employees differs from organizational
routines, databases, procedures, or external relationships. Second, the literature treats relations among
such resources as consequential for organizational performance.

The present framework shifts the primary dependent variable from organizational performance to-
ward subsequent epistemic generativity. An epistemic resource qualifies provisionally as knowledge
capital when its possession, access, or control changes the conditions, rate, range, direction, or combi-
natorial possibilities of later knowledge generation. This criterion can include organizationally valuable
resources while also extending to public, non-commercial, individual, communal, and inter-institutional
contexts.

Intellectual-capital scholarship therefore contributes an important vocabulary of intangible produc-
tive resources, while knowledge-capital expansion focuses on their recursively generative consequences.

2.11 Forms and Conversion of Capital in Bourdieu

This subsection examines Bourdieu’s extension of capital across economic, cultural, and social forms.
Its role is to establish a theoretical basis for cross-capital conversion, embodied accumulation, path de-
pendence, and unequal capacity arising from historically accumulated resources.

Bourdieu characterizes capital as accumulated labor and emphasizes the temporal inertia produced
by accumulation [4]. Economic capital, cultural capital, and social capital can exist in different forms
and can, under specified conditions, be converted into one another. Cultural capital can be embodied
through long processes of acquisition, objectified in cultural goods, or institutionalized through creden-
tials. Social capital is associated with durable networks and the resources accessible through them.

Several features of this framework are highly relevant to knowledge-capital expansion. Capital takes
time to accumulate, previously accumulated capital changes subsequent possibilities, and different forms
of capital can be converted. These features support analysis of recursive trajectories in which epistemic
resources contribute to reputation, networks, credentials, institutional access, or financial resources that
subsequently contribute to further epistemic generation.

Bourdieu also strengthens the analysis of capitalization asymmetry. Individuals encountering an
identical publicly available resource can bring different embodied cultural capital, social connections,
institutional credentials, and economic resources to its use. Equal exposure to a resource therefore occurs
within historically unequal distributions of convertible capital.

The present framework extends this insight through an explicit generative criterion. The central
question concerns how heterogeneous capital configurations alter an actor’s capacity to convert shared
epistemic resources into further knowledge production. Cross-capital conversion thereby becomes a
mechanism within recursive knowledge-capital expansion.

2.12 Cumulative Advantage in the Sociology of Science

This subsection reviews cumulative-advantage theory in the sociology of science. Its objective is to
locate recursive epistemic advantage within an established account of how scientific recognition and
resources become self-reinforcing over time.
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Merton’s analysis of the Matthew effect examines differential allocation of recognition in science
and develops the broader concept of cumulative advantage [14]. Initial differences in recognition, in-
stitutional location, resources, or opportunity can influence access to subsequent advantages. Scientific
careers and institutions can therefore follow divergent trajectories through feedback mechanisms that
amplify earlier differences.

This literature is closely related to the present concept of recursive epistemic advantage. Both frame-
works focus on temporally extended processes in which prior states influence subsequent possibilities.
Their primary analytical objects differ. Cumulative-advantage research commonly emphasizes recogni-
tion, reward, resources, institutional prestige, and career opportunities. Knowledge-capital expansion
additionally examines epistemic resources themselves as inputs into future generative capacity.

The distinction can be illustrated through a conceptual resource. Learning a new formalism can in-
crease a researcher’s ability to understand later literature, formulate questions, connect domains, and
acquire further knowledge. The resulting advantage can emerge before any external recognition occurs.
If the new knowledge later produces publication, reputation, funding, or collaboration, epistemic expan-
sion and sociological cumulative advantage can enter a coupled feedback process.

Merton’s framework therefore provides an essential neighboring theory for the social amplification of
advantage, while the present inquiry extends recursive analysis into the internal and relational conditions
of epistemic generation.

2.13 Knowledge Commons and Commons Governance

This subsection reviews knowledge-commons scholarship as the principal literature for understanding
shared epistemic resources, institutional arrangements, access, and enclosure. Its objective is to estab-
lish the commons-side of the theoretical problem before examining unequal capitalization from public
resources.

Hess and Ostrom develop knowledge commons as a framework for studying knowledge as a shared
resource and for analyzing the institutional arrangements through which such resources are created, main-
tained, accessed, governed, and protected [9]. Their volume addresses digital knowledge, scholarly
communication, intellectual property, open access, collaborative communities, libraries, preservation,
and possible enclosure.

Knowledge differs frommany natural-resource commons because informational resources frequently
display low rivalry in use. Reading an open article does not consume the article’s informational con-
tent for subsequent readers. Digital reproduction can further reduce marginal distribution costs. These
properties enlarge the potential for broad circulation while leaving questions of exclusion, preservation,
infrastructure, attribution, legal rights, and governance intact.

The knowledge-commons literature provides the institutional foundation for the present paper’s con-
cept of public knowledge as generative infrastructure. Public epistemic resources can serve as inputs
into multiple independent generative processes. The same article, dataset, codebase, archive, or concept
can contribute to future work by many actors.

The present inquiry adds capitalization capacity as a separate analytical dimension. Governance of
access determines whether a resource can be reached and used under specified conditions. Capitalization
analysis asks how differently positioned actors transform that accessible resource into subsequent genera-
tive capacity. The two problems are complementary. A highly open commons can remain heterogeneous
in the generative gains that different actors derive from it.

This distinction forms the basis of the later openness–concentration problem. The aggregate genera-
tivity of a commons can increase while effective knowledge-generating capacity becomes increasingly
concentrated among actors with stronger complementary resources.

2.14 Academic Capitalism and Institutional Knowledge Production

This subsection reviews academic-capitalism scholarship as an account of the institutional organization
andmarket orientation of knowledge production. Its objective is to connect individual knowledge-capital
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trajectories with universities, intellectual property, commercialization, and organizational circuits linking
public and private resources.

Slaughter and Rhoades analyze an academic capitalist knowledge and learning regime in which uni-
versities, academic actors, states, and markets become connected through new organizational structures
and circuits of knowledge creation and commercialization [18]. Their framework examines patents, copy-
rights, educational markets, institutional policies, administrative capacities, and networks that connect
higher education to commercial activity.

This literature is especially relevant to the distinction between epistemic production and control over
conditions of epistemic production. Universities can provide laboratories, databases, salaries, grants,
credentials, legal offices, publication infrastructure, and networks through which knowledge is generated
and circulated. Institutional control over these conditions can shape research agendas, access to resources,
ownership of outputs, and conversion of research into other forms of capital.

Academic-capitalism research also illustrates commons-to-private conversion. Public funding, pub-
licly accumulated scientific knowledge, university infrastructure, and collective epistemic labor can par-
ticipate in processes that generate privately appropriable intellectual property or commercial returns. The
normative status of such arrangements depends upon their specific institutional and distributive struc-
tures, yet their existence demonstrates the importance of tracing epistemic value across multiple stages
of production and circulation.

The present inquiry extends this analysis through recursive capacity. The question concerns how
institutional returns from one cycle can alter control over generative conditions in subsequent cycles and
thereby change the future distribution of knowledge-producing capacity.

2.15 Platform Capitalism and Infrastructural Control

This subsection extends the institutional analysis toward digital infrastructure. Its objective is to ex-
amine how control over platforms can shape access, coordination, data accumulation, dependency, and
productive possibilities across large populations of users.

Srnicek’s account of platform capitalism analyzes platforms as business forms that provide digital
infrastructures through which other actors interact and operate [20]. Platforms can occupy intermediary
positions, collect data, organize markets, exploit network effects, and build infrastructural dependencies
across economic sectors.

The relevance to epistemic production extends beyond commercial platforms in a narrow sense. Con-
temporary knowledge production increasingly depends upon search engines, scholarly databases, cloud
computing, model providers, repositories, social platforms, publication systems, collaborative software,
and computational services. Control over such infrastructures can influence which epistemic resources
become discoverable, processable, circulable, and economically feasible to use.

This produces a form of power located in generative conditions. An actor can influence knowledge
production through control of the infrastructure on which other actors depend, even when the infras-
tructure owner does not perform the underlying epistemic labor. The distinction becomes particularly
important for AI systems, where model access, compute, proprietary data, interfaces, and agentic infras-
tructure can mediate large portions of the epistemic production process.

Platform-capitalism scholarship therefore contributes an infrastructural dimension to knowledge-
capital analysis. It directs attention toward control over the environments within which capitalization
occurs.

2.16 Epistemic Injustice and Unequal Epistemic Participation

This subsection introduces epistemic-injustice scholarship as a normative and social-epistemological
account of power within practices of knowing. Its role is to broaden inequality analysis beyond unequal
possession of resources toward unequal standing, interpretive capacity, recognition, and participation
within epistemic relations.
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Fricker’s Epistemic Injustice develops testimonial injustice and hermeneutical injustice as forms of
wrong connected to a person’s capacity as a knower [6]. Testimonial injustice concerns credibility deficits
associated with prejudice, while hermeneutical injustice concerns structural disadvantages in the collec-
tive interpretive resources available for understanding and communicating social experience.

The present paper addresses a different object, yet the connection is substantial. Capitalization ca-
pacity depends partly upon whether actors can participate effectively in epistemic systems. Access to
information has limited generative value when an actor’s testimony is systematically discounted, when
relevant conceptual resources are unavailable, or when institutional arrangements exclude an actor from
recognized channels of knowledge production.

Epistemic injustice also reveals that epistemic resources have social conditions of recognition. Knowl-
edge production involves credibility, classification, interpretation, and institutional uptake. These pro-
cesses can affect whether an epistemic contribution becomes visible, reusable, citable, fundable, or con-
vertible into future opportunities.

The literature therefore adds a justice-sensitive dimension to capitalization asymmetry. Unequal
epistemic generativity can arise through distributions of material resources and through unequal relations
of recognition and interpretation.

2.17 Generative Justice and Value Circulation

This subsection reviews generative justice as the principal normative interlocutor for the later concepts of
generative extraction, generative return, and recirculation. Its objective is to shift attention from the final
distribution of outputs toward the trajectories through which value is generated, extracted, circulated, and
returned.

Eglash develops generative justice around the circulation of value to the people and systems from
which that value originates [5]. The framework is concerned with forms of value that include economic,
ecological, and social dimensions and with systems that support recursive circulation rather than one-
directional extraction.

This orientation is especially useful for a knowledge commons. Public knowledge can enter the
generative process of an actor, contribute to new epistemic outputs, and increase the actor’s subsequent
productive capacity. The resulting value can then follow different trajectories. It can remain privately
controlled, become institutionally enclosed, return to public circulation, support the source community,
create new shared infrastructure, or combine several of these pathways.

Generative justice therefore provides a basis for distinguishing asymmetric capitalization from stronger
normative categories. Unequal gains from a shared resource establish an asymmetry. A generative-
extraction analysis additionally examines flows between a source field and the actor who capitalizes
upon it. A theory of exploitation would require further criteria concerning power, dependency, degrada-
tion, suppression of future generativity, or other normatively significant relations.

The present foundational paper leaves those thresholds open while adopting value circulation and
regeneration as essential variables for later ethical analysis.

2.18 Artificial Intelligence and Contemporary Scientific Production

This subsection reviews artificial intelligence as a contemporary development in the means of epistemic
production. Its objective is to identify changes in scale, automation, search, recombination, and research
infrastructure that can amplify mechanisms already identified in the preceding literatures.

The OECD’s Artificial Intelligence in Science surveys current and potential applications of AI across
scientific research and emphasizes their possible effects on scientific productivity, discovery, research
infrastructure, and research governance [15]. AI can assist literature processing, pattern identification,
modeling, experimentation, prediction, and other stages of scientific activity. The report also emphasizes
differences in access and the importance of infrastructure and policy.

From the perspective of knowledge-capital expansion, AI can alter epistemic absorption capacity:
the quantity and diversity of external epistemic resources that an actor can practically search, process,
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compare, and recombine within a given period. Public availability can therefore acquire different practi-
cal significance when machine assistance changes the cost of capitalizing upon a large corpus.

AI can also alter the organization of epistemic labor. Search, translation, classification, summariza-
tion, candidate generation, drafting, comparison, and some forms of evaluation can be distributed across
machine systems. Large computational infrastructures can parallelize these processes. The relationship
between direct human epistemic labor and total epistemic output can consequently change.

These developments connect AI to several earlier literatures simultaneously. Human-capital theory
raises questions concerning complementarity between trained persons and computational tools. R&D-
based knowledge-capital research raises productivity questions. Cumulative-advantage theory raises
questions about recursively amplified access. Knowledge-commons research raises questions about
capitalization of public inputs. Platform capitalism raises questions concerning infrastructural control.
Academic capitalism raises questions concerning institutional appropriation. Generative justice raises
questions concerning circulation and return.

AI therefore serves as a particularly dense contemporary case of knowledge-capital expansion. Its
dedicated political economy requires a separate inquiry, while the present foundational paper uses it to
demonstrate the relevance of the broader conceptual architecture.

2.19 Literature Synthesis and Analytical Positioning

This subsection synthesizes the reviewed traditions and specifies the analytical position of the present
inquiry. The synthesis proceeds by distinguishing the principal object addressed by each literature and
then identifying relations that remain insufficiently integrated across them.

Classical political economy establishes capital accumulation and distribution as central economic
problems. Marxian political economy provides a dynamic account of valorization, reproduction, ac-
cumulation, concentration, and centralization while locating the capitalist within historically specific
relations of production. Later Marxist scholarship broadens accumulation analysis across social, spatial,
and institutional environments.

Kantian epistemology contributes a distinct concern with conditions of cognition. Economics of
knowledge and information establishes knowledge as an object of production, dissemination, innova-
tion, and growth. Human-capital theory analyzes investment in embodied productive capacities. R&D-
based knowledge-capital research operationalizes accumulated research investment in productivity mod-
els. Intellectual-capital scholarship classifies intangible organizational resources. Bourdieu develops
historically accumulated and convertible forms of capital across economic, cultural, and social domains.

The sociology of science identifies cumulative-advantage mechanisms through which initial dif-
ferences can become self-reinforcing. Knowledge-commons scholarship analyzes shared epistemic re-
sources and the institutional conditions governing access, preservation, circulation, and enclosure. Academic-
capitalism research studiesmarket-oriented institutional configurations of knowledge production. Platform-
capitalism scholarship foregrounds infrastructural control and dependency. Epistemic-injustice theory
analyzes power within epistemic recognition and interpretive participation. Generative justice empha-
sizes value circulation and regeneration. Contemporary AI research demonstrates rapidly changing tech-
nical capacities for scaling and reorganizing epistemic production.

The present inquiry draws these literatures together around a specific theoretical object: the recur-
sive transformation of epistemic resources into future epistemic generative capacity under conditions of
public knowledge. Several analytical distinctions follow from this positioning.

First, knowledge capital is defined through generative consequence. An epistemic resource becomes
capital-likewhen its possession, access, or control alters the conditions, rate, range, direction, or combina-
torial possibilities of subsequent knowledge generation. This definition permits propositions, questions,
conceptual distinctions, methods, data, tools, trained capacities, relational resources, and infrastructures
to be examined within a common generative framework while preserving their heterogeneous properties.

Second, knowledge-capital expansion designates a dynamical structure. The object of analysis in-
cludes recursive accumulation, second-order changes in generative capacity, cross-domain recombina-
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tion, question-space expansion, cross-capital conversion, feedback, concentration, and othermechanisms
through which previous epistemic generation changes subsequent generative possibilities.

Third, capitalization capacity distinguishes public availability from productive conversion. Two
actors can encounter the same epistemic resource and derive different changes in future generativity be-
cause their prior epistemic resources, time, languages, institutional access, networks, funding, infrastruc-
ture, and other complementary conditions differ. This relation is described as capitalization asymmetry.

Fourth, the framework separates the dynamics of expansion from positions within relations of epis-
temic production. A high rate of knowledge-capital expansion describes a trajectory. A knowledge
capitalist describes a relational position associated with control over significant means and conditions of
epistemic production. The corresponding analytical dimensions can therefore vary independently. This
separation adapts a distinction already visible in Marxian political economy between the movement of
capital and the social bearer of capitalist functions.

Fifth, public knowledge is treated as generative infrastructure. A commons supplies resources that
can enter many subsequent epistemic processes. Openness can increase field-level generativity while
heterogeneous capitalization capacities create divergent recursive gains. This possibility motivates the
later concept of an openness–concentration paradox.

Sixth, knowledge capital can participate in conversion across other forms of capital. Epistemic pro-
duction can generate reputation, networks, credentials, funding, institutional position, visibility, and
infrastructure. These returns can subsequently modify the conditions of further epistemic generation.
Knowledge-capital expansion can therefore participate in coupled, multi-capital feedback processes.

Seventh, accumulation, appropriation, extraction, enclosure, and capitalist position require separate
analytical treatment. The existence of recursive expansion establishes a dynamic property. Its political,
ethical, and legal character depends upon additional relations concerning productive conditions, labor,
control, circulation, dependency, recognition, ownership, and regeneration.

The literature therefore supplies substantial components of the proposed framework while leaving
a space for their integration. The present paper develops that integration as a foundational inquiry into
how publicly available epistemic resources can become recursively productive, how the capacity for
such capitalization becomes unevenly distributed, how epistemic accumulation interacts with other forms
of capital, and how expansion dynamics relate to positions within the relations governing knowledge
production. Sections 3–8 develop these concepts systematically before the Discussion considers their
broader theoretical, ethical, and jurisprudential implications.

3 Conceptual Foundations of Knowledge Capital

This section develops the conceptual vocabulary required for the subsequent analysis of knowledge-
capital expansion. Its role is to translate the literature reviewed in Section 2 into a coherent analytical
framework centered on epistemic generativity. The section proceeds from epistemic resources and their
generative consequences to the concepts of knowledge capital, knowledge-capital expansion, epistemic
capitalization, capitalization capacity, and recursive epistemic advantage. It then extends the framework
to questions and inquiry possibility spaces, clarifies the limits of the capital analogy, and concludes
by distinguishing dynamic properties of knowledge-capital expansion from relational positions within
epistemic production. The definitions introduced here remain provisional and are intended to support
comparison, refinement, and later empirical operationalization.

3.1 Epistemic Resources and Generative Consequence

This subsection defines the broad class of resources that can enter epistemic production and introduces
generative consequence as the criterion by which an epistemic resource becomes relevant to the present
framework. The objective is to avoid reducing knowledge capital to codified propositions or measurable
information stocks while preserving a sufficiently restrictive criterion for analytical use.
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An epistemic resource is provisionally understood as a resource that can participate in the acquisition,
interpretation, production, revision, organization, communication, or extension of knowledge. Such
resources can include propositions, concepts, distinctions, questions, methods, data, archives, languages,
instruments, software, trained capacities, models, repositories, and other resources that enter epistemic
activity.

The category is intentionally heterogeneous. A mathematical theorem and a laboratory instrument
have different ontological and functional properties. A research question differs from a dataset, and an
embodied interpretive skill differs from a public archive. Their inclusion within a common analytical
category does not imply functional equivalence. The relevant commonality lies in their possible contri-
bution to subsequent epistemic generation.

The present framework therefore adopts generative consequence as its principal criterion. An epis-
temic resource has generative consequence when its availability, possession, access, or control changes
the conditions under which subsequent epistemic production can occur. Such change can affect the rate,
range, direction, cost, feasibility, or combinatorial structure of later inquiry.

This criterion distinguishes generatively consequential resources from resources whose epistemic
relevance remains inert within a particular trajectory. A publicly available article, for example, may
remain outside an actor’s effective epistemic process because the actor lacks the language, conceptual
background, time, technical capacity, or institutional access needed to use it. The same article can become
highly generative for another actor whose prior resources permit integration into ongoing inquiry.

Generative consequence is therefore relational and conditional. Its analytical unit is the interaction
among an epistemic resource, an actor or system, and the conditions within which the resource becomes
operative. This relation provides the foundation for the concepts developed throughout the remainder of
the section.

3.2 Knowledge Capital

This subsection introduces the paper’s provisional definition of knowledge capital. Its role is to identify
the subset of epistemic resources that participate in future-oriented generative processes and to distin-
guish this category from ordinary knowledge possession, information availability, and previously estab-
lished expenditure-based measures of knowledge capital.

Knowledge capital consists of epistemic resources whose possession, access, or control modifies
the conditions, rate, range, direction, or combinatorial possibilities of subsequent knowledge generation.
The defining property is therefore generative consequence across time.

The term capital is used here in a restricted analytical sense. The concept does not imply that every
form of knowledge should be assigned an economic price, treated as property, or understood through
capitalist social relations. The term identifies a specific structural feature: an epistemic resource gener-
ated or acquired in one period can become a productive condition for further epistemic generation in a
later period.

A minimal representation of this relation is given in Equation 11.

Kt −→ Gt+1 −→ Kt+1, (11)

whereKt denotes epistemic resources available at time t, and Gt+1 denotes the generative capacity
through which subsequent epistemic resources can be produced.

Equation 11 expresses a directional analytical relation rather than a deterministic law. An increase
in epistemic resources can fail to increase generative capacity, and some resources can reduce or distort
subsequent generativity. Knowledge capital therefore refers to the generatively operative portion of an
epistemic configuration under specified conditions.

This definition is broader than R&D-based knowledge-capital measures reviewed in Subsection 2.9.
It can include expenditure- based research stocks while also extending to questions, conceptual distinc-
tions, public archives, methods, relational resources, and infrastructures whose generative effects arise
through mechanisms that cannot be reduced to accumulated research expenditure.
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The concept is also broader than individual human capital. Knowledge capital can be embodied in
persons, distributed across groups, encoded in public repositories, embedded in institutions, instantiated
in infrastructures, or formed through relations among multiple actors. The analytical category therefore
permits later comparison across individual, collective, institutional, and infrastructural levels.

3.3 Knowledge-Capital Expansion

This subsection defines knowledge-capital expansion as the central dynamical object of the paper. Its
objective is to distinguish recursive growth in epistemic generativity from simple accumulation of infor-
mational quantity.

Knowledge-capital expansion is the process through which accumulated epistemic resources enlarge
subsequent knowledge-generating capacity and thereby contribute to the production of additional epis-
temic resources capable of entering later generative cycles.

