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For Janna Sweenie,

who showed me the between.



The form of an object is a “diagram of forces,” in this sense, at least,
that from it we can judge of or deduce the forces that are acting or
have acted upon it.

D’Arcy Wentworth Thompson, On Growth and Form, 1917

Mathematicians do not study objects, but the relations between
objects; to them it is a matter of indifference if these objects are
replaced by others, provided that the relations do not change.

Henri Poincaré, Science and Hypothesis, 1902

The relations that connect experiences must themselves be
experienced relations, and any kind of relation experienced must be
accounted as “real” as anything else in the system.

William James, Essays in Radical Empiricism, 1912
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Author's Note

This book is a companion to The Scientific Aesthetic: An Operating Theory, the
philosophical work that preceded it and that established the analytical
framework the present book applies across a wider range of materials. The
Scientific Aesthetic proposed an “originating-act test” distinguishing the
originating acts of art and science from the craft activities that follow them and
developed an account of how disciplined perception engages with the structures
it engages. The present book takes the relational dimension of that account and
develops it into a sustained examination of what the book calls the
relational-seeing competence: the trained capacity to attend to the relations
among elements as the constitutive features of structure rather than to elements
considered separately. Both volumes can be read independently, though readers
who want the full account of the analytical framework will find it in The Scientific
Aesthetic.

The book’s structure reflects a methodological choice that requires brief
explanation. An Introduction provides the chapter map and the case-by-case logic
of the book’s organization. This Author’s Note adds a single observation about
why the pairings, rather than longer single-domain treatments, are the analytical
instrument the book chose. A single-domain treatment of relational-seeing in
painting, or in electromagnetic field theory, or in any one of the other materials
the book examines, would have produced a more familiar kind of disciplinary
monograph and would have allowed deeper engagement with the specific
tradition. What it could not have done is establish the cross-domain claim the
book makes about the competence as a single trainable capacity. Pairings are the
analytical instrument by which that claim becomes available for examination.
Reading two unrelated cases against each other reveals what they share at the
level of the underlying perceptual move, with the surface diversity of the
materials making the structural commonality salient in a way that single-domain
depth would have buried under specific detail. The cost of the choice is that no
single chapter can produce the kind of sustained engagement with one tradition
that a specialist reader might prefer. Its benefit is that the cumulative reading
produces an instrument the specialist reader can apply elsewhere in their own
work.

This book was written during 2025 and 2026 in New York City, with the
Hudson estuary visible from the windows of the rooms where most of the writing
was done. A contemporary cultural and political moment that Chapter 10
examines was the moment in which the writing took place, and the chapter’s



analysis is consequently a contemporaneous engagement with conditions that
affect the writing as much as they affect any other contemporary intellectual
work. The book is one form of defense for the discipline of the between, written
in a moment when the discipline requires defense, with attention to the
institutional and cultural conditions under which it has historically operated and
under which its continuing operation depends.

A note on style and method. This book uses paragraph prose throughout
rather than bullet points or other list-based formatting, on the principle that
relational argument requires sustained connected sentences rather than the
discontinuous sequences that bullets produce. It uses standard scholarly citation
in the bibliography but does not interrupt the prose with parenthetical citations
or footnote numbers, on the principle that the reader’s encounter with the
argument should not be broken by apparatus that the back matter can carry
without interrupting. The book takes positions; it does not pretend to a false
neutrality on the moral and political questions its analysis raises. The conditions
under which the relational-seeing competence operates are political and cultural
conditions, and the book’s analysis of those conditions is a contribution to the
political and cultural conversation about what kinds of intellectual work the
present generation will support and what kinds it will allow to deteriorate.



Introduction: The Always-Already
Field

1.

In 2007 I registered the domain RelationShaping.com and opened a blog under
that name with a single research question. How do humans form and reform each
other through shared and separate experience? The question was personal at the
start, then professional, then philosophical. I had been writing and editing and
teaching since the 1970s, and I had begun to notice that the relationships I was
investigating in my plays, my classroom work, my editorial conversations, and my
private correspondence kept refusing to sit still inside the categories I had
inherited for them. Friendship, marriage, mentorship, collegiality,
neighborliness, citizenship: each category named a stable thing, and the things I
was looking at refused to be stable. Each was a process. Each was an
arrangement maintaining itself through continuous exchange. Conditions
changed, and the arrangement changed shape with them; conditions failed, and
the arrangement dissolved. The blog was an instrument for thinking about that
observation, in public, with a reader who could push back.

RelationShaping.com lived inside a larger publishing project, the Boles Blogs
network, which had grown out of work I began in the 1980s and which by the late
2000s had reached a kind of operating maturity. By 2010 the network operated
as a confederation of fourteen independent blogs, each focused on a different
domain of inquiry, with shared editorial standards and a shared archival
infrastructure. Urban Semiotic worked through the visual and ethical texture of
city life. Carceral Nation tracked the steady creep of prison logic into civilian
institutions, decades before the framing became common in academic prose.
Boles Blues ran the music writing. Panopticonic worked the surveillance
question, also early. Dramatic Medicine examined the theater of the clinical
encounter. Scientific Aesthetic, which would later give its name to the companion
volume to this book, opened the question of how originating acts in art and
science actually happen. And RelationShaping carried the relational question
across every domain the other blogs touched. The network functioned as a
thinking apparatus distributed across topical channels because the question I
was asking refused to live inside any one of them. Marketing structures were
built around different logics; this was something else.
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The relational question turned out, over the next sixteen years, not to be
limited to humans. Once I had trained myself to look for the structural pattern, I
began to see the pattern everywhere. A still life by Giorgio Morandi was a study
in field structure as legibly as any sociological account of a marriage. Faraday’s
diagram of magnetic lines worked the same field structure as legibly as any
biographical account of a friendship. Microbiome diversity indices, Anni Albers
fabrics, the spiral arrangement of seeds in a sunflower head, the architectural
drawing of a Palladian villa, the topology of a Mobius strip, a
Sacks-Schegloff-Jefferson transcript of recorded natural conversation, a Peircean
triadic semiotic diagram, an ASL classifier predicate performed in signing space:
each of these was the same kind of object as the relationships RelationShaping
had been studying. Field structure. Arrangement. The thing that bends toward
another, once both things exist.

This book carries the relational question outward across those domains. The
investigation began in 2007 inside a question about human relationships and
broadened over a decade and a half into a question about every kind of field
where two or more things can be said to bear on each other. The expansion
arrived as a recognition rather than a generalization away from the human case:
the human case had always been an instance of something larger, and the
structural insight available in the human case became sharper when the same
insight was visible across physics, biology, semiotics, ecology, architecture, and
signed language. RelationShaping is the book that formalizes the recognition.

2.

The painter Giorgio Morandi spent something close to forty years painting the
same bottles. Not the same kinds of bottles, picked up here and there as
compositions called for them. The same bottles. He kept them in the apartment
his family had moved into at Via Fondazza in Bologna in 1910 (the family moved
within the building in 1933 to the apartment now preserved as Casa Morandi,
and Morandi acquired a separate studio in 1935), dusted them with a fine layer
of his own application so the surfaces would carry the matte light he wanted,
arranged and rearranged them on a single small table, drew chalk outlines on the
table to mark where each bottle had stood in a previous arrangement, and
painted the same compositional family of objects under different lights, in
different seasons, against different cloths, for the four decades that constituted
his mature working life. He died in 1964. The bottles outlived him, passing
through preservation and relocation rather than dispersal: the studio’s contents
are now held at Casa Morandi, the museum that opened at Via Fondazza 36 on
17 October 2009, with the surviving objects documented in Joel Meyerowitz’s
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2015 photographic survey Morandi’s Objects (Damiani, 2016).

A popular paraphrase circulates in art-critical discourse, attributed
sometimes to Morandi, sometimes to interpretive critics on his behalf. It runs
along these lines: he was not painting bottles, he was painting the relationships
among them. The formulation is satisfying. It captures, in a single sentence, what
is genuinely strange about the late paintings, which arrange the same vessels in
nearly identical groups across canvases that nevertheless feel substantially
different from one another. The paraphrase is also, on the documentary record, a
critical paraphrase rather than a verified Morandi utterance. In the Bandera and
Miracco Morandi 1894-1964 compilation, which gathers Morandi’'s letters,
recorded interviews, and approved English translations, the closer formulation
reads: “What matters is to touch the background, the essence of things.” An
interview record with Edouard Roditi, conducted in 1958 and published in
Dialogues on Art (Secker & Warburg, London) in 1960, articulates the same
concern in different language. Robert Irwin, the painter, in his own later
interpretive writing, put the cleaner version in Morandi’s mouth: Morandi was
concerned with “time and space relationships within the painting per se.”
Through repetition and informal citation, Irwin’s interpretive frame has migrated
into the painter’s biographical record. The original utterance is harder to locate.

I name the provenance question because the discipline of this book requires
it. RelationShaping is a book about looking carefully at what is between things,
and looking carefully at sources is a special case of the same competence.
Morandi’s actual statements are stranger and more useful than the cleaned-up
version. To touch the background. To work the essence of things, where essence
carries little of the Aristotelian substance of the object and points instead toward
the whatever-it-is that the object’s being on this table at this moment in this light
reveals. A painter reaches toward something that the language of “relationships”
approximates without exhausting. The bottles function as instruments and as
markers by which the field becomes visible. What the painting is about lies
elsewhere.

This is exactly the move Michael Faraday made in another century, in
another discipline, in another country. Faraday spent decades in the basement of
the Royal Institution watching iron filings settle around magnets. The filings
served as instruments through which an invisible field, the magnetic field,
became legible; they were not what he was investigating. The twenty-eighth
series of Faraday’s Experimental Researches in Electricity, “On the Lines of
Magnetic Force,” presented to the Royal Society in 1851 and published in
Philosophical Transactions in 1852, names this directly. Lines of force are the
actual subject. Filings are how those lines of force are made available to the
human eye. Without the filings, the field is operating with the same structural
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consequences it always had, but no human eye can see what is happening. With
the filings arranged on the page above the magnet, the field is visible. Faraday’s
experimental program was the patient construction of instruments by which
fields could be made legible, and his theoretical work was the patient
interpretation of what those instruments showed.

Morandi did the same work in oil paint. The bottles, arranged and dusted
and lit and painted across forty years, were instruments through which a field
became legible. Not a magnetic field. A visual field. The space between objects
on a table. Pressure that one bottle’s mass exerts on the negative volume of air
around it. Quality of light at a particular hour of a particular afternoon,
traversing the room and meeting the bottle and becoming, in the painted record,
the relation between bottle and room. Looking at a Morandi painting with
patience is looking at a field made legible by the careful arrangement of markers.
Looking at a Faraday diagram with patience is looking at a field made legible by
the careful arrangement of filings. The painter and the physicist are doing the
same kind of work in materials that look as different as any two materials can
look.

This book argues that the kind of work they were doing is a competence, and
that the competence can be taught. Patient looking at constrained subjects,
repeated until the relations between the subjects and their surroundings become
legible as a field, is the discipline RelationShaping teaches across ten chapters.
The painter and the physicist are early figures in a longer tradition that the book
develops through case studies in plant morphology, microbial ecology,
architectural drawing, mycorrhizal biology, conversation analysis, Peircean
semiotics, and ASL classifier predicates. Each chapter performs the seeing in
materials drawn from a different domain. By the end, the reader has the
apparatus to do the seeing on their own.

3.

The companion volume to the present book is The Scientific Aesthetic: An
Operating Theory, the philosophical work I completed before turning to the
present argument. Both volumes are intentionally complementary, and a reader
of either should be able to follow the argument without the other, but their
relationship organizes how I have approached the present work.

The Scientific Aesthetic studied the originating act, the moment when
something new enters the record. First articulations of the twelve-tone row as a
method, the Higgs mechanism as theory, the structure of DNA as inferred from
the X-ray diffraction images: these acts have a common formal property. The
book developed an originating-act test that distinguished originating acts in art
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and science from craft. Craft, however excellent, repeats and refines and
extends. Origination introduces. The test asked: did the act, once executed, leave
the relevant field permanently altered? Could the field after the act go back to
looking the way it had looked before? If the answer to the second question was
no, the act counted as originating. The book worked this test through cases in
twelve-tone music, calculus, structural biology, particle physics, photography,
and other domains.

The originating-act test has a structural assumption it does not interrogate.
Origination requires a field to originate within. An act introduces something into
a field that already exists, with whatever structure it already has. The Scientific
Aesthetic could describe the act of introduction; it could not describe the field. A
field was the precondition of origination, the thing the originating act acted
upon, the structured space in which the new thing took its place and from which
the relevant alteration could be measured. The earlier book stipulated the field’s
existence and moved on to the act. It did not ask what the field was, or how it
operated, or what made it legible to those who acted within it.

RelationShaping is the book that asks. The field is the subject here.
Arrangement, structure, the way things bear on each other once they exist. An
originating act has its own moment and its own theory; a field has its own
moment and requires its own theory, and the present book is that theory’s
attempt at coherence.

The two questions are deeply complementary. An originating act is
intelligible only against the field it transforms. A field is observable only through
the acts and arrangements that constitute it. Either question studied in isolation
produces a partial account. Looking at the act without the field produces
hagiography of individual genius. Looking at the field without the act produces
structural determinism that cannot explain how anything new ever happens.
Both volumes together produce a more honest picture than either could alone.
The originating act enters a field; the field absorbs the act and reorganizes itself
around the new thing; the reorganized field becomes the precondition for the
next originating act. The cycle is the actual movement of how anything in art or
science changes over time.

I name the connection because the philosophical commitments of the present
book inherit directly from the previous one. The Scientific Aesthetic was realist,
materialist, anti-vitalist, and disciplined about evidence. RelationShaping is the
same. The field exists whether or not anyone looks at it. It does its work through
ordinary causes. It has no agency, no intention, no telos. The realist and
materialist position is the position both books defend, and the present
introduction states it more explicitly than the previous volume needed to,
because the field is more easily mistaken for a metaphysical entity than the
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originating act is.

4.

Realism is the first commitment of this book. The field exists independently of
human awareness of it. Discovery is the act by which a previously operating field
becomes legible to human observers. Operation precedes legibility.

The cleanest cases come from physics and archaeology, where the temporal
asymmetry is especially sharp. A Higgs field gave mass to elementary particles
for approximately 13.8 billion years before the ATLAS and CMS collaborations at
CERN announced the confirmation of the Higgs boson on 4 July 2012. That field
had been doing its work continuously since shortly after the Big Bang, when the
early universe cooled enough for electroweak symmetry to break and the field to
acquire the structure that produces particle masses. Every electron in every
atom has had its mass mediated by this field, and the elementary quarks inside
every proton and neutron have done the same; the quarks’ field-mediated masses
contribute to the nucleon’s bulk mass but do not account for most of it, since
most of that mass comes from the strong-interaction dynamics that bind the
quarks together. The 2012 confirmation did not bring the field into being; it
brought human knowledge of the field into being. That arithmetic of the gap
between billions of years of operation and a few decades of human awareness is
the cleanest possible illustration of what realism in this book means.

The Antikythera mechanism, recovered between 1900 and 1901 from an
ancient Greek shipwreck of the Roman period off the Greek island of Antikythera,
with Captain Dimitrios Kondos and his Symi sponge-diver crew making the find,
computed astronomical positions in the second to first century BCE. Tony
Freeth’s papers in Nature (2006) and Scientific Reports (2021) established the
device’s gear-train structure and its function in predicting eclipses, lunisolar
calendar cycles including the early Olympic Games, and (through inscriptions
and reconstructed gearing) planetary positions. The mechanism had been
performing its computations on the Greek world’s behalf for some decades
before the wreck deposited it on the seafloor. After the wreck, it continued to be
the kind of object it was, a complex mechanical computer of astronomical
relations, regardless of whether anyone human knew what it had been or where
it now lay. The 1900-1901 recovery did not transform the artifact into a
computer. The recovery transformed human knowledge of the artifact. Operation
precedes legibility.

The Denisovan finger bone, identified through two 2010 Nature papers
(Krause and colleagues in March on mitochondrial DNA and Reich and
colleagues in December on the nuclear genome) as belonging to a previously
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unknown archaic human population, sat in Denisova Cave in southern Siberia for
tens of thousands of years before its genome was sequenced. DNA in that bone
had been Denisovan DNA continuously across the entire interval. Sequencing in
2010 did not produce Denisovans. It produced human knowledge of Denisovans,
which produced retroactive recognition of Denisovan genetic admixture in living
Tibetan, Melanesian, and other populations. Once the sequence was available,
traces of Denisovan ancestry in modern human genomes, which had always been
there in the data of those genomes, became legible for the first time. Operation
precedes legibility.

The realist commitment will draw an obvious philosophical objection, which I
want to name and address directly here rather than deferring it to a chapter that
may have other work to do. The objection runs as follows. Carbon dates,
gravitational @wave signatures, genome sequences, eclipse-prediction
reconstructions: these are theory-laden measurements, produced by the
scientific apparatus the book treats as discovery. Using the products of discovery
to evidence pre-discovery reality is circular. The objection has been pressed in
various forms by sociologists and historians of science working in the
constructivist and post-Kuhnian traditions, and a sophisticated reader will press
it again the moment the realist commitment is named.

The defense is to distinguish the artifact from the object. A genome sequence
as published artifact, printed in the Reich et al. nuclear-genome paper of
December 2010 (with the prior March 2010 mtDNA identification by Krause et
al. as the first published recognition of the population), is theory-laden,
instrument-dependent, and historically situated. It depends on Sanger or
next-generation sequencing technology developed in the late twentieth century,
on the conceptual apparatus of population genetics, on the chemical reagents
and computational pipelines that produced the read data, on the editorial
conventions of Nature in the year of publication, and on the institutional
collaborations that determined which authors signed the paper. All of these are
constructed in any defensible sense of the term. None of them existed when the
bone was deposited in the cave. The DNA in the finger bone, on the other hand,
is not constructed. It sat in the cave for the interval the dating methods measure.
The chemistry of nucleotide pairing operated in that bone the same way it
operates in every cell, regardless of whether any human apparatus existed to
read what those nucleotides were. Realism in this book concerns the latter, the
object measured. The constructivism the objection presses concerns the former,
the measurement product. Confusing one for the other is the conceptual error
that the book refuses.

This same distinction holds across every case. A Higgs field is one kind of
thing; the Physics Letters B paper of 31 July 2012 that announced the
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confirmation is another kind of thing. An Antikythera mechanism is one kind of
thing; the gear-train reconstruction Tony Freeth published in 2006 is another
kind of thing. Mycorrhizal carbon transfer between Douglas fir and paper birch is
one kind of thing; the radioisotope-tracer experiment Suzanne Simard published
in Nature in 1997 that made the transfer measurable is another kind of thing. In
each case there are two distinct entities: the underlying object or process, which
has been operating with whatever structural consequences it has, and the human
knowledge artifact, which has been produced through specific instruments at
specific times by specific people operating in specific institutional contexts.
Objects and processes are the subject of realism. Artifacts are the subject of
historical and sociological description. The book holds both at once without
collapsing them.

This is a working position rather than a final philosophical defense. There
are corners of the philosophy of science where the distinction between artifact
and object becomes harder to maintain than I have made it sound here, and the
corners are real. The book does not claim to have solved any of the fundamental
philosophical questions about scientific realism. It claims a working position
adequate to the case studies that follow, and it asks the reader to hold that
position provisionally while the cases are being made.

5.

The second commitment of this book is materialism. The field is physical,
biological, semiotic, social, and historical. It does its work through ordinary
causes. Panpsychist, vitalist, and theological readings of relational ontology are
refused.

The materialist commitment has been harder to maintain in popular writing
on relational themes than the realist commitment. The reason is structural. As
soon as one starts using language about fields, relations, networks, and the
between-space, the language attracts metaphysical readings the way a magnet
attracts iron filings. A reader sympathetic to vitalism will hear in the relational
vocabulary a confirmation that the world is alive in a stronger sense than
ordinary biology permits. Sympathy with panpsychism produces a reading in
which consciousness or some proto-consciousness extends into matter wherever
relations are present. Religious or theological inclinations produce a reading in
which the world’s relational structure is the trace of a sustaining intelligence.
Each of these readings has its own intellectual history, its own contemporary
advocates, and its own commercial market. None of them is what this book is
doing, and the introduction is the place to refuse the recruitment clearly.

17



Mycorrhizal carbon transfer happens through concentration gradients and
fungal physiology. A Douglas fir with surplus photosynthetic carbon and a
connected fungal mycelium that physiologically transports sugars will export
carbon to neighbor trees that are connected to the same mycelium and have
lower internal carbon concentrations. The mechanism is ordinary biology. No
tree intelligence is required. No forest awareness is involved. A mycelium is not a
brain. The exchange between trees is not a conversation. What the structural fact
of the carbon transfer establishes is genuinely interesting, and the popular
vocabulary that has grown up around it (the “wood-wide web” and similar
formulations) tends to overinterpret the mechanism by importing communicative
metaphors that the biology does not require. RelationShaping uses the structural
fact and refuses the communicative metaphor.

Phyllotaxis, the spiral arrangement of seeds in a sunflower head, leaves on a
stem, or scales on a pinecone, follows from the auxin distribution chemistry of
the growing meristem and the packing geometry of objects emerging at the
golden angle from a central point. Mathematics of golden-angle packing
minimizes occlusion, which means each seed has the maximum possible access to
space. A plant is not solving a geometric problem in any sense that requires
consciousness. The plant is doing what plant chemistry and physics constrain it
to do, and the result is a spiral arrangement that mathematicians can describe
with the formal apparatus of the Fibonacci sequence and the continued fraction
expansion of the golden ratio. The mathematics is a description of the physical
process. Physical process does not follow the mathematics; the mathematics
tracks what the process happens to do.

The Higgs field gives mass to particles through a coupling mechanism
described by quantum field theory. Coupling is not a choice. A field that gives
mass to particles is not aware of the particles it is acting upon. The process is
described by Lagrangian densities and gauge symmetries that physicists can
write down and integrate; the process is not described by metaphors of intention
or care or relationship-as-meaning. The mathematical structure of quantum field
theory is exhaustive of what the field does. There is no remainder of awareness,
agency, or intention that the mathematics fails to capture.

Across every case the book examines, the same materialist discipline applies.
Conversation analysis describes the structural rules of turn-taking through which
speakers manage joint action; it does not require mystical synchrony between
minds. Trace fossils preserve the activity patterns of organisms that no longer
exist; they do not record the organisms’ inner lives. ASL classifier predicates
encode spatial relations between referents through grammatical conventions
that signers learn, deploy, and modify; they do not provide direct access to a
consciousness that exceeds the linguistic apparatus. The microbiome consists of
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microorganisms whose populations rise and fall through ecological mechanisms;
the collective is not aware of itself as a collective. In each case the relational
structure is real, measurable, and consequential. In each case the structure is
also fully accountable in materialist terms. The book uses the structure and
refuses the metaphysical extension.

