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   Abstract   

Modern firms can command large market valuations from productive capacities that financial statements
often record only weakly or not at all: software, datasets, model weights, user feedback, engineering routines,
brands, institutional trust, platform access, tacit expertise, and public knowledge infrastructure. These
capacities also explain several practical puzzles that now confront economists, investors, managers, and policy
makers. Why can asset-light firms possess durable productive power? Why can an AI system improve faster
when it controls the feedback generated by users? Why can an API closure, platform dependency, patent
thicket, software lock-in, cybersecurity failure, or open-source maintainer shock reduce future productivity
even when no factory, inventory, or physical asset has been destroyed? Why can a knowledge base lose
reliability as it grows, when generation increasingly draws on unvalidated machine output? Why do
productivity and accounting measures often miss the stock on which modern production increasingly
depends?

 
   This book begins with Adam Smith because his theory supplied the classical operating model of capitalist
wealth: labour, stock, specialization, exchange, market extent, wages, profit, rent, and national wealth.
Smith’s model remains powerful. It explains why accumulated stock enables specialization, why specialization
raises productive power, and why wider markets support deeper division of labour. But Smith wrote before
knowledge became a dominant, separately governable, scalable, and measurable source of firm
value. Long-run global income data also place him at the conceptual threshold of the modern
growth regime: before the Smithian-industrial threshold, global GDP per capita was nearly flat for
centuries; after 1820, it enters sustained compounding growth. Smith did not cause the break. He
articulated mechanisms already emerging in Britain and gave later economists, policymakers,
merchants, and reformers a language for specialization, capital accumulation, market extent,
productivity, and exchange. His framework was built around capital that could be materially held,
separated from workers, counted as stock, deployed in production, and linked to vendible output.
Those assumptions strain when productive capacity resides in persons, organizations, software,
                                                                                             
                                                                                             
data, platforms, models, professional standards, open-source communities, and public epistemic
infrastructure.

 
   The central claim is not that earlier economics ignored knowledge. Human capital theory, information
economics, endogenous growth theory, resource-based theory, platform economics, commons theory, and
intangible-capital research each explain important parts of the problem. The claim is that knowledge now
requires an integrated capital theory. Productive knowledge can be embodied in people, disembodied into
artefacts, institutionalized in organizations, sustained in commons, or maintained as public infrastructure. It
can move among these forms. Each movement changes who can access it, who can exclude others from it, who
can recombine it, who captures its yield, and whether future productive capacity expands or
contracts.

 
   This book develops this account as a conditional theory of knowledge-bearing capitalism (KBC). Its core
mechanism is knowledge circulation: knowledge is generated, converted into governable stock,
deployed, improved through feedback, enclosed or shared through institutions, and then used as
an input to further knowledge generation. This theory separates generation from conversion.
Generation explains how new productive knowledge arises through recombination, experimentation,
discovery, invention, interpretation, and feedback. Conversion explains what happens after knowledge
exists: how it becomes codified, institutionalized, accessed, restricted, priced, appropriated, or
lost. The key institutional moment is first conversion, when newly generated knowledge first
becomes a private asset, firm capability, public good, professional standard, platform dependency, or
commons.

 
   The main dynamic risk is that private accumulation can increase present productive power while narrowing
the conditions for future generation. Intellectual property, trade secrecy, platform gating, API restriction,
model-weight enclosure, feedback capture, and proprietary standards may be justified when they create
incentives, quality control, and investment. Here, enclosure means legal, contractual, technical,
architectural, or capability-based restriction of access to knowledge-bearing stock; Chapter 2
gives the formal definition. Enclosure can restrict two conditions on which future knowledge
production depends: the recombination field, meaning the accessible set of knowledge inputs that
other actors can combine into new productive knowledge, and the learning loop, meaning the
feedback from use that improves later models, routines, and capabilities. In such cases, enclosure can
increase the incumbent’s private return while reducing the wider system’s ability to generate
alternative technologies, business models, research paths, and institutional capabilities. This book
calls that pattern the Smithian inversion: the accumulation of knowledge-bearing capital that
strengthens present production partly by weakening the future capacity to generate new productive
knowledge.
                                                                                             
                                                                                             

 
   The empirical status of this theory is limited and explicit. The formal results are conditional, not yet
empirically estimated. This book states its primitives, separates established claims from extensions and
conjectures, and identifies where measurement, calibration, and falsification are still required. Its claims would
be weakened if knowledge enclosure did not measurably reduce recombination opportunities, if feedback
exclusion did not create capability divergence, if open-source and public knowledge infrastructures were not
material inputs to private productivity, or if market-to-book gaps and productivity shocks were adequately
explained without knowledge-bearing stock, governance position, or dark-capital exposure. Capability
divergence means that an actor controlling a feedback loop may improve faster while excluded actors improve
more slowly or not at all. If two AI firms begin with similar models, but one captures user corrections,
prompts, ratings, failures, and edge cases while the other lacks comparable feedback, the first
may develop better training data, error detection, product tuning, and deployment routines. If
controlled feedback loops do not produce such learning advantages, the feedback-capture claim is
overstated.

 
   The practical contribution is a framework for analysing the parts of modern wealth that conventional
categories handle poorly. It provides a vocabulary for knowledge-bearing stock, the operative knowledge unit,
conditional separability, first conversion, cognitive enclosure, feedback capture, knowledge impairment,
and dark capital. It also develops a measurement approach that separates current use value,
generative option value (recombination and learning), and positional option value (control and
strategic), less expected knowledge loss. It treats measurement itself as a value-of-information
problem, measuring where the expected decision improvement exceeds the cost. The purpose
is not to replace existing valuation, accounting, growth, or competition models. It is to make
visible the productive stock, governance conditions, and loss mechanisms those models often leave
implicit.

 
   The final argument is that the wealth of nations in a knowledge-bearing economy cannot be understood
only by counting output, labour, physical capital, recognized intangible assets, or market exchange. It also
depends on how societies generate, preserve, convert, govern, measure, and sometimes damage the
knowledge-bearing stocks that make future production possible. The central economic question is therefore
not only how capital accumulates. It is how productive knowledge becomes capital-like, who governs that
conversion, who captures its yield, who bears its loss, and whether present enclosure widens or narrows the
future wealth of nations.
                                                                                             
                                                                                             
                                                                                             
                                                                                             
   
 

    

   
   How to Read This Book   

This book is a theoretical architecture and falsification programme for knowledge-bearing capitalism. It is not
a completed empirical model, a finished accounting standard, or a calibrated welfare system. Its purpose is to
define the economic objects, mechanisms, governance forms, measurement problems, and testable claims that
arise when productive knowledge becomes stock-like, mobile across persons and artefacts, recombinable,
governable, and imperfectly visible in existing accounts.

 
   The governing spine of the argument is simple: knowledge-bearing capitalism creates wealth through the
generation, first conversion, governance, deployment, feedback, and renewed future generation of productive
knowledge-bearing stock; measurement makes that circulation visible, testable, and governable. Every major
concept in this volume should serve that circulation. A concept earns its place when it explains
how productive knowledge is generated, first converted into governable stock, placed under a
governance form, deployed, improved or restricted through feedback, returned to future-generation
conditions, measured, or lost. Material that mainly supports notation, proof, calibration, status
discipline, or extended auditability belongs in the Technical Companion rather than in the main
argument.

 
   For that reason, the concepts in this volume are presented in three tiers. The spine concepts remain
prominent: knowledge-bearing stock, the five forms of knowledge-bearing stock, generation and conversion,
first conversion, governance forms, enclosure, feedback, dark capital, and measurement. Support concepts
appear only when they solve a local explanatory problem: the Operative Knowledge Unit, K-CMM,
knowledge potential, knowledge impedance, knowledge yield, boundary-case public operative units, and
strategic payoff functions. Audit machinery is mainly preserved in the Technical Companion:
theorem labels, formal-status registers, notation grammar, proof dependencies, and calibration
mechanics. This tiering is not a reduction of this theory. It is a reader-burden rule: Volume 1
keeps the economic argument visible, while Volume 2 preserves the apparatus needed to audit
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Terminology discipline. This volume uses governance for the arrangements that determine access,
exclusion, maintenance, transfer, recombination, and use of knowledge-bearing stock. Older or idiomatic uses
of regime are retained only where the legal, institutional, or formal context makes the term more precise. The
dominant vocabulary is governance, governance form, governance transition, governance fit, and
residence–governance pair.