The central feature is recursion. An epistemic output can become a productive input for subsequent
epistemic activity. Amethod learned during one inquiry can accelerate the next. A conceptual distinction
can make new questions visible. A dataset assembled for one project can support several later projects.
A cross-disciplinary connection can generate a new field of inquiry. The result of one generative cycle
can therefore change the structure of the next.

Knowledge-capital expansion consequently differs from a linear model in which knowledge merely
increases through successive additions. Linear accumulation can be expressed informally as Kt+1 =
Kt + ∆Kt. Knowledge-capital expansion additionally concerns changes in the generative function
through which∆K itself becomes possible.

The concept also remains broader than any single Marxian mechanism reviewed in Subsections 2.2
and 2.4. Knowledge-capital expansion can contain processes analogous to accumulation, reproduction,
conversion, concentration, or centralization, while preserving the distinctions among their specific causal
structures.

The term expansion therefore designates a family of trajectories rather than a single mechanism.
Sections 4 and 6 later differentiate the principal mechanisms and relational configurations through which
such trajectories can emerge.

3.4 Epistemic Generativity

This subsection defines epistemic generativity as the capacity through which epistemic resources can
be produced, transformed, recombined, or made available for further inquiry. Its role is to provide the
intermediate concept linking existing epistemic resources with later knowledge-capital expansion.

Epistemic generativity refers to the capacity of an actor, collective, system, or institutional config-
uration to generate subsequent epistemic resources. The concept includes more than output volume.
Generativity can concern the capacity to formulate questions, identify distinctions, construct methods,
interpret evidence, generate hypotheses, connect domains, revise previous positions, or create infrastruc-
tures that support later inquiry.

The framework therefore separates epistemic state from epistemic generativity. Two actors can pos-
sess similar amounts of codified knowledge while differing substantially in their capacity to generate
further questions, synthesize fields, interpret anomalies, or construct new methods. Conversely, actors
with different knowledge stocks can possess comparable generative capacities within particular domains.

Epistemic generativity is also conditional upon generative conditions. Material resources, time, lan-
guage, cognitive capacity, institutional access, social relations, technical infrastructure, and prior epis-
temic resources can all influence whether potential generativity becomes practically realizable.

This conditional structure becomes important when the frameworkmoves from individual knowledge
accumulation to the political economy of epistemic production. Control over the conditions of genera-
tivity can influence future knowledge production even when direct control over completed knowledge
outputs is limited.
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3.5 Epistemic Capitalization

This subsection introduces epistemic capitalization as the process that connects accessible epistemic
resources with changes in future generative capacity. Its objective is to distinguish formal access from
productive conversion.

Epistemic capitalization is the process through which an epistemic resource is converted into en-
hanced capacity for subsequent epistemic generation. The concept concerns transformation rather than
possession alone.

A publicly accessible book provides a simple illustration. Formal access makes the book available
as an epistemic resource. Capitalization occurs when the resource becomes integrated into an actor’s
generative organization in a way that alters later inquiry. The book can introduce a formalism, distinction,
historical case, vocabulary, or research problem that subsequently affects what the actor can understand,
ask, compare, or produce.

Capitalization can also occur institutionally. A university can convert a shared scientific method
into a new laboratory programme. A research group can convert an open dataset into a new model or
benchmark. A digital platform can convert publicly produced information into proprietary infrastructural
capabilities. These cases differ normatively and institutionally, while sharing the analytical structure of
conversion from accessible epistemic resource to enhanced generative capacity.

Epistemic capitalization therefore becomes the immediate mechanism through which public knowl-
edge can participate in knowledge-capital expansion. The concept also prepares the later distinction be-
tween capitalization, appropriation, and extraction. Productive conversion by itself does not determine
the normative character of the resulting trajectory.

3.6 Capitalization Capacity

This subsection defines capitalization capacity as a property of the actor-resource-condition relation. Its
role is to explain why equivalent access to public knowledge can yield markedly different generative
effects.

Capitalization capacity is the capacity to convert accessible epistemic resources into new knowledge,
questions, methods, capabilities, infrastructures, or other resources that improve subsequent epistemic
generation.

Capitalization capacity depends upon complementary conditions. Prior knowledge can determine
whether a resource is intelligible. Language can determine whether a text is usable. Time can determine
whether a resource can be studied. Institutional access can determine whether related data or tools are
available. Financial resources can determine whether an experiment can be performed. Computational
infrastructure can determine whether a publicly available model or dataset can be processed at useful
scale.

The concept therefore gives analytical form to the distinction between public availability and ef-
fective use. Formal accessibility concerns the legal, technical, or practical ability to reach a resource.
Capitalization capacity concerns the ability to integrate that resource into a subsequent generative cycle.

Capitalization capacity can itself become recursively cumulative. Successful capitalization can pro-
duce knowledge, reputation, funding, networks, infrastructure, or other resources that increase the capac-
ity to capitalize on future epistemic inputs. This recursive possibility motivates the concepts of capital-
ization asymmetry and recursive epistemic advantage developed below.

3.7 Capitalization Asymmetry

This subsection develops capitalization asymmetry as the principal concept for analyzing heterogeneous
generative returns under shared epistemic access. Its objective is to distinguish equality of availability
from equality of generative consequence.

Capitalization asymmetry occurs when actors facing the same or substantially similar accessible
epistemic resources experience different changes in their subsequent generative capacities because their
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complementary conditions differ.
The basic relation is represented in Equation 12.

∆GA(C) ̸= ∆GB(C), (12)

whereC denotes an accessible epistemic resource or commons condition, and∆GA(C) and∆GB(C)
denote the corresponding changes in generative capacity for actors A and B.

Equation 12 does not specify the cause of the difference. The asymmetry can arise from prior
knowledge, education, language, time, institutional position, social networks, funding, computational
resources, publication access, interpretive frameworks, or other generative conditions.

Capitalization asymmetry also does not imply injustice by itself. Differences in generative effect can
arise through heterogeneous interests, histories, skills, or research directions without producing extrac-
tive or subordinating relations. Normative analysis requires additional information concerning access,
power, appropriation, dependency, circulation, and effects on future generativity.

The concept nevertheless has substantial political-economic significance. When capitalization ca-
pacity is itself recursively reproduced, small differences in initial conditions can become persistent or
amplified differences in later knowledge-generating capacity.

3.8 Recursive Epistemic Advantage

This subsection introduces recursive epistemic advantage as the dynamic consequence of repeated suc-
cessful capitalization. Its role is to connect capitalization asymmetry with cumulative trajectories while
distinguishing epistemic generative advantage from external recognition alone.

Recursive epistemic advantage is an advantage that increases an actor’s capacity to capitalize upon
subsequent epistemic resources. The relevant gain therefore affects future conversion capacity in addition
to current epistemic output.

The process can involve several pathways. Acquired knowledge can make later knowledge easier to
understand. A new method can reduce the cost of subsequent research. A successful paper can generate
reputation that improves access to collaborators. A grant can produce infrastructure that enables new
empirical work. A network can provide early access to emerging questions. A software tool can automate
tasks that previously consumed substantial research time.

Recursive epistemic advantage consequently overlaps with the cumulative- advantage mechanisms
reviewed in Subsection 2.12, while extending the object toward changes in epistemic productive capacity
itself. Recognition and institutional advantage can contribute to the process, yet recursive epistemic
advantage can also arise through changes that remain internal to an actor’s capacity for understanding,
questioning, or recombination.

This distinction becomes important for later cross-capital analysis. Epistemic advantage can generate
non-epistemic resources, and those resources can return to the epistemic process as enlarged generative
conditions.

3.9 Questions as Epistemic Resources

This subsection extends the framework beyond completed propositions by treating questions as poten-
tially generative epistemic resources. Its objective is to capture forms of epistemic accumulation that
expand future inquiry before a stable answer is available.

A research question can alter the organization of an epistemic field. It can identify an unrecognized
variable, reveal a missing comparison, connect previously separate literatures, expose a conceptual am-
biguity, motivate a new dataset, generate a methodological requirement, or create a sequence of further
questions.

The epistemic value of a question therefore does not depend exclusively upon the existence of an
immediate answer. Its generative consequence can lie in the new possibilities of inquiry that it creates.
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Questions can also accumulate. Previous knowledge can improve the capacity to formulate more
precise ormore generative questions. Those questions can in turn guide the acquisition of new knowledge.
Epistemic production therefore contains a recursive relation between accumulated knowledge and the
space of future questioning.

This structure is especially relevant to interdisciplinary inquiry. Knowledge of multiple domains can
reveal relational questions that remain invisible within each domain separately. The resulting question
can become a productive resource whose principal effect is to reorganize the future search space.

3.10 Inquiry Possibility Spaces

This subsection introduces inquiry possibility space as a conceptual device for representing the range of
questions, methods, comparisons, and epistemic trajectories that become available under a given config-
uration of resources and conditions. Its role is to give analytical form to the generative significance of
questions and conceptual recombination.

Let Ωt denote the set or structured space of epistemic trajectories that are practically available to
an actor or system at time t. The formation of a new question can modify this space by introducing
previously unavailable directions of inquiry.

A minimal representation is given in Equation 13.

Kt −→ Qt+1 −→ Ωt+1 −→ Kt+1, (13)

where Qt+1 denotes a newly available question and Ωt+1 denotes the resulting change in the possi-
bility space of subsequent inquiry.

Equation 13 is schematic. The possibility space need not be represented as a formally enumerable set,
and the framework does not assume that all epistemic trajectories are known in advance. The concept is
used to describe changes in what can plausibly be asked, investigated, combined, or recognized from a
given epistemic position.

Inquiry possibility spaces are also actor-dependent. The same public resource can expand one actor’s
inquiry possibilities substantially while producing little change for another actor. The concept therefore
links question-space expansion directly to capitalization capacity and asymmetry.

3.11 Cross-Domain Generativity

This subsection develops cross-domain generativity as a further source of knowledge-capital expansion.
Its objective is to capture productive effects that arise from relations among previously separated epis-
temic resources.

Knowledge accumulated across multiple domains can generate possibilities that are unavailable
within each domain independently. A mathematical formalism can become a conceptual resource in
social science. A legal distinction can alter the framing of a governance problem. A physical model can
provide a heuristic for thinking about institutional dynamics. Historical knowledge can reveal assump-
tions hidden within a contemporary technical framework.

The generative effect therefore depends partly upon relations among resources. The value of an
additional epistemic resource can vary according to the configuration into which it enters. A concept that
has limited consequence in one epistemic environment can become highly generative when combined
with resources from another domain.

Cross-domain generativity consequently introduces a combinatorial component into knowledge-capital
expansion. Accumulation can increase the number of available resources while also increasing the num-
ber and diversity of possible relations among them.

This mechanism helps explain why epistemic expansion can display nonlinear features. The pro-
ductive consequence of acquiring an additional resource can depend upon a previously accumulated
configuration rather than upon the resource in isolation.
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3.12 Boundaries of the Capital Analogy

This subsection specifies the conceptual boundaries of the capital analogy. Its objective is to prevent the
framework from treating every useful form of knowledge as capital and to preserve distinctions between
epistemic generativity and historically specific economic relations.

The capital analogy is analytically appropriate when an epistemic resource participates in a recursive
process through which previous acquisition or generation changes the conditions of subsequent epistemic
production. The analogy is weaker when a resource merely exists, is passively possessed, or produces
no meaningful change in future generative capacity.

Several further limits follow.
First, knowledge capital does not imply economic valuation. Epistemic resources can have generative

consequence without market exchange or monetary return.
Second, knowledge capital does not imply private ownership. Public-domain knowledge, open data,

shared concepts, and communal epistemic resources can function as knowledge capital for many actors
simultaneously.

Third, knowledge capital does not imply rivalry. The same epistemic resource can participate in
multiple generative cycles without being exhausted through use.

Fourth, knowledge-capital expansion does not imply capitalist social relations. Recursive expansion
can occur in public, cooperative, communal, individual, institutional, commercial, or mixed settings.

Fifth, generative consequence is context-dependent. A resource can function as knowledge capital
for one actor or period and remain generatively inert in another.

The capital analogy therefore serves as a relational and dynamical analytical device. Its usefulness
depends upon preserving the distinctions among resource, capacity, process, ownership, control, accu-
mulation, and social position.

3.13 Dynamic Properties and Relational Positions

This subsection establishes the foundational distinction between knowledge-capital expansion and posi-
tions within relations of epistemic production. Its role is to connect the conceptual framework developed
in this section with the political-economic analysis developed later in Section 6.

Knowledge-capital expansion is a dynamic property. It describes trajectories in which epistemic
resources are generated, accumulated, recombined, converted, or reproduced in ways that alter future
generative capacity. Its relevant variables include rate of expansion, recursive feedback, path dependence,
capitalization capacity, recombination, concentration, and cross-capital conversion.

A knowledge capitalist is a relational position. The category concerns an actor’s location within a
structure of epistemic production, especially the actor’s relation to means and conditions of production,
epistemic labor, infrastructure, access, organizational authority, appropriation, and future generative con-
ditions.

The distinction can be represented compactly as Equation 14.

knowledge-capital expansion ̸⇒ knowledge-capitalist position. (14)

Equation 14 expresses logical independence rather than empirical separation. Expansion dynamics
and relational positions can interact strongly. Control over infrastructure can accelerate expansion, and
accumulated epistemic capital can be converted into greater control over productive conditions. The
analytical distinction is required because neither dimension determines the other by definition.

A researcher can therefore exhibit strong recursive knowledge-capital expansion while circulating
outputs publicly and exercising little control over other epistemic producers. An institution can con-
trol substantial means of epistemic production while the individuals exercising organizational control
possess limited embodied knowledge of the underlying research. A commons-oriented actor and a pro-
prietary actor can display similar expansion dynamics while differing substantially in circulation, control,
appropriation, and enclosure.

27



DRAFT

This distinction also clarifies the paper’s treatment of accumulation. Accumulation describes a pro-
cess through which resources increase or become available for later productive cycles. Capitalist position
describes a relation through which control, labor, appropriation, and generative conditions are organized.
The political character of knowledge-capital expansion therefore depends upon the relational structures
through which expansion is produced and governed.

The remainder of the paper develops these two dimensions separately before bringing them together.
Section 4 examines the principal dynamics of expansion. Section 5 examines the conditions created by
public knowledge and unequal capitalization capacity. Section 6 then analyzes relations of epistemic
production, including control over generative conditions, knowledge-capitalist position, epistemic pro-
letariat, dependency, appropriation, and extraction.

4 Dynamics of Knowledge-Capital Expansion

This section develops the dynamical dimension of knowledge-capital expansion introduced in Section 3.
Its objective is to identify the principal mechanisms through which epistemic resources acquired or gener-
ated in one stage can modify subsequent generative capacity. The analysis proceeds from accumulation
and reproduction to second-order generativity, recursive capitalization, question-space expansion, com-
binatorial and cross-domain effects, path dependence, cross-capital conversion, epistemic throughput,
and coupled feedback structures. The section treats these mechanisms as analytically distinguishable
processes that can coexist within a single epistemic trajectory. Their institutional and relational organi-
zation is examined separately in Sections 5 and 6.

4.1 Accumulation and Reproduction

This subsection establishes accumulation and reproduction as the most elementary temporal mechanisms
of knowledge-capital expansion. Its role is to distinguish an increase in available epistemic resources
from reproduction of the conditions through which those resources continue to generate further epistemic
activity.

Epistemic accumulation occurs when resources generated, acquired, preserved, or organized during
one period remain available for subsequent inquiry. Such resources can include propositions, concepts,
questions, methods, datasets, archives, software, instruments, linguistic competence, trained judgment,
and relations that support later knowledge production. Accumulation therefore creates temporal conti-
nuity between epistemic states.

A simple stock representation can describe an increase in available resources through Kt+1 =
Kt +∆Kt. This expression captures quantitative addition, while knowledge-capital expansion requires
attention to the consequences of the accumulated configuration for subsequent production.

Reproduction concerns persistence of the generative process itself. An epistemic system reproduces
its generative capacity when it preserves or recreates sufficient conditions for continued inquiry. These
conditions can include access to previous outputs, interpretive capacities, methods, time, material infras-
tructure, institutional continuity, collaborative relations, and mechanisms of transmission.

The distinction between accumulation and reproduction is important because an epistemic archive
can expand while the capacity to interpret or extend it deteriorates. Conversely, a community can re-
produce highly effective generative practices with limited growth in codified output. Preservation of
accumulated resources and reproduction of generative conditions therefore constitute separate dimen-
sions of epistemic continuity.

TheMarxian distinction between accumulation and reproduction reviewed in Subsection 2.4 provides
an important conceptual precedent [13]. In the present framework, the analogy concerns the temporal
relation between outputs of previous cycles and conditions of subsequent production. The underlying
epistemic mechanisms remain specific to knowledge generation.

28



DRAFT

4.2 First-Order and Second-Order Generativity

This subsection distinguishes direct epistemic production from changes in the capacity for subsequent
epistemic production. Its objective is to identify the recursive mechanism that gives knowledge-capital
expansion its specifically capital-like character.

First-order generativity concerns the production of an epistemic output from an existing configuration
of resources and conditions. A researcher can apply a knownmethod to a dataset, derive a result, produce
an interpretation, or formulate a new proposition. The immediate analytical object is the output generated
in the current cycle.

Second-order generativity concerns change in the capacity for future generation. An epistemic output
can modify the actor’s methods, concepts, interpretive competence, question repertoire, infrastructure,
or other productive conditions. The consequence therefore extends beyond the immediate output.

The relation between epistemic resources and second-order generativity is shown in Equation 15.

Kt −→ ∆Gt+1 −→ ∆Kt+1. (15)

Equation 15 represents a process in which existing epistemic resources contribute to a change in
future generative capacity, which subsequently influences the production of further epistemic resources.

A new programming language provides a simple example. Immediate use of the language can pro-
duce one program, while mastery of the language can also alter the range of computational problems
that become tractable in later work. A mathematical formalism can similarly produce an immediate
derivation while also creating the capacity to recognize structures across later problems.

Second-order generativity provides the central transition from knowledge accumulation to knowledge-
capital expansion. The relevant increase occurs in the productive consequences of accumulated resources
across successive epistemic cycles.

4.3 Recursive Capitalization

This subsection develops recursive capitalization as the mechanism through which successful epistemic
capitalization alters the conditions of later capitalization. Its role is to connect the conversion process
defined in Subsection 3.5 with temporally extended trajectories.

A single act of epistemic capitalization converts an accessible resource into enhanced generative ca-
pacity. Recursive capitalization occurs when the result of that conversion becomes part of the conditions
through which later resources are capitalized.

The recursive structure is shown in Equation 16.

Kt −→ Gt+1 −→ Kt+1 −→ Gt+2 −→ Kt+2. (16)

Equation 16 describes successive cycles in which accumulated epistemic resources influence subse-
quent generative capacity and thereby participate in the production of further resources.

Recursive capitalization can produce acceleration when later resources become easier to interpret,
integrate, or combine because of previous accumulation. Familiarity with a theoretical literature can
reduce the cost of understanding subsequent papers. Acquisition of a formal method can expand the set
of later resources that become usable. Development of a reusable dataset or software framework can
lower the marginal effort required for subsequent projects.

The process can also exhibit saturation, interruption, or decline. Additional resources can produce
diminishing generative gains when they become redundant, exceed available attention, depend upon
unavailable complementary resources, or remain disconnected from active inquiry. Recursive capital-
ization therefore describes a structural possibility whose trajectory depends upon the configuration of
resources and conditions.

This feature distinguishes the framework from a model that assumes uniform returns to accumulated
knowledge. The generative effect of an additional resource depends upon the state into which it enters.
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4.4 Question-Space Expansion

This subsection analyzes expansion of the space of possible inquiry as a distinctivemechanism of knowledge-
capital growth. Its objective is to show how epistemic accumulation can increase future possibilities
through the generation of questions, distinctions, variables, and research directions.

Questions can emerge from accumulated knowledge when existing concepts reveal gaps, tensions,
unexplained observations, or possible connections. The resulting question can reorganize inquiry be-
fore any answer exists. Its generative effect lies in the trajectories that become available through its
formulation.

The recursive relation between knowledge and inquiry possibilities is represented in Equation 17.

Kt −→ Qt+1 −→ Ωt+1 −→ Kt+1. (17)

Equation 17 describes a process in which accumulated epistemic resources support formation of a
questionQt+1, which modifies the inquiry possibility space Ωt+1 and thereby guides subsequent knowl-
edge generation.

Question-space expansion can occur through increasing resolution within an existing research pro-
gramme. A broad question can generate narrower variables, distinctions, and empirical tests. It can also
occur through conceptual displacement when a new question changes the structure of the problem itself.

The generative consequence of questions makes epistemic production partially option-generating.
A productive inquiry can create future research options even when its current conclusions remain lim-
ited. This form of expansion is particularly important for foundational, interdisciplinary, and exploratory
research, where the principal contribution can consist in making previously unavailable questions formu-
lable.

Question-space expansion can also become recursive. Better questions can produce knowledge that
supports formation of still more differentiated questions. The accumulation of epistemic capital therefore
includes growth in the capacity to generate productive inquiry trajectories.

4.5 Combinatorial Expansion

This subsection develops combinatorial expansion as a mechanism arising from relations among accu-
mulated epistemic resources. Its role is to explain why growth in generative capacity can depend upon
the configuration of knowledge as well as the quantity of resources available.

An additional epistemic resource can interact with previously accumulated resources in multiple
ways. A new concept can reinterpret earlier observations. A method can be applied to a dataset collected
for another purpose. A historical case can challenge an abstract model. A formal distinction can connect
two literatures that previously appeared unrelated.

The relevant generative object is therefore the configuration of resources and the possible relations
among them. Accumulation increases the number of available epistemic elements, while combinatorial
expansion can increase the number of productive relations among those elements.

For epistemic domains A, B, and C, a possible super-additive generative effect is represented in
Equation 18.

G(KA,KB,KC) > G(KA) +G(KB) +G(KC). (18)

Equation 18 represents a regime in which the combined configuration produces generative possibil-
ities exceeding the sum of those available through each epistemic domain separately.