I am not arguing against the religious or mystical traditions that work the
relational vocabulary in their own ways. Those traditions have their own
intellectual integrity and their own audiences. I am arguing that the present book
is not available to be enlisted as evidence for them. A reader who has come to
RelationShaping looking for confirmation that the universe is alive in a
panpsychist sense, or that mycorrhizal networks are evidence of forest
consciousness, or that the Higgs field is the trace of divine sustenance, will find
the book uncooperative. The book trains a competence in seeing relational
structure across material domains. The competence is materialist and falsifiable
and useful. It is not a way back into enchantment.

A particular note about Indigenous knowledge frames is owed here, given
that the book engages Indigenous fire ecology and Indigenous knowledge
integration in chapter nine and Indigenous language severance in chapter ten.
The materialism the book commits to refuses vitalism without dismissing
Indigenous epistemologies; it treats them as the rigorous material-historical
practices they are. Indigenous fire ecology is a body of empirical knowledge
about fire-vegetation-fauna interactions developed across millennia of close
observation by people who lived in those ecosystems. It produces predictions,
recommends interventions, and yields measurable consequences when applied or
suppressed. RelationShaping treats it that way. What the book refuses is the
romantic framing in which Indigenous knowledge becomes an alternative to
science, because Indigenous knowledge holders themselves do not generally
treat it that way; the romantic framing is usually imposed by sympathetic
outsiders and is its own form of disrespect. The same care extends to the book’s
engagement with Deaf epistemology in chapter seven, with the holobiont reframe
of human individuality in chapter four, and with every other knowledge tradition
the book draws on. Material-historical seriousness is the book’s standard, and it
cuts equally in every direction.

6.

The third commitment of this book is that relational seeing is a trainable
competence. This is the book’s pedagogical claim, and it determines the
structure of every chapter that follows.
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A competence is a capacity acquired through practice. Like reading,
sight-singing, batting against a major-league fastball, or diagnosing a heart
murmur from auscultation, relational seeing develops through repeated exposure
to instances under guided attention. The competent practitioner has internalized
something that the novice has not, and the something cannot be transferred
through declarative instruction alone. It has to be built through the kind of
experience the practitioner has had. Books can guide the building, but books
cannot substitute for it. The cases this book works through are intended for the
reader who wants to do the building, and they are arranged to maximize the
productive variety of instances the reader encounters.

The training claim is the book’s defense against a fashionable academic
register I want to distance the project from explicitly. A “relational turn” in social
theory, anthropology, literary criticism, and adjacent disciplines has produced a
substantial body of writing in the past two decades that announces relational
ontology as a position to be adopted. Announcement framing treats relational
seeing as a worldview, a stance, an orientation, and the writing tends to consist
of variations on the announcement followed by applications to topical material.
The applications are sometimes interesting. The announcement frame is, in my
view, the wrong way to think about what relational seeing is.

Relational seeing is a competence one develops through practice. The
competence is independent of any worldview the practitioner might assent to. A
staunch metaphysical individualist who has trained as a radiologist sees
relational structure in CT scans whether or not they would defend a relational
ontology in a philosophy seminar. A committed materialist who has trained as a
conversation analyst hears turn-taking infrastructure beneath the surface of
speech regardless of any metaphysical position they hold about minds. The
training produces the seeing. The worldview is, at best, a secondary effect. At
worst, the worldview gets in the way of the training, because announcing oneself
as relational substitutes a slogan for the patient work of looking.

This book teaches the work of looking. Each chapter performs the seeing in a
different material, and the chapters are paired so that any two adjacent chapters
give the reader the same insight in radically different domains. The Morandi and
Faraday pairing is the entry pairing because the materials are different enough
(oil paint and iron filings) that the structural insight cannot be confused with
anything specific to either domain. Phyllotaxis and counterpoint is the second
pairing because the structural insight extends from biology to music. The
microbiome and Anni Albers is the third because the holobiont and the loom
share the same refusal of the figure-ground hierarchy. Topology and
architectural poché is the fourth because the inhabited thickness of the wall and
the mathematics of connection-without-metric pursue the same reversal of inside
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and outside. Mycorrhizal networks and conversation analysis is the fifth because
both made hidden networked infrastructure visible through instrument-mediated
inscription that matured across the second half of the twentieth century. Peirce
and ASL classifier predicates is the sixth and most demanding because the
triadic structure of meaning and the spatial grammar of signed language make
relational structure visible in linguistic form.

After the six pairings, the book turns to the temporal dimension. Chapter
eight examines what becomes legible when relations are discovered, working
through the Antikythera Mechanism, Linear B, the Hubble Deep Field, and the
contested Sappho papyri. The ninth chapter examines what remains illegible
because the field has not yet been instrumented, working through
methodological frontiers in microbiome and connectome research, contemporary
astronomical-survey data pipelines, non-Western manuscript collections, and
Indigenous knowledge integration. A tenth chapter examines what is destroyed
when relations are severed, working through Indigenous language loss, urban
hydrological removal, redlined neighborhood demolition, ecological collapse,
craft-knowledge severance under capitalist labor restructuring, and the broader
severance of Indigenous epistemologies. The conclusion returns the apparatus to
the reader through a closing case study in the Hudson River estuary.

By the end of the book, the reader will be able to do something they could
not do at the start. Looking at a Morandi will be different. Looking at iron filings
around a magnet will be different. Walking through a building will be different.
Reading a transcribed conversation will be different. Watching an ASL signer
perform a narrative will be different. Hearing a counterpoint exposition in Bach
or Palestrina will be different. The differences will not be a matter of new
opinions held about these materials. The differences will be the operation of a
competence the reader has built through patient looking, repeated case-by-case
exposure, and the discipline of holding the field in attention until the relations
among the visible markers become legible as the actual subject of perception.

This is what the book promises, and it is the only thing the book promises. It
does not promise spiritual benefit. Improved relationships in the personal sense
are not promised either, though some readers will find the relational vocabulary
useful in their personal lives, as I have. Mastery of any of the disciplines from
which the case studies are drawn is not on offer. What the book promises is a
competence, distinct from any of those disciplines, that operates across them.
That competence is what the bottles taught Morandi and the filings taught
Faraday and the trees and fungi taught Suzanne Simard and the tape recorders
taught Harvey Sacks. This book is the apparatus by which the same competence
becomes available to a reader willing to do the patient work of acquiring it.
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7.

A note on structure before the book begins. The chapters are arranged in reading
order, which is not the order in which they were written. The Introduction was
drafted alongside Chapter 1 because the philosophical commitments and their
defenses had to be locked before any case study ran. Chapter 10, on the severed
field, was drafted next, before any of the pairing chapters, because the moral
stakes of relational thinking become legible most clearly through the analysis of
what is lost when relations are destroyed. Carrying the severance argument in
mind during the pairing chapters changed how the pairings were written;
Morandi’s bottles read differently when one has spent sustained attention on
dispossession before approaching them. Chapters two through seven were
drafted in the order their materials demanded. Chapter 8, on the found field,
came late because it required the apparatus the pairing chapters had built.
Chapter 9, on the undiscovered, came last because it required everything else to
be in place; the discipline of refusing forecast while mapping methodological
frontiers is the hardest work in the book, and the chapter would not have held
together written any earlier in the sequence.

The book is a single argument made across diverse materials. It rewards
reading through. The chapters can be read independently, and each carries
enough of its own context to function as a stand-alone essay, but the cumulative
effect is the point. By the time a reader reaches the Hudson estuary in the
conclusion, the apparatus of patient looking developed across the previous
chapters should be available without further instruction. The reader will look at
the estuary and see a field. That is what the book is for.

The dedication of this book is to Janna Sweenie, whose expertise as a Deaf
signer, scholar, and pedagogue made Chapter 7 possible and whose
collaboration on its analysis is named in the chapter byline. The other intellectual
debts are too many to list in the introduction; the apparatus of citations and the
bibliography record them as accurately as the format permits.

Let the work begin.
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Chapter 1: Relational Seeing as
Trainable Competence

1.

A competence is a capacity acquired through practice and deployed below the
level of declarative description. The word names something specific that English
does not always distinguish from its neighbors. Skill is sometimes used as a
synonym, but skill carries connotations of procedural knowledge that
competence resists: a person can be skilled at a task without yet being
competent in the broader practice the task belongs to. Expertise sits at the upper
end of competence development and is reserved for practitioners whose
accumulated experience produces something like authoritative judgment in a
specific domain. Talent suggests innate capacity, the inheritance one was born
with, and the connotations interfere with the present argument because
relational seeing is not a talent in any defensible sense; talent is what training
builds upon, where any building is happening at all. Knack is the ordinary word
for a capacity acquired through experience, and it captures the right register,
but knack does not survive translation into a sustained academic argument. The
chapter therefore uses competence throughout.

A competence is acquired the way reading is acquired. The young reader
who has been moved through phonics workbooks and beginning chapter books
has not yet acquired reading. A reader who has read for ten thousand hours,
across genres, against difficulty, with attention, has acquired it. Acquisition
happened in the doing, and the resulting capacity operates faster than conscious
analysis can track. The competent reader does not assemble the words on the
page out of letters and the meanings out of words. Sentences appear and the
competent reader knows what they say. Translation between languages produces
the same pattern. A student who has learned French through exercises is not yet
a French reader. The student who has read several thousand pages of French
prose, against difficulty, with attention, is. The transition from the first state to
the second is the acquisition of a competence.

Sight-reading musical notation works the same way. The pianist who has
been through a method book and can identify each note on the staff has not yet
acquired sight-reading. A pianist who can play a previously unseen score at
performance tempo, with phrasing, has acquired it. The competence operates in
the moment of looking-and-playing, faster than conscious deliberation could
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possibly proceed. Diagnosing a heart murmur by auscultation works the same
way. The medical student who has learned the canonical sounds in a textbook has
not acquired the competence; the cardiologist who has heard ten thousand
chests has. Riding a bicycle works the same way. Each of these capacities was
built through repeated exposure under attention until the doing became
automatic, and each of them produces results that the practitioner cannot fully
describe in declarative terms.

Relational seeing is a competence in this same sense. The capacity is to
perceive relational structure across the surface of any material the practitioner
has been trained on, with the relations and not the markers as the object of
attention. Trained, the practitioner sees the field. Untrained, the practitioner
sees only the things that mark the field’s presence. Bottles on a shelf. Iron filings
on paper. Shadows on a CT scan. Pauses between speakers. The trained eye
holds the relations among the markers as the actual subject; the untrained eye
holds the markers themselves and treats the relations as background or accident.
The chapter that follows describes how the training happens, what evidence
shows that it has happened, how the competence might be distinguished from
cognitive operations it superficially resembles, and what risks the competence
faces.

2.

Several cognitive operations look like relational seeing without being it, and the
conflations matter because each conflation either trivializes the competence or
obscures what makes it distinct.

Gestalt perception is the perceptual phenomenon by which the visual system
organizes ambiguous stimuli into coherent wholes, following the laws Max
Wertheimer and his colleagues described in the 1910s and 1920s: proximity,
similarity, closure, continuity, common fate. A scattered collection of dots
resolves into a recognizable shape. Figure separates from ground. The Gestalt
phenomena are real and well-documented and operate in every functioning visual
system, including the systems of practitioners who have never trained anything.
They are not the competence this book teaches. The Gestalt phenomena produce
wholes; relational seeing produces fields with internal structure. A whole that the
visual system organizes through proximity and similarity is a unitary object. The
field that the trained practitioner perceives is a structured arrangement of
multiple objects whose relations are the perceptual content. The two operations
work in opposite directions. Gestalt perception simplifies; relational seeing
complicates. Confusing them treats the trainable competence as automatic
perception and dissolves the argument here before it begins.
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Systems thinking is the conceptual modeling of relationships among
components in complex systems, developed across the twentieth century by
figures including Ludwig von Bertalanffy, Jay Forrester, Donella Meadows, and
the various traditions that descend from cybernetics and systems dynamics.
Systems thinking is conceptual rather than perceptual. The systems thinker
draws diagrams of feedback loops, identifies leverage points, models flows and
stocks, and produces analyses that other systems thinkers can review. The
thinker is not necessarily looking at anything in the act of doing the work; the
work happens in the model, and the model can be developed, refined, and
applied without any particular perceptual training. Relational seeing is
perceptual. The trained practitioner looks at the world and sees structure where
the untrained eye sees objects. The perceptual layer is irreducible. Drawing a
flow chart afterward is sometimes useful. Drawing the flow chart instead of
looking is not the competence and is sometimes the substitute that announces
the competence’s absence.

Ecological awareness is most often a moral or political stance, the
orientation of someone who has decided that the world’s living systems matter
and that human conduct should reflect that mattering. The orientation is
admirable. It is not a perceptual competence. A person can be ecologically aware
in this stance sense and unable to read a particular ecosystem in any operational
way. Conversely, a forest ecologist who has spent thirty years measuring carbon
flux and tracking species composition has acquired a competence that operates
whether or not the ecologist has any particular political stance. The competence
and the stance can coincide; they are different things. The book’s commitment to
materialism, declared in the Introduction, requires this distinction. Stance is not
training. Training is not stance. Conflating the two has been a recurring failure
mode of the academic relational-turn literature, and the conflation is one of the
things this chapter is built to refuse.

Embodied cognition is a theoretical frame in cognitive science, associated
with the work of Francisco Varela, Eleanor Rosch, Andy Clark, and others, which
holds that cognition is not exclusively a brain process; the body’s interactions
with its environment partly constitute it. The frame has produced useful
empirical findings and has helped move cognitive science away from purely
computational models of mind. Embodied cognition functions as a theory about
how cognition works rather than as a competence in the chapter’s sense. The
trained practitioner whose competence I am describing does not need to hold any
particular theoretical position about embodiment to do the work. A radiologist
with a strong dualist metaphysics reads scans as competently as a radiologist
with embodied-cognition commitments. The competence operates regardless of
the practitioner’s theoretical positioning. Treating relational seeing as if it were
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the practical correlate of embodied-cognition theory imports philosophical
baggage that the competence neither requires nor benefits from.

The four conflations matter for a single underlying reason. Each substitutes
something declarative for something practical. Gestalt is automatic perception,
not training. Systems thinking is conceptual modeling, not perception. Ecological
awareness is stance, not capacity. Embodied cognition is theory, not practice.
Relational seeing is, distinctively, none of these. It is a perceptual competence
that operates through trained attention to relational structure across the surface
of materials the practitioner has spent time with. Defining the competence
requires holding it apart from the operations it superficially resembles, and the
chapter does so explicitly here so that the case studies that follow can be read as
evidence of the thing the chapter actually means.

3.

Michael Faraday entered the Royal Institution in London in 1813 as Humphry
Davy’s assistant, having been hired after Davy received a fan letter in which
Faraday, then a self-educated bookbinder’s apprentice, transcribed Davy’s
lectures and bound the transcriptions into a presentation volume. Faraday was
twenty-one. He spent the next fifty-four years at the Royal Institution, becoming
Director of the Laboratory in 1825 and Fullerian Professor of Chemistry in 1833,
conducting the experimental program that produced electromagnetic induction,
the laws of electrolysis, the Faraday cage, the field concept itself in its first
physical articulation, and the body of work collected as Experimental Researches
in Electricity. He worked across that span with hand instruments, iron filings,
magnets, copper wire, and the patient attention that produced, by 1852, the
explicit statement that the lines of force were the actual subject of magnetic
investigation. That statement appears in the twenty-eighth series of
Experimental Researches in Electricity, “On the Lines of Magnetic Force,”
presented to the Royal Society in 1851 and published in Philosophical
Transactions in 1852; the collected book of Experimental Researches in
Electricity gathered the Phil. Trans. papers across three volumes published in
London by Richard and John Edward Taylor (Volume I in 1839 and Volume II in
1844) and by Richard Taylor and William Francis (Volume III in 1855, the last
including the magnetic-line-of-force series). L. Pearce Williams’s 1965 biography
traces the working method through the laboratory notebooks Faraday kept
across the entire span. The notebooks record a man who returned to the same
configurations year after year, varying small parameters, watching what
changed. The repetition was the training.
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Faraday’s competence with the field concept did not arrive in a single
moment. The first laboratory entries from the 1820s show Faraday treating
filings as objects on paper, arranging them around a magnet to produce visible
patterns, and describing the patterns as configurations of the filings themselves.
By the early 1830s, Faraday’s descriptions had begun to shift. The patterns are
described less as arrangements of filings and more as something the filings are
tracing. The filings are still in the descriptions, but they are functioning as
instruments. They show where something is. The shift in descriptive vocabulary
is small at first and accumulates across the laboratory record. The eleventh
series of 1838 had already extended the field idea into electrostatic induction in
dielectrics, where Faraday argued that induction proceeded through action
between contiguous particles rather than at a distance. That argument was the
field concept’s first published articulation. The mature articulation came in the
magnetic case, with Faraday writing about lines of magnetic force as primary
and the iron filings as the means by which the lines are made visible to the eye,
in the twenty-eighth series of 1852. The notebook record makes the development
legible because Faraday wrote it down. A reader who follows the notebooks
across the three decades from 1822 to 1852 watches the competence develop in
real time on the page.

What was Faraday doing during those decades that constituted training? The
notebooks specify. He looked at the same filing patterns repeatedly, against
magnets of varying strength and configuration. The substrate varied (paper of
different weights, glass plates, oiled cloth) and he watched how the patterns
changed with the substrate. Distance from magnet to substrate varied.
Orientation of the magnet relative to gravity varied. The size of the filings varied.
Each variation went into the record. Across thousands of small experiments, he
was building a perceptual database of how patterns of filings respond to changes
in their magnetic environment. The database lived in his eye, not on the page. By
the 1830s, he could look at a pattern of filings and tell, before any further
measurement, what magnetic configuration had produced it. By 1852, he could
state the underlying interpretation in print as the canonical statement of
magnetic lines of force as the actual subject of magnetic investigation. This is the
predictive capacity that defines the acquired competence. Faraday could read
the field from its visible markers because he had spent thirty years learning to
read the markers.

The 1852 passage in the twenty-eighth series of Experimental Researches
that names the lines of force as the actual subject of magnetic investigation
arrives, therefore, as the articulation of a competence that had already
developed through patient practical work, rather than as a flash of conceptual
insight that struck the experimenter from outside. Faraday writes what he writes

27



in 1852 because by 1852 he can see what he describes. The same passage
written by Davy in 1815, before the long apprenticeship of looking, would have
been a guess. The same passage written by a contemporary physicist who had
not spent the decades would have been a borrowing. Faraday’s authority on the
lines of force comes from the fact that he had earned it case by case with the
materials in his hands.

The training apparatus was simple in its components and complex in its
effects. Iron filings, magnets, paper substrates, and time. The instruments are
commonplace, available to any nineteenth-century laboratory, and the cost of
replication was low. The cost of acquiring what Faraday acquired through their
use was high, because the cost was time and patient attention, and time and
patient attention have always been the scarcest available resources in any
working life. What looks, retrospectively, like a single-handed conceptual
revolution was, when traced through the notebooks, the slow accumulation of a
perceptual capacity that was always potentially available to anyone who spent
the decades.

What evidence shows that Faraday acquired the competence rather than
merely producing the conceptual articulation? The predictive yield. Faraday
could, by the 1830s, predict the patterns iron filings would form around magnetic
configurations he had not previously tested, and his predictions were accurate
against subsequent experimental confirmation. He could anticipate the
deformations in filing patterns produced by the introduction of a second magnet
at angles he had not previously studied. He could specify, before the experiment
was performed, the qualitative form the new pattern would take. This predictive
capacity is what distinguishes the competence’s reality from the alternative
explanations that could be offered for the 1852 passage in the twenty-eighth
series. A clever reader of other people’s work could have produced the
conceptual statement without the predictive capacity. Faraday had the capacity,
demonstrably, in his subsequent experimental program. The training had built
something that operated in the laboratory and produced testable consequences.

4.

Giorgio Morandi’s training proceeded in oil paint across forty years at the Via
Fondazza apartment in Bologna, where his family lived from 1910 and where he
acquired his separate studio in 1935. Janet Abramowicz’s Giorgio Morandi: The
Art of Silence (Yale University Press, 2004) and Karen Wilkin’s catalog essays for
the Center for Italian Modern Art and the Estorick Collection have documented
the trajectory, and the painted record itself is available in major collections in
Bologna, Rome, New York, and London. Early paintings from the 1920s and the
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early 1930s show a painter responding to Cézanne and to the metaphysical strain
in Italian modernism, with bottles arranged as objects that the painter is
depicting. The objects are present on the canvas as objects. Light falls on them,
cloth lies under them, the cabinet stands behind them, and a viewer who comes
to these paintings without knowing what Morandi will become reads them as
competent still life work in a recognizable European tradition.

The late paintings, from the 1955-t0-1964 period, look different to the
trained eye. The bottles are still present. Cloth is still under them. The cabinet
still stands behind them. What has changed is what the viewer sees first. In a c.
1955 Natura Morta, the viewer’s attention does not settle on the bottles before
settling on what is between them. The space between bottles is the painting’s
actual subject, and the bottles are present as the markers that make the space
legible. The relation between the bottle’s mass and the air around it is what the
late painting depicts. Forty years of looking at the same vessels under different
lights, against different cloths, in different arrangements, produced an eye that
saw what the eye had been trained to see. The painted record is the evidence.

Morandi’s working method is part of how the training happened. He kept the
bottles on a shelf, organized by type, dusted them periodically with a fine
application of his own preparation so the surfaces would carry matte light
without specular highlights, and arranged them on a small table in front of his
easel. He drew chalk circles on the table to mark where each bottle had stood in
a previous arrangement, so the next composition could either repeat the prior
arrangement exactly or vary it deliberately. The marked tabletop is documented
in art-critical literature on Morandi and confirmed by photographs of the
preserved studio, which opened to the public as Casa Morandi on 17 October
2009 at Via Fondazza 36, and by Joel Meyerowitz’s 2015 photographic survey of
the studio’s contents (Morandi’s Objects, Damiani, 2016). The marks held the
working memory of where the bottles had stood in previous sessions, preserved
on the table so the painter could make controlled comparisons between
successive arrangements; the function was practical, with no sentimental
purpose. Each painting was a parameter variation against the prior painting, and
the painted record across forty years is the database of how visual fields respond
to changes in the arrangement of their markers.

What Faraday did with iron filings against magnets, Morandi did with bottles
against cloth and cabinet. The materials look unrelated. The training method is
the same. Patient repetition under attention, with parameter variation against a
stable substrate, recorded so the variations can be compared. The result is an
eye that has internalized how visual fields respond to small changes in their
constituents, which is to say an eye that has acquired the competence to see the
field as the subject and the constituents as the instruments. The c. 1955 Natura
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Morta is the painted equivalent of the 1852 statement in Faraday’s twenty-eighth
series. Each is the articulation of a competence that had already been built case
by case, in materials, across decades of practical work.