 
   The notation rule follows the same discipline. Acronyms are introduced once and then used only where
they reduce rather than increase reader burden. The five knowledge forms, embodied knowledge (
KE), disembodied knowledge
( KD), institutionalized
knowledge ( KI), commons
knowledge ( KC), and public
epistemic infrastructure ( KP ),
remain visible because they are part of the spine. The Operative Knowledge Unit appears mainly as a
measurement bridge, not as the centre of this theory. Public epistemic infrastructure remains a core form, but
public operative units are boundary cases rather than a new parallel architecture. Optional or future
public-epistemic generation notation belongs in the Technical Companion.

 
   Chapters 6 through 8 use a causal test rather than a taxonomy of enclosure types. They repeatedly ask five
questions: what is enclosed, who is excluded, what recombination or learning path is lost, what the incumbent
gains, and what evidence would falsify or weaken the claim. This keeps the argument from becoming a
catalogue of enclosure types. The point is to show a mechanism: access restriction changes future generation
by altering recombination fields, learning loops, capability accumulation, and measurement visibility. The
recurring caveats are centralized here so later chapters do not need to restate them at length. First, KBC is
conditional theory: its formal claims hold under specified assumptions and require empirical calibration
before numerical policy use. Second, not all enclosure is harmful: enclosure may fund creation,
disclosure, quality control, security, coordination, or maintenance, and it becomes dynamically
costly only when those benefits are outweighed by recombination loss, learning-loop exclusion,
capability decay, or dark-capital exposure. Third, not all knowledge-bearing stock is capital:
stock becomes capital-like only when it can yield productive services under the relevant access,
permission, interoperability, capability, governance, and maintenance conditions. Fourth, the
measurement apparatus is not a finished accounting standard: it is a decision and uncertainty-reduction
framework that identifies what should be measured, why it matters, and what would count as
evidence.

 
   The formal claims should therefore be read conditionally. Where the book states a theorem, proposition,
                                                                                             
                                                                                             
model, or diagnostic tool, it also marks the status of the object: established, extended, weakly specified,
ordinal, empirically plausible, open, or conjectural. The standard of evaluation is not whether every coefficient
is already estimated. It is whether the framework states its primitives, identifies its mechanisms,
exposes its assumptions, and specifies what evidence would weaken, falsify, or force revision of its
claims.

 
Moral scope of the capital language. KBC uses capital language analytically, not anthropologically.
Persons are not capital, even when their embodied skill, judgement, and knowledge produce economically
valuable services; to analyze what people know as capital is not to reduce who they are to it. Truth is not
merely an asset, even when reliable knowledge improves productive capacity, and some knowledge is worth
preserving because it is true, just, or identity-forming rather than because it raises measured yield.
Productive value does not exhaust the value of knowledge, and this book does not claim that it does.
Enclosure is not inherently theft, and openness is not inherently justice: the alternative to extractive control
is rightly governed access, not the absence of boundaries, since some restriction protects persons,
safety, security, or the integrity of what is known. The moral question is therefore not whether
knowledge is owned, but whether a governance form honours legitimate labour, stewardship, truth,
personhood, maintenance, access, accountability, and future generation, or whether it converts shared,
embodied, public, or entrusted knowledge into extractive control that damages others’ capacity
to learn, build, heal, govern, or know what is true. The framework is diagnostic rather than
redemptive: it can make such damage visible, but naming a disorder is not the same as curing it, and
no scheme of knowledge governance should be mistaken for a remedy to the deeper causes of
injustice.

 
Three layers of claim, and what the tests can confirm. It helps to separate three things this book
asserts, because they carry different burdens of proof. The first is an architecture claim: that
knowledge-bearing capitalism can be described through a definite vocabulary and mechanism map,
generation, first conversion, governance, deployment, feedback, enclosure, dark capital, and measurement. The
second is a set of mechanism claims: that particular processes, access restriction, feedback capture, commons
depletion, institutional residue, operative-unit substitution, and governance transition, generate specific,
testable predictions. The third is the grand frame: the interpretive thesis that capitalism increasingly derives
wealth from knowledge-bearing capital, and that this requires a revised theory of capital and of the future
wealth of nations. These layers are not confirmed together. The empirical tests in this book bear on the
mechanism claims: whether governance transitions contract recombination fields, whether feedback control
concentrates capability, whether commons depletion lowers downstream productivity, whether
bounded operative units can be compared across embodied and disembodied forms. A successful test
corroborates a mechanism. It does not, by itself, prove that capitalism has entered a new stage,
nor does it establish a completed theory of national wealth. The grand frame is an organizing
                                                                                             
                                                                                             
interpretation that becomes more or less plausible as its mechanisms survive empirical confrontation,
rival explanation, calibration, and negative cases. The reader should not treat the corroboration
of a local mechanism as confirmation of the whole frame, and this book does not claim that it
is.

 
What the mathematics does and does not do. The formal notation in this book carries more than one
status, and the statuses should not be confused. Some expressions are object definitions: they name and relate
economic objects, such as the five knowledge forms, the operative unit, or the realization identity 
KYield = KPot × ρ. Some
are diagnostic decompositions: they organize what to measure without asserting a calibrated law. Some are
conditional results: they follow from stated assumptions and would change if those assumptions
changed. Only a smaller subset are candidate empirical models, and fewer still are calibrated
estimates tied to data. Most of the apparatus in Volume 1 is definitional and diagnostic; the
conditional results, and their status, are recorded in the Technical Companion. The mathematics
earns its place by making objects, mechanisms, and assumptions explicit and auditable, not by
implying that every relation has been estimated. Where a relation has not been calibrated, the
book says so; where notation does work that prose could do equally well, it is a summary, not a
proof.

 
   This volume is designed to be read in sequence. Chapters 1 and 2 establish the Smithian baseline and
define knowledge-bearing stock. Chapters 3 and 4 separate knowledge generation from knowledge conversion.
Chapter 5 explains the knowledge governance forms that govern knowledge after generation. Chapters 6
through 8 develop the main enclosure dynamics: cognitive enclosure, feedback capture, and strategic
enclosure. Chapter 9 turns those mechanisms into a measurement and accounting problem. Chapters 10 and
11 translate this theory into governance design, empirical testing, calibration, and falsification. Chapter
12 restates the book’s central claim about knowledge-bearing capital and the future wealth of
nations.

 
   Readers who want the economic argument can read the chapters straight through and treat
formal passages as mechanism summaries rather than proof obligations. Readers who want the
formal machinery should consult the Technical Companion, which contains the object register,
extended equations, notation, proof archive, K-CMM details, calibration material, and open
conjectures.

 
   This division is deliberate. Volume 1 carries the argument as a book. Volume 2 makes the argument
auditable without forcing every reader through the full proof apparatus.
                                                                                             
                                                                                             
                                                                                             
                                                                                             
   
 

    

   
   Map of the Argument   


The knowledge-circulation spine

 
	Generation→First Conversion→Governance→Deployment→Feedback→Future Generation



This is the simplest map of the book. Productive knowledge is generated, converted into governable stock,
placed under a governance form, deployed in use, altered by feedback, and then returned to the
conditions of future generation. The argument asks how wealth changes when that circulation is
                                                                                             
                                                                                             
increasingly mediated by people, artefacts, organizations, commons, platforms, and public epistemic
infrastructure.
   
 


 	Question                             
	Why
 it
 matters                                                

	Where
does
knowledge
reside?                                      
	Identifies
  whether
  productive
  capacity
  is
  embodied
  in
  people,
  encoded
  in
  artefacts,
  institutionalized
  in
  organizations,
  sustained
  in
  commons,
  or
  maintained
  as
  public
  infrastructure.                                                

	How
does
it
move?                                       
	Tracks
  conversion
  among
  forms,
  including
  codification,
  institutionalization,
  internalization,
  commons
  maintenance,
  and
  public
  standardization.                                             

	Who
governs
it?                                           
	Locates
  the
  governance
  form
  that
  controls
  access,
  exclusion,
  maintenance,
  interoperability,
  permission,
  and
  use.                                                              

	Who
captures
its
yield?                                       
	Separates
  productive
  service
  from
  ownership,
  control,
  rent
  capture,
  bargaining
  position,
  and
  distributional
  outcome.                                                       

	What
future
knowledge
does
it
enable
or
suppress?                                  
	Tests
  whether
  present
  governance
  widens
  or
  narrows
  recombination
  fields,
  learning
  loops,
  experimentation,
  discovery,
  and
  capability
  accumulation.                                                

	What
do
existing
measures
miss?                                        
	Turns
  invisible
  stock,
  lost
  options,
  capability
  decay,
  governance-position
  risk,
  and
  suppressed
  future
  generation
  into
  the
  measurement
  problem
  called
  dark
  capital.                                                         






   The rest of the book elaborates this map. Chapters 1 and 2 define the object; Chapters 3 and 4 explain
generation and conversion; Chapter 5 explains governance forms; Chapters 6 through 8 explain enclosure
and feedback dynamics; Chapter 9 explains measurement failure; Chapters 10 and 11 translate
this theory into governance and testing; Chapter 12 returns the map to the future wealth of
nations.
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   Part I
The Smithian Baseline and the New Object   


    

   
   Chapter 1
The Smithian Baseline: Labour, Stock, Specialization, and National Wealth   


When the Old Theory Meets the New Stock
 


Smith enters here as a measuring instrument, not as an object of antiquarian interest. His theory explained
how labour, stock, specialization, exchange, and market extent could increase the annual produce of a nation.
The modern puzzle is that many of the productive stocks now driving firm value do not present themselves as
looms, ships, mills, inventories, or improvements to land. They appear as software, datasets, model
architectures, user feedback, engineering routines, platform access, institutional trust, and tacit
expertise.