The inequality in Equation 18 is a conceptual representation. Empirical application would require
domain-specific definitions of generative output and comparison. The analytical point concerns the
possibility that relations among resources generate additional epistemic value.

Combinatorial expansion also introduces a selection problem. The number of possible combinations
can grow faster than the capacity to evaluate them. Search, attention, judgment, and filtering therefore
become increasingly important generative conditions as epistemic resources accumulate.
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4.6 Cross-Domain Recombination and Transfer

This subsection examines movement of epistemic resources across disciplinary or conceptual domains.
Its objective is to distinguish direct transfer from recombination and to identify cross-domain circulation
as a potential source of recursive expansion.

Cross-domain transfer occurs when an epistemic resource developed in one domain becomes usable
in another. Mathematical methods can enter economics, physical models can inform network analysis,
legal concepts can enter governance research, and historical methods can reshape interpretation of con-
temporary institutions.

Recombination involves a stronger transformation. A resource entering a new domain can interact
with local concepts, questions, evidence, or methods and produce a configuration that differs from its role
in the source domain. The transferred resource can subsequently return to the source field in modified
form.

A simple bidirectional trajectory is shown in Equation 19.

KA −→ KA→B −→ K ′
B −→ K ′

A. (19)

Equation 19 represents a resource originating in domain A, entering domain B, contributing to a
transformed epistemic configurationK ′

B , and later feeding back into a changed configurationK ′
A.

Cross-domain transfer depends upon translation. Concepts often carry assumptions, scales, units
of analysis, evidentiary standards, and ontological commitments specific to their original domain. Pro-
ductive transfer therefore requires reconstruction of the conditions under which the resource remains
meaningful and generative.

Successful recombination can produce substantial epistemic capital because a resource acquired for
one purpose becomes reusable across several later domains. Interdisciplinary accumulation can conse-
quently expand through increasing connectivity among epistemic resources.

4.7 Path Dependence and Recursive Advantage

This subsection develops path dependence as a temporal property of knowledge-capital expansion. Its
objective is to explain how earlier epistemic states influence the range and cost of later trajectories and
how recursive advantage can arise from historically accumulated configurations.

Epistemic development is path-dependent when the generative consequence of a current resource
depends upon resources, decisions, relations, and capacities accumulated earlier in the trajectory. The
same input can therefore produce different outcomes across actors with different histories.

Prior conceptual knowledge provides one mechanism. A technically advanced paper can be highly
generative for a reader whose earlier training supplies the required mathematical and disciplinary back-
ground. The same paper can produce limited immediate generativity for a reader whose previous trajec-
tory has developed other capacities.

Path dependence also operates through infrastructure and relations. An existing dataset can make
a new question inexpensive to investigate. A long-term collaboration can lower coordination costs. A
previously established reputation can facilitate access to experts or institutions. Earlier accumulation
thereby alters the cost structure and feasibility of later epistemic activity.

Merton’s theory of cumulative advantage provides an important sociological account of self-reinforcing
differences in recognition and opportunity [14]. The present concept of recursive epistemic advantage
extends the same temporal logic toward epistemic productive capacity. Prior advantages can affect the
ability to understand, combine, question, and capitalize upon subsequent resources.

Path dependence also implies historical irreversibility in some trajectories. Time invested in one
body of knowledge can create specialized capacities whose later value depends upon changes in the
surrounding field. The dynamical analysis of knowledge capital therefore requires attention to sequences
and histories in addition to current stocks.
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4.8 Cross-Capital Conversion

This subsection analyzes conversion between epistemic capital and other forms of capital. Its role is to
extend the dynamics beyond internally epistemic recursion and to identify feedback pathways linking
knowledge, reputation, finance, networks, institutional position, and infrastructure.

Bourdieu’s account of convertible forms of capital provides an important theoretical precedent for
this analysis [4]. In knowledge production, epistemic achievement can generate resources whose imme-
diate form is social, institutional, reputational, or financial. These resources can subsequently return to
the epistemic process.

A multi-capital configuration is represented in Equation 20.

Ct = (Kt, Rt, Ft, Nt, St, It, . . .), (20)

whereKt denotes epistemic capital, Rt reputational capital, Ft financial capital,Nt network capital,
St status or institutional capital, and It infrastructural capital.

Equation 20 is a bookkeeping device for analytically distinguishing forms of accumulated resources.
It does not imply commensurability among the components.

A recursive cross-capital pathway is shown in Equation 21.

Kt −→ Rt+1 −→ Ft+1 −→ It+1 −→ Gt+2 −→ Kt+2. (21)

Equation 21 represents one possible sequence in which epistemic production contributes to reputa-
tion, reputation contributes to financial resources, financial resources support infrastructure, and infras-
tructure enlarges later epistemic generativity.

Other trajectories can operate through networks, credentials, institutional authority, visibility, or com-
binations of these resources. Conversion rates also depend upon institutional contexts. A publication can
generate substantial reputation in one field and little reputational return in another. Reputation can pro-
duce funding in one institutional environment and primarily symbolic recognition in another.

Cross-capital conversion is therefore relationally mediated even when analyzed dynamically. Sec-
tion 6 later examines the control structures through which such conversions become possible.

4.9 Epistemic Throughput and Capital Conversion

This subsection introduces epistemic throughput as a potentially consequential feature of contemporary
knowledge production. Its objective is to distinguish the intrinsic generative significance of epistemic
outputs from the institutional value that can arise through the volume, frequency, or visibility of produc-
tion.

Epistemic throughput refers to the quantity of epistemic artifacts or candidate outputs that an actor or
system can produce, process, evaluate, or circulate within a given period. Higher throughput can emerge
through accumulated expertise, organizational scale, automation, computational infrastructure, division
of labor, or combinations of these conditions.

Throughput can become capitalizable when institutions reward visible productivity. Publications,
reports, datasets, software releases, citations, presentations, or other outputs can contribute to reputation,
credentials, funding, network access, or institutional position. The production rate itself can therefore
enter cross-capital conversion processes.

This possibility creates a distinction between epistemic value and throughput value. An output can
contribute substantially to inquiry through conceptual or empirical significance. It can also contribute
to an actor’s accumulation trajectory through its visibility, countability, timeliness, or compatibility with
institutional reward systems.

Academic-capitalism research provides an institutional context for understanding such conversions
[18]. The present framework identifies a more general mechanism in which epistemic throughput can
become convertible into resources that later support further knowledge production.
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The mechanism becomes especially important under automated and machine-assisted production be-
cause technical infrastructure can alter the relationship between human attention and total output volume.
Section 8 develops this contemporary amplification in greater detail.

4.10 Coupled Feedback Structures

This subsection integrates the preceding mechanisms into a general feedback perspective. Its objective is
to show how knowledge-capital expansion can emerge from coupled processes whose individual effects
reinforce, constrain, or redirect one another across time.

A generative trajectory can involve several mechanisms simultaneously. Accumulated knowledge
can improve question formation. Better questions can generate higher-value research outputs. Those
outputs can produce reputation. Reputation can improve network access. Networks can provide new
information and collaboration. Collaboration can generate additional knowledge and infrastructure. The
resulting configuration can increase future capitalization capacity.

A general recursive system is represented in Equation 22.

(Kt, Gt,Ct,Ωt) −→ (Kt+1, Gt+1,Ct+1,Ωt+1). (22)

Equation 22 represents the joint evolution of epistemic resources Kt, generative capacity Gt, a
broader capital configuration Ct, and an inquiry possibility space Ωt.

The representation remains deliberately abstract. Different empirical domains can require additional
variables for institutions, infrastructure, labor relations, attention, legal rights, cultural conditions, tech-
nological systems, or other relevant structures. The purpose of Equation 22 is to make explicit that
knowledge-capital expansion can involve co-evolution among several state variables.

Feedback can produce amplification when gains in one component increase later gains in another.
It can produce stabilization when accumulated capacities reproduce a relatively persistent generative
regime. It can also produce decline when attention, resources, institutional support, or complementary
conditions become insufficient to sustain the cycle.

The dynamical perspective therefore resists treating knowledge-capital expansion as a uniform ex-
ponential process. Expansion can be intermittent, path-dependent, saturating, reversible in some dimen-
sions, irreversible in others, and sensitive to institutional or technological changes.

These properties prepare the analysis of public knowledge developed in Section 5. Public availability
introduces a shared external resource field into the dynamics described above. Actors enter that field with
heterogeneous epistemic histories and capital configurations, creating the possibility that identical public
resources generate substantially different recursive trajectories.

5 Public Knowledge and Capitalization Conditions

This section examines knowledge-capital expansion under conditions in which substantial epistemic re-
sources are publicly accessible or broadly shared. Its role is to connect the dynamical mechanisms de-
veloped in Section 4 with the institutional and distributional problems created by a knowledge commons.
The analysis proceeds through four stages. It first distinguishes public availability from effective epis-
temic accessibility and introduces public knowledge as a component of generative infrastructure. It then
examines capitalization capacity and capitalization asymmetry under shared access. The section next
develops the relations among openness, concentration, commons-to-private capitalization, circulation,
and recirculation. It concludes by distinguishing enclosure of epistemic resources from enclosure of
generative conditions and by identifying the transition from dynamical analysis toward the relations of
epistemic production examined in Section 6.
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5.1 Public Knowledge and Generative Infrastructure

This subsection defines the role of public knowledge within the present framework. Its objective is
to move beyond a stock-based description of public information and to examine how shared epistemic
resources can become productive conditions for future knowledge generation.

Knowledge-commons scholarship has established that knowledge can be examined as a shared re-
source whose creation, preservation, access, use, governance, and enclosure depend upon institutional ar-
rangements [9]. Digital environments intensify the importance of this perspective because informational
resources can often be reproduced and distributed across large populations at relatively low marginal
cost.

The present framework emphasizes a further property of public knowledge: shared epistemic re-
sources can become inputs into multiple subsequent generative processes. A publicly accessible article
can contribute to many independent research trajectories. An open dataset can support questions that
were absent from the project that originally created it. A public archive can be reinterpreted through
later theoretical frameworks. Open software can become infrastructure for research projects across sev-
eral disciplines.

Public knowledge can therefore function as generative infrastructure. The term refers to shared epis-
temic resources that contribute to the conditions under which later epistemic production becomes possi-
ble. The infrastructural function can arise through individual resources or through large interconnected
environments of articles, datasets, repositories, libraries, standards, archives, software, educational ma-
terials, and public institutions.

This infrastructural perspective changes the unit of analysis. The relevant question concerns the
future generative trajectories supported by a public resource field. A commons can therefore be evaluated
partly through the possibilities of inquiry that it sustains across time.

The nonrival characteristics associated with many informational resources are important in this con-
text. Arrow’s analysis of information and invention emphasizes the distinctive economic properties of
informational goods [1], while endogenous-growth theory later gives nonrival ideas a central role in tech-
nological development [17]. A shared epistemic resource can participate in several generative processes
without being physically exhausted through each use.

The same property creates a distinctive political-economic problem. Wide availability can support
broad generativity while leaving substantial differences in the capacity to convert shared resources into
future productive advantage. Publicness therefore determines an important condition of access, while
capitalization depends upon additional complementary conditions.

5.2 Public Availability and Effective Accessibility

This subsection distinguishes several layers of accessibility within a public knowledge environment. Its
objective is to clarify why legal or technical availability provides an incomplete measure of the epistemic
opportunities created by a commons.

A resource can be public in several senses. It can occupy the legal public domain, be released under
an open license, be freely accessible through a public website, be available through a publicly funded
institution, or circulate widely through social and scholarly networks. These arrangements differ in their
legal status, governance, durability, and conditions of reuse.

Formal availability concerns whether an actor is permitted or technically able to obtain a resource.
Effective accessibility concerns whether the actor can practically reach, interpret, process, and use that
resource within a relevant epistemic trajectory.

The distinction is significant because several barriers can intervene between availability and use. A
paper can be freely downloadable while remaining linguistically or technically inaccessible. A dataset
can be public while requiring computational resources unavailable to many researchers. An archive
can be open while demanding substantial travel, time, or specialist training. A model can be publicly
documented while effective experimentation requires expensive hardware or proprietary complementary
services.
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Effective accessibility therefore depends upon a configuration of complementary resources. Public
availability expands the potential input field, while the realized epistemic value of that field depends
upon the capacity of actors to enter and operate within it.

This distinction also prevents openness from being represented through a single binary variable. Pub-
lic knowledge systems can differ in discoverability, technical interoperability, linguistic accessibility,
documentation, computational requirements, licensing conditions, preservation, and institutional stabil-
ity. These dimensions can substantially alter the generative consequences of nominally open resources.

5.3 Capitalization Capacity under Shared Access

This subsection applies the concept of capitalization capacity to public knowledge. Its role is to explain
how a shared resource field interacts with heterogeneous actor configurations and produces differentiated
generative outcomes.

Let a public resource C be accessible to several actors. Each actor enters the capitalization process
with a distinct configuration of prior epistemic resources, time, material support, institutional position,
networks, languages, technical capabilities, and infrastructure. The generative consequence of C there-
fore depends upon the relation between the shared resource and the actor-specific configuration into
which it enters.

Capitalization capacity can be represented conceptually through a function of several complementary
conditions. A general representation is shown in Equation 23.

κi = κ (Ki, Ti, Fi, Ni, Ii, Si, Li, . . .) , (23)

where κi denotes the capitalization capacity of actor i, Ki prior epistemic resources, Ti available
time, Fi financial resources, Ni network resources, Ii infrastructure, Si institutional position, and Li

relevant linguistic or symbolic competence.
Equation 23 is a conceptual representation rather than an operationalmeasurementmodel. Its purpose

is to make explicit that capitalization capacity emerges from a configuration of conditions whose relative
importance varies across epistemic domains.

The same public resource can therefore have different effective values across actors. A large open sci-
entific dataset can be highly generative for an actor with appropriate methods, compute, and disciplinary
knowledge. Its immediate generative value can be much smaller for an actor whose current conditions
lack those complementary resources.

Public access thereby creates an opportunity field whose realized consequences depend upon dis-
tributed capitalization capacities.

5.4 Capitalization Asymmetry under Public Conditions

This subsection develops capitalization asymmetry specifically within public knowledge environments.
Its objective is to identify themechanism throughwhich formally shared resources can generate divergent
changes in future epistemic capacity.

Capitalization asymmetry arises when access to a common epistemic resource produces heteroge-
neous changes in generative capacity. The general relation introduced in Section 3 can be extended to a
population of actors.

The population-level structure is represented in Equation 24.

∆Gi(C) = f(C, κi), κi ̸= κj ⇒ ∆Gi(C) ̸= ∆Gj(C) in some regimes. (24)

Equation 24 represents the possibility that heterogeneous capitalization capacities generate heteroge-
neous changes in generativity from the same public resource.

The implication is probabilistic and conditional. Different capitalization capacities can sometimes
produce similar outcomes, and actors with fewer material resources can generate highly original epis-
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temic contributions. Capitalization asymmetry therefore identifies a structural possibility rather than a
deterministic ranking of actors.

The mechanism becomes politically important when differences are recursively reproduced. An
actor who extracts greater generative value from one public resource can acquire additional knowledge,
reputation, infrastructure, or network access. These gains can increase the actor’s capacity to capitalize
on subsequent public resources.

This recursive relation connects capitalization asymmetry with cumulative advantage. Merton’s anal-
ysis shows how scientific advantages can become self-reinforcing through recognition and institutional
allocation [14]. The present framework extends the mechanism toward the productive conversion of
shared epistemic resources themselves.

Capitalization asymmetry therefore concerns more than unequal outcomes from one round of pub-
lic access. Its stronger form concerns unequal trajectories in which previous generative gains alter the
conditions of later capitalization.

5.5 Openness and Concentration

This subsection develops the relationship between expansion of public accessibility and concentration
of effective generative capacity. Its objective is to clarify how field-level openness and actor-level con-
centration can evolve simultaneously.

Increasing openness can enlarge the total quantity and diversity of epistemic resources available for
use. Wider access can support replication, interdisciplinary transfer, education, independent inquiry,
collective correction, and reuse across institutional boundaries. These effects can raise the generative
capacity of the epistemic field as a whole.

The same increase in availability enters a field characterized by heterogeneous capitalization capac-
ities. Actors possessing extensive complementary resources can sometimes absorb, process, and recom-
bine newly available knowledgemore rapidly than actors with weaker infrastructures ormore constrained
time, funding, or institutional access.

A possible joint trajectory is shown in Equation 25.

∆Gfield > 0, ∆(GA −GB) > 0. (25)

Equation 25 represents a regime in which total field-level generativity increases while the difference
in generative capacity between actors A and B also increases.

The present paper refers to this possible configuration as an openness–concentration paradox. The
term describes coexistence between broader epistemic accessibility and increasing concentration of ef-
fective capitalization capacity. It does not imply that openness itself is the sole or primary cause of
concentration.

The mechanism can arise when openness removes an access barrier while leaving other complemen-
tary inequalities intact. Public release increases the resource field available to all actors, while differ-
ences in compute, attention, expertise, infrastructure, or institutional capacity continue to shape the rate
of productive conversion.

The analytical implication is important for commons governance. Evaluation of openness can include
both the aggregate expansion of public generativity and the distribution of capacities through which that
generativity is realized.

5.6 Commons-to-Private Capitalization

This subsection examines trajectories in which publicly available epistemic resources contribute to pri-
vately or organizationally controlled increases in future generative capacity. Its objective is to distinguish
productive use of a commons from the later governance of the capacities generated through that use.

Public knowledge can enter private epistemic accumulation without ceasing to remain publicly ac-
cessible. A researcher can learn from public literature and develop specialized expertise. A firm can
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use public scientific findings to develop proprietary infrastructure. A platform can incorporate publicly
produced informational resources into systems whose operation remains under private control.

A simplified trajectory is shown in Equation 26.

Kpublic −→ KA −→ G′
A −→ K ′

A, (26)

whereKpublic denotes a public epistemic resource field, KA denotes actor A’s capitalization process,
G′

A denotes enlarged generative capacity, andK ′
A denotes resulting epistemic resources.

Equation 26 describes conversion and does not assign a normative status to the trajectory. Private
capitalization can coexist with substantial public contribution, open publication, teaching, software re-
lease, collaborative infrastructure, or other forms of recirculation.

The political-economic question concerns what happens to the increased generative capacity after
capitalization. The resulting capacity can remain widely accessible, become partially controlled, enter
proprietary production, support public institutions, or move across several governance regimes.

Commons-to-private capitalization therefore identifies a transition point between public inputs and
subsequent control structures. Section 6 later examines how ownership, control, labor, and appropriation
shape the meaning of this transition.

5.7 Public Recirculation and Commons Regeneration

This subsection examines trajectories through which privately or institutionally accumulated epistemic
capacity contributes to renewed public generative conditions. Its role is to establish recirculation as an
analytical counterpart to commons-to-private capitalization.

An actor can capitalize upon public resources and later return epistemically productive outputs to the
shared field. Such return can take the form of open publications, datasets, software, methods, educational
materials, documentation, translations, standards, conceptual distinctions, archives, infrastructure, or
other resources that enlarge subsequent possibilities for other actors.

A regenerative trajectory is represented in Equation 27.

Kpublic −→ G′
A −→ K ′

A −→ K ′
public −→ G′

field. (27)

Equation 27 represents a cycle in which public resources contribute to actor-level generativity, re-
sulting outputs return to the public field, and the enlarged commons supports subsequent field-level
generation.

This trajectory illustrates a form of accumulation compatible with extensive public circulation. Indi-
vidual or institutional knowledge capital can expand rapidly while outputs continue to regenerate shared
epistemic conditions.

Generative justice provides a useful neighboring framework because it directs attention toward the
circulation of value and the regeneration of the people and systems from which value emerges [5]. The
present section uses recirculation descriptively. Questions concerning duties of return, fairness of circu-
lation, and thresholds of extraction belong to the later Discussion and the dedicated ethical inquiry.

Recirculation also has several dimensions. An actor can return informational outputs while retaining
exclusive infrastructure. A project can publish data while withholding methods required for practical
reuse. A public result can depend upon proprietary tools whose cost restricts effective accessibility. The
generative significance of return therefore depends upon which components of the productive configu-
ration re-enter shared circulation.

5.8 Accumulation, Circulation, and Recirculation

This subsection differentiates accumulation from the movement of epistemic resources across actors and
institutions. Its objective is to clarify how similar rates of knowledge-capital expansion can coexist with
different patterns of circulation.
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Accumulation concerns changes in the resources or generative capacity available to a particular actor
or system. Circulation concerns movement of epistemic resources among actors, institutions, and public
fields. Recirculation concerns the re-entry of resources generated through a capitalization process into a
shared generative environment.

These processes can vary independently. High accumulation can coexist with high recirculation
when rapidly expanding actors publish methods, concepts, data, or tools into shared environments. High
accumulation can also coexist with limited circulation when outputs or infrastructures remain under re-
strictive control.

The distinction is essential for evaluating public knowledge systems. A field with high total produc-
tion can exhibit limited circulation if outputs remain fragmented, inaccessible, or institutionally enclosed.
A field with extensive formal circulation can exhibit weak practical recirculation if released resources
lack documentation, interoperability, preservation, or complementary conditions required for future use.

Generative circulation therefore depends upon the capacity of epistemic outputs to enter subsequent
productive cycles. Accessibility, interpretability, reusability, provenance, technical compatibility, and
preservation can all affect this transition.

The analytical importance of recirculation lies in its effect on future capitalization possibilities. Re-
sources returned to the commons can enlarge the input field available to subsequent actors, thereby mod-
ifying the generative conditions of the field itself.

5.9 Enclosure of Epistemic Resources

This subsection introduces enclosure at the level of epistemic resources. Its objective is to distinguish
restrictions on access to existing knowledge from control over the wider conditions through which future
knowledge is generated.

Knowledge-commons scholarship has examined enclosure through intellectual property, technolog-
ical restrictions, contractual arrangements, access costs, and institutional practices that limit use of pre-
viously shared or potentially shareable resources [9]. Enclosure can therefore change the distribution of
access even when the underlying informational resource remains technically reproducible.