The painted record permits a reader to watch the competence develop the
same way Faraday’s notebooks permit a reader to watch his develop. A 1928
Morandi and a 1958 Morandi can be hung side by side, and the difference is not
a matter of style or maturity in any vague sense. The difference is the painter’s
eye. In the 1928 painting, the bottles are the subject. In the 1958 painting, the
field is the subject and the bottles are the instruments. The shift is documented
in the canvases that lie between, and the shift took place across the four decades
of working with the same vessels. A viewer who learns to see the shift in the
painted record has begun to acquire the competence the chapter is teaching,
because the shift the viewer learns to see is what Morandi’s eye learned to see in
the working life that produced the canvases.

The Morandi case adds something to the Faraday case that the chapter has
not yet articulated. The painter could not write down what he was doing.
Morandi gave few interviews, and when pressed about his method he produced
statements that were clearly evasive: “What matters is to touch the background,
the essence of things.” This is a sincere statement and a thin one. Morandi was
reaching toward something that prose could only approximate, because what he
had built in forty years was a perceptual capacity that operated below the level of
declarative description. Faraday could write his Researches because the physics
community had developed enough vocabulary by 1852 to support the description
of fields. Morandi could not write his because the visual-arts community in
mid-twentieth-century Italy had no vocabulary that fit what he was doing. The
competence was real in both cases. Only the descriptive capacity differed. This is
the second feature of competence the chapter wants to name. Competence does
not require articulation. Articulation is sometimes available and sometimes not,
and the absence of articulation does not undo the competence’s reality.

5.

Geoffrey Norman, originally trained as a nuclear physicist at McMaster
University in Hamilton, Ontario, redirected his research into medical education
and clinical reasoning beginning in the 1970s. His program at McMaster’s
Faculty of Health Sciences over the subsequent four decades has produced the
most carefully documented empirical case for trained perceptual competence in
a single profession. The 2007 Medical Education paper “Non-analytical models of
clinical reasoning: the role of experience,” co-authored with Meredith Young and
Lee Brooks, summarizes a research program of more than thirty years and
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arrives at a conclusion that has reshaped how medical education thinks about
diagnostic reasoning. Expert physicians, including expert radiologists, do not
diagnose primarily through analytic application of rules learned in textbooks.
They diagnose through experiential pattern recognition, by which a current case
calls to mind prior cases of similar appearance, and the diagnosis amounts to
recognizing the current case as belonging to a category the practitioner has
encountered before.

The radiology subcase is especially clean. Radiologists work primarily
through visual inspection of medical images. Expertise here is perceptual in a
documented sense: eye-tracking research shows that expert radiologists fixate at
specific anatomical locations within the first second of viewing an image, and the
fixation patterns differ from those of novices in ways that correlate with
diagnostic accuracy. The expert sees the abnormality before any analytic process
has run, and the analytic process the expert subsequently performs is largely the
construction of a justification for what was already perceived. Competence
operates faster than the analytic apparatus that the textbook describes. A
radiologist who has read tens of thousands of chest x-rays can see the lung mass
at the periphery in a fraction of a second, before consciously articulating what
they have seen. The mass becomes the immediate visual object; the rest of the
image is ground.

How does the radiologist arrive at this competence? Through case exposure,
sustained across years, in the conditions of accountability that radiology training
provides. A radiology resident reads thousands of cases under the supervision of
attending physicians who correct misses and confirm findings. The corrections
are immediate. Cases are diverse. Work continues for at least four years of
residency and typically several more years of fellowship before the practitioner is
considered fully trained. During those years, the resident is not memorizing
rules. The resident is accumulating a perceptual database against which
subsequent cases will be compared. By the end of training, the database operates
below the level of consciousness, and what the radiologist experiences is not the
explicit thought “this case looks like cases A, B, and C in my memory”; the
radiologist experiences instead something closer to “I see a lung mass at the
periphery, probably bronchogenic carcinoma, recommend biopsy.” The pattern
recognition has become invisible to the practitioner who is doing it.

The empirical research has confirmed two consequences of this training
pattern that bear on the present chapter’s argument. First, the competence is
real because it is reliably accurate in conditions where accuracy is testable.
Diagnostic accuracy among trained radiologists, while imperfect, is dramatically
higher than among novices presented with the same images. Second, the
competence cannot be transmitted through declarative instruction alone. Studies

31



have repeatedly shown that teaching novices the rules experts articulate after
the fact does not produce expert-level performance. The rules are post-hoc
rationalizations of perceptual competence; they are not the substance of the
competence itself. Novices learn the way experts learned: through sustained
case exposure under correction.

The radiologic case extends what the Faraday and Morandi cases established
in two ways. First, the competence is documented through controlled empirical
research with measurable outcomes, in a domain where accountability for those
outcomes is enforced by patient mortality and litigation. Faraday’s case is
documented through laboratory notebooks that record what one practitioner
thought he was doing. Morandi’s is documented through a painted record that
one viewer can study. Radiologic competence is documented through controlled
studies of hundreds of practitioners, with eye-tracking equipment, with
measured diagnostic accuracy, with effect sizes that can be reproduced across
institutions. The pattern is the same. The evidentiary base is wider.

Second, the radiologic case shows that the competence’s articulability is not
required for its reality. A radiologist who can find the mass cannot necessarily
say what they are doing in any way that would help a novice replicate the finding.
The competence operates through perceptual processes that are inaccessible to
introspection. This was true for Morandi as well, but the Morandi case could be
dismissed as the inarticulacy of a temperamentally taciturn painter. The
radiologic case cannot be dismissed in that way. A profession that pays well for
accurate perception has every incentive to articulate the perception so that it can
be taught more efficiently, and forty years of trying has shown that the
articulation does not exist in any form that substitutes for case exposure. The
competence is real, and the inability to fully describe it is a feature of
competence, not a defect of the practitioners who hold it.

6.

The case of conversation analysis adds a final feature to the picture: the
relationship between the competence and the instrument that makes the field
legible to the practitioner.

Harvey Sacks began the work that became conversation analysis at the
University of California, Los Angeles, in the early 1960s, joined within a few
years by Emanuel Schegloff and Gail Jefferson. The intellectual context was
Erving Goffman’s work on the interaction order and Harold Garfinkel’'s
ethnomethodology, but the methodological apparatus that Sacks and his
collaborators developed was distinct from either. They proceeded by
tape-recording natural conversations, transcribing the recordings in extreme
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detail, and looking at the transcripts for structural regularities that conversation
participants themselves were orienting to in the moment of speaking. The 1974
paper, Sacks, Schegloff, and Jefferson, “A Simplest Systematics for the
Organization of Turn-Taking for Conversation,” published in Language 50,
established the basic findings of the program: conversation operates through a
turn-taking infrastructure that participants manage in real time, and the
structural rules of that infrastructure can be specified.

Gail Jefferson’s role in the methodological development is the part of this
story that bears most directly on the chapter. Jefferson was a clerk-typist at the
UCLA Department of Public Health when she began transcribing tapes for
sensitivity-training sessions for prison guards, and her early transcription work
was clerical in the ordinary sense. As she transcribed more material, she began
to notice features of the talk that ordinary orthographic transcription erased: the
timing of overlaps between speakers, the duration of pauses, the rise and fall of
intonation, the audible breath that distinguished trouble from ease, the laughter
that carried specific functional meaning. She developed notation conventions to
capture these features as she went, refining them across years of transcription
work. By the time the 1974 paper was published, the Jefferson Transcription
System had become the methodological apparatus for the entire field, and it
remains the apparatus today.

The Jefferson system extends past what ordinary orthography records. It
captures how someone said something, with sufficient fidelity that another
analyst working with the same recording can recover the same structural
features. A Jeffersonian transcript records words alongside the half-second pause
before a difficult answer, the in-breath that signals a turn-claim, the precise
overlap point where one speaker began before another finished, the rising
intonation that converted a statement into a question, the laughter token that
softened a complaint, the cut-off where a word was abandoned mid-utterance.
The notation is dense and initially difficult to read, and learning to read it is part
of learning to do the work.

Here is what makes the conversation-analysis case different from the others.
The instrument and the competence developed together, and neither could have
developed without the other. Jefferson did not learn the structural features of
conversation by transcribing in standard orthography and then describing what
she heard. The standard orthography erased the features she was learning to
hear. She had to develop notation that could capture what she was beginning to
perceive, and the act of developing the notation sharpened her perception, which
led to further notation refinement, which sharpened the perception further. The
instrument and the perceptual competence built each other across years of
practical transcription work.
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Faraday’s iron filings were a pre-existing instrument that he learned to use.
Morandi’s bottles were pre-existing objects that he made into instruments
through arrangement and dusting and sustained looking. The radiologist’s case
images are produced by external technology and become instruments through
the radiologist’s trained way of attending to them. Conversation analysis
required the construction of a new notation system specifically designed to make
a previously illegible field legible, and the construction was performed by the
same person who was learning to perceive the field. The notation evolved in
response to perception that the notation made possible. This recursive
relationship between instrument and competence is an important feature the
chapter has not yet named. Competences often require instruments to operate,
and the instruments are sometimes constructed by the practitioners during the
process of acquiring the competence. New fields of inquiry tend to look like this:
an instrument and a perceptual capacity emerge together through the same
hands.

What evidence shows that the conversation-analysis competence is real? The
same evidence as in the previous cases: predictive yield. A trained conversation
analyst, listening to a recording or watching a video of an interaction, can predict
where trouble in the sequence will surface before the trouble appears. A subtle
pause, an in-breath at a specific moment, a slight rise in pitch on a particular
word: these are the markers, and the trained analyst reads them as predictive of
what is coming next. The prediction is testable against the subsequent recording.
Across hundreds of test cases in the published literature, the predictions are
reliably accurate at rates well above chance. The competence is real because it
produces falsifiable predictions, and the predictions are confirmed in the data.

The conversation-analysis case also brings the chapter’s argument to a place
the prior cases could not. Speech, the surface of all spoken human interaction,
looks at first inspection like the most familiar material possible. We are exposed
to speech from infancy, participating in it constantly, seeming to understand it
from the inside. What Sacks and Jefferson and Schegloff demonstrated, by
training themselves to perceive what was actually happening in the speech they
had always been exposed to, was that a structural infrastructure had been
operating beneath their attention for their entire lives. The infrastructure was
real; the perception of it was new. Every case in this book follows the same logic.
The relational fields are everywhere. Trained perception of them is acquired only
by those who do the work.
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Three further cases extend the empirical base across additional disciplines. Each
demonstrates the same training architecture in materials the prior four cases did
not touch.

Agnes Martin worked the grid for more than four decades. She was born in
Macklin, Saskatchewan, in 1912, completed an MA at Teachers College of
Columbia University in 1952, painted in the Coenties Slip neighborhood of lower
Manhattan during the 1950s alongside Ellsworth Kelly, Robert Indiana, Lenore
Tawney, and Jack Youngerman, and arrived at the six-foot-square gridded canvas
as her signature format around 1960. The Tree (1964) was the work she
identified as having satisfied her in the way the new format permitted: graphite
lines and rectangles on a square canvas, the arrangement evoking innocence
rather than depicting any object. The grid was the constancy. Within the
constancy, the parameters varied: line spacing, line weight, pencil pressure, the
wash of acrylic ground, the choice of subdued color. After 1967 Martin left New
York entirely, drove a camper truck through the western United States and
Canada, and settled near Cuba, New Mexico. She stopped painting for several
years. She returned to painting in 1973, this time working horizontal and vertical
bands of pale color, a refinement of the earlier grid work that opened new
compositional possibilities within the same constrained format. In 1977 she
moved to Galisteo, where she built her own adobe studio and continued the work
for sixteen more years before relocating to Taos, where she painted until her
death in 2004 at age ninety-two. The Pace Gallery monograph and the 2015 Tate
retrospective catalog (Frances Morris and Tiffany Bell, eds., Agnes Martin, Tate
Publishing, 2015) document the trajectory through individual works and through
the painted record’s accumulation across decades. Martin’s biography included a
diagnosis of schizophrenia and recurrent psychiatric hospitalization across her
adult life, and some commentators treat her psychiatric history as the principal
explanatory frame for the work. The present chapter draws its evidence from the
painted record itself, where the acquired perceptual capacity is legible across
the four-decade trajectory regardless of whatever cognitive substrate informed
it; the training architecture the chapter describes operated for Martin as it
operated for Morandi. What Martin acquired through that work was an eye for
what the constrained format could carry. A reader who looks at a 1965 Martin
alongside a 1995 Martin sees the same compositional problem worked at
successive stages of solution. The relations the painter perceived among line
weight, color band, canvas square, and the wall behind the canvas had become
legible through patient repetition. Her competence was recognizably the same
kind of capacity Morandi had acquired through the bottles, deployed in different
materials with a different result.
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Marie Tharp produced the first detailed maps of the ocean floor through
hand-drafted sonar profiles assembled across nearly three decades at the Lamont
Geological Observatory at Columbia University. She was born in Ypsilanti,
Michigan, in 1920, completed her undergraduate degree at Ohio University in
1943, and entered the University of Michigan’s accelerated wartime
petroleum-geology master’s program in 1943, completing the degree in 1944
(Michigan’s geology department, which had been overwhelmingly male and had
not been enrolling women in the petroleum-geology track, opened the program to
women under the wartime shortage of male students; Tharp entered as one of
approximately ten women in the cohort). After several years working as a junior
geologist at Stanolind Oil and Gas in Tulsa and earning a second bachelor’s
degree in mathematics at the University of Tulsa, she joined the Lamont
Geological Observatory in 1948 as one of the first women on the staff. Bruce
Heezen collected sonar lines aboard research vessels in the North Atlantic
during the late 1940s and 1950s; women were barred from the research ships at
that time, so the data came back to land and Tharp drafted the physiographic
profiles by hand from the soundings record, longitude by latitude, working with
pen, ink, and ruler. Subsequent writing in the history of the geosciences has
argued that the exclusion was constitutive of Tharp’s interpretive method rather
than merely a working condition: shut out from the ship and consequently from
the immediate data collection, she developed the desk-based interpretive
practice that produced the rift-valley discovery, and a researcher who had been
on the ship handling the equipment directly might never have been pressed into
the same reading method. The structural sexism of mid-century American
oceanography is part of the historical record the chapter cites; the working
method she produced under those conditions is what the chapter argues from. By
1952, the work had permitted her to identify a continuous rift valley running
down the axis of the Mid-Atlantic Ridge, with full conviction reached by 1953
after further data accumulation. The structural feature Heezen initially dismissed
(by Tharp’s later account, as “girl talk”) took roughly a year of further data to
convince him of. Tharp held her finding because what she could see in the
assembled profiles was a structural feature the individual profiles considered
alone did not reveal. The 1959 Geological Society of America Special Paper 65,
“The Floors of the Oceans: I. The North Atlantic,” authored by Heezen, Tharp,
and Maurice Ewing (the director of Lamont), made the work public, and the 1977
Heezen-Tharp World Ocean Floor map, painted in collaboration with the Austrian
landscape painter Heinrich Berann from the assembled physiographic data,
established the topographic record. Tharp’s perceptual achievement extended
beyond the reading of any single profile. What she had built across her years of
profile-drafting was an eye for relations among profiles, accumulated through
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patient draftsmanship until the seafloor’s structural geography became legible to
her in a way it had not yet become legible to anyone else. Her competence was
acquired through the same training architecture the prior cases describe: long,
structured engagement with material under parameter variation (different ships,
different transects, different equipment generations) until the relations among
the materials became perceptible as the actual subject of attention.

Eleanor Gibson’s case is methodologically different from the prior six
because Gibson was the cognitive scientist who developed the empirical theory of
perceptual learning that the present chapter draws upon. Born in 1910, Gibson
took her PhD at Yale in 1938, married James J. Gibson, and worked at Cornell
across five decades through her death in 2002. The 1955 paper she co-authored
with James Gibson, “Perceptual Learning: Differentiation or Enrichment?”
(Psychological Review 62), staked out the position that perceptual learning is the
discrimination of distinctive features in the stimulus array, acquired through
prolonged attentive exposure, rather than the addition of associated meanings to
inert sensory data. Her 1969 book Principles of Perceptual Learning and
Development (Appleton-Century-Crofts) integrated the empirical literature on
the question and presented the theoretical apparatus that has shaped
perceptual-learning research since. The framework she defended was that the
trained perceiver picks out invariants in stimulus arrays that the untrained
perceiver does not differentiate. A wine taster discriminates flavor profiles where
the novice tastes only red wine; a chess master discriminates board
configurations where the beginner sees individual pieces; a radiologist
discriminates lung-mass shadows where the medical student sees noise. In every
case, the discrimination is a perceptual achievement, acquired through patient
attention to structured material under conditions that permit comparison.
Gibson’s contribution to the present chapter is to provide the cognitive-scientific
scaffold that explains why the cases the analysis has covered work the way they
do. Her empirical research established that the
differentiation-through-prolonged-exposure mechanism operates across domains
as varied as letter recognition in early reading, the development of
word-recognition in beginning readers, and the discrimination of phonemic
contrasts in infants. Subsequent literature has refined and extended the
framework: Robert Goldstone’s 1998 Annual Review of Psychology synthesis
articulated four mechanisms (attention weighting, imprinting, differentiation,
and unitization) that the original Gibson account did not separate, and the
predictive-processing literature of the past two decades has reframed perceptual
learning in Bayesian terms. The differentiation-through-prolonged-exposure
mechanism Gibson described remains the empirical core that the refinements
specify rather than displace. Within that broader perceptual-learning capacity,
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the relational-seeing competence the chapter teaches is one species. A reader for
whom the argument so far seems speculative may find Gibson’s empirical record
an authoritative supplement.

The three cases together broaden the chapter’s evidentiary base across
visual art (Martin), the natural sciences (Tharp’s geological cartography), and
the cognitive sciences (Gibson’s perceptual-learning research program). The
pattern in each is the same as the pattern the chapter’s prior four cases
established. A practitioner devotes years to structured material under parameter
variation. Variations accumulate in a perceptual database the practitioner cannot
fully describe. From that database, the practitioner produces judgments and
predictions the untrained eye cannot. Documentation of the competence appears
in the working record (paintings, maps, published research) and in the predictive
yield the trained practitioner can demonstrate against material the practitioner
has not previously encountered.

8.

What conditions produce the training described above? The cases differ in their
materials and timescales, and the question of whether they share underlying
acquisition mechanisms is worth asking directly. Three mechanisms recur across
the cases, and the chapter sets them out so the conditions can be recognized
when they obtain and protected when they are at risk.

The first mechanism is the apprenticeship structure. In every case set out
above, the practitioner who acquired the competence did so within a relationship
to others who had the competence already, even when that relationship was
distributed in time rather than in person. Faraday at the Royal Institution had
Davy as his immediate teacher and the long lineage of Royal Institution practical
chemistry as his inherited working environment. Morandi in Bologna had the
etching tradition that runs from Rembrandt forward as one apprenticeship
lineage and the Italian still-life tradition from Caravaggio forward as a second; he
studied Rembrandt’s etchings closely throughout his working life, and the genre
he was working within shaped what he could attempt. Martin, when she settled
into the Coenties Slip community in 1957, was working alongside Ellsworth
Kelly, Robert Indiana, Lenore Tawney, and Jack Youngerman, with Jasper Johns
and Robert Rauschenberg living nearby on Pearl and Front Streets; the
conversation about painting was constant, and she had Ad Reinhardt’s late black
canvases as a particular model for what a constrained format could carry.
Tharp’s apprenticeship was double: her father, William Edgar Tharp, worked as a
soil surveyor for the United States Department of Agriculture, and she
accompanied him on field surveys as a child, absorbing the cartographic
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discipline before she had any formal training in geology; later, at Lamont, the
working relationship with Bruce Heezen functioned as an apprenticeship in the
practical analysis of bathymetric data, even though the credit and authorship
structure of the time obscured the equality of the intellectual contribution. The
radiology resident has attending physicians who correct misses and confirm
findings in the immediate working day, and the residency program is itself an
institutional embodiment of the apprenticeship lineage. The conversation analyst
trains within doctoral programs that descend from the original
Sacks-Schegloff-Jefferson group through three or four academic generations of
dissertation supervision. Gibson herself worked first under James Gibson at
Smith College and later within the Cornell intellectual community that included
Robert MacLeod, Howard Liddell, and the broader perceptual-psychology
research environment of the 1950s and 1960s. Apprenticeship in the present
sense is a relationship that includes corrective feedback. The novice does the
work, the master sees what the novice missed, the master indicates the miss, the
novice’s perception adjusts, and the cycle repeats. Across thousands of
repetitions, the perception calibrates against material the master’s eye has
already calibrated against. The relationship is the technology of transmission.
Without it, the perceptual database accumulates against the novice’s own
uncorrected eye, and what gets built is competence in the novice’s mistakes
rather than competence in the work. Apprenticeship lineages have historically
been exclusionary in their access patterns: gender, race, class, and geographic
origin have all gated entry to the working environments that transmit the
competence. The cases the analysis above has worked through include figures
who entered their lineages despite formal exclusions (Tharp at Lamont, where
women were barred from research vessels; Martin as a woman in the
male-dominated mid-century New York painting milieu) as well as figures whose
entry was the cultural default. The transmission technology and the access
question are different questions, and the chapter is concerned with the
transmission technology while acknowledging that the access question
conditions whose competence is built and whose is not.

Sustained engagement with structured material under parameter variation is
the second mechanism the chapter identifies. The cases set out earlier share an
internal architecture: a stable substrate, repeated exposure over years, and small
variations against the stable substrate that the practitioner can compare.
Faraday varied the magnet and held the filings constant, then varied the
substrate and held the magnet constant, then varied the angle and held both
constant. Morandi varied the cloth and held the bottles, then varied the bottles
and held the cloth, then varied the light. Martin varied the line spacing and color
wash within the constancy of the gridded square. Tharp varied the longitude of
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the sonar transect within the constancy of the equipment, then varied the
equipment generation as new ships sampled different parts of the ocean. The
radiologist varies the patient and holds the imaging modality constant, then
varies the modality and holds the body region constant, then varies the body
region. Variation against constancy is the working method. It permits
comparison, and comparison is what the trained eye is reading. K. Anders
Ericsson and his colleagues described the same architecture in studies of musical
expertise (Ericsson, Krampe, and Tesch-Romer, “The Role of Deliberate Practice
in the Acquisition of Expert Performance,” Psychological Review 100, 1993),
where the violin students who reached the highest levels of the Berlin
conservatory had accumulated more hours of focused, feedback-corrected work
on technically specific exercises than their less accomplished peers, with the
practice itself structured as parameter variation against constancy. The strong
individual-differences claim Ericsson advanced has been pressed and partly
weakened in the subsequent replication literature (Macnamara and Maitra, Royal
Society Open Science, 2019), and the chapter does not endorse the strongest
version of the claim. The acquisition architecture Ericsson described, and which
the cases the analysis here has covered exhibit, is supported by the empirical
record.