 
   This shift is not an escape from production. It is a change in the residence, movement, and governance of
productive capacity. A firm with modest tangible assets may be valued as if it controls a large productive
stock because its code, data, brand, governance position, and engineering routines are expected to
generate future cash flows. An AI firm may improve faster than rivals not merely because it owns a
model, but because deployment yields feedback signals that improve later models. A platform
may concentrate power not only through price, scale, or network effects, but by controlling the
interfaces, standards, APIs, and data flows through which other firms reach users. Cybersecurity
enters this theory as capital-preservation risk management: it preserves knowledge-capital value
by protecting the exclusivity, integrity, availability, and productive use of knowledge-bearing
stock. When that defence fails, the resulting breach can impair value far beyond remediation
cost because source code, model weights, customer data, detection logic, or operating knowledge
may be copied, poisoned, or made strategically legible to adversaries. An API closure, CUDA
dependency, patent thicket, or open-source maintainer shock may impair productive capacity even
when no factory burns, no employee is fired, and no recognized balance-sheet asset is written
down.

 
   Table 1.1 makes the terrain visible in contemporary markets.
   
 


                                                                                             
                                                                                             
Table 1.1

Market-facing cases and the knowledge-capital mechanisms they expose                            


 	Case                                 
	Mechanism exposed                                                                                       

	Nvidia/CUDA
	Platform dependency and control over the recombination field: the practical field of
 tools, interfaces, libraries, documentation, optimization routines, and complementary
 capabilities that determines who can combine existing knowledge into new productive
 work. CUDA is not merely a chip feature; it is a developer environment that shapes
 which actors can productively recombine AI and high-performance-computing
 knowledge on Nvidia hardware (NVIDIA, 2026).                                                  

	Microsoft/GitHub Copilot
	Software, public code, developer interaction, and institutional capability. Copilot
 shows how distributed developer knowledge can be converted into a model-mediated
 development tool, and how the development environment itself becomes a site of
 feedback capture and capability accumulation (GitHub, 2026).                               

	Reddit and X/Twitter API
restrictions
	Enclosure of ecosystem access. API terms, rate limits, pricing, model-training
 restrictions, and revocation rights can narrow third-party access to platform data and
 weaken the surrounding developer, research, moderation, and application ecosystem
 (Reddit, 2023a, 2023b).                                                                                   

	Anthropic and OpenAI
model-distillation disputes
	Dark capital, model-output extraction, and feedback capture. Anthropic reported
 more than 16 million Claude exchanges through approximately 24,000 fraudulent
 accounts in alleged industrial-scale distillation campaigns; OpenAI has made related
 allegations about unauthorized distillation through API access (Anthropic, 2026;
 Reuters, 2026).                                                                                              

	Ingress NGINX
	Commons capability loss. The Kubernetes project announced the retirement
 of Ingress NGINX after years of insufficient or barely sufficient maintainership,
 illustrating how a shared-access knowledge project, or commons, can remain legally
 open while losing productive capacity when the scarce embodied and institutionalized
 maintenance stock required to maintain it disappears (Kubernetes, 2025).                

	AbbVie/Humira patent
estate
	Biotech patent thickets and recombination suppression. Legal and policy analyses of
 Humira report a patent estate in the range of roughly 132 to 136 granted patents,
 a useful case for examining when protection becomes a dense access barrier around
 follow-on entry and recombination (Knox, 2022; Zhou, 2023).                                 





   These cases have a common structure. The economically relevant stock is real, but it is only
partly visible in accounting. Its value depends on who can access it, who can interpret it, who
can combine it with other stock, who can exclude rivals from it, and who captures the learning
generated by its use. Standard valuation can observe some of the cash-flow consequence after
the fact. It has more difficulty locating the mechanism before the fact: whether market value
reflects genuine knowledge-bearing capacity, temporary monopoly, speculative premium, hidden
dependency, or unpriced fragility. Standard productivity measurement faces the parallel problem at the
                                                                                             
                                                                                             
economy level: output may rise or stagnate while the underlying knowledge conditions that make
future output possible are widening, narrowing, decaying, or being transferred from commons to
platforms.

 
   This is the reason for beginning with Smith. Smith gave economics a powerful account of how labour,
stock, specialization, exchange, and market extent generate national wealth. That account remains
indispensable. But it was built around a world in which productive capital was more visibly
separable, rival, material, vendible, and countable than the productive stock now driving large
parts of the economy. The purpose of this chapter is therefore diagnostic. Before introducing
new models, it reconstructs the assumptions that let Smith’s machinery work, then asks which
assumptions strain under knowledge-bearing capitalism (KBC), where the central productive stock is
knowledge-bearing, non-rival, governable, recombinable, capability-dependent, and only partially
measurable.

 
   Modern capitalism increasingly produces wealth through assets that do not behave like the capital stock
assumed by classical political economy. Software can be copied without being consumed. A dataset may gain
value when aggregated across millions of observations and lose value when detached from the interpretive
capability required to deploy it. Expertise may reside in persons, in organizational routines, in trained models,
in platform architectures, or in institutional relationships, and it may migrate among these forms, gaining or
losing productive power depending on the institutional conditions governing each transition. Firms may be
valued far above the book value of their tangible assets, and the productive capacities that explain that gap
often remain poorly represented in accounting, in national statistics, and in the inherited categories of
economic theory.

 
   This gap between economic reality and economic measurement is not new. Bond and Cummins (2000)
identified it at the turn of the century as the central puzzle of “new economy” valuation: do market values
above tangible book values reflect genuine intangible investment, or speculative overvaluation? Lev (2001)
documented the same gap from the accounting side: intangible factors increasingly dominate wealth creation
in advanced economies, yet remain systematically underreported in financial statements. Machlup (1962) had
established, empirically, decades earlier that knowledge production (education, research, communications,
information services) constituted a large and growing share of national income. Haskel and Westlake (2018)
more recently gave that observation its modern architectural form: intangible assets are scalable,
synergistic, subject to spillovers, and characterized by sunk costs in ways that distinguish them
from tangible capital and alter the competitive, distributional, and policy dynamics of advanced
economies.

 
   The literature has not missed this terrain. It has entered it through different doors. Bond and Cummins
make the valuation puzzle visible. Lev makes the accounting problem visible. Machlup and Porat make
                                                                                             
                                                                                             
knowledge and information activity measurable. Haskel and Westlake make the distinctive economic
properties of intangible investment explicit. The question developed here is whether these domain-specific
insights can be joined into a capital-system account of knowledge generation, conversion, enclosure,
impairment, and measurement.

 
   The contribution here is architectural: to connect established, scope-limited literatures (from information
economics, intangible capital measurement, knowledge management, institutional economics, Austrian
knowledge theory, the resource-based theory of the firm, and endogenous growth theory) into a
mechanism-centred theory of knowledge circulation. The components exist in the literature. What is new is
the systematic architecture: a generation model distinct from a conversion model, a governance-intervention
framework built into pathway notation, a first-conversion zone that locates the institutional appropriability
problem, and a unified treatment of enclosure’s consequences for both existing stock and future
generation.