Epistemic-resource enclosure concerns restrictions on the ability of actors to reach, reproduce, mod-
ify, analyze, or circulate specific epistemic resources. Examples can include paywalled publications,
inaccessible datasets, contractually restricted archives, proprietary code, technical protection measures,
or exclusive databases.

The generative consequence of such enclosure depends upon the resource’s position within subse-
quent production. Restricting access to a highly complementary dataset can constrain an entire research
pathway. Restricting a resource with many substitutes can have a smaller field-level effect.

Enclosure can also be partial. A publication can remain publicly readable while its underlying data
are restricted. A model can be publicly accessible through an interface while its weights, training data,
or deployment infrastructure remain controlled. Analytical treatment therefore requires specification of
the resource layer at which enclosure occurs.

This resource-level conception prepares the distinction developed in the next subsection between
enclosure of existing epistemic objects and enclosure of future generative capacity.

5.10 Enclosure of Generative Conditions

This subsection extends enclosure analysis from existing epistemic resources to the means and conditions
required for future epistemic production. Its objective is to identify a form of control whose significance
lies in governing future generative possibilities.

Generative conditions include infrastructure, compute, laboratories, archives, platforms, specialized
instruments, data pipelines, publication systems, institutional credentials, funding mechanisms, model
access, and other resources whose availability structures subsequent knowledge production.

Control over such conditions can shape future inquiry even when completed knowledge products
remain publicly accessible. An actor can therefore exercise substantial influence over the production
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of new knowledge through infrastructural control rather than through exclusive ownership of existing
propositions.

A transition from resource access to generative control is represented in Equation 28.

Kpublic −→ IA −→ G′
A −→ C′

A, (28)

where IA denotes infrastructure controlled by actor A, and C′
A denotes an enlarged set of controlled

generative conditions.
Equation 28 represents a possible trajectory in which public epistemic inputs contribute to infrastruc-

tural capacity that subsequently increases control over future production.
This mechanism is particularly important for contemporary AI. Public literature, open-source soft-

ware, public datasets, and collective scientific knowledge can contribute to privately controlled model
infrastructures whose future generative capacity depends heavily upon compute, deployment systems,
proprietary optimization, or platform access.

The resulting issue extends beyond ownership of individual knowledge products. Control can mi-
grate toward the infrastructure through which future epistemic production becomes feasible. Section 8
develops this mechanism as a contemporary historical amplification.

5.11 Field-Level Generativity and Distribution

This subsection integrates the preceding analysis at the level of an epistemic field. Its objective is to
distinguish total generative expansion from the distribution of generative capacity among actors and to
prepare the transition toward political-economic relations.

A public knowledge environment can be evaluated along at least two dimensions. The first concerns
field-level generativity: the total capacity of the field to produce new questions, knowledge, methods,
data, and infrastructures. The second concerns the distribution of capitalization capacity and control over
the conditions through which such generation occurs.

These dimensions can move in different directions. A new open repository can increase field-level
generativity while actors with greater computational capacity derive disproportionately large gains. A
proprietary platform can increase short-term aggregate output while concentrating infrastructural control.
A public institution can produce substantial individual specialization while maintaining broad circulation
of resulting resources.

Distributional analysis therefore requires more than measuring total knowledge production. The rel-
evant questions concern who can capitalize upon shared resources, which actors control complementary
conditions, how gains are converted across forms of capital, and whether resulting capacities return to
the public field.

This distinction also clarifies the analytical status of the openness–concentration paradox. Open-
ness concerns properties of the shared resource environment. Concentration concerns the distribution
of effective generative capacity or control. Their coexistence becomes intelligible once field-level and
actor-level variables are distinguished.

The public knowledge commons can consequently support several trajectories: broadly distributed
generative expansion, asymmetric accumulation with continued public recirculation, concentrated accu-
mulation accompanied by infrastructural control, or mixed configurations whose structure changes over
time.

The dynamical analysis developed in Sections 4 and 5 identifies how these trajectories can emerge.
Their political-economic interpretation requires a further shift from dynamics toward relations. Sec-
tion 6 therefore examines control over means and conditions of epistemic production, the organization
of epistemic labor, knowledge-capitalist and epistemic-proletarian positions, dependency, subordination,
appropriation, precarity, and generative extraction.
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6 Political Economy of Epistemic Production

This section develops the relational and institutional dimension of knowledge-capital expansion. Its role
is to complement the dynamical analysis of Sections 4 and 5 by examining the organization of epistemic
production around productive conditions, control, labor, appropriation, dependency, and circulation. The
section first defines the means and conditions of epistemic production and distinguishes access from
control. It then examines the organization of epistemic labor and separates capital-like expansion from
capitalist relations. The subsequent subsections develop knowledge-capitalist and epistemic-proletarian
positions, epistemic dependency, subordination, and generative precarity. The final part distinguishes
accumulation from appropriation, clarifies ownership, possession, control, and appropriation, compares
proprietary and socialized accumulation, and introduces generative extraction and generative exploitation
as progressively stronger relational categories.

6.1 Generative Conditions and Means of Epistemic Production

This subsection defines the productive conditions through which epistemic generativity becomes practi-
cally realizable. Its objective is to establish a relational object comparable in analytical function to means
of production in political economy while preserving the specific characteristics of knowledge production.

Epistemic generation depends upon more than the possession of propositions or information. Re-
search can require time, education, language, archives, laboratories, software, computational resources,
funding, institutional affiliation, communication channels, publication systems, collaborative networks,
legal permissions, and access to previous knowledge. These elements form part of the conditions under
which epistemic capacities can become productive.

The present framework uses generative conditions as the broadest category for such enabling con-
ditions. Generative conditions include material, temporal, cognitive, relational, institutional, legal, and
technological conditions that influence an actor’s capacity to generate further epistemic resources.

Within this broader category, means of epistemic production refers to resources and infrastructures
throughwhich organized epistemic labor is conducted. Examples include laboratories, libraries, databases,
instruments, computational systems, repositories, model infrastructures, publishing platforms, archives,
and institutional research facilities.

The distinction is useful because some generative conditions remain embodied or relational rather
than infrastructural. Linguistic competence, disciplinary training, trust within a research community,
and uninterrupted time can be essential to generativity while functioning differently from laboratories or
computational systems.

Marxian political economy provides the principal historical interlocutor for this relational analysis
because control over means of production structures relations among productive actors [13]. The present
framework carries the relational logic into epistemic production while preserving the differences between
industrial production, scientific inquiry, learning, cultural production, and other epistemic practices.

The concept of means of epistemic production therefore identifies resources whose control can influ-
ence the practical organization of knowledge generation. Their political-economic significance depends
upon how access, authority, labor, and resulting outputs are distributed across actors.

6.2 Control over Generative Conditions

This subsection distinguishes control from access and possession. Its objective is to identify the capacity
to govern generative conditions as a central relational variable in epistemic production.

An actor can have access to a productive resource while possessing limited authority over its contin-
ued availability or permissible use. A researcher can use a laboratory without controlling its funding or
admission policies. A scholar can access a database while the provider determines pricing, interfaces,
technical restrictions, and future availability. A developer can use a model through an application pro-
gramming interface while the model provider controls the underlying infrastructure.
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Control therefore concerns practical capacity to determine conditions of use, availability, modifica-
tion, allocation, exclusion, continuation, or circulation. Degrees of control can vary across resources and
institutions.

Control over generative conditions can influence several dimensions of epistemic production. It can
affect research agendas, permissible methods, access to data, pace of work, publication routes, infrastruc-
ture availability, resource allocation, and the capacity of other actors to participate in the same generative
field.

Platform-capitalism scholarship illustrates the significance of infrastructural control in digitally me-
diated environments [20]. Academic-capitalism research similarly demonstrates how universities and
associated organizations govern resources, intellectual property, research infrastructure, and market re-
lations within knowledge production [18].

The political-economic significance of control therefore extends beyond legal ownership. An actor
can exercise substantial practical control through contracts, technical architecture, administrative author-
ity, funding, standards, or control over interfaces even where formal ownership is dispersed.

This distinction becomes central to the definition of knowledge-capitalist position developed below.

6.3 Epistemic Labor and the Organization of Knowledge Production

This subsection introduces epistemic labor as the productive activity through which epistemic resources
are generated, interpreted, transformed, evaluated, maintained, or circulated. Its objective is to connect
knowledge-capital dynamics with the division and organization of productive activity.

Epistemic labor includes activities such as observation, reading, interpretation, data collection, ex-
perimentation, classification, modeling, question formulation, conceptual analysis, translation, program-
ming, verification, reviewing, editing, teaching, archival maintenance, and infrastructure development.

Different epistemic systems distribute these activities across individuals, teams, institutions, and
technical systems. Contemporary research can involve principal investigators, research assistants, tech-
nicians, software engineers, data curators, editors, reviewers, librarians, administrators, and machine
systems whose contributions occupy different positions within the productive process.

The organization of epistemic labor influences who determines research questions, who performs
specific productive tasks, who receives recognition, who controls infrastructure, who owns or governs
outputs, and who can convert the resulting resources into future generative advantage.

The analytical distinction between epistemic labor and control over productive conditions is therefore
essential. An actor can contribute substantial direct epistemic labor while exercising limited authority
over the infrastructure, agenda, circulation, or resulting capital. Another actor can exercise considerable
organizational control while performing a smaller share of the underlying epistemic labor.

These relations become increasingly important when knowledge production is distributed across
large institutions or computational infrastructures. AI systems further complicate the organization of
epistemic labor by allowing some activities to be automated, parallelized, or delegated to machine sys-
tems. Section 8 examines this transformation in greater detail.

6.4 Capital-Like Expansion and Capitalist Relations

This subsection formalizes the distinction between capital-like expansion and capitalist relations. Its role
is to prevent dynamical properties of knowledge accumulation from being conflated with social positions
within the organization of epistemic production.

Knowledge-capital expansion concerns trajectories through which epistemic resources modify future
generative capacity. A trajectory can display recursive accumulation, second-order generativity, cross-
domain recombination, cross-capital conversion, or increasing capitalization capacity.

Capitalist relations concern the organization of control, labor, appropriation, and productive condi-
tions among actors. The relevant questions therefore concern who controls major means of epistemic
production, who depends upon those conditions, who performs epistemic labor, and how resulting re-
sources and capacities are allocated.
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The distinction established in Subsection 3.13 can consequently be stated through two analytical
axes: expansion dynamics and relational position.

A researcherwho rapidly accumulates knowledge through public learning can display strong knowledge-
capital expansion while retaining limited control over other producers. A cooperative research commu-
nity can exhibit extensive recursive accumulation while maintaining distributed control. A corporation
can control extensive epistemic infrastructure while particular owners or executives perform limited di-
rect knowledge production.

Capital-like expansion therefore specifies a property of a trajectory. Capitalist position specifies a
location within relations of production. Their interaction is an empirical and institutional question.

This distinction also clarifies why accumulation by itself supplies limited information about appro-
priation. Accumulated generative capacity can be circulated broadly, maintained within a commons,
concentrated institutionally, or converted into exclusive control. The relational structure governing the
accumulation determines its political-economic character.

6.5 Knowledge-Capitalist Position

This subsection develops the concept of knowledge capitalist as a relational category. Its objective is
to identify a position characterized by substantial control over the means and conditions of epistemic
production and the capacity to organize, scale, or appropriate epistemic production.

A knowledge capitalist is provisionally defined as an actor occupying a relational position charac-
terized by substantial control over significant means or conditions of epistemic production, enabling
the actor to organize, direct, scale, and appropriate epistemic production beyond the actor’s own direct
epistemic labor.

The category can apply to individuals, organizations, firms, platforms, or other institutional actors.
Its analytical basis lies in relational control rather than quantity of personally embodied knowledge.

Several characteristics can indicate such a position. An actor can control infrastructure required
by other knowledge producers, allocate resources across research activities, determine conditions of
access, organize large-scale epistemic labor, appropriate resulting outputs or advantages, and convert
these returns into further control over productive conditions.

The concept therefore extends the distinction between capitalist and capital reviewed in Subsec-
tion 2.3. Marx’s treatment of the capitalist as the social bearer of capital provides a conceptual precedent
for distinguishing the dynamics of expansion from the actor occupying a structurally privileged produc-
tive position [13].

The knowledge-capitalist category remains broader than ownership of intellectual property. Intel-
lectual property can contribute to control, while infrastructural authority, funding power, administrative
governance, platform control, and technical architecture can also produce knowledge-capitalist positions.

The category is therefore relational and scalar. An actor can occupy a knowledge-capitalist position
within one productive configuration while remaining dependent upon another actor at a larger infrastruc-
tural scale.

6.6 Epistemic-Proletarian Position

This subsection develops epistemic proletariat as the relational counterpart to the knowledge-capitalist
category. Its objective is to describe knowledge producers possessing generative capacity while lacking
stable control over principal conditions required to realize and reproduce that capacity.

An epistemic-proletarian position is provisionally characterized by the presence of epistemic genera-
tive capacity together with substantial dependence upon generative conditions governed by other actors
or institutions.

The core relation is expressed in Equation 29.

GS > 0, CG /∈ control(S), (29)
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where GS denotes the generative capacity of subject S, and CG denotes generative conditions re-
quired for continued epistemic production.

Equation 29 represents a structural condition rather than a complete class theory. The subject pos-
sesses productive capacity while principal enabling conditions remain under external control.

Examples can include researchers dependent upon temporary institutional appointments, indepen-
dent scholars requiring proprietary databases, workers producing data or annotations within externally
governed infrastructures, or researchers whose continued generativity depends upon access to laborato-
ries, compute, or funding controlled elsewhere.

The category therefore concerns relations between generative capacity and control. It does not im-
ply low education, limited expertise, low status, or low epistemic output. Highly skilled knowledge
producers can occupy structurally dependent positions.

The provisional category also admits degrees and mixed configurations. A researcher can control
some generative conditions while depending heavily upon others. Epistemic-proletarian position there-
fore functions as an analytical ideal type whose boundaries require later empirical investigation.

6.7 Epistemic Dependency

This subsection defines epistemic dependency as a relation in which continued knowledge generation
depends substantially upon generative conditions governed by another actor. Its role is to distinguish
dependency from stronger forms of subordination.

Epistemic dependency arises when loss of access to a resource, infrastructure, institution, or rela-
tion controlled elsewhere would materially reduce an actor’s capacity to continue a relevant epistemic
trajectory.

Dependency can concern laboratories, employment, compute, databases, software, archives, fund-
ing, publication systems, institutional affiliation, model access, or collaborative networks. Its intensity
depends upon the importance of the resource, availability of substitutes, switching costs, and the actor’s
capacity to reconstruct the required condition independently.

Dependency can be reciprocal. Collaborating researchers can depend upon one another’s expertise.
Institutions can depend upon highly specialized workers. Open-source communities can depend upon
maintainers while maintainers depend upon distributed contributions. Reciprocal dependency can sup-
port cooperative generativity when control remains sufficiently balanced.

Political-economic significance increases when dependency is asymmetric. An actor controlling a
difficult-to-substitute generative condition can acquire greater capacity to influence the dependent actor’s
productive trajectory.

This transition motivates the concept of epistemic subordination developed in the following subsec-
tion.

6.8 Epistemic Subordination

This subsection develops epistemic subordination as a stronger relational condition emerging from asym-
metric dependency. Its objective is to identify situations in which control over generative conditions
provides one actor with material capacity to govern another actor’s epistemic production.

Epistemic subordination occurs when dependency permits another actor to influence significant di-
mensions of the dependent producer’s research agenda, pace, access, recognition, circulation, methods,
or future opportunities.

The relevant power can be exercised through explicit commands or through structural conditions.
Funding criteria can influence research direction. Access rules can determine which projects are feasi-
ble. Employment structures can condition publication or intellectual-property arrangements. Platform
design can influence visibility and circulation. Model providers can determine which capabilities remain
available to downstream users.

Subordination therefore concerns governance of productive possibilities. Its presence depends upon
the combination of dependency, control, and the capacity to shape another actor’s generative trajectory.
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The concept remains distinct from ordinary coordination. Collaborative research requires division of
roles, deadlines, standards, and shared decision-making. Subordination concerns an asymmetric capacity
to govern another actor’s productive conditions without equivalent reciprocal control.

This distinction is important for later normative analysis because dependency and coordination can
support highly generative relations, while persistent asymmetric governance can constrain epistemic
agency and future generativity.

6.9 Generative Precarity

This subsection introduces generative precarity as instability in the conditions required for sustained
epistemic production. Its objective is to capture a temporal dimension of dependence that cannot be
represented solely through current resource access.

Generative precarity exists when an actor’s access to important material, temporal, relational, cogni-
tive, institutional, or technological conditions remains unstable enough to threaten continuity of epistemic
generation.

Temporary employment provides one possible mechanism. A researcher can possess extensive ex-
pertise and current institutional access while facing an imminent loss of salary, affiliation, laboratory
resources, visas, databases, or research infrastructure. The actor’s present generativity can therefore
coexist with uncertainty concerning future productive continuity.

Precarity can also arise through volatile platform access, changing licensing conditions, unstable
funding, reliance on discontinued software, fragile collaborative networks, or concentration of essential
services in a small number of providers.

The concept is especially relevant to knowledge-capital expansion because recursive processes de-
pend upon continuity. Interruptions can prevent previous accumulation from being converted into later
generative capacity. An actor can possess substantial epistemic capital while lacking stable conditions
for its continued capitalization.

Generative precarity therefore adds temporal stability to the political economy of knowledge produc-
tion. The distribution of future security can matter as much as the distribution of present resources.

6.10 Accumulation and Appropriation

This subsection distinguishes accumulation from appropriation. Its objective is to separate growth in
generative resources from incorporation of generated or shared value into an actor’s controllable accu-
mulation cycle.

Accumulation occurs when an actor or system increases epistemic resources or future generative
capacity. Appropriation concerns the relational trajectory through which value originating in shared,
collective, or externally produced resources becomes incorporated into an actor’s sphere of control.

The distinction is essential under public knowledge. Learning from public resources produces per-
sonal accumulation. Such accumulation can occur through ordinary participation in a commons and can
contribute subsequently to further public circulation.

Appropriation becomes analytically relevant when attention shifts to the control and disposition of
resulting value. An actor can incorporate publicly generated resources into proprietary infrastructure,
exclusive institutional advantage, reputational capital, or other controlled productive conditions.

Accumulation and appropriation can therefore overlap while retaining different objects. Accumu-
lation concerns what grows. Appropriation concerns how generated or shared value enters relations of
control.

This distinction also prevents rapid individual learning from being treated as equivalent to extractive
accumulation. A scholar can accumulate extensive knowledge through public resources while contribut-
ing newwork back to the commons. The political-economic analysis requires tracing circulation, control,
and effects on future generative conditions.
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6.11 Ownership, Possession, Control, and Appropriation

This subsection differentiates four relations that frequently become conflated in discussions of knowledge
and intellectual property. Its role is to provide the conceptual basis required for the later jurisprudential
Discussion.

Ownership refers to a legally recognized structure of rights concerning an object or resource. The
content of ownership varies across legal regimes and resource types.

Possession refers to factual holding, access, or availability. A person can possess a copy of a work
or know a concept without possessing legal ownership of the underlying rights.

Control refers to practical capacity to govern access, use, modification, allocation, circulation, or
continuation. Control can arise through legal rights, technical infrastructure, contracts, institutional au-
thority, or other arrangements.

Appropriation refers to incorporation of generated or shared value into an actor’s own controllable
accumulation process.

These categories can therefore diverge. An actor can own a resource while delegating practical
control. A platform can exercise substantial control over resources that it does not legally own. A public
epistemic resource can be widely possessed while the infrastructure required for effective use remains
concentrated.

The distinction is particularly important for knowledge because informational resources can be repro-
duced acrossmany holders. Political-economic power can therefore arise through control over generative
conditions even when possession of completed knowledge remains broadly distributed.

Section 9 later returns to these distinctions when examining priority, provenance, stewardship, own-
ership, licensing, and enclosure.

6.12 Proprietary and Socialized Accumulation

This subsection compares two idealized trajectories for governing accumulated epistemic capacity. Its
objective is to show that rapid knowledge-capital expansion can occur within different circulation and
control structures.

Proprietary accumulation refers to trajectories in which increases in generative capacity become
progressively incorporated into exclusive or restricted structures of control. Resulting advantages can
include proprietary data, infrastructure, intellectual property, closed methods, restricted model access, or
organizational capacities unavailable to other actors.

Socialized accumulation refers to trajectories in which substantial accumulation occurs while result-
ing epistemic resources continue to enter shared generative conditions. Open publication, reusable meth-
ods, public datasets, educational transmission, commons infrastructure, and collaborative governance
can contribute to such trajectories.

The distinction concerns governance of accumulated capacity. Both trajectories can involve high lev-
els of innovation, expertise, and recursive expansion. Their relational structures differ in the circulation
and control of resulting generative resources.

Mixed configurations are common. A research organization can publish findings openly while retain-
ing proprietary infrastructure. A scholar can release articles while maintaining private notes or datasets.
A firm can open-source software while monetizing complementary services.

The ideal types therefore support comparative analysis rather than exhaustive classification. Their
value lies in separating the magnitude of accumulation from the institutional form through which accu-
mulated capacity is governed.

6.13 Generative Extraction

This subsection introduces generative extraction as a relational pattern in which an actor draws generative
resources from another subject or shared field while disproportionately retaining the resulting increase in
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generative capacity. Its objective is to identify a stronger category than asymmetric capitalization while
preserving a distinction from generative exploitation.

The concept draws upon generative justice, particularly its attention to circulation of value and regen-
eration of source communities and systems [5]. Applied to epistemic production, the relevant question
concerns how value derived from public or collective generative resources circulates after capitalization.

A simplified extractive trajectory is shown in Equation 30.

Csource −→ G′
A −→ K ′

A, K ′
A ̸→ C ′

source, (30)

where Csource denotes generative resources provided by a source field andK ′
A denotes the resulting

increase in actor A’s epistemic capital.
Equation 30 represents a one-directional circulation pattern in which the source contributes to en-

larged private generative capacity while receiving limited regenerative return.
The analytical category requires more than unequal benefit. An actor can gain more than others from

public knowledge without extracting from the commons in a meaningful relational sense. Generative ex-
traction becomes relevant when there is a systematic flow from a source field into an actor’s accumulation
cycle accompanied by substantial asymmetry in retention and regeneration.