A third mechanism concerns the relationship between explicit instruction
and implicit enculturation. Both contribute to the acquisition of the competence,
and the contributions are different. Explicit instruction teaches the novice the
vocabulary, the conventions, the named distinctions, and the published rules.
Radiology residents read textbooks; conversation analysts learn the Jefferson
notation conventions from the published transcripts and the methodological
papers; painting students study anatomy and color theory. Explicit instruction
provides the scaffold against which the practical work proceeds. What the
explicit instruction cannot do is produce the competence on its own. Norman’s
research program in medical education has documented this point across forty
years: teaching novices the rules experts articulate after the fact does not
produce expert-level performance, because the rules are post-hoc
rationalizations of perceptual capacity. Competence is acquired through the
practical work, against the scaffold the explicit instruction provides. One
influential articulation of the trajectory is the Dreyfus brothers’ five-stage model
of skill acquisition (Stuart E. Dreyfus and Hubert L. Dreyfus, “A Five-Stage Model
of the Mental Activities Involved in Directed Skill Acquisition,” Operations
Research Center, University of California, Berkeley, 1980, and Mind Over
Machine, Free Press, 1986): the novice begins with explicit rules, the rules guide
early practice, the practice accumulates a database of cases, the database
eventually supports judgment that operates without conscious recourse to the
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rules, and at the upper end of the trajectory the rules drop out of awareness
entirely. The model has been challenged in the empirical-psychology literature,
and the strongest version of it (in which expert decision-making operates without
any analytic recourse) is not universally accepted. The general pattern the model
describes, in which rule-mediated novice work transitions toward
rule-independent expert judgment as case experience accumulates, is
well-attested in the cases examined above and is consistent with the
perceptual-learning research Gibson summarized. Implicit enculturation fills the
trajectory’s middle. The novice spends time in the presence of practitioners
doing the work, watches them, listens to how they describe what they are doing,
absorbs the working culture that the explicit instruction does not encode. Each
working environment has a culture of practice that the novice absorbs through
prolonged time in it: the Royal Institution culture Faraday entered, the
Bolognese academic and studio culture Morandi inherited, the Coenties Slip
painting community Martin joined, the Lamont laboratory culture Tharp entered,
the radiology residency program, the doctoral seminar in conversation analysis,
the perceptual-psychology research environment at Cornell. Time in the culture
matters, and the time is part of the acquisition.

The three mechanisms operate together in the actual cases. The
apprenticeship structure embeds the practitioner in a working environment
whose culture is implicitly absorbed, while corrective feedback within the
apprenticeship is itself a form of explicit instruction directed at the specific work
the novice has just produced. Sustained engagement with structured material
occurs within the apprenticeship environment, and the parameter variation the
practitioner imposes on the material is shaped by what the apprenticeship has
taught the practitioner to attend to. Separating the three for analysis is a
methodological convenience rather than a description of independent
components, and a reader who tries to identify which of the three was operative
at a given moment in any of the cases will find the three interpenetrate at every
moment of the work.

9.

A hostile reading would press the cases the chapter has assembled at three
points. Meeting these pressures directly matters because the answers shape
what the rest of the book can claim.

The first pressure point concerns the unity of the competence. The chapter
has argued that Faraday’s reading of magnetic fields, Morandi’s reading of light
between bottles, the radiologist’s reading of pulmonary opacities, the
conversation analyst’s reading of turn-taking sequences, Tharp’s reading of
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bathymetric profiles, Martin’s reading of the gridded square, and Gibson’s
reading of perceptual development are instances of the same trainable capacity.
A skeptic can argue that these are several superficially similar but structurally
distinct competences, each tied so tightly to its own substrate that the cross-case
unity is a verbal construction rather than a real underlying capacity. That
objection deserves a careful answer rather than a confident assertion. A more
defensible version of the chapter’s claim runs as follows: the acquisition
architecture is shared across the cases, and the perceptual move the
architecture trains (treating relations rather than constituents as the unit of
analysis) is the same perceptual move in each case, even when the substrate that
supports the perception differs. Within-substrate transfer evidence is
well-attested. A radiologist trained in chest radiography acquires competence in
chest computed tomography substantially faster than a novice with no prior
radiographic training, and the medical-education literature on transfer (Robert
Goldstone, “Perceptual Learning,” Annual Review of Psychology 49, 1998,
summarizes the empirical record) documents this within-domain transfer at
scale. Across-substrate transfer evidence is partial and worth being honest
about. Where one practitioner has worked seriously across multiple substrates
(Marie Tharp moving from bathymetric profile reading to global tectonic
interpretation, Robert Irwin moving from painting to spatial installation, D’Arcy
Thompson moving between morphological observation and mathematical
analysis), the second-substrate competence appears to develop faster than a
comparably situated novice would manage. Such transfer is partial rather than
complete, and contingent rather than automatic. A defensible version of the
chapter’s claim, then, is this: the cases share an acquisition architecture and a
perceptual move, and the move can be partly transferred across substrates by
practitioners willing to do the new substrate’s work. A stronger claim that the
cases are instances of one identical competence is more programmatic than any
single book can establish; a weaker claim that the cases share nothing is
contradicted by the within-substrate transfer record. Truth lives between the
two, and the chapter holds the middle position deliberately.

The second pressure point concerns the architecture of acquisition. The
chapter has identified three mechanisms that recur across the cases
(apprenticeship, sustained parameter-varied engagement, explicit instruction
plus implicit enculturation) and a hostile reading observes that the cases were
chosen because they exhibit these mechanisms, so deriving the mechanisms from
the cases is circular. Negative cases are worth engaging. Mid-tier radiologists
who completed standard residencies under the conditions Norman’s program
describes do not reach expert-level diagnostic accuracy at predictable rates; the
medical-education literature on diagnostic error (Mamede et al., on dual-process
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reasoning and error in clinical diagnosis) documents practitioners who have all
three architectural conditions and still plateau below expert performance. The
architecture appears to be necessary rather than sufficient. Autodidacts present
the converse case: practitioners who developed substantial competence with one
architectural condition (apprenticeship) substantially absent. Faraday himself
was substantially autodidact during the years before Davy’s hire, learning
chemistry from books that came through Riebau’s bindery and from public
lectures he could afford to attend; his case suggests that apprenticeship can be
supplemented by intense self-directed study under the right conditions, though
Faraday’s subsequent acquisition of expert-level competence required the Royal
Institution apprenticeship as well. The pattern that emerges from the negative
cases is that the three architectural mechanisms are individually necessary in
attenuated form (a practitioner with none of the three does not develop the
competence) and jointly enabling rather than jointly determining, with
substantial individual variation in how they combine. A practitioner with all three
may still plateau below expert performance. The chapter’s claim is therefore
weaker than “the architecture produces the competence” and stronger than “the
architecture sometimes accompanies the competence.” The architecture creates
the conditions under which the competence can develop, and individual
practitioners exploit those conditions with measurable variation in outcome.

The third pressure point concerns the loss arguments the next section
develops. Competence can be lost through neglect, institutional disinvestment,
changes in working conditions, and severance of transmission lineages. A hostile
reading observes that the empirical literature on training outcomes is more
mixed than the loss-mechanisms argument acknowledges. Simulation training in
surgery, for instance, has produced graduates whose technical performance
equals or exceeds that of cohorts trained primarily through case volume; the
medical-education literature on this development is substantial and the chapter
does not pretend otherwise. The cleaner version of the chapter’s claim
acknowledges that some training conditions can be substituted by compensatory
mechanisms (deliberate-practice protocols, simulation environments, structured
case archives) and that the loss mechanisms produce competence loss only when
no compensatory mechanism is in place. Where compensatory mechanisms are
absent and the original training conditions are removed, the competence does
not develop in subsequent cohorts. Empirical evidence supports the conditional
claim more securely than it supports the categorical claim. The book’s later
chapters on severed fields will engage cases where compensatory mechanisms
have not emerged at the scale required to substitute for the conditions that have
been withdrawn, and the moral weight of those chapters depends on the
conditional rather than the categorical claim being correct.
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10.

The cases this chapter has examined share three features. First, in each case the
competence was acquired through years of patient practice with specific
materials in defined conditions of accountability or comparison. Faraday’s
notebooks across his working decades. Morandi’s painted record across forty.
Martin’s grid and band paintings across more than four decades. Tharp’s
hand-drafted bathymetric profiles across nearly thirty years. Radiology residency
and fellowship across half a decade. Conversation-analytic transcription work
across a similarly long apprenticeship. Time investment carries the substance of
how the competence was built rather than serving as an incidental factor.
Second, in each case the competence operates below the level of declarative
description, which means the practitioner often cannot fully articulate what they
are doing even when they are doing it accurately. Third, in each case the
competence yields evidence that the practice can hold accountable: in the
experimental sciences, falsifiable predictions about what filing patterns will
form, about what the next image will show, about where trouble in a sequence
will surface, about what the assembled profiles will reveal once the next transect
is drafted; in the painters’ cases, controlled differentiation in the working record
across years of parameter variation against the same material conditions.
Predictive yield and disciplined differentiation are two evidence types, not one
universal test, and both make the competence accountable to something beyond
the practitioner’s own report.

Predictive yield is the chapter’s defense against the most likely objection to
the entire training argument. A skeptic could grant that practitioners spend
years working with specific materials and still maintain that what they acquire is
post-hoc rationalization rather than perceptual competence. On this skeptical
reading, the radiologist who finds the lung mass is doing something more like
remembering similar cases than perceiving the present case, and the felt
experience of immediate visual recognition is a confabulated overlay on a slower
retrieval process. The skepticism is not unreasonable, and parts of the
dual-process literature in cognitive psychology have given it serious treatment.
The predictive-yield criterion is what blocks the deflationary reading. Habits of
post-hoc rationalization do not produce accurate predictions about what is not
yet visible. Memory retrieval of similar cases does not specify, in advance, what
the next image will show before the image is acquired. What the trained
practitioner is doing involves something that operates ahead of the retrieval, and
that something is what this book calls competence.

Whether the competence can be lost is a separate question. The answer is
yes, and the mechanisms of loss are worth naming because they bear on the
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chapter’s connection to the rest of the book.

A competence can be lost through neglect. The radiologist who stops reading
cases for several years returns to the work measurably less accurate than they
were before the gap. Pianists who stop sight-reading for a decade can no longer
perform at tempo in a way that approximates their prior capacity. The perceptual
database that the competence draws on requires continuing engagement to
remain operative. Disuse degrades it. The mechanism of degradation is
well-documented in the perceptual-learning literature and parallels the loss of
skill that physical training also undergoes when training stops.

Institutional disinvestment is a second loss mechanism. A residency program
that reduces case volume below a certain threshold produces graduates who
cannot achieve expert-level perceptual accuracy. The training that built
Norman’s expert radiologists assumed conditions of dense case exposure under
correction; remove the conditions and the competence does not develop. Similar
institutional disinvestment has occurred in fields where the relationship between
case volume and competence acquisition is less obvious to administrative
oversight, and the results are visible in declining diagnostic accuracy, declining
writerly precision, declining manual craft, and other outcomes that show up only
over the timescale of generations.

Changes in working conditions form a third loss mechanism. Morandi’s
training required forty years in a single studio with the same materials, the
financial security to refuse market pressures, the cultural permission to spend
that long on a small set of subjects, and the administrative support of a teaching
position that allowed the painting to continue without interruption. Each of these
conditions has become harder to secure in contemporary working life. A young
painter who wished to do what Morandi did would find the institutional supports
thinned and the cultural permission revoked. The competence Morandi built is, in
this sense, structurally unavailable to most practitioners under contemporary
conditions, regardless of any individual’s willingness to do the patient work. The
pattern is general. Competences depend on conditions that produce the time and
attention they require, and conditions can be withdrawn.

Severance of the lineage that transmits a competence forms the fourth loss
mechanism. The conversation-analysis competence depends on apprenticeship to
practitioners who have already acquired it. A novice who learns to read Jefferson
transcripts without ever sitting alongside an analyst doing the work will acquire
something less than what an apprenticed novice would acquire. The
Sacks-Jefferson lineage is now in its third generation, and the training proceeds
through doctoral programs that maintain the apprenticeship structure. If those
programs were defunded, the competence would not survive in any sustainable
form, even though the published transcripts and the methodological apparatus
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would remain available in the literature. The lineage carries the perceptual
capacity that the documents alone cannot fully specify.

The four mechanisms are analytically distinct and empirically intersecting. A
defunded residency program produces neglect (residents read fewer cases) and
institutional disinvestment (the program itself thins) and degraded working
conditions (the conditions that produced the prior generation’s competence are
no longer reproduced) and lineage severance (the apprenticeship structure
weakens). Real-world cases of competence loss usually involve several of these
mechanisms operating together, and the analytic distinction is useful precisely
because it permits diagnosis of what is failing where. Without the distinction,
“things are getting worse” is the only available statement; with it, specific
interventions can be addressed to specific causes.

The chapter on the severed field, late in this book, takes up these
mechanisms in detail across cases where severance has already occurred or is
currently occurring. The connection from the present chapter to that one is
direct. If relational seeing is a trainable competence, the conditions that train it
are valuable in the way functioning institutions are valuable, and the destruction
of those conditions has consequences that show up as the slow disappearance of
a capacity, rather than as obvious losses anyone alive can quite remember having
had. The book’s moral stakes live in this gap.

This chapter has argued that relational seeing is a competence acquired
through patient practice with specific materials, distinct from gestalt perception,
systems thinking, ecological awareness, and embodied cognition; documented
through the working records of practitioners who have built it across decades;
tested through the predictive yield trained practitioners produce; and vulnerable
to loss through neglect, institutional disinvestment, changes in working
conditions, and severance of transmission lineages. What follows are the
chapters in which the seeing is performed.

11.

Six pairing chapters follow the present one. Each performs the relational-seeing
competence in a different domain by setting two materially unrelated cases in
structural parallel. The pairings are demonstrations that the same kind of
perceptual achievement operates across radically different materials, and the
reader who works through them will train against six structurally similar
exercises whose surface diversity makes the underlying commonality available to
perception.

Chapter 2 examines Morandi and Faraday. Morandi painted the field
between bottles for forty years; Faraday read the field between magnets across
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nearly fifty. Both refused the substance frame and trained themselves to see
relations as the actual subject. The pairing performs the chapter’s argument in
the cases the present chapter has already introduced.

Chapter 3 turns to phyllotactic spiral arrangement and Renaissance
counterpoint. The seeds of a sunflower head distribute around the central disc at
successive angles approximating 137.508 degrees, the angle that maximizes
packing efficiency by minimizing overlap of any one seed with any other. The
voices of a Palestrina motet move through pitch space according to constraints
that maximize the perceptual independence of every line. Both arrangements
optimize the legibility of every part. Both took mathematical formalization
centuries after the practitioners arrived at the structures empirically.

Chapter 4 considers the human microbiome and the woven textiles of Anni
Albers. Microbiome research over the past two decades has reframed the human
as a holobiont, the host organism plus trillions of microbial passengers that
constitute the actual unit of biological function. Albers wove fabrics in which
warp and weft were the actual subject and the figure that classical drawing
privileged was refused. Both refuse the figure-ground hierarchy. Both make the
relational structure the unit of analysis.

Chapter 5 takes up architectural poché and topology. Poché is the
Beaux-Arts drawing convention by which the wall mass is darkened and the
rooms appear as residual cuts in the wall, reversing the figure-ground default of
architectural representation. Topology is the mathematics of connection without
metric, the field that treats coffee cups and donuts as the same object and
reveals what is invariant in spatial structure when distance is set aside. Both
make spatial relation, rather than metric extension alone, the object of attention;
poché treats the wall thickness as the designed element of architectural
composition, and topology treats relational structure as the proper object of
mathematical analysis.

Chapter 6 reads mycorrhizal forest networks alongside conversation
analysis. Suzanne Simard’s 1997 Nature paper on bidirectional carbon transfer
between Douglas fir and paper birch through ectomycorrhizal connections
established a hidden infrastructure beneath what had been assumed to be a
community of separately competing trees. The Sacks-Schegloff-Jefferson 1974
Language paper established a hidden turn-taking infrastructure beneath what
had been assumed to be sequential individual speech acts. Both fields became
analytically tractable through instrument-mediated inscription in the late
twentieth century, and both reveal networked structure where autonomy had
been assumed.

Chapter 7 sets Charles Sanders Peirce’s triadic semiotics next to the
classifier-predicate grammar of American Sign Language. Peirce insisted that
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meaning requires sign, object, and interpretant in irreducible relation. ASL
classifier predicates encode spatial relation directly in signing space, so a
narrative becomes a relational geometry the signer performs. Spoken English
assembles relations through prepositions and case marking; signed languages
perform them spatially. The chapter argues that ASL gives the reader direct
access to a relational grammar that English permits only by indirection, and the
analysis is co-authored with Janna Sweenie, whose authorial role is named in the
chapter byline.

With all six pairings complete, the cumulative effect is the establishment of
relational seeing as a general capacity that operates across an enormous range
of materials. A reader who works through the pairings will have practiced the
seeing in physics and visual art, in plant biology and music theory, in
microbiology and textile design, in mathematics and architecture, in ecology and
linguistics, and in semiotics and signed language. By that point, the capacity will
be available to be used in materials the book did not have time to address. Each
chapter is itself a training instance. The reader who works through them is doing
what Faraday did with the filings, what Morandi did with the bottles, what
Martin did with the grid, what Tharp did with the sounding profiles, what the
radiologist did with the cases, and what Jefferson did with the tapes. By the end
of the book, the reader will have acquired some portion of the competence the
present chapter has just described.

The work of acquisition begins now.
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Chapter 2: The Light Between
Things in Morandi and Faraday

1.

Pairing a painter with an experimental scientist is the structural move with which
the rest of the book opens its cross-domain comparisons. The first pairing places
two figures, one from the visual arts and one from the natural sciences, side by
side; the later pairings compare practices, systems, or disciplinary materials
drawn from different intellectual lineages, including topology and architectural
composition, mycorrhizal ecology and conversation analysis, and Peircean
semiotics and signed-language linguistics. The argument the pairings make is
that the relational-seeing competence operates across the apparent divide
between art and science as a single capacity with different materials. A painter
trained for forty years to perceive tonal relations on a tabletop and an
experimental scientist trained for forty years to perceive electromagnetic
relations in a laboratory have more in common than the surface differences
between their working materials suggest. Both have spent decades in patient
engagement with a small set of objects. Each has developed perceptual
capacities that exceed what their contemporaries could see. Documentary
records they have left behind verify what their trained perception encountered.
Materials differ from case to case; competence is recognizable as the same.
Giorgio Morandi (1890-1964) and Michael Faraday (1791-1867) make the
cleanest first pairing because their material conditions were unusually similar
despite the apparent gap between still-life painting and electromagnetic
experiment. Morandi worked from the same Via Fondazza building in Bologna
from 1910 until his death in 1964 (the family moved to Via Fondazza in 1910, and
Morandi moved within the same building in 1933 to the apartment now
preserved as Casa Morandi at Via Fondazza 36, with a separate studio acquired
in 1935), painting arrangements of bottles and vessels on the same tabletop
within those conditions, with the mature still-life discipline developing across
roughly four decades of his working life. Faraday worked at the Royal Institution
at 21 Albemarle Street in London from his appointment as Humphry Davy’s
laboratory assistant in March 1813 until his death in August 1867, conducting
experiments with the same general apparatus and the same general physical
materials across fifty-four years. Each had the institutional conditions that
supported sustained engagement with stable materials. Each had the patience to
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remain with the materials long enough for relational structure to become legible.
The two records they produced (Morandi’s paintings; Faraday’s laboratory
notebooks and published Experimental Researches) document what they
perceived in terms specific enough for later workers to verify.

The chapter develops the parallel in detail. Section 2 traces Faraday’s
apprenticeship at the Royal Institution from 1813 forward, with attention to how
the working conditions supported the development of perceptual competence.
Section 3 follows the development of the field concept across the period
1822-1852, with the lines-of-force argument as the perceptual breakthrough that
preceded the mathematical formalization Maxwell began in 1855 and completed
in 1873. The fourth section turns to Morandi at Via Fondazza, with the specific
working conditions documented through Janet Abramowicz’s 2004 biography and
the inventory of the studio that Joel Meyerowitz photographed in 2015. Section 5
examines Morandi’s working method, including the chalk-circle markings on the
studio tabletop that allowed him to return to specific arrangements across the
years. The sixth section brings the two cases together to extract the structural
common pattern. Section 7 examines the cross-domain reach of the pattern,
including how Josef Albers’s color training at Yale instantiates the same structure
in another material. The eighth section considers what the trained eye perceives
in present materials when working at the level the chapter has developed, and
Section 9 connects the chapter to the rest of the book.

2.

Michael Faraday’s apprenticeship at the Royal Institution began in March 1813,
when Humphry Davy hired him as his laboratory assistant on the strength of a
bound notebook of meticulous notes Faraday had taken at Davy’s public lectures
the previous year. Faraday was twenty-one years old. He had no university
education, had been apprenticed at fourteen, in October 1805 (just past his
fourteenth birthday in late September), to a London bookbinder named George
Riebau, and had taught himself chemistry and physics by reading the books that
came through the bindery. The Royal Institution had been founded in 1799 by
Benjamin Thompson (Count Rumford) as a center for the public diffusion of
scientific knowledge through evening lectures, with a small basement laboratory
available to the staff for the experimental work that the lectures drew on. Davy
was the most prominent natural philosopher of his generation in Britain, a
charismatic lecturer whose public lectures drew large audiences from London
society. The institutional configuration was unusual. The lectures generated
public attention and donations that supported the laboratory; the laboratory
generated discoveries that supported the lectures; the staff had access to
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apparatus and materials that no individual investigator could have assembled
privately.

Faraday’s first decade at the Royal Institution involved an extended
apprenticeship under Davy that L. Pearce Williams, in the standard scholarly
biography (Michael Faraday: A Biography, Basic Books, 1965), reconstructs in
detail. The apprenticeship was a daily practical engagement with the equipment
and materials of early-nineteenth-century chemistry rather than a course of
theoretical study: the manipulation of glass apparatus, the preparation of
reagents, the construction and operation of voltaic cells, the management of
furnaces, and the meticulous recording of experimental procedures and
outcomes in laboratory notebooks. Davy was a demanding master and an
inconsistent one. He recognized Faraday’s talent and exploited it; he also
resented Faraday’s growing scientific reputation and obstructed his nomination
to the Royal Society in 1823. Faraday’s account of these years, in his own letters
and notebooks, shows the development of a methodical experimental discipline
that would become the basis of his later work. Daily practice, rather than
textbook instruction, generated the discipline through the construction of
experiments, careful observation of what they produced, and modification based
on what was observed.