 
   Two predictions mark this architecture as more than a relabelling of its predecessors, and the book returns
to them as its empirical signature. The first is a dual enclosure effect: a governance transition can raise the
enclosing actor’s present yield while lowering the future generative capacity of excluded actors, by contracting
their recombination field or excluding them from the learning loop. The second is institutional residue:
productive knowledge that persists in routines, standards, and governance systems beyond the embodied
knowledge of the individuals present. Neither follows from intangibles accounting, endogenous
growth, or the resource-based view on its own, and both are developed and made testable in
Chapter 11.

 
   KBC’s predecessors form a convergence rather than a single lineage. Endogenous growth, information
economics, institutional economics, RBV/KBV, dynamic capabilities, IT economics, intangible-capital
research, complementary-assets work, and Hubbard’s measurement discipline each explain part of the
problem. KBC integrates them by treating productive knowledge as stock that moves across forms, changes
yield under governance, becomes dark to accounting, and either widens or narrows future recombination and
learning.

 
   The claim is therefore not priority, but integration: KBC asks what follows when these predecessor insights
are treated as properties of one capital system rather than as separate literatures. Chapter 11 returns to this
claim in the predecessor audit and tests which parts of the synthesis are established, extended, synthesized,
novel, or speculative.

 
   Endogenous growth theory already made knowledge central to growth. Arrow (1962) showed
learning-by-doing, and Romer (1986, 1990) showed how non-rival ideas generate increasing returns. KBC does
not contest that result. Its contribution is different: it disaggregates knowledge into embodied, disembodied,
institutionalized, commons, and public epistemic forms; explains how knowledge moves among those forms;
                                                                                             
                                                                                             
shows how governance forms condition productive yield; identifies enclosure-driven impairment and foregone
generation; and explains why accounting and productivity statistics often miss both the stock and its
loss.

 
   Information economics asks what follows when information is costly, asymmetric, incomplete, or
strategically revealed (Akerlof, 1970; Stiglitz, 1985). KBC asks a different but related question: what follows
when productive capacity is increasingly constituted by accumulated knowledge-bearing stock that can reside
in persons, artefacts, firms, platforms, commons, and public infrastructure; move across those forms;
depreciate; be enclosed; and generate future productive capacity.

 
   Put more sharply: information economics changed the information assumption; human-capital theory
changed the labour-quality assumption; intangible-capital theory changed the investment boundary; KBC
changes the capital assumption. It asks what follows if productive knowledge is not merely information, skill,
or recognized intangible asset, but stock-like, mobile across forms, recombinable, capability-dependent,
governable, and imperfectly measured.

 
   Smith (1776) remains the necessary point of departure because The Wealth of Nations supplied capitalism’s classical
architecture1:
labour, stock, specialization, exchange, market extent, wages, profit, rent, and national wealth. Smith’s model
is not a historical curiosity. It is the inherited operating system (the set of default assumptions about what
wealth is, how it is produced, what capital does, and what labour contributes) that subsequent economics
extended, qualified, and disputed without fully replacing. Knowledge-bearing capitalism does not refute
Smith’s mechanism. It reveals the assumptions built into that mechanism, assumptions that were invisible to
Smith because they were not contingencies in his world but background conditions. Making those assumptions
visible is the first task of this book, because revising a theory requires knowing precisely what is being
revised.

 
 
   

  1All references to Smith in this book refer to the 1776 first edition entry in the reference list unless otherwise indicated. The
analysis uses book-level textual locations only where page-level precision is not required.
 
 
                         
 
    The
long-run income record makes Smith’s placement sharper. Global average GDP per capita does not merely
grow more slowly before Smith and the Industrial Revolution. It is nearly flat for centuries. In the long-run
series summarized in Table 1.2, global GDP per capita rises from about $1,100 in year 1 to $1,400 in 1700, a
total increase of only 27 percent over 1,699 years. It then rises from $1,400 in 1700 to $1,500 in
1820, only 7 percent over 120 years. After 1820, the series changes character: it rises from $1,500
to $21,405 by 2024, a total increase of 1,327 percent over 204 years. The 1700–1820 interval
already shows acceleration relative to the pre-1700 baseline: its approximate annual growth rate is
about four times higher than the earlier long-run rate. The inflection therefore should not be
                                                                                             
                                                                                             
read as appearing suddenly in 1820. Rather, 1820 is the first clearly measured point at which an
earlier generational transformation becomes visible in the long-run data (Our World in Data,
2026).

 
   This interpretation matters for KBC. The GDP series cannot isolate The Wealth of Nations
as a discrete causal event, and no aggregate GDP series could. But the convergence of timing,
mechanism, and institutional evidence is theoretically significant. Smith wrote at the threshold of
the modern growth regime, describing and legitimating the mechanisms of division of labour,
capital accumulation, market extent, productivity, and exchange that were already nascent in the
industrial districts of Britain. His theoretical articulation gave those mechanisms vocabulary,
coherence, and policy consequence. The growth that becomes clearly visible by 1820 was not
caused by a book in any simple sense. Smith’s framework helped make the emerging regime
intelligible and legitimate: it gave economists, policymakers, merchants, and reformers a language for
specialization, capital accumulation, market extent, productivity, and exchange. That is precisely
the kind of productive service that knowledge-bearing capital can yield: it changes how actors
interpret production, coordinate expectations, justify institutions, and reorganize future productive
capacity.
                                                                                             
                                                                                             

 

Table 1.2

Global
GDP
per
capita
growth
before
and
after
the
Smithian-industrial
threshold



 	Period                     
	GDP per capita                  
	Total growth                               
	Approximate annual
 growth                      

	1–1700                     
	$1,100 →
$1,400                               
	+27% over 1,699 years                   
	0.014% per year          

	1700–1820                 
	$1,400 →
$1,500                               
	+7% over 120 years                      
	0.058% per year          

	1820–2024                 
	$1,500 →
$21,405                             
	+1,327% over 204 years                 
	1.31% per year            

	1850–2024                 
	$1,800 →
$21,405                             
	+1,089% over 174 years                 
	1.43% per year            

	1950–2024                 
	$4,600 →
$21,405                             
	+365% over 74 years                     
	2.10% per year            




Note. Growth rates are compound annual approximations calculated from the long-run global GDP per capita series summarized
in the table. The table is not evidence for KBC; it identifies why Smith is the correct baseline for asking how capital theory
changes at growth thresholds.                                                                      
 


    

                                                                                             
                                                                                             
                                                                                             
                                                                                             

Figure 1.1: Global Average GDP per Capita Over the Long Run


[image: PIC] Note. Adam Smith’s The Wealth of Nations was printed in 1776. The Industrial Revolution is dated here to
 1760–1780,  so Smith’s book appeared during the early industrial threshold.  Its intellectual and institutional
 influence was not immediate; it began to shape society after roughly one generation.
                                                                                             
                                                                                             
   
   This historical break makes Smith more than background context. It makes him the right
baseline for the book. Smith gave a theory of the mechanisms that later became visible as a growth
regime, and his framework helped make intelligible the institutional and commercial imagination
through which those mechanisms were understood. KBC asks the successor question: if Smith wrote
at the threshold of a capitalism organized around specialization, material stock, and industrial
accumulation, what conceptual threshold are we now crossing as value moves increasingly into
knowledge-bearing stock, artificial intelligence, data, models, commons, platforms, and public epistemic
infrastructure?

 
   The book’s fixed-point question follows from this diagnosis: the key question is not whether knowledge is
enclosed or shared by nature, but under what institutional conditions knowledge becomes a private asset, a
firm capability, a public good, a professional standard, a platform dependency, or a commons. Knowledge
does not arrive in the economy already labelled with its governance form. The same discovered mechanism
becomes a patented compound under pharmaceutical IP law, a shared clinical protocol under
professional stewardship norms, or a public infrastructure under open-science funding, depending on
the institutional conditions at the moment of first conversion. Understanding those conditions
and tracing their consequences for both wealth creation and its distribution is the work of this
theory.

 
   The caveats established at the front of the book govern the rest of the argument. The claim is not that
knowledge automatically becomes capital, that enclosure is generally bad, or that the measurement
framework is already a finished accounting system. The claim is narrower and more testable: when
productive knowledge becomes stock-like and moves across persons, artefacts, organizations,
commons, and public infrastructure, its economic effects depend on the conditions under which
it is generated, converted, governed, deployed, fed back into future knowledge, measured, or
lost.

 
   This theory, therefore, separates two problems. The Knowledge Generation Model (KGM) explains how
new knowledge-bearing stock arises, through recombination, experimentation, discovery, invention,
interpretation, and feedback from prior deployment. The Knowledge Conversion Matrix (KCM) explains what
happens once knowledge exists: how it becomes separable, codified, institutionalized, enclosed, diffused,
priced, or appropriated under different governance forms. The two models meet in the first-conversion zone,
where newly generated knowledge-bearing stock first acquires a governable form and becomes subject to
claims of ownership, access, or public use. Chapter 2 introduces this vocabulary. Chapters 3 and 4 develop the
two models in full.