The concept is therefore especially useful for recursive cases. Extracted public value can become new
capital that increases the actor’s capacity to capitalize upon the next round of public resources. Extraction
can then contribute to self-reinforcing asymmetry.

The normative significance of such a pattern depends upon additional criteria. The next subsection
introduces generative exploitation as a stronger category requiring further effects on the source’s gener-
ative conditions.

6.14 Preliminary Boundaries of Generative Exploitation

This subsection establishes preliminary boundaries for the concept of generative exploitation. Its objec-
tive is to prevent the term from becoming a general label for every asymmetric or privately beneficial
use of shared epistemic resources.

Generative exploitation is provisionally reserved for stronger relational configurations in which gen-
erative extraction is accompanied by material degradation, suppression, dependency, lock-in, or erosion
of the source’s future generative conditions.

The distinction creates a conceptual sequence from capitalization asymmetry to extraction and from
extraction to exploitation. Each transition requires additional relational conditions.

Capitalization asymmetry concerns unequal generative gains. Generative extraction concerns sys-
tematic one-directional appropriation accompanied by insufficient regeneration of the source. Gener-
ative exploitation concerns extractive relations that additionally impair, constrain, or subordinate the
future generativity of the source or participating producers.

This sequence avoids treating every instance of public-resource use as normatively equivalent. A re-
searcher who learns from public literature and publishes further open work occupies a different relational
configuration from an actor who converts collective epistemic resources into exclusive infrastructure
while reducing the capacity of contributors to continue participating.

The threshold between extraction and exploitation remains an open normative problem. Evaluation
can require attention to consent, dependency, control, distribution of resulting capacities, alternatives
available to participants, recirculation, regeneration, and long-term effects on the generative field.

The present paper therefore introduces generative exploitation as a provisional analytical frontier.
Section 9 considers its ethical implications, while a dedicated normative inquiry is required to establish
criteria capable of supporting stronger evaluative claims.

The relational categories developed in this section complete the transition from knowledge-capital dy-
namics to a political economy of epistemic production. Knowledge-capital expansion describes changes
in generative trajectories. Means of epistemic production, control, labor, dependency, appropriation, and
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class-like positions describe the relational organization within which those trajectories unfold. Section 7
integrates these dimensions into a preliminary analytical framework.

7 A Preliminary Analytical Framework

This section consolidates the conceptual, dynamical, commons-oriented, and political-economic analy-
ses developed in Sections 3–6 into a preliminary analytical framework. Its role is to specify the principal
units, variables, relations, and trajectories required for comparative analysis of knowledge-capital expan-
sion. The section proceeds from units and levels of analysis to actor-resource-condition configurations,
epistemic-capital states, capitalization functions, recursive dynamics, heterogeneous trajectories, institu-
tional constraints, cross-capital feedback, public and private capitalization pathways, concentration pro-
cesses, and recirculation. The framework remains intentionally general. Its purpose is to organize later
empirical and formal work without imposing a single metric across heterogeneous epistemic domains.

7.1 Analytical Units and Levels

This subsection specifies the units and levels through which knowledge-capital expansion can be ana-
lyzed. Its objective is to avoid reducing the framework to either individual cognition or institutional
political economy and to preserve the possibility of relations across multiple scales.

The basic analytical unit is a generative configuration involving an actor, one or more epistemic
resources, and the conditions throughwhich those resources become generatively operative. An actor can
be an individual, collective, organization, institution, platform, or other system capable of participating
in epistemic production.

Four principal levels are provisionally distinguished.
The individual level concerns embodied knowledge, questions, methods, skills, interpretive capaci-

ties, attention, time, and personally accessible tools.
The collective level concerns research groups, communities, networks, collaborations, and other con-

figurations in which epistemic resources and generative capacities are distributed across several actors.
The institutional level concerns organizations that allocate resources, govern infrastructure, organize

epistemic labor, define access conditions, and mediate recognition or circulation.
The field level concerns wider epistemic environments composed of public knowledge, infrastruc-

tures, legal arrangements, institutions, disciplines, markets, platforms, and other structures within which
multiple actors interact.

These levels are analytically distinguishable while remaining coupled. Individual generativity can
depend upon institutional infrastructure. Institutional capacities can depend upon collective epistemic
labor. Field-level public knowledge can enter individual capitalization processes. Individual outputs can
subsequently alter the shared epistemic field.

The framework therefore treats scale as part of the analytical specification. A statement concerning
knowledge-capital expansion should identify the actor or systemwhose resources and generative capacity
are being examined and the larger conditions within which that trajectory occurs.

7.2 Actors, Epistemic Resources, and Generative Conditions

This subsection defines the elementary configuration from which the framework is constructed. Its ob-
jective is to represent knowledge-capital expansion through relations among actors, epistemic resources,
and generative conditions.

Let Ai denote actor i, Ki(t) the epistemic resources available to that actor at time t, and Ci(t) the
wider configuration of generative conditions affecting the actor’s epistemic activity. The resulting ana-
lytical state is shown in Equation 31.

Xi(t) =
(
Ai,Ki(t), Ci(t)

)
. (31)
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Equation 31 represents the actor together with the epistemic resources and generative conditions
relevant to a specified domain of inquiry.

The separation betweenKi(t) andCi(t) is functional rather than ontological. A resource can occupy
either category depending upon the analytical problem. A software package can be treated as an epistemic
resource when examining how it contributes to one research task and as part of infrastructure when
examining dependence upon externally controlled computing systems.

The generative condition set can include time, funding, language, institutional access, networks, legal
permissions, computational resources, laboratories, platforms, publication systems, and other relevant
conditions. The composition of Ci(t) should therefore be specified according to the empirical domain.

The same public epistemic resource can enter several actor configurations simultaneously. Its effects
then depend upon the complementary epistemic and generative conditions associated with each actor.

7.3 Epistemic-Capital States

This subsection introduces a state representation for knowledge capital. Its role is to distinguish the quan-
tity of available epistemic resources from their composition, connectivity, accessibility, and generative
relevance.

A knowledge-capital state cannot generally be represented adequately through a single scalar quan-
tity. Two actors can possess similar amounts of information while differing substantially in conceptual
organization, methodological capacity, cross-domain connectivity, question repertoire, or access to com-
plementary infrastructure.

The framework therefore treats the epistemic-capital state Ki(t) as a structured configuration. A
provisional decomposition is shown in Equation 32.

Ki(t) =
(
Pi, Qi, C

con
i ,Mi, Di, Ti, R

epi
i , . . .

)
t
, (32)

where Pi denotes propositions or established knowledge, Qi questions, Ccon
i concepts and distinc-

tions,Mi methods, Di data or archives, Ti tools or techniques, and Repi
i relational epistemic resources.

Equation 32 provides a categorical representation rather than an additive measure. The components
can differ in form, scale, and observability.

Connectivity among components is also relevant. A method becomes more generative when con-
nected to suitable problems. A dataset becomes more useful when an actor possesses concepts and tech-
niques required for interpretation. A question can become highly productive when it connects previously
separate resource clusters.

The state of knowledge capital therefore includes both resources and relations among resources. Later
empirical applications can represent these relations through network, graph, semantic, historical, or other
domain-specific structures.

7.4 Capitalization Functions

This subsection formalizes epistemic capitalization as a transformation from accessible resources and
generative conditions into changes in future generative capacity. Its objective is to provide a common
analytical structure for comparing heterogeneous capitalization processes.

Let Ei(t) denote an epistemic resource encountered or accessed by actor i, and let κi(t) denote the
actor’s capitalization capacity. A general capitalization relation is shown in Equation 33.

∆Gi(t+ 1) = Φ
(
Ei(t),Ki(t), Ci(t), κi(t)

)
, (33)

where Φ denotes a domain-dependent capitalization function.
Equation 33 states that the generative effect of an epistemic input depends upon the input, the actor’s

prior epistemic configuration, wider generative conditions, and capitalization capacity.
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The function Φ need not be linear. Complementarity can produce super-additive effects, redundancy
can produce diminishing effects, and missing conditions can prevent an accessible resource from becom-
ing generatively operative.

Capitalization capacity can itself depend upon the current configuration of resources and conditions.
The concept is therefore endogenous to the recursive system. Successful capitalization can alter future
κi through learning, infrastructure, reputation, networks, or institutional access.

This structure allows empirical work to investigate different capitalization mechanisms without re-
quiring a universal functional form.

7.5 Recursive Expansion Processes

This subsection combines epistemic states and capitalization functions into a recursive temporal process.
Its role is to specify how outputs from one stage can modify the conditions of subsequent epistemic
production.

A general recursive update is shown in Equation 34.(
Ki(t+ 1), Gi(t+ 1), Ci(t+ 1)

)
= Ψ

(
Ki(t), Gi(t), Ci(t), Ei(t)

)
, (34)

whereΨ denotes the combined transformation through which epistemic resources, generative capac-
ity, and generative conditions evolve.

Equation 34 permits several mechanisms to operate within the same trajectory. New knowledge can
enlarge conceptual capacity. Successful output can generate reputation. Reputation can improve network
access. Network access can produce new epistemic inputs. Financial returns can support infrastructure.
Infrastructure can increase future throughput or experimental capability.

Recursive expansion therefore concerns changes in the state-transition structure itself. A successful
cycle can alter the resources and conditions through which the next cycle is generated.

The trajectory can display acceleration, saturation, interruption, reorientation, or decline. Empirical
analysis should therefore examine the shape of the trajectory and the mechanisms producing changes
across time.

7.6 Heterogeneous Capitalization Trajectories

This subsection develops actor heterogeneity within the analytical framework. Its objective is to repre-
sent divergent knowledge-capital trajectories arising from differences in initial conditions, capitalization
capacities, and generative environments.

Consider two actors exposed to a common public epistemic resource field. Different prior states can
lead to different subsequent trajectories even when the accessible external input is similar.

The divergence can be represented conceptually through Equation 35.

XA(t0) ̸= XB(t0) =⇒ XA(tn) ̸= XB(tn) under some recursive regimes. (35)

Equation 35 describes path-dependent divergence under specified recursive conditions. It does not
imply that different initial states necessarily produce increasing inequality.

Several trajectory forms are possible. Initial differences can widen, remain stable, narrow, reverse,
or become irrelevant after structural changes. Educational access, public infrastructure, technological
change, institutional support, collaboration, or changes in research direction can alter the relative impor-
tance of previous advantages.

The analytical task is therefore to identify the mechanisms through which heterogeneity persists
or changes. Capitalization asymmetry becomes especially important when previous gains modify the
capacity to benefit from subsequent shared resources.
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7.7 Relational and Institutional Constraints

This subsection integrates the relational categories developed in Section 6 into the analytical framework.
Its objective is to represent how control, dependency, institutional rules, and infrastructural arrangements
shape the feasible trajectories of knowledge-capital expansion.

Generative conditions are governed through institutional arrangements. Funding systems allocate
resources. Universities control laboratories and affiliations. Publishers govern circulation channels.
Platforms govern interfaces and technical access. Legal systems structure ownership, permissions, and
remedies. Research communities establish standards of recognition and credibility.

These structures can be represented through a constraint set Ri(t) associated with actor i. The fea-
sible generative trajectory then depends upon the interaction among epistemic resources, capitalization
capacity, and relational constraints.

A general constrained transition is shown in Equation 36.

Xi(t+ 1) = Ψ
(
Xi(t), Ei(t) | Ri(t)

)
. (36)

Equation 36 indicates that the transition from one epistemic state to another occurs within a relational
and institutional environment.

The constraint set can include enabling as well as limiting structures. Institutional standards can
improve reliability. Shared infrastructure can reduce individual costs. Stable funding can preserve long-
term inquiry. Collaborative governance can expand access to specialized resources.

The framework therefore treats institutions as constitutive components of epistemic production rather
than external background variables.

7.8 Cross-Capital Feedback

This subsection integrates epistemic capital with reputational, financial, network, institutional, and infras-
tructural resources. Its objective is to represent feedback among heterogeneous forms of accumulated
capacity without collapsing them into a common metric.

Let the broader capital configuration of actor i be represented by Equation 37.

Ci(t) =
(
Ki, Ri, Fi, Ni, Si, Ii, . . .

)
t
. (37)

Equation 37 distinguishes epistemic capital Ki, reputation Ri, financial resources Fi, network re-
sources Ni, institutional or status resources Si, and infrastructure Ii.

Conversion can occur in several directions. Epistemic output can produce reputation, reputation can
facilitate funding, funding can support infrastructure, and infrastructure can increase future epistemic
capacity. Institutional position can provide access to networks or archives, while networks can generate
new research opportunities.

The analytical importance lies in recursive coupling. A relatively small epistemic advantage can
become amplified when it is repeatedly converted into resources that return to the epistemic process.

Conversion also depends upon institutional arrangements. The same scholarly output can generate
different reputational or financial consequences across fields. Infrastructure can produce substantial
epistemic returns in compute-intensive research and limited returns in other forms of inquiry.

Cross-capital analysis therefore requires attention to conversion pathways and their institutional con-
ditions.

7.9 Public and Private Capitalization Pathways

This subsection organizes capitalization trajectories according to the relation between public epistemic
inputs and the governance of resulting generative capacities. Its objective is to provide a comparative
framework for different circulation and control structures.

A public epistemic resource can enter several trajectories.
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In a public-to-public pathway, shared resources support generation whose resulting epistemic outputs
substantially re-enter public circulation.

In a public-to-private pathway, public resources contribute to generative capacities or outputs whose
subsequent control becomes concentrated within an individual or organization.

In a private-to-public pathway, privately generated or controlled resources are released into a wider
commons and become generative inputs for other actors.

In a mixed pathway, different components of the productive system operate under different gover-
nance regimes. Publications can be open while datasets remain restricted, or open software can depend
upon proprietary infrastructure.

These pathways concern circulation and control rather than moral evaluation. The same institutional
arrangement can contain several pathways simultaneously.

The framework therefore recommends tracing specific resource flows instead of classifying entire
actors or institutions through a single public/private binary.

7.10 Accumulation and Concentration Trajectories

This subsection distinguishes expansion of epistemic capacity from changes in its distribution across a
field. Its objective is to provide a preliminary framework for analyzing concentration without conflating
it with individual accumulation.

Let Gi(t) denote the generative capacity of actor i. Field-level expansion concerns changes in the
aggregate or distributed generative capabilities of the field. Concentration concerns the degree to which
effective generative capacity, infrastructure, or control becomes increasingly located within a smaller
subset of actors.

Accumulation and concentration can therefore follow different trajectories. Many actors can expe-
rience simultaneous expansion with relatively stable distribution. Field-level generativity can increase
while concentration also increases. Redistribution of infrastructure can reduce concentration even while
total epistemic output continues to grow.

The Marxian distinction between concentration and centralization reviewed in Subsection 2.4 re-
mains useful here. Expansion through internal accumulation differs from expansion produced through
acquisition, merger, aggregation, or consolidation of previously distributed epistemic resources or infras-
tructures.

In knowledge systems, centralization can concern databases, publishing platforms, research institu-
tions, computational infrastructure, model providers, archives, or other generative conditions. Its analy-
sis therefore requires both resource-distribution and control variables.

The openness–concentration problem identified in Subsection 5.5 can be analyzed within this frame-
work by comparing changes in public accessibility, field-level generativity, and distribution of capital-
ization capacity over time.

7.11 Circulation and Recirculation Pathways

This subsection integrates circulation into the analytical framework. Its objective is to represent how
epistemic resources generated through one capitalization cycle re-enter, bypass, or become restricted
from subsequent shared generative environments.

LetK ′
i denote epistemic resources produced by actor i, and let ρi represent the proportion or structure

of those resources that becomes practically available for subsequent public or collective generation. A
schematic recirculation relation is shown in Equation 38.

K ′
i

ρi−→ K ′
commons −→ G′

field. (38)

Equation 38 represents the movement of actor-level epistemic output into an enlarged commons and
its potential contribution to field-level generativity.
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The parameter ρi should not be interpreted as a simple publication ratio. Effective recirculation
depends upon accessibility, documentation, interoperability, legal permissions, discoverability, preser-
vation, interpretability, and complementary infrastructure.

A formally public resource can therefore exhibit weak generative recirculation. Conversely, a rela-
tively small contribution can have substantial field-level consequences when it provides a highly reusable
method, dataset, question, standard, or conceptual distinction.

Recirculation can also concern generative conditions. An actor can contribute training resources,
open infrastructure, funding, translation, standards, or institutional support that enlarges the capitaliza-
tion capacities of other actors.

This broader interpretation prepares the later discussion of generative return and commons regener-
ation.

7.12 Analytical Boundaries and Model Limitations

This subsection specifies the boundaries of the preliminary framework. Its role is to identify assump-
tions requiring later theoretical refinement and to prevent the formal vocabulary from creating a false
impression of measurement precision.

The first limitation concerns heterogeneity. Knowledge capital includes resources with different
ontological, temporal, and functional properties. Questions, embodied competence, datasets, social re-
lations, and infrastructure cannot generally be reduced to a common unit without substantial loss of
information.

The second limitation concerns observability. Generative capacity is partly latent. A concept ac-
quired today can become productive only after a later encounter with another problem. Immediate output
therefore provides an incomplete measure of accumulated epistemic capital.

The third limitation concerns counterfactual identification. Establishing that a resource caused an
increase in later generativity requires comparison with a trajectory in which the resource was absent or
differently configured. Such counterfactuals are difficult to establish in historical and individual epis-
temic development.

The fourth limitation concerns scale. Individual, collective, institutional, and field-level capital can
interact without being directly aggregable. An institution can possess strong infrastructure while indi-
vidual members experience high generative precarity. Field-level expansion can coexist with actor-level
decline.

The fifth limitation concerns relational endogeneity. Control, recognition, funding, and access can
change in response to previous epistemic outcomes. Generative conditions therefore evolve together
with epistemic states.

The sixth limitation concerns normative neutrality. The framework identifies accumulation, capital-
ization, concentration, circulation, dependency, and extraction as analytical relations. Their ethical and
jurisprudential evaluation requires additional criteria concerning justice, rights, responsibility, consent,
stewardship, and effects on future generativity.

The seventh limitation concerns the boundary of capital terminology. Recursive generativity alone
may provide insufficient reason to classify every epistemically productive resource as capital. Historical
comparison, conceptual analysis, and empirical application are required to determine where the analogy
remains explanatory and where alternative vocabulary provides greater precision.

The preliminary analytical framework should therefore be understood as an organizing architecture
rather than a completed quantitative model. Its principal function is to specify which relations should be
distinguished when examining knowledge-capital expansion: epistemic resources, generative capacity,
capitalization capacity, public inputs, complementary conditions, cross-capital conversions, institutional
constraints, relational positions, circulation, and control.

Section 8 applies this architecture to artificial intelligence as a contemporary amplification of epis-
temic absorption, capitalization, throughput, and infrastructural control. The application also provides a
concrete setting in which several otherwise abstract mechanisms become especially visible.
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8 Artificial Intelligence and Contemporary Knowledge-Capital Expan-
sion

This section applies the analytical framework developed in Sections 3–7 to artificial intelligence as a
contemporary transformation in the means and conditions of epistemic production. Its role is illustrative
and diagnostic. The objective is to examine how AI can alter epistemic absorption, capitalization capac-
ity, throughput, question-space exploration, capital intensity, and control over generative infrastructure
while preserving knowledge-capital expansion as the broader theoretical object of the paper. The discus-
sion proceeds from AI-mediated access to epistemic resources toward machine-scaled production and
industrialized capitalization, and then examines the distribution and governance of the resulting genera-
tive capacities. The analysis uses AI in science as a principal empirical reference point because recent
assessments document applications across multiple domains and stages of research together with signif-
icant implications for productivity, infrastructure, skills, and governance [15].

8.1 AI-Mediated Epistemic Absorption

This subsection introduces epistemic absorption capacity as the first mechanism through which AI can
alter knowledge-capital expansion. Its objective is to distinguish the legal or technical availability of
public knowledge from the amount of that knowledge that an actor can practically locate, process, com-
pare, and incorporate into an active epistemic trajectory. The discussion focuses on changes in search,
retrieval, translation, summarization, classification, and cross-document synthesis.

The contemporary knowledge commons contains quantities of literature, data, code, archives, and
other epistemic resources that substantially exceed the attention available to any individual researcher.
Public accessibility therefore leaves a gap between the epistemic resources that can in principle be
reached and the resources that can practically enter a research process.

AI can alter this relation by lowering some of the temporal and cognitive costs associated with
locating and processing external knowledge. Search and retrieval systems can identify relevant mate-
rials across large corpora. Language technologies can support translation and terminology mapping.
Machine-assisted summarization and classification can reduce the effort required for preliminary screen-
ing. Literature-based discovery systems can identify possible relations among dispersed findings. The
OECD review of AI in science discusses these capacities in connection with knowledge discovery, sci-
entific productivity, and machine-assisted organization of research knowledge [15].

The present framework describes the resulting capability as epistemic absorption capacity: the amount,
diversity, and structural complexity of external epistemic resources that an actor or system can practically
bring into a generative process within a specified period and resource environment.

Epistemic absorption involves more than retrieval volume. A system that retrieves thousands of
documents without effective relevance assessment can increase informational exposure while producing
limited generative gain. Absorption therefore includes selection, interpretation, relation formation, and
integration into an existing inquiry.

AI-mediated absorption can become a form of second-order generativity when the processed re-
sources enlarge subsequent capacities for questioning, recombination, or further acquisition. The re-
sulting effect can therefore propagate beyond the immediate research task.

8.2 Practically Capitalizable Knowledge

This subsection develops the distinction between accessible knowledge and practically capitalizable
knowledge. Its role is to connect AI-mediated absorption with the capitalization functions introduced
in Subsection 7.4. The analysis examines how technical mediation can enlarge the subset of a public
epistemic field that becomes usable within a particular actor’s generative configuration.