In September 1821 Faraday produced his first major independent discovery.
Hans Christian Jrsted had reported in 1820 that an electric current passing
through a wire deflected a nearby magnetic needle, demonstrating a connection
between electricity and magnetism that the natural philosophers of the period
had not previously identified. The discovery was published in Latin in a brief
Danish pamphlet and rapidly disseminated across European scientific networks.
Faraday’s response, working in the Royal Institution basement laboratory
through August and September 1821, was to construct an apparatus that allowed
a current-carrying wire to rotate continuously around a magnet, and a magnet to
rotate continuously around a current-carrying wire. The two rotations were the
first demonstrations of continuous mechanical motion produced by
electromagnetic interaction, and they were the conceptual basis of every electric
motor that has ever been built. Faraday published the result in October 1821 in
the Quarterly Journal of Science without acknowledging William Hyde Wollaston,
who had been working on a similar problem and had discussed it with Davy in
Faraday’s presence. The omission produced a controversy that Williams’s
biography reconstructs in detail. The scientific result, however, stood.
Continuous electromagnetic rotation had been demonstrated, and the
demonstration depended on the experimental apparatus Faraday had built in the
basement of the Royal Institution.
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Through the 1820s Faraday continued the experimental program in
directions that the apparatus and the working conditions made possible. He
investigated chemical phenomena (alloys of steel; the liquefaction of gases; the
synthesis of benzene in 1825); optical phenomena (the rotation of polarized light
by transparent media); and electromagnetic phenomena that connected to the
1821 discovery. The notebooks document the daily work in considerable detail.
Faraday’s working method was characterized by the construction of specific
experimental setups, the careful observation of what they produced, the
systematic variation of the conditions to identify what mattered for the observed
effect, and the iterative refinement of both the apparatus and the working
hypothesis. The method was empirical in the strict sense. Theoretical
commitments were thin and were held provisionally; the experimental work was
primary; concepts emerged from sustained engagement with the experimental
materials rather than being imposed on them.

The conditions that supported this method were not common in
nineteenth-century scientific life. Most natural philosophers of Faraday’s
generation worked in university laboratories with teaching obligations, or as
private gentlemen with their own equipment, or as employees of industrial firms
with applied research demands. Faraday at the Royal Institution had a research
laboratory funded by public lecture revenue, no university teaching obligations of
the kind that would have required him to deliver regular lecture courses to
enrolled students, and a long-term salary that allowed him to remain at the same
institution for fifty-four years. His public-facing teaching and advisory work at
the Royal Institution and elsewhere matters here, since the absence of university
obligations did not mean an absence of obligations altogether. The Royal
Institution had inaugurated the Christmas Lectures format in 1825 with John
Millington as the first lecturer, and Faraday delivered the Christmas Lectures
himself across nineteen series between 1827 and 1860. He founded the Friday
Evening Discourses in 1825 and participated in them across his career, the
format that brought the public into the Royal Institution’s lecture theatre to hear
scientific presentations of recent research. He also served as Professor of
Chemistry at the Royal Military Academy at Woolwich from 1830 to 1851 and
acted as scientific adviser to the Admiralty and to Trinity House on lighthouse
and naval-engineering questions for substantial periods. What the chapter wants
to mark is the absence of the university-style teaching load that would have
required him to deliver enrolled-student instruction across a regular academic
calendar; public lectures, popular instruction, and advisory work were on a
different schedule and did not encroach on the experimental program in the
same way regular university teaching would have done. Institutional conditions,
in this calibrated sense, are not incidental to the perceptual achievement that the
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chapter examines. The achievement required sustained engagement with stable
materials across decades, and the sustained engagement was possible because
the institutional conditions allowed him to spend the daily working hours in the
laboratory rather than in the lecture hall or the seminar room.

3.

The development of the field concept across the period from 1822 to 1852 is the
central perceptual achievement of Faraday’s career and the case the present
chapter most directly examines. Most physics students have encountered the
bare account of what was discovered. Faraday demonstrated that a changing
magnetic flux through a coil of wire induces an electromotive force in the coil,
the principle of the electromagnetic generator and the transformer. He published
this result in November 1831, having recorded the key experiment on August 29,
1831, in the laboratory notebook that survives at the Royal Institution archives.
The notebook entry describes an experiment in which a soft iron ring was wound
with two coils of insulated wire, the first coil connected to a battery and the
second to a galvanometer. When the battery was connected, the galvanometer
registered a brief deflection; when the battery was disconnected, the
galvanometer registered another brief deflection in the opposite direction; while
the battery was steadily connected and the current was steady, the galvanometer
registered nothing. The phenomenon Faraday had discovered was that change in
the magnetic flux, not the flux itself, produced the induced current.

The conceptual interpretation of this result was the work of the next two
decades. Faraday’s notebooks across 1831-1852 record his progressive
movement away from the action-at-a-distance framework that had dominated
post-Newtonian theoretical physics and toward a different conceptual structure
in which space itself was the carrier of electromagnetic effects. The visible aid in
this movement was the iron-filings demonstration. When iron filings are
sprinkled on a paper laid above a bar magnet, the filings align in curved patterns
that visualize the spatial structure surrounding the magnet. Every elementary
physics textbook reproduces these patterns. Faraday encountered them through
experimental practice, drew them in his notebooks, and across the two decades
following 1831 came to read them as visualizations of a real spatial structure that
exists around any magnet whether or not iron filings are present to make the
structure visible. What he came to call the magnetic field was the structure the
filings had been visualizing all along. Lines of force that the iron filings revealed
were, in his interpretation, real geometric features of the space surrounding the
magnet, and the magnetic effects on other bodies were the consequences of
those lines of force interacting with the bodies. His interpretation was empirical
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in the sense that it was developed through engagement with experimental
materials. It was also a substantial conceptual departure from the dominant
framework of his predecessors, who had treated magnetism as an action at a
distance between magnetic bodies without spatial structure between them. By
1838, the eleventh series of Experimental Researches had already extended the
field idea into electric phenomena, with Faraday arguing that induction
proceeded through action between contiguous particles of the dielectric rather
than at a distance; the twenty-eighth series of 1852 gave the mature account of
magnetic lines of force that the iron-filings demonstration had been revealing all
along.

The canonical statement of the field interpretation appears in the
twenty-eighth series of Experimental Researches in Electricity, “On the Lines of
Magnetic Force; their definite character; and their distribution within a magnet
and through space,” presented to the Royal Society in 1851 and published in
Philosophical Transactions in 1852; Volume III of the collected book
Experimental Researches in Electricity, gathering the series across 1846 to 1855
including the magnetic-line-of-force papers, was published in London by Richard
Taylor and William Francis in 1855. The statement is methodological as much as
it is theoretical. Faraday argues that the lines of force are the appropriate object
of magnetic investigation, in the sense that they are what the experimentalist’s
apparatus reveals and what subsequent theorizing should attempt to explain. The
argument is offered with a characteristic experimentalist’s caution: Faraday does
not claim to know what the lines of force are made of, or how they propagate, or
what their underlying ontological status is. He claims that they are what the iron
filings visualize, that they exist in the absence of the iron filings as well as in
their presence, and that experimental investigation should treat them as the
primary object of study rather than as artifacts of the experimental method.

The mathematical formalization of Faraday’s field concept began with
Maxwell’s 1855-1856 paper “On Faraday’s Lines of Force,” published in the
Transactions of the Cambridge Philosophical Society, and reached its mature
form in James Clerk Maxwell’'s A Treatise on Electricity and Magnetism
(Clarendon Press, 1873). Maxwell’s contribution was to translate Faraday’s
perceptual and experimental work into the differential-equation framework that
became the basis of classical electromagnetism. The relationship between
Faraday’s perceptual achievement and Maxwell’s mathematical achievement is
precisely the relationship the present chapter is interested in. Faraday saw the
field structure first; Maxwell formalized what Faraday had seen. The
formalization required the perceptual achievement as its prior condition;
Maxwell could not have written the equations without Faraday having identified
the structure the equations describe. Maxwell himself, in the preface to the
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Treatise, acknowledges this priority explicitly. He writes that his own work has
been to give mathematical form to ideas that Faraday had developed and
articulated in non-mathematical language across the prior decades. His
acknowledgment carries methodological weight rather than functioning as a
polite gesture, and the claim it makes is about how the field concept entered
physics. The concept entered through perceptual training and experimental
engagement, not through theoretical innovation. The mathematical apparatus
came after the perceptual achievement and depended on it.

What Faraday’s case demonstrates, in the present chapter’s vocabulary, is
that the perception of relational structure in physical materials is a competence
that requires sustained engagement with the materials across decades,
supportive institutional conditions, methodological discipline that holds
theoretical commitments lightly enough to be revised by what the experiments
reveal, and an unusual capacity to remain with the materials when others would
have moved on. The achievement is uncommon while remaining intelligible to
anyone who studies the case. It amounts to the trained extension of ordinary
perceptual capacity into materials that ordinary perception does not fully reveal.
The iron filings make the magnetic field briefly visible to anyone who has access
to them, but Faraday’s competence was the capacity to read the visualizations as
evidence of a structure that exists in the absence of the visualizing apparatus.
That capacity required the decades of engagement that the institutional
conditions made possible.

4.

Giorgio Morandi was born in Bologna on July 20, 1890, the eldest of five children
of Andrea Morandi and Maria Maccaferri. The family lived initially at Via Lame
and moved to Via Fondazza in 1910, when Giorgio was twenty; in 1933 the family
moved within the same building to the apartment now preserved as Casa
Morandi at Via Fondazza 36, where Morandi acquired a separate studio in 1935
and where he worked until his death in 1964. His father died in 1909, and from
that point Morandi assumed responsibility for the household, which after 1910
included his mother and his three sisters Anna, Dina, and Maria Teresa. He never
married and never lived apart from his sisters. The household configuration is
biographically consequential because it produced the material conditions that
sustained Morandi’'s working life across more than five decades. Janet
Abramowicz’s Giorgio Morandi: The Art of Silence (Yale University Press, 2004)
is the standard scholarly biography and reconstructs the household conditions in
detail through archival material and interviews with surviving associates. The
sisters managed the practical operation of the apartment, freed Morandi from
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the domestic obligations that fall on most working artists, and sustained the
conditions in which his working method became possible.

Morandi attended the Bologna Academy of Fine Arts from 1907 to 1913,
absorbing the Bolognese painting tradition through the academy’s collections
and curriculum. The academy’s pedagogy was conservative by the standards of
contemporary Italian modernism. Students were trained in extended copying of
plaster casts, anatomical drawing, and the close study of the masters held in the
Pinacoteca Nazionale di Bologna, including Raphael’s Ecstasy of Saint Cecilia
(1516) and the late-sixteenth- and seventeenth-century Bolognese works of
Annibale Carracci, Guido Reni, and Guercino. Morandi’s exposure to these
masters in his student years and through his subsequent residency in Bologna
shaped his sense of what painting was for. He was also attentive to the modernist
developments outside Italy, particularly to Cézanne (whose work he saw in
reproductions and exhibitions) and to the early Cubists. The synthesis Morandi
worked out in his mature paintings drew on both the Bolognese tradition and the
modernist innovations, but the synthesis was specifically his own, and it emerged
through the sustained painting practice that the Via Fondazza studio supported.

From 1930 to 1956 Morandi taught engraving at the Bologna Academy. The
teaching was a steady source of income and a steady set of demands on his time,
but it did not consume the substantial portion of each day that the painting
practice required. He engraved seriously throughout the period; his etchings are
an important part of his oeuvre and demonstrate the same relational discipline as
his paintings. He also painted landscapes, particularly during summer
residencies at the family’s house in Grizzana (now Grizzana Morandi) in the
Apennines outside Bologna. Landscape paintings are themselves a significant
body of work and are sometimes treated by critics as a separate development.
The present chapter focuses on the still lifes, where the relational-seeing
argument is most cleanly demonstrable, but the parallel development in the
landscapes is documented and confirms that the relational discipline operated
across Morandi’s entire painting practice.

The principal still-life working space at Via Fondazza occupied a single room
in the apartment Morandi shared with his sisters. Photographs and
reconstructions of the room (now preserved at Casa Morandi, the museum that
opened at Via Fondazza 36 on 17 October 2009) show a working space
approximately five meters by four meters, with a single window providing the
natural light that Morandi used for almost all of his still-life painting. The window
faced east; the morning light entered the room obliquely; the working hours for
the still-life painting were typically the early morning, when the light was steady
and directional. The walls were sparsely furnished. A wooden table stood in the
center of the room and served as the still-life setup surface. A second table held
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the paints, brushes, and working materials. An easel stood near the central table;
canvases in progress leaned against the walls; the bottles and vessels that
Morandi used as still-life subjects were arrayed on shelves around the room. The
1935 separate studio acquisition gave Morandi additional working space for the
etching practice and for canvases in active development beyond what the
apartment room could hold; the still-life painting itself remained at the
apartment table across his working life. The configuration is documented in Joel
Meyerowitz’s Morandi’s Objects (Damiani, 2016), which reproduces
approximately 250 photographs Meyerowitz took at Casa Morandi in spring 2015
working with the museum’s staff to document the surviving objects and their
original placements.

What the studio configuration produced was a set of working conditions that
few twentieth-century painters had sustained access to. Materials remained
stable across decades. Light entering the east window was reliable across the
working seasons. Compositional setups could be changed gradually and
methodically rather than abruptly, because the table and the bottles remained in
the same relations day after day. The institutional conditions, including the
household support from his sisters and the steady teaching income from the
academy, were sufficient to allow Morandi to remain at Via Fondazza without
commercial pressure to produce work for sale at any particular pace. His
exhibition history shows steady but modest sales across his lifetime, with a major
late-career international reputation that emerged in the 1950s and that allowed
him a degree of public recognition without requiring him to alter the working
method that had produced the recognition. The conditions are the still-life
painter’s analogue of Faraday’s institutional configuration at the Royal
Institution. Both painters and physicists need conditions that support sustained
engagement with stable materials, freedom from commercial pressure, and
institutional continuity. Each of these two workers had those conditions across
the working decades that produced his major perceptual achievements.

5.

The working method Morandi developed at Via Fondazza is documented through
several converging sources: the surviving paintings and etchings; the studio
inventory at Casa Morandi; the photographic record (notably Meyerowitz’s 2016
volume); the interview record (Edouard Roditi’s interview with Morandi
published in Dialogues on Art in 1960 is the principal direct documentation of
Morandi’'s own description of his working method); and the scholarly
reconstruction in Abramowicz, Karen Wilkin’s catalog essays for the Center for
Italian Modern Art exhibitions, and Bandera and Miracco’s Morandi 1894-1964

57



(Skira, 2008), the comprehensive collection of Morandi's letters, recorded
statements, and approved English translations. Together these sources allow a
fairly precise reconstruction of what Morandi did each working morning at the
central table.

The bottles and vessels that Morandi used as still-life subjects were ordinary
objects he had collected gradually across the decades. Some were household
items repurposed for the still-life work; some were acquired specifically for their
visual properties; some had been given to him by friends. The objects had two
characteristic preparations that distinguish them from ordinary domestic objects.
First, many of them had been dusted with powdered chalk or pigment to mute
their reflective surfaces. The dusting reduced the highlights that would
otherwise have produced strong tonal contrasts and allowed Morandi to work
with the gradual tonal transitions that became characteristic of his late
paintings. Second, some of the objects had been painted internally, so that
bottles which would normally have been transparent became opaque vessels of
specific color values. The preparations are documented in the Meyerowitz
photographic survey, which captured the dusted surfaces and the painted
interiors of the objects as they were preserved at the museum. The objects were
treated as a working material set, not as found objects. Morandi modified them
to produce the optical properties that his painting practice required.

The arrangement procedure on the central table is documented in the
working photographs and in the chalk-circle markings that survive on the table
surface. Morandi marked positions for individual bottles with white-chalk circles
drawn directly on the table, allowing him to place a bottle in a specific location
on one day and return to the same arrangement on a subsequent day or week.
The circles served as a working apparatus rather than as ornament, and they
allowed Morandi to develop a single composition across multiple sessions,
sometimes returning to the same arrangement intermittently over weeks or
months. Attributions for the chalk-circle markings have varied in the secondary
literature, with some early sources crediting the practice to Morandi’s adoption
of methods from contemporary still-life pedagogy; the careful art-critical
scholarship from the 2000s onward has placed the chalk-circle practice in the
documentary record of Morandi’s own studio, with the credit going to Morandi’s
own working invention as a response to the problem of returning to a single
composition across multiple working sessions. The chalk circles are a small detail
of the working method, but they are a precise indicator of how seriously Morandi
took the relational structure of his arrangements. Relations among the bottles
were the subject of his painting; preserving the relations across sessions
required an apparatus that would track them with the precision the painting
required.
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The painting procedure itself, on a typical working morning, involved
Morandi sitting at his easel facing the arranged still life under the morning
window-light, with the paints prepared on the second table and the working
canvas (often a small one, perhaps thirty by forty centimeters) on the easel. He
worked in oil on canvas across his still-life practice, with a restricted palette
dominated by ochres, umbers, ivory black, lead white, terre verte, and a few
other earth pigments. The palette was a deliberate working constraint, not a
limitation imposed by available materials. Morandi could have used a wider
palette and chose not to. The restricted palette forced his paintings to work
through tonal relations rather than through chromatic contrasts, and the
tonal-relational discipline became the characteristic feature of his mature style.
The brushwork, viewed at close range, is more substantial than his paintings
often appear in reproduction. He worked in moderately thick paint, with
brushstrokes visible at the canvas surface, and the surfaces of the bottles in his
paintings often have a worked quality that the photographic reproductions tend
to flatten out. The originals reward close looking in a way that reproductions
cannot duplicate.

What the working method produced, across the decades from the late 1910s
to Morandi’s death in 1964, was the development of a perceptual competence in
tonal-spatial relations that the surviving paintings document with considerable
precision. The early paintings, from roughly 1916 to 1920, are recognizably
indebted to Cézanne and to the metaphysical-painting movement (with which
Morandi was briefly associated through Carlo Carra and Giorgio de Chirico in the
late 1910s) but already show the close attention to the spatial relations among
objects that would become characteristic. Paintings of the 1920s and 1930s
consolidate the working method and produce the standard Morandi composition:
a small group of bottles or vessels arranged on a tabletop, with the spaces
between them treated with as much pictorial seriousness as the objects
themselves. The paintings of the 1950s and early 1960s, the late period that
art-critical scholarship generally considers Morandi’s strongest work,
demonstrate a degree of compositional spareness and tonal subtlety that the
prior decades had been preparing. Late paintings often consist of three or four
objects on a tabletop with substantial empty space around them, and the empty
space is itself painted with the same attention as the objects, so that the viewer is
shown a relational field in which objects and spaces are equal participants rather
than a still life of objects against a passive background.
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The structural pattern that Morandi and Faraday share is the central argument
of the chapter, and the present section develops it explicitly. Five elements
compose the pattern. The first element is the small, stable set of working
materials. Faraday returned to the same general apparatus (magnets, coils,
batteries, galvanometers, iron filings) across decades; Morandi returned to the
same general object set (bottles, vessels, the Via Fondazza tabletop, the morning
window-light) across decades. The materials were not arbitrary. Both workers
had selected materials that rewarded sustained attention, in the sense that the
materials disclosed structure when the worker remained with them long enough.
The selection was itself part of the competence; not every set of materials
supports the kind of engagement that produces the relational-seeing
competence. Faraday’s choice of magnets and coils was guided by his early
experimental encounters with Orsted’s discovery and by the apparatus that the
Royal Institution made available; Morandi’s choice of bottles was guided by his
early painting encounters with Cézanne and the still-life tradition and by the
household objects that Via Fondazza made available. In both cases, the chosen
materials were stable enough to remain available across the decades and
complex enough to reward extended engagement.

The second element is institutional support. Both workers had institutional
arrangements that protected the working time required for sustained
engagement. Faraday at the Royal Institution had a salaried laboratory position
without wuniversity-style enrolled-student teaching obligations, with the
public-facing teaching and advisory work (the annual Christmas Lectures, the
Friday Evening Discourses, the Woolwich professorship, and Admiralty and
Trinity House advisory roles) operating on schedules that did not require him to
reorient the experimental program toward instructional or commercial demands.
Morandi at Via Fondazza had the household support from his sisters, the steady
teaching income from the Bologna Academy, and a market position that allowed
him to sell paintings at modest but adequate prices without commercial pressure
to produce work at any particular pace. The institutional support was not lavish.
Faraday lived modestly throughout his career; Morandi lived modestly
throughout his. The point is that the institutional support was sufficient and
stable enough to allow the working time the perceptual achievement required,
and that without the support neither achievement would have been possible.

The third element is methodological discipline. Both workers held theoretical
commitments lightly enough that the experimental or compositional engagement
could revise them. Faraday’s notebooks document a working method in which
experimental results consistently took precedence over prior theoretical
expectations, and in which conceptual frameworks emerged from accumulated
experimental work rather than being imposed on it. Morandi’s working
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procedure, with the chalk-circle markings and the iterative recomposition of
bottle arrangements across multiple sessions, demonstrates a parallel discipline
in which compositional results took precedence over prior compositional
intentions. Both workers were prepared to remain with the materials when the
materials produced something the worker had not anticipated. The discipline is
uncommon outside cases like these. Most experimental scientists and most
painters have stronger commitments to particular outcomes than the discipline
allows.

The fourth element is the developmental arc that sustained engagement
makes possible. Faraday’s perceptual competence with electromagnetic
phenomena developed across the period 1813 to 1855 and reached its mature
articulation in the field-concept formulation of 1852. Morandi’s perceptual
competence with tonal-spatial still-life relations developed across the period
1915 to 1964 and reached its mature articulation in the late paintings of 1955 to
1964. The arcs are roughly forty years long in both cases. Neither perceptual
achievement was a young person’s achievement; both required the decades of
accumulated engagement to produce the late mature work. Contemporary
working life, with its emphasis on early-career productivity and rapid output, is
structurally hostile to the developmental arc this chapter has traced. Both
Faraday’s case and Morandi’'s case demonstrate that the deepest perceptual
achievements require the kind of patience that contemporary professional
culture rarely makes possible.

The fifth element is the relationship to formalization. Faraday’s perceptual
achievement preceded Maxwell’s first mathematical formalization by three years,
and the mature Treatise by roughly two decades. Morandi’'s perceptual
achievement preceded the art-critical scholarship that has reconstructed his
working method by approximately the same interval. In both cases, the
perceptual work came first and the formalization came afterward. Maxwell could
not have written his equations without Faraday’s prior identification of the field
structure; the art-critical scholars who have analyzed Morandi’s relational
strategies could not have done the analysis without Morandi’s prior production of
the paintings that demonstrate the strategies. The relationship is a deep feature
of how perceptual competence enters formal disciplines. The competence comes
first; the formalization comes later; the formalization depends on the competence
having produced the records (papers, notebooks, paintings) that the
formalization can analyze. A culture that disinvests in the conditions for
sustained perceptual work cuts off the supply of records that future
formalizations would have analyzed.