 
   This chapter closes on its structural claim: knowledge-bearing capitalism can increase present productive
                                                                                             
                                                                                             
power by enclosing, scaling, and improving knowledge-bearing stock, while simultaneously suppressing the
wider recombination fields from which future productive knowledge would otherwise emerge. That is a
Smithian problem. It operates through accumulation, not against it. The task of this chapter is to establish
the baseline from which the anomaly becomes visible.
   
   
 

   1.1    Smith’s Operating Model of Wealth 

Smith (1776) defined wealth as “the annual produce of the land and labour of the society.” Not the stock of
gold in a nation’s vaults, not the balance of trade in the mercantilist sense, not the exclusive productivity of
agriculture in the physiocratic sense, but productive output per year. This was a polemical move against two
inherited frameworks simultaneously. Against mercantilism, Smith argued that precious metals are valuable
only because they facilitate exchange, and exchange facilitates production, and production is the actual
source of wealth. Against the physiocrats, he argued that manufacturing labour is equally productive when it
adds value to the subject on which it is bestowed. The wealth of a nation is not what it hoards; it is what it
produces.

 
   The definition is deceptively simple. Its analytical weight comes from what it implies about where to look
to understand wealth creation. If wealth is annual produce, then increasing national wealth means increasing
productive output per year. The question becomes: what increases productive output? Smith’s answer
was specific, mechanistic, and organized around a causal chain that begins with the division of
labour.

 

     “The greatest improvement in the productive powers of labour, and the greater part of the
     skill, dexterity, and judgment with which it is anywhere directed, or applied, seem to have
     been the effects of the division of labour.”
 


   This opening claim of Book I is not merely an observation. It is a theoretical commitment: the primary
source of productivity is specialization, not the natural fertility of land, not the cunning of merchants, not the
accumulation of money in itself, but the decomposition of production into specialized operations performed by
workers who do nothing else.
                                                                                             
                                                                                             

 
   The pin factory illustrates the claim with unusual precision. A single worker unacquainted with the trade
“could scarce, perhaps, with his utmost industry, make one pin in a day, and certainly could not make
twenty.” Organize ten workers across eighteen distinct operations (drawing out the wire, straightening
it, cutting it, pointing it, grinding the top for receiving the head, making the head, whitening,
papering) and they produce approximately forty-eight thousand pins per day. The productive
multiplier is not merely additive. Specialization raises productive power by several orders of
magnitude.

 
   Smith identifies three distinct sources of this productive increase. First, repetition of a single operation
increases the worker’s dexterity in performing it. Second, eliminating time lost to switching between
operations increases the proportion of working time spent on actual production. Third (and most
consequential for this theory that follows) workers confined to a few operations are more likely to discover
improved methods or machines for their specific task. The division of labour generates technical progress
endogenously, not as an exogenous shock but as a consequence of the intensive attention that specialization
directs at narrow problems.

 
   Smith’s division of labour is, for skilled productive labour, the division of embodied productive knowledge.
This is not a loose analogy. The pin-maker’s increased dexterity is not merely faster motion; it is accumulated
domain-specific knowledge made operational through repeated practice. Smith saw the productive service as
labour productivity. KBC identifies the capital source of that service as embodied knowledge capital. The
worker who draws the wire, the worker who cuts it, and the worker who heads the pin are not merely
assigned to different operations; each becomes the bearer of a different operative knowledge unit
within the pin-making domain. Smith arrived at the correct productivity insight by a route that
concealed the asset doing the productive work. This is a recoverable limitation in the classical
vocabulary: what appeared as specialized labour was also domain-specific knowledge-bearing capital in
deployment.

 
   This third mechanism connects the division of labour to capital accumulation. The machines and
improvements that specialization generates are themselves forms of stock, fixed capital, in Smith’s later
terminology. Division of labour, therefore, not only increases output by raising productive power; it generates
the capital stock that further increases productive power in subsequent periods. The model is self-reinforcing:
specialization raises productivity, productivity raises output, output enables saving, saving enables the
accumulation of stock, stock maintains labour and enables further specialization, and further specialization
raises productivity again. National wealth expands through the compounding of these effects across time
and across an increasingly extended market. Smith’s mechanism is a growth engine, not a static
equilibrium.
   
                                                                                             
                                                                                             
   
 

   1.2    Stock, Labour, and the Separability Assumption 

Before a worker can be employed in specialized production, someone must maintain them during the
production period. The wool merchant cannot wait months for the cloth to sell before feeding the weavers.
The accumulated provision that maintains labour during production is therefore the essential enabling
condition for any production beyond simple subsistence. As Smith states directly: “The accumulation of
stock is previously necessary… for carrying on this great improvement in the productive powers of
labour.”

 
   Smith divides stock into three categories. The first is stock reserved for immediate consumption (food,
clothing, furniture) which yields no revenue because it is consumed without being put to productive use. The
second is fixed capital: machines, tools, buildings, improvements to land, and “the acquired and useful
abilities of all the inhabitants or members of the society.” The third is circulating capital: money,
provisions in transit, raw materials, and finished goods in the process of sale. Fixed capital yields
revenue “without changing masters or circulating further”; a machine increases the weaver’s
productive power without the machine itself being sold. Circulating capital yields revenue precisely by
changing hands, cloth is sold, the revenue is used to buy more wool, the wool becomes more
cloth.

 
   What matters most for the theory developed in these volumes is a feature of Smith’s account that he does
not thematize as an assumption because it was not visible to him as a contingency. Capital in Smith’s model
is overwhelmingly separable from the workers who employ it. A loom, a ship, a mill, a building, these exist
independently of any particular worker. They can be owned by an employer who has no skill in operating
them. They can be transferred through sale. They outlast any individual labourer’s working life and can be
maintained by replacing workers without replacing the capital itself. The machine does not leave when the
machinist does.

 
   Separability is what makes stock easily ownable, transferable, and accumulable by someone other than the
worker. A loom, ship, or mill can generate revenue for its owner independent of any particular person’s
continued presence. If productive capacity were inseparable from the worker (if it left when the worker left,
could not be owned by the employer, and could not be transferred through sale or bequest) it would not
function as employer-held capital in Smith’s framework. It might be productive, but its revenue-generating
potential could not be appropriated by anyone other than its inseparable possessor. Separability is
therefore a condition of easy appropriability, and easy appropriability is one condition of capital
accumulation.

 
   Smith does recognize one partial exception. Among his categories of fixed capital, he includes “the acquired
                                                                                             
                                                                                             
and useful abilities of all the inhabitants or members of the society,” noting that their acquisition “always
costs a real expense, which is a kind of capital fixed and realized… in his person.” This is as close as Smith
comes to anticipating human capital theory. But he does not develop the point as an anomaly. The skill of a
trained craftsman functions, in his model, as productive stock analogous to a machine: the investment in
training is a real cost, the resulting skill generates higher wages, and those higher wages are the return on
that fixed capital. The deeper question (whether the knowledge embedded in skilled workers can
be separated from them, owned by their employers, transferred to successors, or accumulated
independently as a firm-level asset) Smith largely leaves unexamined. In his economy, it largely could not
be. The craftsman’s knowledge left with him; what remained was the physical capital he had
operated.

 
   Smith’s theory of productive and unproductive labour reinforces this structure. Productive labour
“adds to the value of the subject upon which it is bestowed” and “fixes and realizes itself in some
particular subject or vendible commodity, which lasts for some time at least after that labour is
past.” Unproductive labour (the services of domestic servants, lawyers in most of their activities,
actors, musicians)“generally perishes in the very instant of its performance.” The criterion is
not whether the labour is useful, difficult, or socially valued. The criterion is whether it leaves
behind a durable, vendible residue that exists independently of the labourer after the labour is
complete.

 
   This is the vendible-residue criterion, and it has a precise implication for this theory: Smith’s model of
productive wealth creation requires that labour produce something separable from itself. The pin is separable
from the pin-maker. The cloth is separable from the weaver. The improvement to the land is separable from
the labourer who made it. This is why productive labour is the engine of accumulation in Smith’s framework,
its output can be traded, taxed, reinvested, and accumulated as stock. The residue is what makes
accumulation possible.