LetKaccessible denote epistemic resources that an actor can legally and technically access, and letKpc
denote the subset that can be practically capitalized under the actor’s current generative conditions. AI
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can change the relation between these sets by modifying search, translation, interpretation, processing,
and recombination costs.

The relevant relation is shown in Equation 39.

Kpc(A, IAI) ⊆ Kaccessible, ∆IAI > 0 =⇒ ∆|Kpc| > 0 under some conditions. (39)

Equation 39 represents the possibility that stronger AI-mediated infrastructure IAI increases the por-
tion of accessible knowledge that actor A can practically incorporate into epistemic production.

The relationship remains conditional upon complementary capacities. Domain knowledge influences
whether generated summaries or associations can be evaluated. Data access affects whether an identified
hypothesis can be tested. Compute determines which models or datasets can be processed. Language,
institutional resources, time, and methodological competence continue to shape capitalization.

AI therefore changes capitalization capacity through interaction with existing resources. Its gener-
ative consequence depends upon the actor-infrastructure- resource configuration examined throughout
the preceding sections.

This distinction has an important implication for public knowledge. Expansion of the practically
capitalizable subset can increase the effective productive value of a commons even when the legal avail-
ability of the commons remains unchanged. A technological change in the means of epistemic processing
can therefore transform the political economy of an existing public resource field.

8.3 Infrastructural Epistemic Capital

This subsection develops infrastructural epistemic capital as a category for AI systems whose productive
significance lies in their capacity to mediate large portions of future epistemic activity. Its objective is to
distinguish personally embodied knowledge from control over technical systems capable of searching,
processing, generating, and organizing knowledge at scale.

An AI model, compute environment, retrieval system, vector database, scientific workflow, agent
orchestration layer, or integrated research platform can contribute to epistemic generativity across many
individual tasks. Once constructed, such infrastructure can become reusable across subsequent cycles of
production.

Its capital-like property arises from this repeated generative consequence. The infrastructure can
lower the cost of later search, synthesis, classification, modeling, drafting, or experimentation. Previous
investment in the system thereby changes the productive conditions of subsequent epistemic activity.

Infrastructural epistemic capital can also aggregate capabilities that exceed the embodied knowledge
of any single controller. An organization can possess access tomodels, compute, databases, software, and
automated workflows capable of operating across domains beyond the direct expertise of its managers
or owners.

This configuration intensifies the distinction developed in Subsection 3.13. Embodied epistemic
capital concerns knowledge and generative capacities held by persons. Infrastructural epistemic capital
concerns productive capacities instantiated in technical and organizational systems. Control over the
latter can become a relational source of epistemic power.

The OECD analysis of AI in science identifies high-performance computing, digital research infras-
tructure, knowledge bases, AI tools, and access to technical capabilities as important components of
contemporary scientific capacity [15]. Within the present framework, these components can be analyzed
according to their contribution to future generativity and their distribution across actors.

8.4 Machine-Scaled Epistemic Production

This subsection examines changes in the scale of epistemic production made possible by AI-mediated
automation and parallelism. Its role is to extend the throughput analysis of Subsection 4.9 toward sys-
tems in which multiple epistemic operations can be performed at machine speed or distributed across
computational processes.
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Traditional research already relies extensively onmachines for measurement, calculation, simulation,
storage, and communication. Contemporary AI expands the range of epistemic operations susceptible to
computational mediation. Literature screening, classification, extraction, translation, candidate genera-
tion, code production, model fitting, data analysis, and preliminary textual synthesis can enter automated
or semi-automated workflows.

The resulting transformation concerns scale as well as speed. A computational system can process
many candidate inputs in parallel, generate multiple alternative outputs, compare larger sets of possibil-
ities, and repeat standardized operations across extensive corpora.

Machine-scaled production can consequently increase epistemic throughput. Throughput gains be-
come especially significant where workflows divide a larger research process into many partially sepa-
rable tasks. Different models or agents can perform retrieval, synthesis, criticism, coding, verification,
and redrafting within an orchestrated system.

Scale introduces additional requirements for filtering and evaluation. Producing more candidate out-
puts increases the demand for selection among them. The value of machine-scaled generation therefore
depends upon mechanisms for quality assessment, validation, provenance, error detection, and integra-
tion.

Machine scaling also changes the allocation of scarce resources. Human attention can migrate from
direct execution of every epistemic operation toward task specification, evaluation, integration, judg-
ment, and governance of automated processes. The resulting reorganization of epistemic labor becomes
politically significant when control over the relevant infrastructure is unequally distributed.

8.5 Automated Question-Space Expansion

This subsection applies the inquiry possibility-space framework of Subsection 3.10 to AI-mediated gen-
eration. Its objective is to examine how computational systems can enlarge the number and diversity of
candidate research trajectories available for subsequent evaluation.

Question formulation is itself a generative epistemic activity. AI systems can assist in generating
alternative hypotheses, identifying missing comparisons, mapping adjacent literatures, proposing vari-
ables, detecting tensions among claims, and producing branches from an initial research problem.

A simplified branching process is shown in Equation 40.

Q0 −→ {Q1, . . . , Qn} −→ {Ω1, . . . ,Ωn} −→ {K ′
1, . . . ,K

′
m}. (40)

Equation 40 represents computational expansion from an initial question Q0 toward multiple candi-
date questions and corresponding inquiry possibility spaces.

The principal gain concerns option generation. A human researcher can inspect a broader range of
possible formulations before committing substantial resources to a smaller number of trajectories. AI
can also facilitate repeated reformulation by testing a question against several literatures or conceptual
frames.

The generative significance of branching depends upon evaluation. Large numbers of syntactically
plausible questions can have little epistemic value when they repeat established problems, ignore disci-
plinary constraints, or lack tractable evidentiary pathways. Human and institutional judgment therefore
remain part of the capitalization process.

Automated question-space expansion can nevertheless alter competitive and distributional dynamics.
Actors with greater computational capacity can explore larger candidate spaces, perform more prelimi-
nary analyses, and identify promising directions with lower marginal search costs. Question generation
can therefore become another domain in which infrastructural differences influence recursive epistemic
advantage.

8.6 Industrialized Epistemic Capitalization

This subsection introduces industrialized epistemic capitalization as a provisional category for knowledge-
production arrangements characterized by scale, parallelism, workflow decomposition, automation, in-
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frastructural investment, and repeated conversion of epistemic inputs into further productive capacity. Its
objective is to identify an organizational transformation that extends beyond individual use of AI tools.

Industrialization historically involves changes in productive organization as well as the introduc-
tion of particular machines. Within epistemic production, an analogous transformation can occur when
knowledge-processing tasks are decomposed, standardized, automated, parallelized, and coordinated
through capital-intensive infrastructure.

An industrialized epistemic process can combine large public corpora, proprietary data, foundation
models, specialized models, compute clusters, retrieval systems, automated agents, human experts, eval-
uation systems, and distribution channels. The resulting organization can process epistemic inputs at
scales unavailable to an unaided individual researcher.

The concept of industrialized epistemic capitalization concerns the recursive use of this productive
organization. Outputs from one cycle can improve models, databases, retrieval systems, prompts, evalu-
ation procedures, reputation, financial resources, or proprietary knowledge bases. These improvements
can increase the capacity of the infrastructure to capitalize upon subsequent epistemic inputs.

A stylized recursive process is shown in Equation 41.

Kexternal −→ IAI −→ Ot −→ ∆IAI −→ Ot+1, (41)

whereKexternal denotes external epistemic resources, IAI AI-mediated productive infrastructure, and
Ot epistemic outputs generated during production cycle t.

Equation 41 represents a regime in which the productive infrastructure itself can be improved through
previous cycles.

Industrialized epistemic capitalization therefore differs in scale and organization from ordinary ma-
chine assistance. Its defining features concern the systematic conversion of epistemic inputs through
reproducible, infrastructure-mediated productive processes.

8.7 Capital Intensity in Epistemic Production

This subsection examines the growing role of financial and infrastructural resources in some forms of
AI-mediated epistemic production. Its objective is to connect AI capabilities with the cross-capital con-
version framework developed in Subsections 4.8 and 7.8.

AI systems require heterogeneous quantities of compute, data, technical labor, energy, storage, soft-
ware, and supporting infrastructure. Some uses remain available through inexpensive consumer services
or open-source tools, while frontier-scale training, large experimental programmes, extensive agent de-
ployment, and specialized scientific computing can require substantial resources.

Financial capital can therefore be converted into epistemic throughput through compute and infras-
tructure. Infrastructural capital can then support larger search spaces, more parallel experiments, broader
data processing, or faster iteration. Successful epistemic outputs can subsequently generate reputation,
investment, market position, or additional infrastructure.

The result is a potentially strong cross-capital cycle linking financial, infrastructural, and epistemic
resources.

Capital intensity can also change the relative importance of constraints. Where human attention
previously constituted the principal bottleneck, machine automation can shift part of the constraint toward
compute, model access, technical infrastructure, data, and the capacity to coordinate automated systems.

This shift remains domain-specific. Many forms of philosophical, theoretical, historical, qualitative,
and small-scale empirical inquiry continue to depend heavily upon individual judgment and modest ma-
terial infrastructure. Capital-intensity analysis therefore requires specification of the epistemic process
under study.

The broader political-economic significance lies in the conversion relation: financial and infrastruc-
tural differences can become differences in practical epistemic capitalization capacity.
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8.8 Direct Epistemic Labor and Epistemic Output

This subsection examines the changing relation between direct human epistemic labor and the quantity of
epistemic output produced under AI-mediated conditions. Its role is to connect machine scaling with the
relational distinction between those who perform productive activity and those who control productive
infrastructure.

Knowledge production has historically combined direct intellectual labor with tools, institutions, ac-
cumulated literature, and distributed contributions. AI increases the range of epistemic operations that
can be delegated to technical systems. A controller can therefore organize a larger productive process
while personally performing a smaller proportion of retrieval, classification, drafting, coding, or prelim-
inary synthesis.

This relation is especially relevant to the concept of the knowledge capitalist. A knowledge-capitalist
position can involve control over systems capable of coordinating large epistemic processes while direct
embodied knowledge remains distributed among employees, contractors, public contributors, previous
authors, datasets, technical systems, and external communities.

The distinction also applies within individual research practice. A scholar can use AI to shift per-
sonal labor from repetitive information processing toward question formulation, conceptual judgment,
interpretation, and validation. Such use can increase personal generativity without producing a capitalist
relation.

The relevant analytical variable is therefore the organization of epistemic labor under a specified
control structure. Automation changes the distribution of productive tasks, while the political-economic
meaning of that change depends upon ownership, control, dependency, recognition, appropriation, and
circulation.

This distinction prepares a later epistemological problem concerning the relation between epistemic
production and knowing. AI-mediated output can expand rapidly while the epistemic transformation of
the human participants follows a different trajectory. The present paper preserves that issue as an open
extension developed more fully in subsequent work.

8.9 Control of Knowledge-Generating Capacity

This subsection extends enclosure analysis from completed epistemic products to the infrastructure through
which future knowledge can be generated. Its objective is to identify control over generative capacity as
a potentially distinct object of contemporary political economy.

Traditional intellectual-property analysis often focuses on completed works, inventions, databases,
software, or other identifiable outputs. AI-mediated epistemic infrastructure creates an additional layer
of control. Models, compute, retrieval systems, proprietary data pipelines, evaluation systems, agent
frameworks, and interfaces can govern access to productive capabilities that operate across many future
tasks.

Public knowledge can contribute to the construction or operation of these systems. Once incorporated
into privately governed infrastructure, the resulting capacity can support future epistemic production
under access conditions established by the infrastructure controller.

The relevant trajectory is shown in Equation 42.

Kpublic −→ Icontrolled −→ G′
controlled −→ K ′

future. (42)

Equation 42 represents a process in which public epistemic resources contribute to controlled infras-
tructure that subsequently mediates future knowledge generation.

The political-economic object therefore becomes control over the means of future epistemic produc-
tion. Completed public knowledge can remain widely available while practical capacity for machine-
scaled capitalization becomes concentrated within infrastructures that require substantial financial, tech-
nical, or institutional resources.
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This mechanism creates a deeper form of path dependence. Control accumulated during one techno-
logical period can shape the distribution of capitalization capacity in subsequent periods. Infrastructure
constructed from previous knowledge becomes a condition for later knowledge production.

The jurisprudential status of such transformations depends upon copyright, contract, database rights,
competition law, data governance, licensing, and other legal structures. The present section identifies
the generative relation while reserving detailed legal evaluation for the Discussion and subsequent ju-
risprudential work.

8.10 AI and Capitalization Asymmetries

This subsection integrates the preceding mechanisms through the concept of capitalization asymmetry.
Its objective is to examine how AI can alter existing differences among actors and generate new dif-
ferences through uneven access to models, compute, data, expertise, infrastructure, and organizational
capacity.

AI can broaden epistemic access in several ways. Low-cost language assistance can reduce linguistic
barriers. Search and summarization can reduce the time required for preliminary literature exploration.
Code generation can lower technical entry costs for some computational tasks. Public models and open
tools can make previously specialized capabilities available to independent researchers and smaller orga-
nizations. The OECD report consequently treats broader access to AI capabilities as an important issue
for scientific development, including research systems in developing countries [15].

The same technological environment contains significant complementary inequalities. Actors differ
in access to frontiermodels, high-performance compute, proprietary datasets, specialized technical teams,
institutional resources, evaluation capacity, and the ability to deploy systems at scale. These differences
influence the quantity of public knowledge that becomes practically capitalizable and the rate at which
resulting outputs can be converted into further resources.

AI can therefore interact with capitalization asymmetry in multiple directions. Some applications
can reduce barriers by lowering the cost of particular epistemic operations. Other configurations can
amplify existing advantages by allowing actors with stronger complementary capital to process larger
resource fields, explore more candidate trajectories, and reinvest gains into further infrastructure.

The distributive consequence is therefore determined by the surrounding generative configuration.
AI has no single predetermined relation to epistemic equality. Its effects depend upon public infrastruc-
ture, pricing, model access, compute distribution, skills, institutional governance, open-source ecosys-
tems, data regimes, and mechanisms of recirculation.

This conditional conclusion is important for the foundational framework. Artificial intelligence can
change the coefficients, bottlenecks, and scales of knowledge-capital expansion while leaving the more
general analytical problem intact: actors encounter shared epistemic fields through heterogeneous capi-
talization capacities and relational positions.

The AI case consequently reinforces the distinction at the center of the paper. Rapid expansion of
epistemic output is a dynamical phenomenon. Concentration of control over the infrastructure enabling
that expansion is a relational phenomenon. Their interaction determines the political-economic configu-
ration of AI-mediated knowledge production.

The mechanisms developed in this section remain a bounded application of the general framework.
A fuller analysis of industrialized epistemic capitalization, automated epistemic labor, compute-intensive
accumulation, and AI-mediated enclosure requires dedicated treatment. Section 9 therefore returns to the
broader implications of the framework, including accumulation without capitalist relations, generative
extraction, responsibilities toward knowledge commons, ownership and stewardship, and the relation
between knowledge production and epistemic formation.
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9 Discussion

This section interprets the framework developed in Sections 3–8 and clarifies its theoretical, normative,
jurisprudential, and epistemological implications. Its role is synthetic. The discussion first returns to the
meaning of capital within the proposed framework and to the distinction between expansion dynamics
and relational position. It then examines how accumulation can occur across different institutional con-
figurations and how publicness interacts with unequal capitalization capacity. The middle part develops
the relations among appropriation, extraction, exploitation, generative return, and commons regeneration.
The subsequent subsections consider ownership, provenance, stewardship, licensing, and governance of
generative infrastructure. The final part discusses artificial intelligence and the relation between epis-
temic production and epistemic formation before locating the present paper within the wider research
programme.

9.1 Knowledge-Capital Expansion and Capital Terminology

This subsection evaluates the scope of the capital vocabulary introduced in the paper. Its objective is to
clarify which structural features motivate the analogy and which historical meanings of capital remain
specific to their original political-economic contexts.

The literature review showed that capital has carried several related meanings across political econ-
omy. Classical political economy associates capital with accumulated productive resources. Marx devel-
ops a dynamic account in which capital passes through processes of valorization, accumulation, repro-
duction, concentration, and centralization [13]. Human-capital theory extends capital language toward
embodied productive capacities [2]. R&D-based knowledge-capital research operationalizes accumu-
lated research investment through productivity analysis [7]. Intellectual-capital research applies capital
terminology to organizationally embedded intangible resources [3], while Bourdieu broadens the concept
toward cultural and social accumulation and conversion [4].

The present framework enters this conceptual field through a specific criterion: generative conse-
quence across time. An epistemic resource acquires a capital-like character when its possession, access,
or control changes the conditions of subsequent epistemic production. The concept therefore centers on
recursive productive consequence.

This criterion gives knowledge capital a wider extension than expenditure-based R&D capital and a
narrower extension than the totality of information or knowledge. A resource that remains disconnected
from subsequent generative activity has limited relevance to the concept. A resource that changes what
can later be understood, asked, combined, investigated, or produced becomes analytically significant.

The term knowledge-capital expansion consequently identifies a family of dynamical processes. Ac-
cumulation, reproduction, recombination, question-space expansion, cross-capital conversion, concen-
tration, and infrastructural development can all contribute to expansion while retaining distinct causal
structures.

This broader use of capital terminology should therefore remain explicitly provisional. Its analytical
value depends upon whether it reveals recursive structures that adjacent vocabularies leave insufficiently
visible. Later historical and empirical research can determine where the analogy provides explanatory
gain and where more specific terminology should replace it.

9.2 Expansion Dynamics and Relational Position

This subsection returns to the principal conceptual distinction of the paper. Its objective is to clarify the
analytical consequences of separating knowledge-capital expansion from positions within relations of
epistemic production.

The distinction can be summarized through two different questions. Dynamical analysis concerns
how epistemic resources and generative capacities change through time. Relational analysis concerns
how actors are positioned with respect to productive conditions, labor, control, access, appropriation, and
dependency.
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A high rate of epistemic expansion therefore supplies limited information about an actor’s relational
position. A researcher can accumulate knowledge rapidly through publicly available resources while ex-
ercising little control over the conditions of other actors’ production. A cooperative research community
can develop powerful shared epistemic infrastructure while distributing governance among participants.
A commercial platform can control extensive productive infrastructure while the individuals exercising
corporate authority possess limited direct knowledge of the epistemic content processed through the
system.

The distinction also clarifies the meaning of the knowledge-capitalist category. The category refers
to a position characterized by substantial control over means or conditions of epistemic production and
the capacity to organize, direct, scale, or appropriate epistemic production. It therefore belongs to a
relational analysis rather than to a ranking of individual intelligence, expertise, or output.

The two dimensions can nevertheless become strongly coupled. Successful knowledge-capital ex-
pansion can generate reputation, finance, infrastructure, or institutional authority. These converted re-
sources can increase control over future productive conditions. Conversely, prior control over productive
conditions can accelerate epistemic accumulation.

The conceptual contribution lies in preserving the distinction while analyzing the coupling. Capital-
like expansion concerns a trajectory. Capitalist position concerns a relation. Their interaction constitutes
a central object of the political economy of knowledge production.

9.3 Accumulation across Relational Configurations

This subsection considers the institutional diversity of knowledge-capital accumulation. Its objective is
to show how similar dynamical patterns can occur within different structures of circulation, governance,
and control.

Recursive epistemic accumulation can occur through individual study, university research, scien-
tific collaboration, public institutions, cooperatives, open-source communities, firms, informal scholarly
networks, and other organizational forms. Each configuration combines generative conditions through
different arrangements of ownership, authority, labor, funding, and circulation.

The existence of accumulation therefore provides only one layer of analysis. Its political meaning
depends upon the relations through which resources are produced and governed.

This distinction permits a clearer comparison between proprietary and socialized accumulation. Pro-
prietary accumulation concentrates resulting capacities within restricted systems of control. Socialized
accumulation returns substantial portions of resulting resources or infrastructure to shared generative
conditions.

The two configurations can produce similar short-term output growth while differing substantially
in their long-term effects on field-level generativity. A proprietary trajectory can increase one actor’s
capacity while reducing effective access to future productive infrastructure. A socialized trajectory can
increase individual or institutional capacity while simultaneously expanding the commons from which
later actors can generate.

The normative significance of accumulation therefore emerges through the governance of its resulting
capacities.

9.4 Publicness, Openness, and Distribution

This subsection interprets the openness–concentration relation developed in Section 5. Its objective is to
clarify the distinction between expansion of shared availability and distribution of effective capitalization
capacity.

Knowledge-commons scholarship has established the importance of access, governance, preserva-
tion, and enclosure in shared knowledge environments [9]. The present framework adds a distributional
question concerning what actors can do with accessible resources after access has been secured.

Public availability can increase the generative potential of a field while leaving substantial differences
in prior knowledge, language, infrastructure, time, funding, networks, and institutional position. These
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differences shape capitalization capacity.
The resulting distributional problem is therefore located between access and future generativity.

Openness can enlarge the common resource field while actors extract heterogeneous generative gains
from that field.

This relation has two implications for commons governance.
The first concerns aggregate effects. Policies that expand public access can increase total field-level

generativity even when distributional differences remain.
The second concerns distributional effects. Evaluation of a commons can also consider whether

actors possess practical conditions required to capitalize upon shared resources.
The openness–concentration paradox therefore identifies a possible coexistence between common-

resource expansion and concentration of effective generative capacity. Its significance lies in directing
analysis toward the complementary infrastructures and capacities surrounding public access.

9.5 Appropriation, Extraction, and Exploitation

This subsection clarifies the sequence connecting capitalization, appropriation, generative extraction,
and generative exploitation. Its objective is to preserve distinctions among increasingly strong relational
descriptions.

Epistemic capitalization concerns conversion of a resource into enhanced future generative capacity.
Appropriation concerns incorporation of generated or shared value into an actor’s controllable accumu-
lation process. Generative extraction concerns a systematic pattern in which a source field contributes
generative resources while the resulting increase in capacity is disproportionately retained elsewhere.
Generative exploitation adds stronger conditions concerning degradation, suppression, dependency, sub-
ordination, or loss of the source’s future generativity.

The progression is therefore analytically cumulative. Each concept adds relational information be-
yond the preceding category.