What the pairing teaches that neither case alone could teach is that the
perceptual competence operates across the apparent divide between the visual
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arts and the experimental sciences as the same competence with different
materials. Morandi’s case might be read in isolation as a peculiarity of one
painter; Faraday’s case might be read in isolation as a peculiarity of one
experimentalist. The two cases together demonstrate that the structural pattern
is general. The painter and the physicist were doing the same thing with different
materials in a deep structural sense. Both were patient observers of relational
structure in stable working environments, and both produced records of what
they perceived in terms specific enough for later workers to verify and develop.
The competence the present chapter is identifying operates as a single structural
pattern that both cases instantiate, rather than as a metaphor that links the
painter to the physicist.

7.

The structural pattern reaches across additional domains beyond Morandi and
Faraday, and the brief examination of one further case will help establish the
cross-domain reach the rest of the book builds on. Josef Albers (1888-1976) is the
obvious comparison case in the visual arts because his color-relations work,
particularly the Homage to the Square series he developed from 1950 until his
death in 1976, instantiates the same structural pattern that Morandi instantiated
in tonal-spatial relations. Albers worked with a small set of square nested-color
compositions across more than twenty-five years, producing more than a
thousand paintings in the series. The compositional setup was rigid: four nested
squares of different colors, with the outer square the largest and the inner
square the smallest, all sharing a common bottom edge. Within this rigid setup,
Albers explored an enormous range of color-relational effects that he
documented in Interaction of Color (Yale University Press, 1963), which became
the standard pedagogical text for color training in U.S. art education through the
second half of the twentieth century.

What Interaction of Color establishes, both in the text and in the
accompanying color plates, is that color perception is constitutively relational.
Identical color samples appear different when surrounded by different contexts;
different color samples can be made to appear identical through careful
contextual manipulation. The phenomena Albers demonstrates show the actual
structure of human color perception, in which the experience of any color is
determined by its relations to surrounding colors; they fool the viewer only in the
sense that perception fools us by being relational from the start. Albers’s
pedagogical insight was that this relational structure of color perception had to
be trained into students through extended exercises in close looking. The
exercises in Interaction of Color are the pedagogical apparatus he developed at
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Black Mountain College in the 1930s and 1940s and at Yale from 1950 onward to
train students in relational color seeing. These exercises do not transmit
theoretical content; they train perceptual competence through repeated
engagement with color samples under controlled conditions.

The structural parallel to Morandi and Faraday is direct. Albers had a small
set of stable working materials (the Homage to the Square format, the limited
palette of commercial pigments, the standardized canvas sizes); institutional
support (the Yale faculty position and the access to studio space, color materials,
and student assistants); methodological discipline (the rigid format constraints
that forced compositional innovation into color relations rather than into form); a
developmental arc across more than twenty-five years; and a relationship to
formalization in which the perceptual achievement (the trained color-relational
seeing) preceded and conditioned the pedagogical text (Interaction of Color). The
five elements of the pattern are present in the Albers case as they are present in
Morandi and Faraday, and the case demonstrates that the pattern operates
within visual-arts domains beyond Morandi as well as across the visual arts and
natural sciences.

A further case that is worth brief mention is Robert Irwin (1928-2023), the
California Light and Space artist whose decades-long engagement with
perceptual conditions produced both his own art and a substantial pedagogical
influence. Lawrence Weschler’s biographical study Seeing Is Forgetting the
Name of the Thing One Sees: A Life of Contemporary Artist Robert Irwin
(University of California Press, original 1982, expanded edition 2008)
reconstructs Irwin’s working trajectory from abstract painting in the 1950s
through the disc paintings of the late 1960s to the installation work of the 1970s
and beyond. Irwin’s particular contribution, in the present chapter’s vocabulary,
was to make the trained perceptual competence itself the subject of the artistic
work, in installation pieces that required viewers to develop their own perceptual
attentiveness in order to perceive what the installation was producing. Irwin’s
reading of Morandi, recorded in interviews and writings across the 1980s and
1990s, treats Morandi as a precursor of the perceptual-art tradition Irwin himself
was developing. The reading is interesting and produces some valuable insights
into Morandi’s late paintings, though art-critical scholars have generally been
cautious about importing Irwin’s conceptual framework into Morandi
interpretation given the substantial historical and stylistic differences between
them.

The cross-domain pattern is now sufficiently established for the chapter’s
purposes. Painters trained for decades in close looking at limited material sets,
scientists trained for decades in close looking at limited experimental setups, and
pedagogues trained in transmitting the close-looking competence through
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structured exercises all instantiate the same structural pattern. Competence is
recognizable as the same across these cases. Materials differ. Institutional
conditions vary. What remains constant is the sustained engagement, the
methodological discipline, the developmental arc, and the relationship to
subsequent formalization. The book’s later chapters will pair art and science
cases in different domains (counterpoint and phyllotaxis in Chapter 3; weaving
and the microbiome in Chapter 4; architectural poché and topology in Chapter 5;
conversation analysis and mycorrhizal networks in Chapter 6; ASL classifier
predicates and Peircean semiotics in Chapter 7), and the cross-domain pattern
the present chapter has established will reappear in each.

8.

A viewer stands in East Building Gallery 407 at the National Gallery of Art in
Washington that holds the Morandi Natura Morta of c. 1955 the chapter has
returned to several times. Small in scale, unassuming, quiet in its pigments. An
untrained viewer reads it as three or four bottles on a table, painted competently
in muted tones, and moves on after the sort of polite glance that a small still life
from a twentieth-century Italian painter typically receives. A trained viewer,
having spent the time the description set out above, sees something different.
Bottles are not the subject. Light traversing the room and meeting the surfaces,
the cloth’s tonal weight against the wall behind it, the pressure each bottle’s
painted mass exerts on the negative volume of air between the bottles and
around them, the slight inflection of the table edge against the cabinet behind:
these compose the field, and the bottles are the markers by which the field has
been made visible. Half a century earlier, in the basement of the Royal Institution
in London, a viewer at Faraday’s bench would have looked down at iron filings
sprinkled on paper above a bar magnet and registered, similarly, two different
things depending on the training. An untrained eye registers filings arranged in a
curve; a trained eye registers a magnetic field whose structure the filings have
been visualizing. Neither field exists by virtue of being looked at. Both have been
operating with the same structural consequences whether or not anyone has
been there to see them.

The training the cases examined above engaged is not in principle
unavailable to anyone who has the conditions for it. The training is unavailable in
practice to most people because the conditions are unavailable. Sustained
engagement with stable materials across decades, supportive institutional
conditions, freedom from commercial pressure, and the kind of patience that
contemporary professional culture rarely makes possible are not features of most
working lives. The Faraday and Morandi cases are extreme cases because of the
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working conditions, not because the workers themselves were extraordinary in
some essential way. Faraday at the Royal Institution and Morandi at Via
Fondazza had access to working conditions that few of their contemporaries had
access to and that few of our contemporaries have access to. The perceptual
achievements depended on the conditions, and the conditions are increasingly
rare.

What follows from this is the chapter’s contribution to the broader argument
the book is developing. Relational seeing is a competence; competences require
conditions for their development; the conditions require deliberate institutional
sustenance because they are not naturally distributed; and the contemporary
erosion of those institutional arrangements (in the visual arts, in the
experimental sciences, and in many adjacent fields) constitutes a genuine threat
to the perceptual capacity the book is trying to articulate. Chapter 1 named four
loss mechanisms (neglect, institutional disinvestment, working conditions,
lineage severance), and the chapter has worked through two cases in which the
conditions were sufficient to produce the perceptual achievement. Chapter 10
will examine six cases in which the conditions were destroyed and the
achievement was foreclosed. The pairing chapters across Chapters 2 through 7
continue to develop cases in which the conditions were present and the
achievement was made; the contrast with the severed-field cases in Chapter 10 is
what gives the book its argumentative shape. Relational-seeing competence is
real; the conditions for its development are real; the conditions can be supported
or destroyed; and the choices about whether to support them are choices that
institutions and societies actually make.

The trained eye, in the chapter’s specific sense, does not see different
objects from those that ordinary perception sees. It sees the same objects in their
relational structure. The chair in the corner of the room is the same chair to a
trained painter and to an untrained viewer. What the trained painter perceives
that the untrained viewer does not perceive is the chair’s relations to the wall
behind it, the floor below it, the light source falling on it, the colors and textures
of the surfaces around it, and the way these relations constitute a field in which
the chair is one participant among others. The relations are present whether or
not anyone perceives them, and the perceptibility of the relations depends on
training. The same applies, in a different register, to the magnetic field around a
bar magnet, the carbon-transfer relations across a mycorrhizal network, the
kinship and economic relations among the residents of a neighborhood, and the
grammatical-classificatory relations in an ASL classifier predicate. Each is a
relational field. Each rewards perceptual training. Training conditions for each
are themselves vulnerable to disinvestment and severance.
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The chapter has used Morandi and Faraday because their cases are
particularly clean and particularly well-documented. The book uses other
pairings because the structural pattern operates across domains and because no
single pair could establish the cross-domain reach the argument requires. By the
time a reader has worked through all six pairings and the discovery,
undiscovered, and severed-field chapters, the apparatus the present chapter has
built should be available for application to whatever materials the reader
encounters in their own life. That is what the book has been for. The chapter’s
contribution is to make the underlying structural pattern explicit in the cleanest
first case so that the subsequent chapters can develop the pattern across
additional materials without having to reconstruct the basic argument each time.

9.

The chapter has paired Morandi and Faraday and examined the structural
pattern their two cases share. Five elements compose the pattern: stable
working materials, institutional support, methodological discipline, a
developmental arc across decades, and a relationship to subsequent
formalization in which the perceptual achievement preceded and conditioned the
formalized articulation. The pattern operates across the apparent divide between
the visual arts and the experimental sciences as a single structural feature of
how the relational-seeing competence develops. The Albers case extends the
pattern within the visual arts; the Irwin case demonstrates a contemporary
continuation; the cases in subsequent chapters will extend the pattern across
additional domains.

What the chapter contributes to the rest of the book is a worked example of
how a pairing operates as an analytical instrument. Pairings function as
demonstrations of structural commonality across cases that the reader’s prior
categories would have separated, rather than as metaphorical comparisons
linking superficially similar cases for rhetorical effect. Putting a still-life painter
alongside an electromagnetic experimentalist looks initially like a category error;
working through the parallel demonstrates that the category structure was the
error and that the deeper structural pattern operates across both cases as the
same competence with different materials. Subsequent pairings will perform the
same analytical work in different domains. By Chapter 7, with the Peircean
semiotics and ASL classifier-predicate pairing, the apparatus the present chapter
has developed should allow the reader to track the structural commonality
without requiring the same explicit reconstruction.

The book proceeds. Chapter 3 develops the next pairing, between phyllotaxis
(the spiral arrangement of leaves and seeds on plant stems) and counterpoint
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(the arrangement of voices in late-Renaissance polyphony). The pairing
demonstrates that the structural commonality the present chapter has identified
extends from human-scale visual and physical materials to the much smaller
scales of plant biology and to the temporally extended materials of musical
composition. Each successive pairing will extend the cross-domain reach in a
different direction. The cumulative effect, by the book’s later chapters, is the
establishment of the relational-seeing competence as a single capacity that
operates across an enormous range of materials with the same underlying
structural pattern. The pattern is what the book is for.
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Chapter 3: Spirals and Voices in
Phyllotaxis and Counterpoint

1.

In 1992, in a basement laboratory at the Ecole Normale Supérieure in Paris,
Stéphane Douady and Yves Couder arranged a small dish of silicone oil between
the poles of an electromagnet. They dripped ferrofluid (an oil seeded with
magnetic particles) into the dish at regular intervals. As each droplet fell, the
magnetic field repelled it from the previously deposited droplets and propelled it
outward across the dish. Across many drops, the droplets arranged themselves
into intersecting spiral patterns whose counts, when read off the photographs,
were consecutive Fibonacci numbers. The experiment had no biological
substrate. There were no plants, no genes, no enzymes, no apical meristems.
There was a fluid, a magnet, and a sequence of droplets falling at fixed intervals.
The same Fibonacci patterns that botanists had been documenting in sunflower
heads since Bonnet’s 1754 monograph emerged from the iterative dynamics of
repulsion and outward propagation, and the experiment demonstrated that the
patterns are produced by physical self-organization rather than by any
intrinsically biological mechanism.

In Rome four centuries earlier, Giovanni Pierluigi da Palestrina composed
the Missa Papae Marcelli probably in the early 1560s and published it in his
Second Book of Masses in Rome in 1567, a six-voice mass setting whose intricate
polyphonic textures became the canonical reference point for Western
contrapuntal practice for the next four centuries. The voices in the Missa move
through pitch space according to constraints that govern each voice’s relation to
the others at every moment of the composition: the consonance-dissonance
vocabulary, the dissonance-treatment patterns, the avoidance of parallel perfect
intervals, the principles of melodic motion within each voice. Each compositional
decision is made under the constraint of its immediate context, with the global
formal structure of the work emerging from the iterative application of the local
rules across the duration of the mass. The contrapuntal system Palestrina
worked in was codified pedagogically by Johann Joseph Fux in Gradus ad
Parnassum (Vienna, 1725) and analyzed with statistical and historical rigor by
Knud Jeppesen in the early twentieth century. Perceiving the structure of a
Palestrina mass requires the relational-seeing competence built up through long
pedagogical engagement with the species-counterpoint tradition, just as

68



perceiving the structure of phyllotactic spirals requires the relational-seeing
competence built up through long pedagogical engagement with the botanical
and physical traditions.

The phyllotaxis case and the Palestrina case share a structural pattern the
present chapter develops in detail: in both, a global order emerges from local
rules of relational arrangement applied across many iterations, with the
recognition of the pattern itself arriving slowly across long historical periods of
accumulated trained perception. Phyllotaxis received descriptive recognition in
1754, mathematical framework in the 1830s, dynamical-systems explanation only
in 1992. Counterpoint was practiced from the fifteenth century, codified
pedagogically in 1725, analyzed empirically in the early twentieth. Both cases
exhibit a long arc from descriptive recognition to causal explanation, with that
long arc itself among the features that make the pairing precise rather than
generic.

Phyllotaxis and Renaissance counterpoint are an unusual pairing on the
surface of disciplinary categories, and the surface is exactly what the chapter is
asking the reader to look past. Both phenomena have been documented over
centuries by trained practitioners whose perceptual capacities were refined
through long engagement with their respective materials. Phyllotactic
regularities were first systematically described by the Swiss naturalist Charles
Bonnet in 1754 and given mathematical articulation in the 1830s by Karl
Friedrich Schimper, Alexander Braun, and the brothers Auguste and Louis
Bravais. A physical mechanism underlying the regularities was experimentally
demonstrated more than a century and a half later, by Stéphane Douady and
Yves Couder at the Ecole Normale Supérieure in Paris in 1992 and 1996, through
a remarkable physical-system experiment that is examined in detail in Section 3
below. Counterpoint has its own long history of pedagogical codification, with
Johann Joseph Fux’s Gradus ad Parnassum (Vienna, 1725) providing the codified
species-counterpoint pedagogy that shaped the contrapuntal training of Western
composers from Haydn and Mozart through Beethoven, Brahms, and the
twentieth-century neoclassical and serialist composers. Renaissance polyphony
itself, the style that Fux took as his model, is most strongly associated with
Giovanni Pierluigi da Palestrina (c. 1525-1594), whose masses became the
canonical reference point for the species-counterpoint pedagogy through the
work of Knud Jeppesen and other twentieth-century scholars.

The chapter develops the pairing in detail. The second section examines the
phenomenon of phyllotaxis with attention to its descriptive and mathematical
features. Section 3 traces the development of the dynamical-systems
interpretation, with the Douady-Couder experimental demonstration as the
central case. The fourth section turns to counterpoint as an art of relational
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hearing, with attention to what the contrapuntal composer is doing perceptually.
Section 5 examines Palestrina’s compositional practice through the
late-Renaissance tradition that culminated in works like Missa Papae Marcelli
(1567). The sixth section follows the codification of species counterpoint in Fux’s
pedagogical tradition. Section 7 articulates the structural pairing explicitly,
examining how local rules generate global structure in both cases. Section 8
considers what the trained ear and eye perceive in present materials when
working at the level the chapter has developed, and Section 9 connects the
chapter to the rest of the book.

2.

The phenomenon of phyllotaxis is the regular arrangement of plant organs
(leaves on a stem, scales on a pinecone, florets in a sunflower head, bracts on an
artichoke) in patterns that exhibit characteristic spiral structures. Structural
constraint, rather than randomness or species-specific arbitrary convention,
governs the arrangements, and the statistical regularities have been documented
across thousands of plant species since the eighteenth century. The most striking
statistical regularity is that the spiral arrangements typically exhibit two
intersecting sets of spirals (called parastichies in the technical literature) whose
numbers belong to the Fibonacci sequence: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89,
144. A typical sunflower head has 34 clockwise spirals and 55 counterclockwise
spirals, or 55 and 89, or 89 and 144, depending on the size of the sunflower.
Pinecones typically exhibit 8 spirals in one direction and 13 in the other.
Pineapples show 5, 8, and 13 spirals in three directions. The numbers are exact
counts of distinct spiral lines visible on the surface of the plant organ, with no
approximation in the documented values. The phenomenon is one of the most
striking quantitative regularities in plant biology, and it has fascinated
naturalists, mathematicians, and crystallographers for nearly three centuries.
Charles Bonnet (1720-1793), the Swiss naturalist, provided the first
systematic description of phyllotactic patterns in Recherches sur l'usage des
feuilles dans les plantes (Gottingen and Leiden, 1754). Bonnet’s monograph
documented the helical arrangement of leaves around plant stems and identified
several characteristic patterns that recurred across plant families. He recognized
that the arrangements were regular but did not develop a mathematical theory of
the regularities. Mathematical articulation of phyllotaxis came in the 1830s with
the work of Karl Friedrich Schimper (1803-1867) and Alexander Braun
(1805-1877) in Germany, who introduced the fractional notation for describing
the arrangements (the “divergence angle” expressed as a fraction of a full turn
between successive leaves) and identified the Fibonacci-related fractions (1/2,
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1/3, 2/5, 3/8, 5/13, 8/21) as the most commonly occurring divergence values.
Auguste Bravais (1811-1863) and Louis Bravais (1801-1843) extended the
mathematical analysis in their 1837 Annales des Sciences Naturelles paper,
identifying the limit of the Fibonacci fractions as approximately 137.5 degrees
and showing that this limit corresponded to the golden angle (the irrational
division of the full circle by the golden ratio). Nineteenth-century mathematical
work established the descriptive framework that has remained the basis of
phyllotactic analysis ever since.

The descriptive framework can be stated compactly. Most plants whose
leaves are arranged in a single spiral around the stem exhibit a divergence angle
(the angular difference in position between successive leaves around the stem)
that is close to 137.5 degrees, the golden angle. This angle is the irrational
division of the full circle (360 degrees) by the golden ratio (¢ = 1.618...): 360 X
(1 - 1/9) = 137.5077. The divergence angle does not divide evenly into 360
degrees, which means that successive leaves never line up directly above leaves
below them. Each new leaf occupies an angular position that no previous leaf has
occupied. The result is a spiral arrangement in which the leaves are distributed
efficiently around the stem, with no leaf shadowing the leaves immediately below
it more than necessary, and with light access for each leaf maximized within the
constraints of the stem geometry. Applied to the formation of seeds in a
sunflower head or scales on a pinecone, the same angle produces the
characteristic intersecting spiral patterns whose count numbers belong to the
Fibonacci sequence.

The mathematics of why the Fibonacci numbers appear can be stated in
geometric terms that the rest of the chapter will build on. If successive primordia
(leaves, scales, seeds) are placed around a circle at the divergence angle of 137.5
degrees, the positions form a pattern in which the most prominent visual spirals
correspond to consecutive Fibonacci numbers of the sequence. An 8-spiral
pattern visible on a pinecone corresponds to the difference of 8 consecutive
137.5-degree rotations being approximately 0 modulo 360 degrees (8 x 137.5 =
1100, and 1100 modulo 360 = 20 degrees, which is small but nonzero). Counting
in the other direction, the 13-spiral pattern corresponds to 13 x 137.5 = 1787.5,
which modulo 360 is 347.5 degrees, equivalent to -12.5 degrees, which is small in
the opposite direction. When visible, a 21-spiral pattern corresponds to 21 X
137.5 = 2887.5, which modulo 360 is 7.5 degrees. Small residual angles (8 — 20°,
13 - -12.5°, 21 —» 7.5°, 34 - -5°, 55 - 2.5°) reflect the deep mathematical fact
that the golden ratio is the irrational number “most poorly approximated” by
rational fractions, which means that 137.5-degree rotations produce the most
evenly distributed pattern of points around a circle that any rotation angle can
produce. The Fibonacci-numbered spirals are the visible record of this
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mathematical fact in the plant organ’s structure.

The descriptive and mathematical frameworks established in the nineteenth
century were not yet a causal explanation of why plants exhibit the Fibonacci
patterns. Frameworks of that period documented the patterns and showed that
they were mathematically describable, but they did not explain the
developmental or physical mechanism by which the patterns were produced. The
mechanism question dominated phyllotaxis research across the late nineteenth
and twentieth centuries, with various proposals (Wilhelm Hofmeister’s 1868
“Hofmeister rule” identifying the position of new primordia at the largest
available gap; the Snow brothers’ tomato apex transplant experiments in the
1930s and 1940s; Irving Adler’s 1974 contact-pressure model published as “A
Model of Contact Pressure in Phyllotaxis,” Journal of Theoretical Biology 45
(1974): 1-79; the work of Stéphane Douady, Yves Couder, and others in the
1990s) progressively narrowing the mechanism question to the dynamics of
primordium initiation at the shoot apical meristem. The breakthrough
demonstration came in 1992 with the Douady-Couder experimental work that the
next section examines in detail.

3.

Stéphane Douady and Yves Couder (1941-2019), working at the Ecole Normale
Supérieure in Paris in the early 1990s, designed an experimental physical system
whose behavior would test whether phyllotactic patterns could emerge from a
purely physical self-organization principle, without any biological mechanism
specific to plants. The experimental setup is described in their 1992 Physical
Review Letters paper (“Phyllotaxis as a physical self-organized growth process,”
Volume 68, pages 2098-2101) and developed in detail in the three-part 1996
Journal of Theoretical Biology series (“Phyllotaxis as a dynamical self-organizing
process,” Volume 178, parts I-III). The setup involves a horizontal Petri dish
containing silicone oil, with a vertical magnetic-field gradient established by an
electromagnet beneath the dish. Drops of a ferrofluid (silicone oil containing
magnetic particles) are released at the center of the dish at regular time
intervals. Each drop is repelled by the previously released drops because the
drops behave as small magnetic dipoles that repel each other. Each drop is also
pulled radially outward by the magnetic-field gradient. The combination of
repulsion among drops and outward radial flow produces a pattern of drop
positions in the dish that the experimenters can photograph and analyze.