 
   The physician’s cure, the lawyer’s advice, the musician’s performance, these perish in the moment of
delivery and cannot be accumulated, stored, traded, or reinvested as capital. Their value is real; their social
importance is beyond dispute. But in Smith’s framework they are consumption rather than production in the
economic sense, because they do not generate a durable, separable residue that can be put back into the
productive circuit.

 
   This distinction will not survive intact into knowledge-bearing capitalism. The lawyer’s contract template,
once written, can be deployed ten thousand times. The physician’s diagnostic protocol, once codified, can be
instantiated across a hospital network. The musician’s recorded performance, once captured, can be
distributed at near-zero marginal cost to millions of listeners. The question is not whether knowledge work
can leave a durable residue, it manifestly can. The question is whether that residue is recognized,
                                                                                             
                                                                                             
measurable, appropriable, and accumulable in the way that Smith’s vendible commodity is. The short
answer, as Lev and others have documented, is that it generally is not: the accounting frameworks
designed to capture vendible residues were not designed for this kind of durable output, and the gap
between economic reality and accounting recognition is structural, not merely a matter of technical
lag.
   
   
 

   1.3    Value in Use and Value in Exchange: The Half Smith Set Aside 

Smith opens his account of price by naming a distinction and then, quietly, declining to pursue one half of it.
The word value, he observes, carries two meanings: the utility of an object, its value in use, and the power of
purchasing other goods that its possession conveys, its value in exchange. He dramatizes the gap with the
paradox that has carried his name ever since. Nothing is more useful than water, yet it will purchase scarcely
anything; a diamond has hardly any use, yet a great quantity of other goods may be had in exchange for it
(Smith, 1776). Having drawn the distinction, Smith makes a decision that organizes everything after it.
He treats value in exchange as the tractable object of political economy and sets value in use
aside.

 
   For Smith’s problem the decision was not merely defensible but correct. His subject was rival, vendible
commodities: goods used up in consumption, owned by one party to the exclusion of others, and brought to
market to be sold. For such goods exchange-value is the measure that does the analytical work, and the
apparatus assembled around it (labour as the real measure of price, natural price resolving into wages, profit,
and rent, and market price gravitating toward natural price as effectual demand rises and falls) is sufficient.
Value in use sets an outer bound on what anyone would pay and otherwise stands in the background while
exchange-value is measured, exchanged, and divided. The vendible-residue criterion examined in the previous
section is the same choice seen from the production side: productive labour counts because it
leaves an exchangeable residue, and use that leaves no such residue is set outside the productive
circuit.

 
   This book begins where that decision begins to cost us. Knowledge-bearing capitalism does not, in its most
consequential cases, follow the structure on which the decision rested. Productive knowledge often yields its
wealth along a different path: it amplifies the use-value of other activities, diffuses and recombines, and
appears as exchange-value only later and elsewhere, in the price of goods it never itself became. A search
algorithm may be free at the point of use while it reorganizes labour, discovery, advertising, and the
matching of buyers to sellers across an entire economy. A theorem may carry no market price and
                                                                                             
                                                                                             
become a durable input to cryptography, engineering, and computation. An open-source library
may be free to copy and productive across thousands of firms at once. A public standard may
be freely accessible and yet coordinate whole markets. In each case the wealth is evident and
the price is not, because the wealth appears first as use-value and only indirectly, if at all, as
exchange-value.

 
   This is the diamond-water paradox returning, and returning as the central problem rather than a curiosity.
Water, in Smith’s example, has immense use-value and almost no exchange-value. The most productive
knowledge has the same structure, but on the plane of production rather than of personal consumption, and
so it cannot be left in the background. Smith could set value in use aside because exchange-value was
sufficient for analysing rival, vendible commodities; knowledge-bearing capitalism cannot set it aside, because
its most productive assets may carry high use-value, little or no direct exchange-value, and large indirect
effects on the exchange-value of other goods. That is the buried problem that surfaces whenever wealth
becomes non-rival.

 
   An immediate objection must be met. Knowledge is not consumed; how then can it constitute wealth at
all? The answer is to distinguish consumption from productive service. A machine is capital because it yields
a flow of productive services, and it does so while wearing out. Knowledge yields productive services without
being used up: it is capital-like in that it conditions the productivity of other factors, and unlike a machine in
that using it does not consume it. Its contribution is the increment it causes in other processes, the same
stock of knowledge raising the output, speed, reach, precision, coordination, and trust of the
labour and capital with which it is combined. Knowledge of consumer behaviour is not consumed
as a final good; it raises the yield of the labour of selling, the accuracy of targeting, the fit of
product to demand. It creates value by changing the productivity and the direction of other labour.
Knowledge, in short, is use-value that acts on production before it appears, if it appears, as
exchange-value.

 
   If that is how knowledge produces wealth, a further question follows immediately: how does any of it
become exchange-value at all, given that knowledge is non-rival and naturally resists a price? Here the
classical argument meets the governance argument that occupies much of this book. Where a good is
non-rival, exchange-value is not given by nature; it is manufactured by controlling access. Non-rival
use-value is converted into a scarcity-like condition, and only then into rent, by institutions that
decide who may use the knowledge and on what terms. This is the inversion at the centre of
knowledge-bearing capitalism: knowledge does not become exchangeable because it is naturally scarce,
but because institutions make access to it scarce. Intellectual property, paywalls, application
programming interfaces, platforms, proprietary standards, trade secrets, and controlled model access are
not incidental legal detail; they are the machinery that converts non-rival use-value into private
exchange-value. Where Smith’s merchants and manufacturers controlled capital and access to markets, the
                                                                                             
                                                                                             
gatekeepers of knowledge capital control access to productive use-value and its conversion into
exchange-value.

 
   It would be a mistake, however, to read governance as a synonym for enclosure, or to hear in this the claim
that governance is merely extractive. Governance is the conversion mechanism, and enclosure is only
one of its forms. Other governance preserves shared use-value rather than privatizing it: the
contribution rules, stewardship, and durability by which a commons sustains itself (Ostrom, 1990), the
open licences and foundations that keep a codebase common, the public standards that hold a
market together. Other governance conditions use-value rather than converting it, through the
maintenance of quality, safety, interoperability, and trust on which reliable knowledge depends. And the
mechanism runs in both directions: just as governance can convert non-rival use-value into private
exchange-value by closing access, it can release exchange-value-locked knowledge back into shared
use-value by opening it. The variable is not whether knowledge is governed, but in which direction
and in which form, and whether the same act that makes knowledge privately capturable also
reduces the diffusion and recombination that would have produced more use-value later, a trade
whose worth is conditional: enclosure can be the precondition of production where appropriability
is what funds it, and the suppressor of production where it fences off a commons that already
exists.

 
   The same move sharpens Smith’s deepest structural principle, examined in the section that follows. The
division of labour, he argues, is limited by the extent of the market: a wider market can absorb more
specialized output and so justifies finer specialization. Knowledge-bearing capitalism supplies the analogue,
and it is structural rather than metaphorical. The recombination of labour and knowledge is limited by the
extent of accessible knowledge. Where a larger market permits a finer division of labour, a larger field of
accessible knowledge permits a wider recombination of inputs, methods, datasets, code, examples, standards,
and feedback; and because access is the thing institutions can narrow, enclosure contracts the field of
recombination directly. The empirical chapters return to this contraction and its consequences as the theory’s
testable signature.

 
   The use-value that knowledge carries, and that exchange-value records only partially, is not
beyond measurement merely because it is unpriced. Where a good is given away, its use-value is
revealed by what users would pay to keep it, or accept to give it up; large-scale willingness-to-pay
studies of free digital goods have found values far in excess of anything recorded in price or in the
national accounts (Brynjolfsson et al., 2019). The measurement problem this book returns to is
therefore not that knowledge wealth is immeasurable, but that the inherited instruments measure
the exchange-value side and leave the use-value side, where much of the wealth resides, in the
dark.
                                                                                             
                                                                                             

 
   The departure from Smith can therefore be stated without condescension to him, and that is the point.
Smith’s political economy makes exchange-value analytically central because rival commodities become
wealth through vendible output, labour-commanded exchange, and price. Knowledge-bearing
capitalism reopens the use-value problem that Smith deliberately bracketed, because productive
knowledge may have little or no direct exchange-value while greatly increasing the productive
power, reach, specialization, and recombination capacity of labour and capital. Its value appears
indirectly, through amplification, and institutionally, through governed access. Compressed to a
single sentence: Smith set aside value in use because value in exchange was sufficient for rival
commodities; knowledge-bearing capitalism forces value in use back into political economy because its
central productive assets may be free to copy, difficult to price, and yet decisive for the wealth of
nations.
   