This distinction is especially important in public knowledge environments. Every productive use of
public knowledge involves some form of individual or institutional gain. Such gain constitutes a central
purpose of a knowledge commons. A stronger normative concern emerges when gains become connected
to one-directional circulation, concentrated control, dependency, or degradation of the generative field
from which those gains were derived.

Generative justice provides an important normative orientation here because it directs attention to-
ward the circulation of generated value and regeneration of source communities and systems [5]. The
present framework extends this orientation toward recursive epistemic capacity.

The normative threshold between appropriation, extraction, and exploitation requires further anal-
ysis. Consent, reciprocity, dependence, substitutability, distribution of control, regeneration of source
conditions, and long-term effects on participants can all become relevant variables.

9.6 Ethical Boundaries of Knowledge-Capital Accumulation

This subsection identifies the principal ethical questions generated by the framework. Its role is diagnos-
tic: it specifies where descriptive analysis creates normative problems while leaving systematic ethical
criteria to the subsequent dedicated inquiry.

Knowledge-capital accumulation can increase individual and collective generativity. It can support
education, scientific discovery, cultural development, institutional learning, and technological progress.
Ethical analysis therefore requires attention to both the generative gains produced by accumulation and
the relations through which those gains arise.

Several dimensions become relevant.
The first concerns effects on the generativity of other actors. An accumulation process can enlarge

one actor’s capacity while leaving others unchanged, increasing their capacity through recirculation, or
constraining their future possibilities through enclosure or dependency.
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The second concerns the origin of generative resources. Public knowledge, collective labor, com-
munity knowledge, institutional infrastructure, and individual contributions can enter an accumulation
process through different relations of consent, attribution, compensation, and recognition.

The third concerns control over resulting capacities. The ethical significance of an epistemic output
can differ from the significance of exclusive control over infrastructure capable of producing large classes
of future outputs.

The fourth concerns reversibility and dependency. A productive arrangement can become ethically
more consequential when participants lose practical capacity to exit, reconstruct their generative condi-
tions, or continue producing outside the controlling infrastructure.

The fifth concerns circulation. Accumulated capacity can return to the commons through knowledge,
infrastructure, education, funding, or other generative resources.

Epistemic-injustice scholarship adds an additional dimension by showing how credibility, interpre-
tive resources, and epistemic participation can be shaped by relations of power [6]. A political economy
of knowledge capital therefore intersects with questions concerning who can participate as a recognized
knower and whose contributions enter processes of future accumulation.

These considerations motivate a dedicated ethics of knowledge-capital accumulation capable of dis-
tinguishing productive asymmetry from extraction and stronger forms of generative exploitation.

9.7 Generative Return and Commons Responsibilities

This subsection develops generative return as a possible normative and governance problem arising from
the use of shared epistemic resources. Its objective is to clarify the forms that return can take before any
universal duty of return is specified.

Generative return refers provisionally to contributions that restore, enlarge, or reproduce the genera-
tive conditions from which an actor has benefited. Return can occur through several channels.

An actor can return epistemic outputs through publications, concepts, data, software, translations,
methods, or educational materials. An organization can contribute infrastructure, funding, standards,
documentation, or institutional support. A researcher can return value through teaching, reviewing, men-
toring, maintenance of shared resources, or participation in collaborative governance.

The form of return can therefore differ from the form of the resource initially used. Public literature
can contribute to private expertise, while the resulting return can take the form of new open methods
or teaching. Public infrastructure can support commercial innovation, while return can occur through
taxation, public investment, open standards, or other institutional mechanisms.

Generative return should therefore be understood through functional effects on future generativity.
The central question concerns whether subsequent contributions regenerate shared conditions of produc-
tion.

The existence, magnitude, and form of any ethical or legal duty of return remain open. Different
commons can operate through different norms of reciprocity, contribution, attribution, taxation, licensing,
or public support. A universal rule could obscure these institutional differences.

The concept is therefore introduced as an analytical bridge between the dynamics of recirculation
and the later ethics of commons participation.

9.8 Ownership, Possession, Control, and Appropriation

This subsection returns to the distinctions developed in Subsection 6.11 and interprets their jurispruden-
tial significance. Its objective is to prevent legal ownership from becoming a proxy for every practical
relation governing epistemic resources.

Ownership concerns a legally recognized configuration of rights. Possession concerns factual hold-
ing or access. Control concerns practical capacity to govern use, allocation, circulation, modification,
or continuation. Appropriation concerns incorporation of generated or shared value into a controllable
accumulation process.
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These relations can diverge substantially in knowledge systems. A public-domain work can be freely
possessed while practical use at scale depends upon proprietary infrastructure. An organization can
exercise technical control over content whose copyright belongs elsewhere. An author can retain legal
rights while permitting broad reproduction and modification. A platform can mediate circulation without
owning every underlying epistemic object.

The distinction becomes increasingly important as productive power moves toward infrastructure.
Legal analysis focused exclusively on ownership of completed outputs can miss practical control over
the conditions through which future outputs are generated.

The present framework therefore treats ownership as one component within a wider architecture
of epistemic governance. Detailed jurisprudential analysis must examine the legal instruments through
which ownership, permission, attribution, access, control, and remedy are configured in specific juris-
dictions.

9.9 Priority, Provenance, and Proprietorship

This subsection distinguishes historical priority and provenance from proprietary control. Its objective
is to identify a possible basis for recognition and accountability compatible with broad circulation of
epistemic resources.

Priority concerns historical relation to the development, discovery, articulation, or publication of an
epistemic contribution. Provenance concerns the traceable history through which an epistemic resource,
claim, dataset, method, or artifact emerged and circulated. Proprietorship concerns legally or institution-
ally recognized control over specified uses.

These relations need not coincide.
A concept can have identifiable historical origins while remaining available for unrestricted intel-

lectual use. A dataset can require strong provenance records for verification and accountability while
supporting broad reuse. An author can retain attribution and integrity interests while permitting substan-
tial reproduction and transformation.

The present framework therefore preserves the possibility of priority without proprietorship as a nor-
mative and jurisprudential direction. Recognition of epistemic contribution can be separated analytically
from exclusive conceptual control.

This distinction has particular importance for a generative commons. Provenance can support attribu-
tion, historical accountability, error tracking, and recognition of contributors while circulation supports
future recombination and generation.

The legal implementation of this separation requires dedicated analysis across copyright, moral rights,
database rights, contractual arrangements, licensing, and other relevant legal regimes. The present paper
identifies the conceptual distinction and leaves its institutional realization open.

9.10 Legal Ownership and Epistemic Enclosure

This subsection examines the relation between legal ownership and enclosure. Its objective is to clar-
ify why identifiable rights and restricted generative circulation should be treated as separate analytical
variables.

Legal rights can support several functions relevant to an epistemic commons. They can identify
responsible parties, preserve attribution, support integrity, define permissions, and provide mechanisms
for remedy. The same or related rights can also support exclusion, licensing restrictions, or control over
circulation.

The jurisprudential problem therefore concerns the configuration of rights. Different combinations
of attribution, reproduction, modification, distribution, commercial use, integrity, and remedial powers
can produce different effects on future generativity.

Enclosure should consequently be examined functionally. A legal arrangement becomes relevant
to knowledge-capital analysis when it materially constrains access to epistemic resources or conditions
required for subsequent generation.
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Technical and institutional mechanisms can produce similar effects independently of formal own-
ership. Access controls, proprietary formats, platform dependencies, compute restrictions, contractual
arrangements, and organizational authority can all shape generative circulation.

The relation between legal ownership and epistemic enclosure is therefore contingent upon the rights,
infrastructures, and governance arrangements surrounding the resource.

9.11 Stewardship and Commons Governance

This subsection develops stewardship as a possible governance orientation for epistemic resources whose
circulation and preservation involve continuing responsibilities. Its objective is to identify an institutional
direction between unrestricted abandonment of responsibility and strongly exclusionary control.

Stewardship refers here to governance oriented toward preservation, provenance, accessibility, in-
tegrity, responsible circulation, and future generativity. The steward can possess particular legal or
institutional powers while exercising them in relation to continued functioning of a shared epistemic
resource.

Knowledge-commons scholarship provides an important foundation for this orientation because com-
mons governance concerns institutional arrangements through which shared resources are created, main-
tained, and sustained [9].

A stewardshipmodel can be relevant where complete relinquishment of control creates risks to preser-
vation, provenance, integrity, or accountability. Archives, datasets, standards, software repositories, and
community knowledge can require maintenance and governance over long periods.

The concept also raises substantial questions. Stewardship authority can become concentrated. Pro-
tective powers can develop into exclusionary control. Communities can disagree over legitimate custo-
dianship. Legal ownership, technical maintenance, moral responsibility, and collective governance can
be distributed among different actors.

Stewardship therefore functions here as a research direction rather than a settled institutional solution.
Its value lies in focusing governance on the reproduction of generative conditions.

9.12 Licensing and Rights Architecture

This subsection identifies licensing as one possible mechanism for governing the relation among cir-
culation, attribution, use, and control. Its objective is to define the conceptual questions that a later
jurisprudential inquiry must address.

A generative-commons approach can value broad reproduction, modification, citation, teaching, re-
search use, and cross-domain recombination. The same approach can also value provenance, attribution,
integrity, accountability, and protection against particular forms of harmful appropriation or enclosure.

These interests do not necessarily map onto a single legal permission. Different legal systems dis-
tinguish among copyright, moral rights, contracts, database rights, patents, confidentiality, personality
interests, and other legal categories. Their scope also varies across jurisdictions.

The jurisprudential task therefore concerns the architecture of rights and permissions required for a
specific kind of epistemic resource.

Several questions become central: which forms of use should remain broadly available; which forms
of attribution are necessary for provenance; which integrity interests justify intervention; which powers
facilitate enclosure; which remedial mechanisms preserve accountability; and how legal arrangements
affect subsequent generative circulation.

The present paper leaves these questions open. A later jurisprudential inquiry can examine exist-
ing open licenses, public-domain mechanisms, retained-rights models, attribution regimes, and possible
stewardship-oriented structures against the generative criteria developed here.
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9.13 AI, Generative Capacity, and Governance

This subsection interprets the AI analysis of Section 8 through the wider governance framework. Its ob-
jective is to clarify why control over machine-scaled generative capacity can become a distinct political-
economic object.

AI can enlarge the practical amount of public knowledge that an actor can search, synthesize, trans-
late, recombine, and convert into future generative capacity. It can also increase throughput and automate
portions of epistemic labor. The OECD review of AI in science demonstrates the growing importance
of AI capabilities, compute infrastructure, research governance, and differential access within scientific
systems [15].

These developments make complementary resources increasingly important. Compute, model ac-
cess, data, technical expertise, orchestration systems, evaluation infrastructure, and institutional capacity
can determine the scale at which AI-mediated capitalization becomes possible.

Governance therefore extends beyond individual AI outputs. The distribution of model access, com-
pute, infrastructure, interoperability, data, and technical standards can shape the future distribution of
epistemic generativity.

This perspective reframes one dimension of AI political economy. Public knowledge can remain
widely accessible while the ability to capitalize upon it at machine scale becomes concentrated. A central
governance problem therefore concerns the distribution and control of knowledge-generating capacity.

The problem also intersects with commons regeneration. AI infrastructures can draw upon public re-
search, open software, public data, and collective cultural resources while producing new private capabil-
ities. The resulting circulation patterns raise questions concerning generative return, access, attribution,
competition, stewardship, and public infrastructure.

These issues require a dedicated AI-specific political economy. The present paper identifies their
relation to the foundational framework.

9.14 Knowledge Production and Epistemic Formation

This subsection considers an epistemological implication that emerges when knowledge production be-
comes increasingly mediated by high-throughput and automated systems. Its objective is to distinguish
expansion of epistemic output from changes in the capacities of the knowing subject.

Knowledge-capital expansion has so far been analyzed through the production and reproduction of
epistemic resources and generative capacity. Human knowing, however, also involves processes of learn-
ing, interpretation, conceptual formation, judgment, experience, and transformation of the epistemic sub-
ject.

AI can increase output while changing the relation between the subject and the process through which
that output was produced. A system can retrieve literature, generate a synthesis, write code, or construct
candidate arguments before the human participant has personally traversed the corresponding epistemic
path.

The resulting distinction concerns knowledge production and epistemic formation. The first concerns
generation of epistemic artifacts or claims. The second concerns development of the subject’s capacity
to understand, judge, question, and generate.

The distinction has affinities with the concern for conditions of cognition introduced through Kantian
epistemology in Subsection 2.6. Access to representations and production of representations do not
exhaust the conditions under which a subject develops durable epistemic capacities.

Some forms of knowing can also depend upon embodied, relational, situated, or temporally extended
processes. Their capitalization dynamics can differ from those of codified resources.

This problem extends beyond the scope of the present political economy. Subsequent work must
examine the relation between automated knowledge production, direct encounter with epistemic objects,
friction in learning, formation of judgment, and preservation of epistemic agency.
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9.15 Implications for the Research Programme

This subsection locates the foundational frameworkwithin the broader research programme. Its objective
is to distinguish the problems established by the present paper from the specialized inquiries required for
further development.

The present paper establishes knowledge capital, knowledge-capital expansion, epistemic capitaliza-
tion, capitalization capacity, capitalization asymmetry, recursive epistemic advantage, public knowledge
as generative infrastructure, knowledge-capitalist and epistemic-proletarian positions, generative extrac-
tion, and related analytical distinctions.

Several branches follow from this foundation.
The first concerns the AI-specific political economy of industrialized epistemic capitalization. This

branch examines machine-scaled production, compute, infrastructure, automation, and concentration of
knowledge-generating capacity.

The second concerns jurisprudence. This branch examines licensing, retained rights, provenance,
attribution, stewardship, integrity, ownership, and enclosure within specific legal regimes.

The third concerns ethics. This branch develops criteria for distinguishing productive accumulation,
appropriation, generative extraction, exploitation, recirculation, and responsibilities toward knowledge
commons.

The fourth concerns material and institutional praxis. This branch examines how actors with limited
financial, infrastructural, or institutional capital can sustain generativity within unequal knowledge fields.

The fifth concerns epistemology. This branch examines knowing, epistemic formation, direct en-
counter, embodied and relational knowledge, and the conditions under which AI-mediated production
contributes to or bypasses epistemic development.

The sixth concerns philosophical method and record. This branch examines the role of human–
AI dialogue in philosophical inquiry and the relation among raw dialogue, analytical commentary, and
stabilized academic publication.

The value of the foundational framework therefore lies partly in its capacity to generate differentiated
research questions. The concepts introduced here provide a common vocabulary while the later branches
retain distinct objects, literatures, methods, and normative commitments.

Section 10 consequently turns from synthesis toward the unresolved conceptual, empirical, norma-
tive, jurisprudential, epistemological, and methodological problems that define the next stages of the
research programme.

10 Open Problems and Research Directions

This section identifies the unresolved problems that follow from the foundational framework developed
in the preceding sections. Its role is to separate concepts established provisionally in the present paper
from questions that require further philosophical, historical, empirical, normative, jurisprudential, or
methodological investigation. The section is organized by research function. It begins with conceptual
boundaries and ontology, then turns to temporal dynamics, capitalization and distribution, cross-capital
conversion, relations of epistemic production, commons circulation, normative questions, jurisprudential
questions, artificial intelligence, epistemic formation, and empirical methodology. The purpose is to
preserve the openness of the research programme while providing a structured agenda for subsequent
work.

10.1 Conceptual Boundaries of Knowledge Capital

This subsection identifies unresolved questions concerning the scope and internal structure of the concept
of knowledge capital. Its objective is to clarify which epistemic resources should fall within the category
and which conceptual distinctions require further refinement before empirical operationalization.
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10.1.1 Boundary of the Knowledge-Capital Category

The principal conceptual boundary concerns the threshold at which an epistemic resource becomes suf-
ficiently generative across time to justify treatment as capital. The present paper uses generative con-
sequence as the provisional criterion, yet later work must determine whether this criterion requires ad-
ditional conditions such as persistence, reproducibility, transferability, convertibility, or participation in
recursive accumulation.

10.1.2 Relation among Capital, Capitalization, Accumulation, and Expansion

The framework distinguishes knowledge capital, epistemic capitalization, accumulation, and knowledge-
capital expansion. Their precise relations require further conceptual refinement. Capitalization concerns
conversion of resources into future generative capacity. Accumulation concerns growth or persistence
of resources. Expansion concerns a wider family of recursive trajectories. Later work should determine
whether additional distinctions are required among reproduction, amplification, scaling, concentration,
and conversion.

10.1.3 Scope of the Capital Analogy

The explanatory value of the capital analogy requires systematic comparison with alternative vocabular-
ies such as capacity, resource, competence, infrastructure, capability, repertoire, and generative condi-
tion. The analogy should be retained where it reveals recursive productive structure and cross-capital
conversion with greater precision than those alternatives.

10.1.4 Ontology of Epistemic Resources

The framework currently places propositions, questions, concepts, methods, datasets, tools, embodied
capacities, and relational resources within a common analytical field. These resources differ substantially
in persistence, transferability, embodiment, divisibility, reproducibility, and dependence upon context. A
more developed ontology of epistemic resources is therefore required.

10.1.5 Questions and Possibility Spaces

Questions have been treated as possible forms of epistemic capital because they can enlarge future inquiry
spaces. Further research should distinguish questions that merely restate existing problems from ques-
tions that materially reorganize the set of possible investigations. The concept of an inquiry possibility
space also requires formal and philosophical development.

10.1.6 Units of Knowledge Capital

The appropriate unit of analysis remains unresolved. Knowledge capital can appear in individuals,
groups, institutions, infrastructures, archives, or fields. The relations among these levels require clarifica-
tion, particularly when epistemic resources are distributed across several actors and cannot be localized
within a single holder.

10.2 Temporal Structure and Recursive Dynamics

This subsection identifies unresolved problems concerning the temporal development of knowledge cap-
ital. Its objective is to distinguish different forms of recursive expansion and to clarify the conditions
under which generative advantages persist, amplify, saturate, or decline.
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10.2.1 Temporality of Knowledge-Capital Formation

Knowledge-capital formation can occur over minutes, years, or generations. Some resources generate
immediate effects, while others become productive only after later encounters. Future work should there-
fore distinguish short-term capitalization from delayed and latent generative effects.

10.2.2 Path Dependence

Earlier epistemic states shape the interpretation and use of later resources. The degree of path dependence
across different domains remains an empirical and theoretical question. Research should examine when
early advantages become persistent and when later structural changes reduce their significance.

10.2.3 Recursive Epistemic Advantage

The mechanisms through which epistemic advantage becomes self-reinforcing require further differenti-
ation. Conceptual mastery, methodological skill, reputation, network access, funding, and infrastructure
can all contribute to recursive advantage through different pathways.

10.2.4 Saturation and Diminishing Generativity

Knowledge accumulation can encounter saturation when additional resources add little to future genera-
tivity. Attention scarcity, redundancy, specialization, fragmentation, and incompatibility can all produce
diminishing returns. A theory of knowledge-capital expansion should therefore include conditions of
stagnation and decline.

10.2.5 Discontinuity and Critical Transitions

Some epistemic trajectories can change rapidly following a conceptual, technological, institutional, or
methodological transition. Later work should distinguish smooth recursive accumulation from discon-
tinuous reorganizations of the generative system.

10.3 Capitalization Capacity and Distribution

This subsection develops unresolved questions concerning unequal conversion of public epistemic re-
sources into future generative capacity. Its objective is to clarify the determinants, distribution, and
long-term consequences of capitalization capacity.

10.3.1 Determinants of Capitalization Capacity

The framework identifies prior knowledge, time, language, funding, networks, institutional position, and
infrastructure as possible determinants of capitalization capacity. Their relative importance is likely to
vary across domains and historical periods. Empirical research should therefore identify domain-specific
configurations.

10.3.2 Capitalization Asymmetry under Formal Equality

Equal legal or technical access can coexist with unequal generative gains. Future work should deter-
mine which inequalities have the strongest effects on capitalization and which public interventions most
effectively reduce differences in effective use.

10.3.3 Openness and Concentration

The openness–concentration relation requires empirical testing. Research should examinewhether broader
public access tends to reduce, preserve, or increase concentration of generative capacity under different
institutional conditions.
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10.3.4 Field-Level and Actor-Level Generativity

An epistemic field can become more productive while individual actors follow divergent trajectories.
Future research should distinguish aggregate expansion from the distribution of generative capacity and
control.

10.3.5 Concentration and Centralization of Epistemic Capital

The distinction between concentration through internal accumulation and centralization through aggrega-
tion of existing resources requires adaptation to knowledge systems. Relevant cases can include mergers
of research infrastructures, consolidation of publishing systems, platform acquisition, dataset aggrega-
tion, and concentration of compute.

10.4 Cross-Capital Conversion and Recognition

This subsection identifies open questions concerning movement between epistemic, reputational, finan-
cial, network, institutional, and infrastructural forms of capital. Its objective is to clarify how cross-
capital feedback contributes to recursive expansion and concentration.

10.4.1 Conversion Pathways

The direction, rate, and reversibility of capital conversion remain open. Knowledge can generate reputa-
tion, reputation can generate funding, and funding can generate infrastructure, yet these pathways vary
substantially across fields and institutions.

10.4.2 Reputation and Visibility

The relation between epistemic value and visibility requires further analysis. High-quality epistemic
contributions can receive limited recognition, while highly visible outputs can generate substantial repu-
tational capital. Future work should examine the institutional conditions under which visibility becomes
a major conversion mechanism.

10.4.3 Epistemic Throughput

High output volume can become convertible into reputation, institutional position, or financial resources.
The degree to which throughput becomes independent of epistemic value is an important problem for
contemporary research systems.

10.4.4 Recognition-Control Feedback

Accumulated recognition can provide greater influence over funding, publication, hiring, evaluation, and
agenda formation. Research should examine when epistemic capital begins to expand through control
over recognition systems rather than primarily through the generative significance of its underlying epis-
temic resources.