What the experiments demonstrated was that the drop arrangements
reliably produced the Fibonacci-numbered spiral patterns observed in plant
phyllotaxis. As successive drops were released, each new drop emerged at the
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position farthest from the previous drops (because of the mutual repulsion), and
the resulting pattern of positions exhibited the characteristic intersecting spirals
with parastichy numbers from the Fibonacci sequence. Divergence angles
between successive drops converged to approximately 137.5 degrees.
Experimentation varied the parameter governing the rate of outward flow
relative to the rate of drop emission and showed that different parameter values
produced different but predictable phyllotactic patterns, including the secondary
patterns (Lucas numbers, decussate arrangements, whorled arrangements) that
appear in some plant species alongside the dominant Fibonacci patterns. The full
range of observed phyllotactic patterns in nature corresponded to a single
parameter sweep in the experimental physical system, with no parameter values
producing patterns that did not appear in some plant species.

The interpretation Douady and Couder offered was that phyllotactic patterns
emerge from a self-organizing physical process at the shoot apical meristem in
plants, and that the process can be modeled with reasonable accuracy by a
system of repulsive interactions among successive primordia combined with
radial outward flow. Their mathematical structure is general: any system in
which discrete elements appear sequentially, repel each other, and flow outward
at a constant relative rate will produce phyllotactic-type patterns with
Fibonacci-numbered spirals. Plant biology is one instance of this general
structure. The ferrofluid Petri dish is another instance. Such dynamics are not
specific to any particular substrate, and the patterns they produce are not
specific to plants. The Douady-Couder result thereby provided a satisfying
physical explanation of the phyllotactic regularities that nineteenth-century
botanists had documented but not explained.

Biological details have been substantially developed since 1996 by molecular
and developmental biologists working on the actual mechanism of primordium
formation at the plant shoot apical meristem. Work by Didier Reinhardt, Cris
Kuhlemeier, and colleagues, particularly their Nature paper in 2003 (Reinhardt
et al., “Regulation of phyllotaxis by polar auxin transport,” Nature 426: 255-260),
demonstrated that the auxin plant hormone, transported through the meristem
by the PIN1 efflux carrier protein, accumulates at sites of new primordium
formation and is depleted in the regions surrounding existing primordia. The
biological mechanism that produces the repulsion among primordia is auxin
depletion: each new primordium draws auxin away from its surroundings,
leaving an auxin-depleted zone around itself, and new primordia can form only at
sites where auxin has accumulated to a threshold level, which means the sites
farthest from existing primordia. The molecular biology of auxin transport thus
instantiates the dynamics of repulsion and outward flow that the Douady-Couder
physical system instantiates with magnetic dipoles. Both systems produce the
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same patterns through analogous dynamics, with different physical substrates, in
confirmation of the general structural principle the experimental work had
identified.

The phyllotaxis story is consequently a clean case of a particular kind of
scientific achievement: a phenomenon that was descriptively documented for
centuries (Bonnet 1754 onward), given a mathematical framework in the
nineteenth century (Schimper, Braun, Bravais), and finally explained
mechanistically through the convergence of experimental physics
(Douady-Couder) and developmental molecular biology (Reinhardt-Kuhlemeier
and others) in the last three decades of the twentieth century and the first two
decades of the twenty-first. What nineteenth-century botanists documented is the
same pattern that twenty-first-century molecular biologists are explaining at the
level of cellular mechanism. Relational-seeing competence required to perceive
the pattern at the descriptive level is continuous with the relational-seeing
competence required to formulate and test the dynamical-systems explanation.
What changed across the centuries was the depth of explanation, not the
structural pattern that was being explained.

1.

Counterpoint is the art of combining multiple independent melodic voices into a
coherent whole, with the voices retaining their melodic individuality while
together producing harmonic and rhythmic structure that emerges from their
combination. The term derives from the Latin punctus contra punctum, “note
against note,” reflecting the basic compositional act: the contrapuntal composer
places one note in one voice against a corresponding note in another voice, and
the two notes together produce an interval (a vertical relation) while the voices’
successive notes produce melodic motion (a horizontal relation in each voice).
Compositional discipline lies in the management of these vertical and horizontal
relations across a piece, with the goal of producing voices that are individually
beautiful as melodic lines, that combine harmonically in ways that are pleasing or
expressive at each moment, and that together generate a formal structure across
the whole composition.

The perceptual capacity required to compose counterpoint is the capacity to
attend to multiple voices simultaneously while tracking their interrelations. A
composer writing a four-voice texture must hear (or imagine, in the inner ear)
the soprano, alto, tenor, and bass voices each in their melodic continuity, and
must hear the vertical intervals among them at each moment, and must hear the
rhythmic relations among them, all at once. The capacity is trainable. Composers
from the late Middle Ages forward have learned counterpoint through extended
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apprenticeships involving the analysis and imitation of existing contrapuntal
models, and through the species-counterpoint pedagogy that codified the
apprenticeship into a structured curriculum in the eighteenth century. What the
trained contrapuntal composer perceives is not a melodic line plus another
melodic line plus a vertical interval at each moment; what the composer
perceives is the relational structure of the polyphonic texture as a single complex
perceptual object whose components are the voices and whose internal structure
is the network of vertical and horizontal relations among them. The perceptual
achievement is parallel to the perceptual achievement that the prior chapters
have examined in painting and physics: the trained perception identifies a
relational structure where untrained perception identifies discrete elements.

The art of counterpoint developed across the medieval and Renaissance
periods through the gradual elaboration of the polyphonic textures that emerged
in Western liturgical music from approximately 900 onward. Early polyphony
(organum, in the technical literature on medieval music) involved a single chant
melody embellished by a second voice singing in parallel motion or in simple
counterpoint. The Notre Dame school in Paris in the late twelfth and thirteenth
centuries, particularly the work of Léonin and Pérotin, extended the polyphonic
textures to three and four voices and introduced rhythmic structures that
allowed the voices to move with greater independence. In the fourteenth century
the Ars Nova (Philippe de Vitry, Guillaume de Machaut, Francesco Landini)
developed the rhythmic and harmonic vocabulary further. During the fifteenth
century the Franco-Flemish school (John Dunstable, Guillaume Du Fay, Johannes
Ockeghem, Josquin des Prez) brought the polyphonic style to a high level of
contrapuntal sophistication, with the work of Josquin (c. 1450/55-1521) widely
regarded as the apex of the high-Renaissance contrapuntal practice. The
late-Renaissance period (c. 1550-1610) brought a particular refinement of the
contrapuntal style in the work of Palestrina, Lassus, Victoria, Byrd, and Tallis,
with the Palestrina mass tradition becoming the canonical reference point for the
species-counterpoint pedagogy that the next sections examine.

Counterpoint of the late Renaissance is characterized by a particular set of
features that distinguish it from the freer contrapuntal practice of earlier and
later periods. The voices move predominantly in stepwise motion, with leaps
used sparingly and typically followed by stepwise motion in the opposite
direction. Dissonances are carefully prepared (each dissonance is approached
from a consonance and resolves to a consonance through stepwise motion), and
the dissonance treatment follows a small set of contrapuntal types (passing
tones, neighbor tones, suspensions, anticipations, escape tones) that have been
systematically described in the scholarly literature. Parallel perfect intervals
(parallel fifths, parallel octaves) are avoided because they reduce the
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independence of the voices. Harmonic vocabulary is restricted to a limited set of
intervals (octaves, fifths, fourths, thirds, sixths, with the dissonant seconds and
sevenths used only as carefully prepared dissonances). Text setting follows
specific principles of accentuation that match the Latin poetic meter to the
musical rhythm. Cadences have characteristic voice-leading patterns that the
contemporary listener and the modern student of the style learn to recognize and
to produce. The full set of stylistic features constitutes what musicologists call
the stile antico or the Palestrina style, and it became the basis of the
species-counterpoint pedagogy in the eighteenth century onward.

5.

Giovanni Pierluigi da Palestrina was born in the small town of Palestrina, near
Rome, around 1525, and died in Rome on February 2, 1594. The standard
scholarly references for Palestrina include Henry Coates’s Palestrina (London:
J.M. Dent, 1948), Malcolm Boyd’s Palestrina’s Style (London, 1973), the Norton
Critical Score edition of Pope Marcellus Mass edited by Lewis Lockwood (W.W.
Norton, 1975), and the more recent scholarship of Noel O’Regan, Jessie Ann
Owens, and others, which has refined our understanding of Palestrina’s career
through archival research at the Vatican and at the Roman musical institutions
where he worked. Palestrina’s working life was almost entirely tied to Rome and
to the major Roman musical institutions: he served as choirmaster at the
Cappella Giulia at St. Peter’s Basilica from 1551 to 1554 and again from 1571 to
his death, with intervening positions at the Sistine Chapel (briefly in 1555), at the
Cappella Lateranense at the Lateran Basilica (1555-1560), and at the Cappella di
Santa Maria Maggiore (1561-1566). He composed approximately 105 masses,
more than 250 motets, more than 100 hymns and Magnificats, and a substantial
body of secular madrigals, with the masses and motets constituting the core of
his enduring reputation. The complete edition of his works (Le Opere Complete
di Giovanni Pierluigi da Palestrina, 33 volumes, edited by Raffaele Casimiri and
others, Rome, 1939-1965) is the standard scholarly reference for his music.
Palestrina’s compositional practice can be reconstructed in considerable
detail from the surviving works themselves, from the contemporary documentary
record (his letters, the records of his employment at the various Roman
institutions, the dedications and prefaces of his published collections), and from
the scholarly analysis that has accumulated across more than four centuries of
musicological work. The compositional method involved sustained engagement
with the existing repertoire of liturgical chant and polyphonic models, with each
new composition drawing on the inherited materials in specific identifiable ways.
A typical Palestrina mass is a “parody mass” or “imitation mass,” in which the
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polyphonic material from an existing motet (often by Palestrina himself,
sometimes by another composer) is reworked and extended across the five
movements of the Mass Ordinary (Kyrie, Gloria, Credo, Sanctus, Agnus Dei). The
reworking involves taking the existing motet’s melodic and contrapuntal material
and developing it through the new musical-textual demands of the mass
movements, with the contrapuntal voice leading reworked to match the new texts
and the new formal proportions. Palestrina’s compositional method was one of
careful relational engagement with existing materials, in which his specific
compositional achievement was the development of the inherited polyphonic
vocabulary into the particular contrapuntal language that became his signature
style.

The Missa Papae Marcelli, published in Palestrina’s Second Book of Masses
(Rome, 1567), is the work most strongly associated with Palestrina’s name in the
popular reputation, though musicologists have generally regarded other
Palestrina masses (the Missa I’homme armé, the Missa Brevis, the Missa Aeterna
Christi munera, and others) as equally or more characteristic of his contrapuntal
achievement. This six-voice mass is dedicated to Pope Marcellus II, whose
extremely brief papacy (April-May 1555) had ended with his death, and the
dedication appears to have been a retrospective tribute to the deceased pope
rather than a commission. The work’s prominence in Palestrina’s reputation rests
on the apocryphal story (developed in the late seventeenth and eighteenth
centuries) that Palestrina had composed it to demonstrate to the Council of Trent
that polyphonic mass settings could be made textually intelligible despite the
contrapuntal complexity, thereby saving polyphony from being banned by the
Counter-Reformation reformers. Modern musicology has thoroughly debunked
this story (the Council of Trent’s deliberations on liturgical music were less
specific than the legend implies, and Palestrina’s compositional development of
the mass was guided by considerations internal to the polyphonic tradition rather
than by the Council’s deliberations), but the Missa Papae Marcelli remains a
central work in Palestrina’s reputation and a useful reference for examining his
contrapuntal style.

What the Missa Papae Marcelli exhibits, when examined at the level of
contrapuntal detail, is the disciplined integration of six independent voices
across the extended musical-textual structure of the mass. Each voice has its own
melodic continuity, with the six vocal parts of the Renaissance polyphonic
tradition (typically labeled cantus, altus, tenor, and bassus, with the doubled
lines in this six-voice setting) each pursuing a coherent line across the
movement. Each pair of voices exhibits the late-Renaissance contrapuntal
vocabulary in the management of the vertical intervals: consonances dominate
the strong metric positions, dissonances are carefully prepared and resolved

77



through specific contrapuntal patterns, parallel perfect intervals are
systematically avoided. Text setting follows the principles of the stile antico, with
the Latin poetic accents matched to the musical rhythm and the meaningful
textual phrases articulated through the cadential structure. Formal proportions
of the movement follow the liturgical structure of the mass text, with the
contrapuntal density and harmonic intensity varying across the movement to
articulate the textual sections (the “Christe eleison” section of the Kyrie has a
different contrapuntal texture from the surrounding “Kyrie eleison” sections, for
example). The full complexity of the work is not reducible to the surface details of
its voice leading; the work is a complex relational structure in which the
contrapuntal details are the material out of which the formal structure is built.

6.

The codification of the Palestrina style into the species-counterpoint pedagogy is
the historical development that made the Renaissance contrapuntal tradition into
a continuing pedagogical resource for European composers across the
subsequent three centuries. Johann Joseph Fux (1660-1741), a Habsburg court
composer who served as Hofkapellmeister in Vienna under three emperors,
published Gradus ad Parnassum in Vienna in 1725, in Latin, with the subtitle sive
Manuductio ad compositionem musicae regularem (“or Guide to Regular Musical
Composition”). The book is structured as a Socratic dialogue between a teacher
(Aloysius, identified with Palestrina) and a student (Josephus, presumably a
stand-in for Fux himself), with the teacher leading the student through a graded
series of contrapuntal exercises. Exercises in the book are organized into “five
species” of counterpoint, each presenting a specific compositional constraint that
the student is to satisfy while writing a counterpoint to a given cantus firmus (a
fixed melodic line, typically a Gregorian chant fragment, against which the
contrapuntal voice is composed). First species requires note-against-note
counterpoint (one note in the new voice for each note in the cantus firmus, with
the intervals restricted to consonances). Second species allows two notes in the
new voice for each note in the cantus firmus, with more elaborate
vertical-interval rules. Third species allows four notes per cantus-firmus note.
Fourth species introduces syncopation through the suspension figure. Fifth
species combines the previous species in florid counterpoint that approximates
the actual practice of free composition.

The pedagogical idea behind the species-counterpoint sequence is that the
student  gradually develops the capacity  to manage multiple
simultaneously-active constraints by working with the constraints one at a time
and in combination. First-species exercises teach the student to perceive the
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consonance-dissonance structure of vertical intervals and to maintain voice
independence through avoiding parallel perfect intervals. Second-species
exercises add the management of dissonance through passing tones and
neighbor tones. Third-species exercises refine the dissonance management and
introduce more complex melodic figures. Fourth-species exercises teach the
suspension as the prepared-dissonance figure that is central to late-Renaissance
contrapuntal vocabulary. Fifth-species exercises combine the prior species with
additional rhythmic flexibility, producing counterpoint that approaches the
actual texture of Palestrina’s compositional practice. The student who has
worked through the species exercises has developed the perceptual capacity to
manage the contrapuntal constraints in real-time composition, with the
constraints operating below the level of explicit awareness through the same
kind of trained perceptual integration that the prior chapters have examined in
painting and physics.

Fux’s Gradus ad Parnassum was widely studied across the eighteenth and
nineteenth centuries and influenced the contrapuntal training of the major
composers of the Western art-music tradition. The Fux tradition shaped Haydn,
Mozart, and Beethoven through documented pedagogical lineages; Bach’s
specific relationship to Fux is less directly attested in the documentary record
and remains a matter of musicological reconstruction rather than firm
biographical fact. Joseph Haydn studied Fux carefully in his early career and
identified the book as foundational to his compositional development. Wolfgang
Amadeus Mozart studied Fux under the tutelage of his father Leopold and later
through his own teaching of Thomas Attwood and others, with Mozart’s working
notebooks for Attwood preserving the species-counterpoint exercises in Mozart’s
hand. Ludwig van Beethoven studied counterpoint with Johann Albrechtsberger
in 1794-1795 using the species method derived from Fux, and the contrapuntal
discipline shaped his late-period compositional style in works like the Missa
Solemnis and the Grosse Fuge. Johannes Brahms’s contrapuntal training,
principally self-directed, drew heavily on Fux and on the broader
Renaissance-Baroque contrapuntal tradition that Fux had codified. Through the
nineteenth century and into the twentieth, the species-counterpoint pedagogy
remained the standard method of contrapuntal training in European
conservatories, with twentieth-century neoclassical composers (Stravinsky,
Hindemith) and serialist composers (Schoenberg, Webern) incorporating the
species method into their pedagogical practice even as their own compositional
styles departed substantially from the Palestrina model.

The twentieth-century musicological scholarship on the Palestrina style
refined the descriptive analysis that Fux had codified and produced more
historically accurate accounts of late-Renaissance compositional practice. Knud
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Jeppesen (1892-1974), a Danish musicologist and composer who had studied with
Carl Nielsen, wrote his doctoral dissertation on Palestrina’s dissonance
treatment and published it as Palestrinastii med scerligt henblik paa
dissonansbehandlingen (Copenhagen, 1923), translated into English by Margaret
Hamerik as The Style of Palestrina and the Dissonance (Oxford University Press,
1927; second edition 1946). Jeppesen’s analysis examined Palestrina’s actual
contrapuntal practice in extensive statistical detail, identifying the specific
dissonance types and their frequency of occurrence in the Palestrina corpus, and
showed that Fux’s eighteenth-century codification had simplified Palestrina’s
actual practice in particular ways. The Jeppesen analysis remains the standard
scholarly reference for the Palestrina style and is the basis of the more
historically accurate counterpoint pedagogy that has developed in
twentieth-century music theory programs alongside the older Fux-derived
species method.

7.

The pairing of phyllotaxis and counterpoint can now be articulated explicitly.
Both are systems in which a global pattern of order emerges from local rules of
relational arrangement applied across many iterations. In phyllotaxis, the local
rule is the mutual repulsion among primordia at the shoot apical meristem
combined with radial outward flow as new primordia are added to the system.
This rule is local in the sense that each new primordium’s position is determined
by its relation to the existing primordia in its immediate vicinity, without
reference to a global pattern that the plant is somehow trying to produce. A
global pattern, the Fibonacci-numbered intersecting spirals, emerges from the
local rule applied iteratively as new primordia are added. The pattern emerges
from the dynamics of the iterative process, with no advance specification of
which arrangement will form. The Douady-Couder experimental demonstration
confirmed the dynamical interpretation by showing that the same pattern
emerges in any physical system that instantiates the same local dynamics,
regardless of the substrate.

In counterpoint, the local rules are the contrapuntal constraints that govern
voice-leading at each moment of the composition: the consonance-dissonance
vocabulary, the dissonance-treatment patterns, the avoidance of parallel perfect
intervals, the principles of melodic motion within each voice, the management of
the cadence patterns. These rules are local in the sense that each compositional
decision (each note in each voice at each moment) is constrained by its relation
to the immediately surrounding notes in the other voices and in the same voice.
The local rules generate the texture and the voice-leading within the larger
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formal frame the liturgical text and the Mass Ordinary specify. Global texture in
a Palestrina mass, with its movement-by-movement contrapuntal density and
harmonic intensity articulating the liturgical text, emerges from the iterative
application of the local contrapuntal rules across the duration of the work, within
the formal proportions the liturgical and generic conventions establish in
advance.

The structural commonality between the two cases is the
local-rule-generates-global-structure pattern. This pattern is a particular kind of
self-organization, in which a system of many elements interacting through local
rules produces a coherent global organization without any external specification
of the global organization itself. Such patterns have been a major theme of
late-twentieth and early-twenty-first century systems-theoretic work in physics,
biology, and other domains, and they have been examined under various names:
emergence, self-organization, dynamical pattern formation, complex systems
behavior. The phyllotaxis and counterpoint cases are useful instances of the
pattern because they are well-documented across long historical timescales
(centuries of botanical observation, centuries of musical composition) and
because the local rules in each case are well-articulated through the relevant
scientific or musical traditions.

Structural commonality between the two is a genuine instance of the same
dynamical-systems pattern operating in different substrates, rather than a
metaphor or a loose analogy. The mathematics of iterative rule application is
similar in both cases: a set of elements interacting through local constraints
generates a global pattern that exhibits characteristic statistical regularities.
Fibonacci patterns in phyllotaxis have characteristic statistical regularities (the
dominant parastichy numbers belong to the Fibonacci sequence; the divergence
angles converge to the golden angle; the patterns scale in characteristic ways
with system size). Contrapuntal patterns in late-Renaissance polyphony have
analogous characteristic statistical regularities (the dissonance frequencies
follow specific distributions; the cadence patterns have characteristic
voice-leading shapes; the formal proportions follow particular schemes). The
statistical regularities in both cases are what the descriptive traditions (botanical
phyllotaxis research; musicological style analysis) have documented over the
long historical timescales of the respective fields.

The pairing also illustrates the cross-domain commonality that the book has
been examining throughout. Plant biology and Renaissance polyphony are
categorically separated by the standard disciplinary divisions of contemporary
intellectual life: one is a topic for biologists and physicists, the other for
musicologists and music theorists. This categorical separation is a feature of the
disciplinary organization of knowledge, not a feature of the underlying
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phenomena. Phenomena themselves share the structural pattern that the present
chapter has identified, and the disciplinary separation conceals the commonality
from researchers and educators who work in only one of the disciplines. The
relational-seeing competence the book has been building is precisely the capacity
to perceive structural commonalities across the disciplinary divisions, and the
phyllotaxis-counterpoint pairing is one further demonstration that the
competence applies across an enormous range of materials.

A final point about the pairing concerns the question of what the local rules
in each case finally depend on. In phyllotaxis, the local rules depend on the
physical and chemical properties of the shoot apical meristem: the auxin
transport dynamics, the cell division mechanics, the geometric constraints of the
meristem itself. These rules are biophysical regularities of the plant tissue, and
they have evolved through natural selection across the long evolutionary history
of seed plants. In counterpoint, the local rules depend on the conventions of the
musical-cultural tradition: the consonance-dissonance hierarchies of the Western
tonal system (themselves rooted partly in the physical acoustics of harmonic
ratios and partly in the cultural practices that have selected and elaborated
specific aspects of the harmonic palette over centuries), the rhythmic
conventions of the late-Renaissance period, the formal expectations of the
liturgical tradition. Such rules are cultural conventions that have evolved
through the long historical development of Western art music. The two cases
differ substantially in the kind of regularity that grounds the local rules:
biophysical in one case, cultural-conventional in the other. The structural
commonality at the level of the iterative dynamics is independent of the
difference in the underlying regularities.