   
 

   1.3.1    Knowledge as a Good of Higher Order 

A knowledge-bearing stock, like iron ore, raw wool, or an unproven theorem, is worth little for what it is
and much for what it can become. In the vocabulary of Menger (1871) it is a good of higher
order: its value is imputed backward from the lower-order goods, the later knowledge, products,
and decisions, that it can be turned into, rather than read off its present form. Böhm-Bawerk
(1889) states the same point in time, as the roundaboutness by which a less valuable input now is
accepted for the sake of a more valuable output later. Raw knowledge is, in this sense, an IOU
written on future output. Two operations redeem it, and they fall on the two sides of this book’s
central seam. Recombination redeems the IOU directly, combining the stock with others into
stock that did not exist before (generation, Chapter 3). Exchange and access transfer the IOU to
a party who can redeem it, relocating the stock to an actor with the capability and the want
to draw its yield (conversion, Chapter 4). Because knowledge is non-rival, recombination is a
non-exhausting exchange: it moves an input to a higher-valued use, as exchange does, and it
additionally creates new stock while leaving the input intact for others to recombine in turn.
That is why recombination, and not exchange, sits at the centre of a knowledge economy. It is
the operation in which what a stock can become is actually cashed, without using up what it
was.

 
   This reading gives the realization coefficient a single economic meaning. The realization coefficient 
ρ
                                                                                             
                                                                                             
developed in Chapter 2 is the redemption rate on the IOU: potential is its face value, 
ρ
the fraction an actor can actually cash given access, capability, live want, interoperability, and
governance, and realized yield the product of the two. A stock outside every usable field trades at 
ρ
near zero, an IOU no one present can redeem, and is, as the counter-tradition to Smith
already argued of an unmatched good, effectively without value until a match lifts 
ρ above
zero. de Condillac (1776) held exchange itself to be productive because it joins a good its holder cannot use to
a party who can; Say (1803) defended commerce on the same ground; and Lauderdale (1804) added the
scarcity condition, that abundance destroys exchangeable value. High-value and low-value uses are then
simply high-redemption and low-redemption matches for one stock: the identical knowledge yields much in
the hands of a capable, wanting actor and almost nothing in the hands of one who can neither
reach nor use it. The scarcity condition returns in the knowledge register with more force than
Lauderdale could have intended, because another copy of an already-abundant non-rival stock adds no
yield a redeemer could not already draw, so value migrates off the reproduced object and onto
the relation, recombination, access, and governance, that carries potential into a field where 
ρ is high.
Where this book parts from the counter-tradition is in refusing its one slide: Condillac’s heirs called the
value-realizing exchange productive labour and let realization stand in for creation, whereas the generation
and conversion operations kept separate here realize, relocate, and appropriate a use-value that generation
has already made possible, without themselves generating it.

 
   The higher-order reading is also a source of testable claims. If knowledge value is imputed from downstream
output, then the measured value of an input stock should co-move with the realized value of the products and
later knowledge that draw on it, and the realized yield of one stock should vary across actors with the measurable
components of  ρ.
Both are propositions an economist can take to data, and Chapter 11 returns to them.
   
   
 

   1.4    Yield and Generativity: What Use-Value Produces 

If use-value rather than exchange-value is where much of the wealth of knowledge resides, the question
Smith answered for exchange returns in a new form. Exchange-value has a native quantity, price,
                                                                                             
                                                                                             
that emerges at a definite event, the transaction, in a definite arena, the market. What are the
corresponding quantity, event, and arena for use-value? The answer reorganizes much of what
follows.

 
   Begin with the event. The primitive of exchange is the transaction: a rival good changes hands, and the act
conserves, the same thing now held by someone else. The primitive of productive use is different.
To use knowledge productively is to recombine it: one or more knowledge units, embodied or
disembodied, combine under some capability and governance condition to produce a service, an
outcome, or a new knowledge unit. A citation is one piece of disembodied knowledge re-encoded into
another. An interface call is one knowledge-bearing system composed with another. A diagnosis is
embodied expertise combined with codified medical knowledge and a particular case. Strip the
surfaces and each is the same event: a recombination. Productive use is recombination under
capability and governance conditions, and unlike the transaction it does not conserve, it generates,
because its output becomes an input available for further recombination (Arthur, 2009; Weitzman,
1998).

 
   That difference forces the two roles of price apart. Price is powerful because a clearing market fuses them
into a single number: it measures the value of the unit and it signals to everyone how to act. The
recombination field has no clearing moment, and so the two roles separate. The value produced at a
recombination is its yield: the productive service the combination renders. The visible trace the recombination
leaves, citation, dependency, adoption, reuse, is its generativity. Actors coordinate on generativity because
generativity is what they can see; yield is mostly unseen, produced in use, often delayed, and
frequently unattributable among the several inputs that made it. Where price is value and signal
at once, knowledge use gives value as yield and signal as generativity, and the two need not
agree.

 
   The gap between them is where knowledge wealth is mismeasured, and it has two signs. When yield
exceeds visible generativity, real productive service is produced but under-signalled, unpriced, unattributed,
or never observed: this is dark capital, the wealth the ledger cannot see. When visible generativity exceeds
yield, the trace outruns the service: a paper widely cited but unreplicable, a method fashionable but
weak, a library heavily depended upon yet fragile, a benchmark that coordinates a field without
improving it, a claim that travels precisely because it alarms rather than because it is true. Call this
signal-inflated stock. The knowledge economy therefore does not only hide valuable things; it also
amplifies visible but low-yield ones, and a theory that noticed only the first would be half a
theory.

 
   This is why validation is an economic institution and not a bureaucratic friction. Peer review, replication,
audit, certification, clinical trial, and provenance check all perform one function: they work to make
                                                                                             
                                                                                             
generativity track yield, to keep the visible signal an honest estimate of the unseen value. A governance gate
is justified to the extent that it improves that tracking; it becomes extractive when it estimates yield from
origin, status, or ownership instead, which is the failure later chapters name and test. The central
problem of a knowledge economy is therefore not simply more access or more enclosure. It is the
design of institutions under which the signal a knowledge unit emits comes to track the service it
actually renders, without suppressing the high-yield recombinations that have not yet announced
themselves.

 
   Two sentences carry the inversion. Exchange-value is monetized at the point of transfer; use-value is
generated at the point of recombination. Transfer conserves, recombination generates, and that is the deepest
reason the half of value Smith set aside cannot stay set aside: in an economy whose primitive event creates
rather than moves, the bracketed half is the half that compounds.
   
   
 

   1.5    Division of Labour and the Extent of the Market 

Smith’s most elegant theoretical proposition is that the division of labour is limited by the extent
of the market. A maker of nails in a remote village cannot specialize entirely in nail-making if
local demand for nails supports only a fraction of a working day. A porter in a large city can
specialize entirely in portage because the demand for such services across a dense population is
sufficient to keep one person fully employed at that single task. As markets expand (through
improvements in transport, the removal of trade barriers, the growth of population, and the extension of
commercial networks) specialization deepens. Deeper specialization raises productive power. Higher
productive power generates more output, which enables further trade, which extends markets further.
The growth of commercial society is a positive feedback between market extent and productive
specialization.

 
   This mechanism assigns a particular role to exchange. Exchange is not merely the distribution of what is
already produced; it is the enabling condition of production itself. Without the capacity to exchange
pins, no pin factory is economically viable. Without the capacity to exchange cloth across wide
markets, the weaving trade cannot specialize to the degree that raises its productivity. Smith’s
critique of mercantilist trade restrictions is partly a moral argument about freedom and partly a
productivity argument: every restriction on exchange limits the extent of the market, which limits
the division of labour, which limits productive power, which limits the annual produce of the
nation.
                                                                                             
                                                                                             

 
   The market also serves as the coordination mechanism that enables the division of labour to function
across a society of strangers. “It is not from the benevolence of the butcher, the brewer, or the
baker, that we expect our dinner, but from their regard to their own interest.” Coordination
among strangers is achieved not through benevolence or hierarchy but through exchange: price
signals inform each producer of what others need without requiring any producer to know the
others’ circumstances or care about their welfare. The price mechanism in Smith’s model carries
informational weight, though Smith does not theorize it primarily as an information system. That
formulation belongs to Hayek a century and a half later. For Smith, the more fundamental point
is that market exchange is what enables the division of labour to persist: without exchange,
each producer would need to produce everything they consume, and specialization would be
impossible.