10.4.5 Attention Scarcity

Expanding epistemic output increases competition for limited human and institutional attention. Atten-
tion can therefore become a bottleneck and a convertible resource within knowledge-capital dynamics.
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10.5 Relations of Epistemic Production

This subsection identifies unresolved questions concerning positions, dependency, labor, and control
within epistemic production. Its objective is to develop the relational analysis beyond the preliminary
categories introduced in Section 6.

10.5.1 Boundary of the Knowledge-Capitalist Category

The threshold of control required for classification as a knowledge capitalist remains provisional. Future
work should distinguish ownership, managerial authority, infrastructural control, funding power, agenda
control, and appropriation.

10.5.2 Boundary of the Epistemic-Proletarian Category

The epistemic-proletarian category also requires refinement. Dependency upon externally controlled
generative conditions can vary in intensity, duration, and substitutability. The relation between skilled
professional autonomy and structural dependency deserves particular attention.

10.5.3 Epistemic Dependency

Future work should develop measures of dependency based on the importance of a resource, availabil-
ity of substitutes, switching costs, continuity of access, and capacity for independent reconstruction of
generative conditions.

10.5.4 Epistemic Subordination

The transition from dependency to subordination requires clearer criteria. Research should examine
the degree of control over agenda, pace, method, recognition, circulation, and future opportunity that
constitutes a subordinating relation.

10.5.5 Generative Precarity

Generative precarity requires temporal analysis of unstable access to employment, affiliation, infrastruc-
ture, funding, platforms, software, and other productive conditions. Its relation to long-term epistemic
development remains largely unexplored.

10.5.6 Epistemic Labor under Distributed Production

Contemporary knowledge production distributes work across researchers, technicians, maintainers, data
contributors, reviewers, software developers, administrators, and machine systems. Future analysis
should examine the distribution of recognition, control, and resulting capital across these forms of la-
bor.

10.6 Commons Circulation and Generative Return

This subsection develops unresolved questions concerning circulation between public epistemic fields
and individual or institutional accumulation. Its objective is to clarify the mechanisms through which
commons can be regenerated or progressively weakened.

10.6.1 Commons-to-Private Capitalization

Future research should distinguish ordinary private learning from institutionally significant conversion
of public knowledge into controlled generative capacity. Scale, control, exclusivity, and recursive ad-
vantage are likely to be important variables.
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10.6.2 Generative Recirculation

The effectiveness of recirculation depends upon more than formal publication. Research should examine
accessibility, interoperability, documentation, discoverability, preservation, and practical reusability.

10.6.3 Generative Return

The concept of generative return requires further development. Return can take epistemic, infrastruc-
tural, financial, educational, institutional, or relational forms. Their comparative effects on commons
generativity remain open.

10.6.4 Commons Regeneration

Acommons can require activemaintenance and renewal. Futurework should examinewhich institutional
arrangements regenerate public epistemic infrastructure over long periods.

10.6.5 Proprietary and Socialized Accumulation

The ideal types introduced in the present paper require empirical comparison. Research should investi-
gate mixed configurations in which some resources circulate publicly while complementary infrastruc-
ture remains restricted.

10.7 Normative Structure of Knowledge-Capital Expansion

This subsection identifies ethical problems generated by the descriptive framework. Its objective is
to preserve a clear boundary between the foundational political economy developed here and the later
normative theory of knowledge-capital accumulation.

10.7.1 Thresholds of Appropriation

The point at which ordinary capitalization becomes ethically significant appropriation requires further
criteria concerning origin, control, reciprocity, dependency, and distribution of resulting capacity.

10.7.2 Generative Extraction

Generative extraction requires specification of sufficient conditions for identifying a one-directional flow
from a source field into a private accumulation process. The degree of required asymmetry and the
relevant unit of return remain unresolved.

10.7.3 Generative Exploitation

The stronger concept of generative exploitation requires criteria concerning degradation, suppression,
dependency, lock-in, or loss of future generativity. These criteria should be developed independently of
simple inequality in outcomes.

10.7.4 Responsibilities toward the Commons

The use of public knowledge can generate possible responsibilities toward shared generative conditions.
The source, scope, strength, and form of such responsibilities remain open normative questions.

10.7.5 Distribution of Generative Capacity

Ethical analysis should consider the distribution of future generative capacity in addition to current out-
puts or welfare. A system can produce substantial knowledge while progressively concentrating the
means of future generation.
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10.7.6 Epistemic Justice and Generativity

The relation between epistemic injustice and knowledge-capital distribution requires further integration.
Credibility, interpretive resources, recognition, and access to productive conditions can all affect future
generativity.

10.8 Jurisprudential Architecture

This subsection identifies the legal questions generated by the distinction among ownership, possession,
control, appropriation, circulation, and stewardship. Its objective is to define a research agenda for a
dedicated jurisprudential inquiry.

10.8.1 Ownership and Enclosure

Future research should examine which configurations of legal ownership produce material effects on
future epistemic access and generativity. Formal ownership and practical enclosure should remain ana-
lytically separate.

10.8.2 Priority and Provenance

The relation among historical priority, attribution, provenance, and legal rights requires systematic analy-
sis. A framework of priority without proprietorship may provide one direction for preserving recognition
while supporting broad circulation.

10.8.3 Stewardship and Retained Rights

The possibility of retaining legal rights for provenance, integrity, accountability, or protection while
minimizing exclusion requires careful comparative legal study.

10.8.4 Licensing Architecture

Existing licenses distribute permissions differently across reproduction, modification, attribution, com-
mercial use, and derivative production. Their effects on generative circulation should be evaluated
against the framework developed here.

10.8.5 Attribution and Integrity

Attribution and integrity can support provenance and accountability while also creating tensions with
transformation and reuse. Their role within a generative commons requires jurisdiction-sensitive analy-
sis.

10.8.6 Governance of Shared Generative Infrastructure

Legal research should extend beyond individual knowledge objects toward databases, models, platforms,
compute, repositories, and other infrastructures that mediate future epistemic production.

10.9 Artificial Intelligence and Industrialized Capitalization

This subsection develops the AI-specific research programme emerging from Section 8. Its objective is to
separate the general theory of knowledge-capital expansion from questions produced by machine-scaled
epistemic infrastructure.
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10.9.1 Epistemic Absorption Capacity

Further research should measure how AI changes the practical amount and diversity of external knowl-
edge that actors can absorb within fixed temporal, financial, and cognitive constraints.

10.9.2 Industrialized Epistemic Capitalization

The transition from individual AI assistance to industrialized epistemic capitalization requires clearer
criteria concerning scale, automation, parallelism, workflow decomposition, infrastructure, and capital
intensity.

10.9.3 Automation of Epistemic Capital Reproduction

AI can potentially automate portions of the cycle through which epistemic capital generates further epis-
temic capital. The degree of automation and the remaining role of human judgment require empirical
investigation.

10.9.4 Concentration of Generative Capacity

AI can reduce some barriers while increasing the importance of compute, proprietary data, model access,
and technical infrastructure. Future research should examine the resulting distribution of machine-scaled
generative capacity.

10.9.5 Human Epistemic Labor

The reorganization of epistemic labor under AI requires analysis of task allocation, deskilling, reskilling,
judgment, recognition, responsibility, and control over resulting outputs.

10.9.6 Enclosure of Generative Capacity

Amajor research problem concerns configurations in which public epistemic resources contribute to pri-
vately controlled systems that govern future knowledge generation. This issue extends beyond enclosure
of completed epistemic products.

10.10 Epistemic Formation and Limits of Capitalization

This subsection identifies epistemological problems created by the distinction between epistemic output
and transformation of the knowing subject. Its objective is to establish the boundary between the political
economy developed here and subsequent work on knowing, learning, and epistemic formation.

10.10.1 Knowledge Production and Knowing

The relation between production of epistemic artifacts and development of durable human understanding
requires further analysis. AI makes the distinction especially visible.

10.10.2 Direct Encounter and Mediation

Different forms of epistemic mediation can preserve, transform, or weaken the relation between a subject
and an object of inquiry. The significance of direct encounter requires domain-specific philosophical
analysis.

10.10.3 Embodied and Tacit Knowledge

Embodied skills and tacit capacitiesmay resist the forms of rapid transfer available to codified knowledge.
Their accumulation and capitalization dynamics require separate treatment.
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10.10.4 Relational and Situated Knowledge

Some knowledge emerges through sustained relations, institutional participation, cultural context, field
experience, or interaction with particular communities. Such resources may be difficult to detach from
the relations through which they become knowable.

10.10.5 Temporally Irreducible Knowledge

Some epistemic capacities may require extended periods of practice, observation, reflection, or relation-
ship. Future work should examine cases in which time functions as a constitutive condition of knowing.

10.10.6 Epistemic Agency

Increasing automation raises questions concerning preservation of the subject’s capacity to formulate
questions, evaluate claims, revise conceptual structures, and direct inquiry. These concerns motivate the
later epistemic-praxis papers.

10.11 Empirical and Comparative Research

This subsection identifies methodological requirements for moving from the present conceptual frame-
work toward empirical inquiry. Its objective is to clarify possible strategies for operationalization, com-
parison, and disconfirmation.

10.11.1 Measurement of Knowledge-Capital Expansion

Future work requires measures capable of distinguishing increases in epistemic stock from changes in
future generative capacity. Output counts alone provide limited information about recursive expansion.

10.11.2 Measurement of Capitalization Capacity

Capitalization capacity may require composite or domain-specific measures covering prior knowledge,
time, infrastructure, language, institutional access, networks, and technical resources.

10.11.3 Measurement of Control and Dependency

Relational categories require operational measures of control over generative conditions, availability of
substitutes, switching costs, agenda influence, and continuity of access.

10.11.4 Identification of Recursive Effects

Empirical analysis must distinguish ordinary correlation between prior success and later success from
causal mechanisms through which previous epistemic gains alter future capitalization capacity.

10.11.5 Historical Comparison

Knowledge-capital dynamics should be studied across different technological and institutional periods.
Libraries, printing, universities, scientific societies, digital databases, search engines, and AI may each
alter capitalization conditions through different mechanisms.

10.11.6 Institutional Comparison

Universities, firms, public research institutes, open-source communities, independent researchers, and
platform organizations provide distinct configurations for studying accumulation, circulation, control,
and dependency.
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10.11.7 Cross-Cultural Comparison

Concepts of knowledge, ownership, authorship, commons, education, and collective contribution vary
across legal and cultural traditions. Comparative research can test the portability of the framework and
reveal assumptions embedded in its current terminology.

10.11.8 Case Selection and Disconfirmation

Future empirical work should select cases capable of challenging the framework rather than merely illus-
trating it. Cases of high openness with declining concentration, high accumulation with broad recircula-
tion, low-resource actors achieving rapid generative expansion, and infrastructure owners with limited
epistemic control can all help refine the theory.

10.12 Extensions of the Foundational Framework

This subsection organizes the principal theoretical extensions emerging from the present paper. Its objec-
tive is to preserve continuity across the wider research programme while maintaining distinct research
questions and literatures for each branch.

10.12.1 AI Political Economy

A dedicated study should develop industrialized epistemic capitalization, machine-scaled production,
compute intensity, automated question-space exploration, and enclosure of generative capacity.

10.12.2 Knowledge-Commons Jurisprudence

A jurisprudential study should examine licensing, retained rights, provenance, attribution, stewardship,
ownership, integrity, and remedies within specific legal systems.

10.12.3 Ethics of Knowledge-Capital Accumulation

A normative study should develop criteria for productive accumulation, appropriation, generative extrac-
tion, exploitation, recirculation, and responsibilities toward shared generative conditions.

10.12.4 Praxis under Unequal Generative Conditions

A praxis-oriented branch should examine how independent and low-capital knowledge producers can
preserve, reproduce, and expand generativity under conditions of limited financial, infrastructural, and
institutional resources.

10.12.5 Epistemology of AI-Mediated Knowing

An epistemological branch should examine the relation among knowledge production, direct encounter,
epistemic formation, embodied knowledge, temporality, and AI mediation.

10.12.6 Philosophical Method and Record

Amethodological branch should examine the role of AI-assisted dialogue in philosophical generation and
the relation among chronological dialogue, analytical commentary, and stabilized academic publication.

The open problems identified in this section delimit the claims of the present paper while extending
its analytical vocabulary into a wider research programme. Their diversity also reinforces the founda-
tional character of the inquiry. Knowledge-capital expansion connects political economy, epistemology,
commons governance, institutional analysis, jurisprudence, ethics, and technology while preserving dis-
tinct research questions within each domain. Section 11 concludes by summarizing the framework and
its principal theoretical contribution.
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11 Conclusion

This section concludes the foundational inquiry by consolidating the conceptual architecture developed
throughout the paper, clarifying its principal theoretical contribution, and identifying the role of the
framework within the wider research programme. The discussion proceeds from the definition of knowl-
edge capital to the dynamics of expansion, the conditions created by public knowledge, the distinction
between dynamical and relational properties, and the implications for contemporary AI-mediated epis-
temic production. The section then closes by restating the provisional character of the framework and
the research directions that follow from it.

The central object of the paper has been knowledge-capital expansion under conditions of public
knowledge. The inquiry began from a simple observation: epistemic resources can influence subsequent
knowledge production throughmore than their immediate informational content. Propositions, questions,
concepts, methods, data, tools, infrastructures, and other epistemic resources can alter the conditions
under which later inquiry occurs. Previous epistemic production can thereby change the capacity for
future epistemic production.

This recursive property motivates the concept of knowledge capital. The paper has provisionally de-
fined knowledge capital through generative consequence: an epistemic resource functions as knowledge
capital when its possession, access, or control modifies the conditions, rate, range, direction, or combi-
natorial possibilities of subsequent knowledge generation. The concept therefore shifts attention from
the amount of knowledge presently available toward the productive consequences of epistemic resources
across time.

Knowledge-capital expansion identifies the wider dynamical structure through which these genera-
tive consequences become recursive. Accumulated epistemic resources can increase future generative
capacity, and that increased capacity can contribute to further epistemic accumulation. The paper has dis-
tinguished several mechanisms within this wider process, including second-order generativity, recursive
capitalization, question-space expansion, cross-domain recombination, path dependence, cross-capital
conversion, and feedback among epistemic, reputational, financial, network, institutional, and infras-
tructural resources.

Questions occupy a particularly important place within this framework. Epistemic production can
expand the range of available questions in addition to producing answers. A productive question can
reorganize an inquiry, identify new variables, connect previously separate literatures, create new data
requirements, or open a sequence of later investigations. Knowledge-capital accumulation can therefore
include expansion of the conditions under which future questions become formulable.

The analysis of public knowledge introduced a second dimension of the problem. A knowledge
commons can function as shared generative infrastructure because the same epistemic resources can
enter multiple subsequent productive trajectories. Public circulation can enlarge field-level possibilities
of research, learning, recombination, and innovation.

The generative consequences of openness depend upon capitalization capacity. Actors encounter
public knowledge through heterogeneous configurations of prior knowledge, language, time, funding,
institutional position, networks, computational resources, and infrastructure. Similar formal access can
therefore produce different changes in future generative capacity. The paper has described this relation
through capitalization asymmetry.

Capitalization asymmetry creates the possibility of recursive divergence. Actors who derive greater
generative gains from one round of public resources can acquire additional epistemic or complementary
capital that increases their capacity to capitalize upon later resources. Public accessibility can therefore
support growth in aggregate field-level generativity while differences in effective generative capacity
also increase. The proposed openness–concentration paradox identifies this possible coexistence be-
tween wider shared accessibility and increasing concentration of practical capitalization capacity.

The paper has also argued for a strict analytical separation between the dynamics of knowledge-
capital expansion and positions within relations of epistemic production. This distinction constitutes one
of the principal theoretical contributions of the inquiry.
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Knowledge-capital expansion is a dynamical property. It concerns trajectories, feedback, accumula-
tion, reproduction, recombination, conversion, and changes in future generative capacity.

A knowledge capitalist is a relational position. The category concerns an actor’s relation tomeans and
conditions of epistemic production, epistemic labor, infrastructure, control, appropriation, dependency,
and the organization of future productive possibilities.

The distinction allows rapid knowledge accumulation to be analyzed independently from capitalist
social position. An individual researcher, cooperative, community, public institution, or open epistemic
network can exhibit strong recursive accumulation while maintaining broad circulation of resulting re-
sources. An organization can occupy a powerful position within epistemic production through control of
infrastructure while the individuals exercising that control perform a limited share of the direct epistemic
labor involved.

The resulting formulation can be stated concisely:

Capital-like expansion is a dynamic property; capitalist position is a relational property.

This distinction also clarifies the relation between accumulation and enclosure. Knowledge-capital
accumulation can enter different governance trajectories. Accumulated capacities can become propri-
etary, remain broadly shared, circulate between public and private configurations, or contribute to new
common generative conditions. The political-economic character of an accumulation process therefore
depends upon relations of control, circulation, dependency, appropriation, and regeneration.

The paper has developed several relational categories for analyzing these differences. Epistemic de-
pendency describes reliance upon generative conditions controlled elsewhere. Epistemic subordination
describes stronger conditions in which such dependence permits another actor to govern important di-
mensions of epistemic production. Generative precarity introduces instability in access to the conditions
required for sustained generation.

The concepts of appropriation, generative extraction, and generative exploitation provide a further
sequence. Appropriation concerns incorporation of generated or shared value into a controllable accu-
mulation process. Generative extraction concerns systematic flows from a source field toward an actor
who disproportionately retains the resulting increase in generative capacity. Generative exploitation is
reserved provisionally for stronger configurations in which extraction is accompanied by degradation,
suppression, dependency, lock-in, or loss of the source’s future generativity.

These distinctions preserve space for accumulation that contributes positively to shared generative
conditions. An actor can capitalize extensively upon public knowledge while returning concepts, meth-
ods, data, infrastructure, teaching, funding, or other resources to the commons. The concept of genera-
tive return identifies this wider problem of how value generated through shared epistemic resources can
contribute to reproduction of the conditions supporting future generation.

The same framework has jurisprudential implications. Ownership, possession, control, and appropri-
ation describe different relations to epistemic resources. Priority and provenance can also be separated
from proprietorship. Recognition of historical contribution, attribution, integrity, and accountability can
therefore be analyzed independently from exclusive control over future conceptual use.

These distinctions motivate future work on stewardship-oriented governance, retained rights, licens-
ing, attribution, provenance, and the legal architecture of generative commons. The foundational analysis
does not prescribe a single rights regime. It instead identifies the relations that a jurisprudence of public
knowledge should distinguish when evaluating circulation, protection, control, and enclosure.

Artificial intelligence makes several of these dynamics especially visible. AI can enlarge epistemic
absorption capacity by increasing the amount of publicly accessible knowledge that becomes practically
searchable, translatable, comparable, and recombinable within a given period. It can expand question-
space exploration, increase epistemic throughput, and support machine-scaled research workflows.

AI can also strengthen the role of infrastructural epistemic capital. Models, compute, retrieval sys-
tems, data pipelines, agent infrastructures, and evaluation systems can become reusable means of future
knowledge production. The practical capacity to capitalize upon public knowledge can therefore de-
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pend increasingly upon access to technical infrastructures whose distribution differs substantially across
actors.

This development creates a possible movement from control over completed epistemic products to-
ward control over knowledge-generating capacity. Public knowledge can contribute to infrastructures
whose future productive capabilities remain concentrated under private or institutional control. The
resulting problem belongs to a wider political economy of industrialized epistemic capitalization and
requires dedicated analysis beyond the present foundational paper.

The AI case also reveals an epistemological boundary of the framework. Expansion of epistemic pro-
duction and formation of the knowing subject can follow different trajectories. Machine assistance can
increase the quantity and speed of generated epistemic artifacts while human understanding, judgment,
conceptual formation, and direct engagement with objects of inquiry develop through different temporal
and relational processes.

Knowledge production therefore intersects with a broader question concerning epistemic formation.
Some forms of knowledge can be rapidly codified and transferred, while others depend upon embodied
practice, situated experience, sustained relations, interpretive development, or extended periods of learn-
ing. These differences establish possible limits to epistemic capitalization and motivate subsequent work
on knowing in the age of AI.

The framework developed in this paper remains preliminary. Its concepts require historical com-
parison, philosophical refinement, empirical operationalization, and testing across different institutional
settings. The boundary of knowledge capital remains open. Capitalization capacity lacks a general mea-
sure. Relations among individual, collective, institutional, and infrastructural knowledge capital require
further specification. The conditions under which openness produces concentration remain an empir-
ical question. The thresholds between appropriation, extraction, and exploitation require a dedicated
normative theory. Legal arrangements require jurisdiction-specific analysis.

These limitations define the productive role of the present inquiry. The paper provides a concep-
tual architecture through which several previously separated questions can be examined together: how
epistemic resources change future generative capacity; how those effects become recursive; how public
knowledge enters private and collective accumulation; how formally shared resources can produce het-
erogeneous generative gains; how epistemic advantages convert into other forms of capital; how control
over productive conditions creates relational positions; how accumulated capacities circulate or become
enclosed; and how AI changes the scale and infrastructure of these processes.

The resulting research programme extends in several directions. A political economy of AI can
examine industrialized epistemic capitalization and the concentration of generative infrastructure. A
jurisprudential inquiry can develop governance structures for public knowledge, retained rights, prove-
nance, and stewardship. A normative inquiry can examine generative extraction, exploitation, recir-
culation, and responsibilities toward commons. A praxis-oriented inquiry can examine the conditions
under which low-capital and independent knowledge producers sustain generativity. An epistemologi-
cal branch can examine knowledge production, knowing, and epistemic formation under AI mediation.
Further methodological work can examine AI-assisted philosophical dialogue and the preservation of
conceptual becoming.

Knowledge-capital expansion therefore provides a common analytical object across these later branches
while preserving their distinct theoretical and methodological requirements. The foundational proposi-
tion of the present paper is correspondingly modest: public epistemic resources can enter recursive gen-
erative processes whose dynamics, distribution, governance, and relational organization deserve analysis
as a distinct problem of contemporary knowledge production.

The public knowledge commons is consequently more than a repository of shared epistemic outputs.
It is part of the generative environment from which future knowledge becomes possible. Understanding
its political economy requires attention to both the expansion of epistemic capacity and the relations
through which that capacity is produced, controlled, circulated, and regenerated.
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