 
   Capital accumulation enters this picture as the mechanism that expands the capacity of the market to
support specialization. An employer with accumulated stock can maintain more workers, invest in more fixed
capital, and enable more intensive division of labour within a firm. As the stock of a nation grows through
saving (through the abstention from current consumption) the nation can support a larger workforce
employed in more deeply specialized production. The rate of capital accumulation therefore governs the rate
at which productivity can increase.

 
   In Smith’s model, the extent of the market is in the first instance a function of geography and population:
transport cost, trade barriers, and the density of demand. This makes market extent a relatively
straightforward variable, large markets support more specialization than small ones, and improvements to
transport or the removal of trade barriers are productivity policies because they expand the effective market.
For knowledge goods, this relationship requires revision. The formal theory introduces the concept of effective
field extent to capture the full set of conditions that determine how widely knowledge-bearing
stock can be discovered, accessed, permitted, interoperably combined, and deployed by capable
actors.2
For non-rival knowledge goods, a stock with near-zero marginal distribution cost may still have a narrow
effective field if access is legally restricted, platform-gated, or technically non-interoperable. This is the
mechanism by which cognitive enclosure, meaning legal or technical control over who may access, use, or
recombine knowledge-bearing stock, can restrict specialization even in the absence of conventional market-size
constraints.
                                                                                             
                                                                                             

 
 
   

  2The formal notation introduced later represents this as 
Sa: effective field extent for
actor  a. It depends not
only on market size  M and
marginal distribution cost  MCd,
but also on field access  Fa,t,
complementary capability  Ca,
interoperability  Ia,
platform/API access  Pa, and
legal access conditions  La.
The point in Chapter 1 is conceptual rather than algebraic: for Smith’s rival goods, market size dominates; for non-rival
knowledge goods, governance and capability conditions may dominate.
 
 
                                       
 
    The
contrast can be put in a sentence. Smith asks what facilitates exchange. KBC asks what facilitates productive
use. In exchange-centred capitalism, wealth depends on the institutions that facilitate exchange, the markets,
contracts, money, and property rules that let rival goods move to whoever values them most. In
knowledge-bearing capitalism, wealth depends instead on the institutions that facilitate the productive use,
recombination, learning, and renewal of knowledge-bearing stock, the access rules, interoperability, validation,
maintenance, and governance that let non-rival knowledge be used, reused, and combined without being
consumed. The extent of the market gives way to the extent of accessible knowledge, and the
institutions that matter most shift from those that move goods to those that keep knowledge
usable.

 
   Smith’s framework for revenue confirms this structure. All income in his model ultimately resolves into
wages, profit, and rent, the returns to labour, to accumulated capital, and to land respectively. These are not
merely accounting categories; they reflect the three productive inputs that Smith recognizes as jointly
generating the annual produce. Wages compensate labour for productive effort. Profit compensates
the capitalist for accumulated stock put to productive risk. Rent compensates the landlord for
access to natural productive resources. Knowledge does not appear as a separate category of
productive input with a corresponding revenue stream. In Smith’s economy, knowledge is either
embedded in labour and compensated through wages, or embodied in machines and compensated
through capital’s profit share. The possibility that knowledge itself might constitute a primary
productive input with its own appropriable revenue stream is not a category available in his
framework.

 
   This Smithian mechanism supplies the constructive market intuition that this book later tests: privately
directed stock, when deployed under competitive conditions, can increase public wealth by widening
specialization, deepening exchange, and raising annual produce. Knowledge-bearing capitalism does
                                                                                             
                                                                                             
not reject that intuition. It asks where its domain conditions change. A later chapter formalizes
this as the Smithian inversion: privately rational enclosure can strengthen present production
while weakening the conditions for future knowledge generation, so that private best responses
produce an equilibrium that does not maximize social wealth. Its precise statement, and how it
differs from monopoly deadweight loss, the anticommons, and Schumpeterian rents, is given in
Chapter 8.
   
   
 

   1.6    The Knowledge-Economy Pressure Points 

Smith’s model is coherent, mechanistically rich, and historically appropriate to the economy he was
describing. The question for this book is not whether the model was right for 1776 (it largely
was) but whether its inherited assumptions hold when knowledge, software, data, institutional
capability, and intangible assets become primary sources of productive wealth. Seven assumptions
in the Smithian model face pressure under knowledge-bearing capitalism. They are considered
here in order of increasing theoretical depth, from the more tractable to the more structurally
significant.
   
   
 

   1.6.1    Assumption 1: Capital is separable from the worker 

Smith’s fixed capital (machines, buildings, tools) exists independently of any particular worker. The
productive stock of the pin factory persists when any given pin-maker leaves. The capital is appropriable by
the employer, transferable through sale, and accumulable as an independent asset because it does not leave
with its operators.

 
   The pressure point: a substantial and growing portion of modern productive capacity is embodied in
persons, teams, and relational networks that cannot be straightforwardly separated from the people and
relationships in which they live. The senior surgeon’s operative judgment, the software architect’s intuition
about system design, the research team’s shared understanding of an unsolved problem, the organizational
culture that allows a firm to coordinate complex projects rapidly, these are productive assets in any
reasonable economic sense. They generate higher output, command premium prices, and constitute genuine
                                                                                             
                                                                                             
sources of competitive advantage. But they reside, at least in part, in people and relationships from which
they cannot be extracted unchanged.

 
   This book refers to this as the conditional separability problem. Knowledge-bearing productive capacity
becomes separable not by nature but through institutional achievement: employment contracts, non-compete
agreements, codification programmes, documentation standards, training systems, and knowledge
management architectures. The question is not whether embodied knowledge can ever be separated from the
person or team who exercises it (it often can, with effort and partial loss) but whether separability is the
natural default or an institutional accomplishment. In Smith’s model, the separability of capital from labour
is a background condition that requires no theoretical attention. In knowledge-bearing capitalism, it is an
achievement that may be costly, incomplete, and, in some cases, impossible without sacrificing productive
capacity itself.
   
   
 

   1.6.2    Assumption 2: Productive labour leaves a durable vendible residue 

Smith’s vendible-residue criterion distinguishes labour that generates accumulable wealth from labour that is
economically consumed in the moment of performance. The productive residue is what can be traded,
accumulated, and reinvested.

 
   The pressure point: much of the most economically valuable work in modern economies produces residues
that are durable but not straightforwardly vendible in Smith’s sense, or vendible but not recognized as such in
conventional accounting. The software engineer’s codebase, the data scientist’s trained model, the consultant’s
engagement methodology, the clinician’s diagnostic protocol, these are durable residues of skilled labour that
can generate revenue across many deployments. But they often fail either the accounting recognition criteria
for intangible assets or the market pricing mechanisms that would reveal their productive value. The
residue exists and is economically significant; the apparatus for its recognition and measurement is
inadequate.

 
   The deeper issue is that the residue of knowledge work
 

   1.6.3    Assumption 3: Division of labour decomposes productive activity and differentiates embodied
knowledge capital 

 
 
 

   1.6.4    Assumption 4: Market extent governs the degree of specialization 

 
 
 



                                                                                             
                                                                                             

 		
		
		
		
		
		
		




 

   1.6.5    Assumption 5: Stock is primarily material or money-mediated 

 
 
 

   1.6.6    Assumption 6: Revenue resolves into wages, profit, and rent 

 
 

                                                                                             
                                                                                             
   1.6.7    Assumption 7: Wealth expands through specialization, exchange, and accumulation


 
 
 
 

   1.7    Coda: The Departures Required 
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Global average GDP per capita over the long run

These historical estimates of GDP per capita are adjusted for inflation. We combine three sources to create this
time series: the Maddison Database (before 1820), the Maddison Project Database (1820-1989), and the World
Bank (1990 onward).
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Data source: Eurostat, OECD, IMF, and World Bank (2026); Bolt and van Zanden — Maddison Project Database 2023; Maddison Database
2010

Note: This data is expressed in international-$' at 2021 prices.
OurWorldinData.org/economic-growth | CC BY

1. International dollars International dollars are a hypothetical currency that is used to make meaningful comparisons of monetary indicators of living
standards.

Figures expressed in constant international dollars are adjusted for inflation within countries over time, and for differences in the cost of living
between countries.

The goal of such adjustments is to provide a unit whose purchasing power is held fixed over time and across countries, such that one international
dollar can buy the same quantity and quality of goods and services no matter where or when it is spent.

Read more in our article: What are international dollars?