A hostile critic could press the pairing at this point. The
local-rule-generates-global-structure pattern is generic; it operates in traffic
flow, in ant colonies, in market dynamics, in cellular automata, in Conway’s
Game of Life, and across an enormous range of other systems where simple local
interactions produce complex global organization. What makes phyllotaxis and
counterpoint specifically pair-able rather than arbitrary instances of a pattern
that operates everywhere? Two features distinguish the present pairing from the
generic case. The first is the well-documented historical recognition trajectory in
both traditions. Phyllotaxis has a documentary record running from Bonnet’s
1754 monograph through the Bravais brothers’ 1837 mathematical analysis to
the 1992 Douady-Couder experimental demonstration; counterpoint has a
documentary record running from late-medieval discant treatises through Fux’s
1725 pedagogical codification to Jeppesen’s twentieth-century empirical
reanalysis. Few self-organizing systems possess this kind of multi-century
documented trajectory of recognition. The second distinguishing feature is that

82



both cases have sustained traditions of trained observation and practice:
botanists, gardeners, and naturalists learned to count and compare phyllotactic
patterns, while composers, singers, and theorists learned to hear contrapuntal
order through disciplined musical work. These two cases are connected as
practiced arts of relational arrangement, with documented multi-century
histories of perceptual training, rather than as opportunistic instances of generic
self-organization. Such precision is what justifies the pairing’s rhetorical work.

8.

A botanist who has read Bonnet, the Bravais brothers, the Douady-Couder
experimental papers, and the Reinhardt-Kuhlemeier auxin transport work, and
who has spent enough time with sunflower heads to count parastichies by reflex,
looks at a sunflower in a field and registers something that is not visible to a
person who has not done that work. The seed head shows two intersecting sets of
spirals whose counts belong to consecutive members of the Fibonacci sequence.
Each new floret around the meristem occupies an angular position roughly 137.5
degrees around from the previous floret, and that single angular relation, applied
iteratively as new florets emerge, generates the entire visible pattern. To this
trained observer, the seeds register as the visible record of a developmental
process in which auxin distribution at the apical meristem produced a sequence
of inhibition fields, each new primordium emerging at the available position
farthest from existing primordia, the resulting positions tracing out a Fermat
spiral whose visible appearance is the dual lattice of clockwise and
counterclockwise spirals that any sunflower will exhibit. The seeds appear, to a
viewer without that training, as discrete objects placed beside each other on a
flat disk; the trained eye sees instead the arrested geometry of a generative
dynamic. What the botanist sees is a developmental process arrested in its last
visible state, with the Fibonacci numbers as the structural fingerprint of the
process that produced the head.

A musician who has worked through Fux’s Gradus ad Parnassum in the
original or in a serious modern edition, who has analyzed Palestrina masses
through Jeppesen’s framework, and who has sung or played Palestrina’s actual
music with attention to its contrapuntal structure, listens to the Missa Papae
Marcelli and registers something that is not audible to a listener who has not
done that work. A six-voice polyphonic mass surrounding the celebrant’s text
produces, at any given moment, a vertical interval structure among the voices
that the trained ear identifies as a particular contrapuntal configuration: a
specific dissonance type prepared in a specific way, resolved through a specific
voice-leading pattern, situated in a larger phrase whose cadence points are
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heard before they arrive. The voices are independent melodically and dependent
harmonically, and the dependence operates through local rules whose
application across thousands of compositional decisions produces the formal
structure of the work. The musician hears the mass as the iterative outcome of
decisions that Palestrina took at each successive measure, with each decision
shaped by the immediately surrounding harmonic and rhythmic context, the
cumulative structure being the audible record of a compositional process
governed by local rules whose global product is the work as it sounds.

Both kinds of perception are perceptions of process arrested in product. The
sunflower’s seed head and Palestrina’s mass are finished objects whose visible or
audible structure is the trace of a generative process. The botanist who reads
phyllotactic structure and the musician who reads contrapuntal structure are
reading the same kind of evidence: the surface presentation of a system whose
internal dynamics produced the surface through iterative application of
constraints local to each step. A sunflower head and a polyphonic mass are
records of dynamics, and the trained perception in each case is the perception of
dynamics through the record of their operation.

The two cases differ at the substrate level in ways that are not incidental.
Plant phyllotaxis operates through biophysical and biochemical processes that
natural selection has shaped across the long evolutionary history of seed plants,
with the auxin-transport mechanism conserved across species that diverged
hundreds of millions of years ago. Renaissance polyphony operates through
musical conventions that emerged across the medieval and Renaissance
centuries through the cumulative work of composers, theorists, choir directors,
and ecclesiastical patrons, with the specific consonance-dissonance vocabulary
that Palestrina inherited reflecting historical decisions made by Guillaume de
Machaut, Guillaume Dufay, Josquin des Prez, and many others before him. A
botanist reading a sunflower head reads a process whose dynamics are
biological. A musician hearing the Missa Papae Marcelli hears a process whose
dynamics are cultural. The structural commonality at the level of
local-rule-generates-global-structure operates across the substrate difference,
and the perception that recognizes the commonality is the same competence in
both directions, although the specific training that produces the competence is
dissimilar in its content.

One consequence of the commonality is that the two cases offer partially
recoverable lessons for each other. A botanist who has spent thirty years on
phyllotactic statistics has trained perception of how local interaction rules
produce the global pattern that the descriptive statistics document. The musician
who has spent thirty years on Palestrina has trained, in a different vocabulary,
the parallel perception of how local voice-leading rules produce the formal
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structure that the contrapuntal traditions document. Either reader, on
encountering the other domain, would recognize the iterative-rule-application
pattern faster than a beginner in the new domain. The recognition does not
substitute for the specific empirical or musical training that the new domain
requires, since the substrate-specific vocabulary, the methodology of
investigation, and the analytical conventions are particular to each tradition. The
recognition does shorten the time required to identify what kind of explanation
the new domain is offering and what kind of evidence the new domain takes as
decisive. A musician who reads the Douady-Couder paper recognizes the
experimental logic as a counterpart of the Palestrina-style demonstration: the
system’s behavior under controlled conditions confirms the theoretical
understanding of how the system generates its surface phenomena. A botanist
who reads Jeppesen on dissonance treatment recognizes the analytical logic as a
counterpart of phyllotactic statistics: the catalog of compositional behaviors
confirms that the system operates through identifiable rules whose distribution is
a quantifiable feature of the corpus.

9.

One thread runs through the temporal history of both cases that the chapter has
not yet articulated. Phyllotaxis was descriptively documented in 1754 by Bonnet
and given mathematical articulation in the 1830s by Schimper, Braun, and the
Bravais brothers, with the physical mechanism receiving its first rigorous
experimental demonstration in 1992 through Douady and Couder’s ferrofluid
experiment, and the developmental molecular biology arriving at full force only
with the Reinhardt-Kuhlemeier auxin work in 2003. The temporal arc spans two
and a half centuries from descriptive recognition to causal explanation.
Counterpoint was practiced by the Renaissance composers across the fifteenth
and sixteenth centuries, codified pedagogically by Fux in 1725 (a temporal gap of
roughly 150 to 200 years between Palestrina’s practice and Fux’s codification of
it), and analyzed with statistical and historical rigor by Jeppesen in the early
twentieth century (a further temporal gap of two centuries between Fux’s
codification and Jeppesen’s empirical reanalysis). The temporal arc spans
roughly five centuries from compositional practice to historically accurate
analytical reconstruction.

A reader who has followed the chapter’s two cases is in a position to register
that descriptive documentation, mathematical or theoretical articulation, and
rigorous causal or historical-analytic explanation are three distinct levels of
engagement with a structured phenomenon, and that the levels can be separated
by long historical intervals. Bonnet recognized the spirals in 1754 and could not
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explain their mechanism. Fux codified the species method in 1725 and did not
represent Palestrina’s actual practice with full fidelity. Two further centuries of
work in each tradition were required to move from the descriptive or pedagogical
level to the level at which the actual generating process could be identified. The
lesson is one that the relational-seeing competence the book has been examining
frequently requires its practitioners to absorb: a structural pattern is often
visible in observed materials long before the dynamics that produce the pattern
are understood, and the absence of mechanistic understanding does not prevent
the pattern from being identified, documented, and engaged with at the level
appropriate to the available evidence.

The pairing also marks a fact about disciplinary categorization that the
standard educational structures conceal. Plant biology and Renaissance
polyphony are taught in different departments of the university, by faculty who
do not generally cite each other’s literature, with their respective journals,
conferences, and pedagogical traditions operating in separate institutional
spheres. The local-rule-generates-global-structure pattern that the present
chapter has identified runs through both, and identifying the pattern requires
reading across the disciplinary boundary in a direction that the standard
curricula in either field do not encourage. A botanist or a music theorist who
finishes the present chapter has been led into the other domain through the
structural commonality, and a reader who has completed the work of the chapter
possesses an intellectual resource that no standard botanical or musicological
training would have provided: the capacity to recognize iterative-rule-application
as a generative principle that operates in widely disparate substrates and that
warrants investigation under that description regardless of the specific discipline
in which the substrate falls. Subsequent chapters of the book will demonstrate
further forms of relational structure in additional substrates, with the present
pairing providing two of the demonstrations on which the cumulative argument
depends.
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Chapter 4: The Holobiont and the
Loom in Microbiome and Anni
Albers

1.

The standard estimate puts the bacterial cell count of the adult human body at
roughly the same order of magnitude as the human cell count, with the carefully
revised figures from Sender, Fuchs, and Milo (PLOS Biology 14, no. 8, 2016)
giving approximately 38 trillion bacterial cells against approximately 30 trillion
human cells in a 70-kilogram reference adult. The earlier estimate of a 10-to-1
microbe-to-human-cell ratio circulated for decades on the basis of a single 1972
calculation that subsequent careful biology has revised toward parity. What both
versions register, in different proportions, is that the human body is not exactly
what most observers casually assume it to be. A body that looks like a single
bounded organism is in fact a composite of human cells and microbial cells, with
the microbial cells contributing functionally to digestion, immunity, neurological
signaling, and other physiological processes the host depends on. The composite
is what twenty-first-century biology calls a holobiont.

Anni Albers (1899-1994) produced a substantial body of woven works across
her career, the late ones in small format with structural complexity that rewards
close examination. Her On Weaving (Wesleyan University Press, 1965)
articulated the theoretical understanding she had developed first at the Bauhaus
in the late 1920s and then at Black Mountain College from 1933 onward: a length
of cloth is a structure of intersecting threads, and the structure (rather than any
decorative pattern overlaid on it or any pictorial scene woven into it) is the work.
The weaver’s compositional intelligence is exercised in the structural relations of
warp and weft, with color, fiber, twist, density, and weave geometry all
contributing to the visible result. To the trained textile observer, what looks like
a continuous surface bearing decoration reveals itself as a relational composite
of threads in disciplined geometric arrangement.

The pairing of the human holobiont and Anni Albers’s woven cloth is the
pairing the present chapter develops. Each case demonstrates that the
appearance of unitary discreteness conceals a relational composition that the
trained eye perceives clearly. The chapter examines how the perception is
trained in each tradition, what the trained perception sees that untrained
perception misses, and what the structural commonality contributes to the
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cumulative argument the book has been developing. The pairing is not casual
analogy. Both cases involve disciplined perceptual training within institutional
traditions whose intellectual histories the chapter traces, and both cases involve
specific structural features the trained eye learns to register as the unit of
analysis. The body is a holobiont; the cloth is a textile structure. Both are
relational composites, with the relational composition being what the trained
perception perceives.

Microbiome biology and Anni Albers’s loom share a structural feature that is
visible once the eye is trained to look for it: each is a relational composite in
which the figure-ground hierarchy familiar from substance-first thinking
dissolves into reciprocal participation. Holobiont biology emerged as a coherent
research framework in the late 1990s and 2000s, with Lynn Margulis’s
symbiogenesis work of the 1980s and 1990s, the U.S. National Institutes of
Health Human Microbiome Project (2007-2016), and the Gilbert, Sapp, and
Tauber paper “A Symbiotic View of Life: We Have Never Been Individuals” in
Quarterly Review of Biology in 2012 establishing the conceptual framework that
has guided subsequent work. Some biologists (Moran and Sloan 2015, Douglas
and Werren 2016) have contested the framework on the question of whether the
holobiont concept appropriately captures the genetic and evolutionary structure
of host-microbe relationships, and the chapter develops the holobiont material
with attention to these critical voices. Anni Albers (1899-1994), the German-born
textile artist and theorist whose Bauhaus-era and post-1933 American work
established the structural understanding of weaving as a distinctive contribution
to twentieth-century design and visual art, articulated her understanding of
textile most fully in On Weaving (Wesleyan University Press, 1965; expanded
edition Princeton University Press, 2017). Her practice and her writing make the
relational-composite structure of textile available to the trained eye in a way that
the rest of the chapter examines.

The comparison is structural, not genealogical: holobiont biology and
Albers’s weaving both require unitary surfaces to be read as relational
composites. The second section examines the holobiont concept with attention to
its biological and conceptual history. Section 3 turns to the microbiome material
specifically, with the human microbiome as the central case. The fourth section
moves to Anni Albers, with attention to the biographical and institutional context
that produced her distinctive contribution. The weaving material occupies
Section 5, with On Weaving as the primary text. In Section 6 we examine Albers’s
engagement with pre-Columbian textile traditions through the lens of
contemporary scholarship on cross-cultural artistic study. Section 7 articulates
the structural pairing explicitly, examining how relational composition is made
visible in both cases. Section 8 considers what the trained eye perceives in a
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microbial-community sample and in a length of cloth, and Section 9 connects the
chapter to the rest of the book.

The chapter claims no line of influence between microbiome biology and
Albers’s weaving. The pairing is structural rather than historical or causal.
Albers had no knowledge of microbiome biology (the human microbiome
research program emerged decades after her major theoretical work).
Microbiome biologists today rarely engage directly with weaving practice or with
twentieth-century textile theory. The structural commonality the chapter
identifies operates at the level of the relational-composite pattern: each makes a
unitary surface legible as a relational composite, and both cases require trained
perception to be seen clearly as such. That commonality is real, and the chapter
argues that the relational-seeing competence the book has been building applies
to both materials with the same underlying logic.

2.

The modern symbiogenetic use of holobiont entered the biological literature
through the work of Lynn Margulis (1938-2011), whose serial endosymbiosis
theory (developed across her 1967 paper “On the Origin of Mitosing Cells,”
published in the Journal of Theoretical Biology under her then-married name
Lynn Sagan, and her 1981 monograph Symbiosis in Cell Evolution) argued that
eukaryotic cells originated through the symbiotic incorporation of free-living
bacteria into ancestral host cells. Mitochondria, in this view, are the descendants
of bacteria that were engulfed by an ancestral cell and retained as functional
partners in cellular metabolism. Chloroplasts, in plants, are the descendants of
cyanobacteria that were similarly incorporated. The endosymbiotic theory was
initially controversial when Margulis advanced it in the 1960s and 1970s, but the
molecular evidence accumulated through the 1980s and 1990s decisively
supported it, and it is now standard biological knowledge that mitochondria and
chloroplasts are evolutionary descendants of free-living bacteria that became
permanent symbiotic partners of their host cells more than a billion years ago.
Margulis’s work established that the eukaryotic cell, which textbook biology
treats as the basic unit of complex life, is itself a relational composite of
components that were once distinct organisms.

Extension of the symbiotic-composite framework from cellular biology to
whole-organism biology is the conceptual move that produced the holobiont
concept in its contemporary form. The holobiont and holobiosis vocabulary has a
multi-stranded twentieth-century history: Adolf Meyer-Abich introduced the
related term in his 1943 theoretical biology, Lynn Margulis introduced the
modern symbiogenetic use of “holobiont” around 1990 to 1991, and coral
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biologists developed their own holobiont vocabulary in the 1990s and early 2000s
for the coral-zooxanthellae-microbiome composite that constitutes a coral
animal. The term became central to mainstream biological discourse with the
surge of microbiome research in the 2000s and 2010s. A 2012 paper by Scott F.
Gilbert (Swarthmore College), Jan Sapp (York University, Toronto), and Alfred I.
Tauber (Boston University) titled “A Symbiotic View of Life: We Have Never Been
Individuals” (Quarterly Review of Biology 87(4): 325-341) provided the canonical
contemporary statement of the holobiont framework. Their argument was that
organisms have never been autonomous individuals in the way that classical
biology has assumed; rather, organisms have always been relational composites
whose biological identity is established through the cooperative interaction of
host and microbial partners. The paper synthesized an existing body of
microbiome research into a coherent conceptual framework that has guided
subsequent work, drawing on previously published empirical findings rather than
introducing new ones.

The holobiont framework has not been universally accepted in the biological
community. Critical voices have argued that the framework conflates several
distinct phenomena and that some of its strongest claims do not survive careful
empirical scrutiny. Nancy Moran and David Sloan, in a 2015 paper in PLOS
Biology (“The Hologenome Concept: Helpful or Hollow?”), argued that the
hologenome concept (the holobiont’s collective genome considered as the unit of
selection) misrepresents the evolutionary dynamics of host-microbe
relationships, since most microbial partners are acquired anew in each host
generation rather than transmitted vertically through the host germline. Angela
Douglas and John Werren, in their 2016 mBio paper “Holes in the Hologenome:
Why Host-Microbe Symbioses Are Not Holobionts,” extended the critique by
showing that many of the host-microbe relationships used as paradigm cases for
the holobiont framework are facultative rather than obligate, and that the
mathematical and empirical structure of these relationships does not match the
strong claims that some holobiont advocates have made. The critical voices have
not generally rejected the descriptive value of the holobiont concept (the
empirical fact that organisms host extensive microbial communities is not in
dispute) but have questioned the stronger conceptual claims about evolutionary
individuality and the hologenome as a unit of selection.

The critical literature does not undermine the chapter’s pairing. This chapter
does not claim that the holobiont is a single evolutionary individual or that the
hologenome is a unit of selection in the strong sense that Moran and Sloan or
Douglas and Werren have criticized. The chapter’s claim is the weaker
descriptive one that the human body and other complex organisms are relational
composites of host cells and microbial partners, and that the apparent unity of
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the organism is produced by the disciplined interaction of many components
rather than by the pre-existing autonomy of any one component. This descriptive
claim is not in dispute in the biological literature. What is in dispute is the
evolutionary-theoretical interpretation of the descriptive fact, and the chapter
takes no position on the evolutionary debates beyond noting that the descriptive
fact of relational composition is the basis for the structural pairing with Albers’s
weaving practice.

The descriptive fact, when stated carefully, is itself substantial. Trillions of
microbial cells inhabit the human body across its various sites. An intestinal
microbiome includes hundreds of bacterial species in stable population
structures, with the specific community composition varying among individuals
while exhibiting characteristic patterns at higher taxonomic levels. A skin
microbiome includes its own characteristic bacterial and fungal communities.
The oral microbiome is distinct from the intestinal and skin microbiomes, with its
own population dynamics and clinical significance. Microbial cells perform
functional roles across the organism’s biology: gut bacteria produce vitamins
(notably vitamin K and certain B vitamins) that the host cannot synthesize,
ferment dietary fiber into short-chain fatty acids that influence host metabolism,
modulate the development and function of the host immune system, and produce
signaling molecules that influence host neurology and behavior. Functional
integration of host and microbial partners is sufficiently extensive that removing
the microbiome (through antibiotic treatment or in germ-free animal models)
produces substantial physiological disruption. The host organism does not
function normally in the absence of its microbial partners, and the partners do
not generally survive in the absence of the host. That functional integration is the
descriptive basis on which the holobiont concept has been built.

3.

The numerical magnitude of the human microbiome is one of the most striking
facts in contemporary biology, and it has been the subject of substantial scholarly
refinement across the past decade. An older estimate, widely cited in popular and
semi-popular accounts of the microbiome, held that microbial cells outnumber
human cells in the body by approximately 10 to 1, a figure that traces to a 1972
estimate by Thomas Luckey published in the American Journal of Clinical
Nutrition. That 10-to-1 ratio became standard in microbiome literature for
several decades. A 2016 paper by Ron Sender, Shai Fuchs, and Ron Milo of the
Weizmann Institute of Science (“Revised Estimates for the Number of Human
and Bacteria Cells in the Body,” PLOS Biology 14(8): €1002533) carefully
reconstructed the cell-counting estimates and concluded that the actual ratio is
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closer to 1 to 1, with approximately 30 trillion human cells and approximately 38
trillion bacterial cells in a reference adult body of about 70 kilograms. The
revision did not diminish the substantive significance of the microbiome (the
bacterial cell count is still vast and the bacterial diversity is still substantial); it
adjusted the dramatic numerical claim that had circulated through the popular
literature without rigorous foundation. That paper has become the standard
reference for the cell-count question.

The microbial diversity in the gut is the most substantially studied of the
human microbiomes, partly because gut samples can be obtained relatively
non-invasively (through fecal sampling) and partly because the gut microbiome
has the largest microbial population and the most direct functional consequences
for host health. Sequencing of gut microbiome samples typically identifies
several hundred to over a thousand distinct bacterial species in a single
individual, with the specific community composition varying among individuals
while exhibiting characteristic patterns at higher taxonomic levels (the phyla
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria typically
dominate, with Firmicutes and Bacteroidetes together accounting for the great
majority of the gut bacterial population in healthy adults). The community
composition is established in early infancy through exposure to maternal and
environmental microbes during birth and early life, with the composition
stabilizing across the early childhood years and remaining relatively stable in
healthy adults despite continuous turnover of individual bacterial cells.

The functional significance of the gut microbiome for host biology has been
documented in extensive empirical research across the past two decades.
Short-chain fatty acids produced by bacterial fermentation of dietary fiber serve
as energy sources for host colonic epithelial cells and as signaling molecules in
host metabolic regulation. Microbial metabolism of bile acids influences host
lipid metabolism. Production of certain neurotransmitters (or precursors to
neurotransmitters) by bacteria influences host neurological function through
what is sometimes called the gut-brain axis. Bacterial induction of regulatory T
cells in the gut contributes to immune tolerance and reduces the risk of
autoimmune disease. Bacterial competition with potential pathogens in the gut
lumen reduces colonization by harmful microbes (the phenomenon of
colonization resistance). The full set of microbiome-host interactions is extensive
enough that contemporary medicine has developed several therapeutic
interventions based on the microbiome (fecal microbiome transplantation for
Clostridioides difficile infection, prebiotic and probiotic supplements with various
claimed benefits, and emerging applications in inflammatory bowel disease and
other conditions).
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The relational-composite structure of the holobiont is a concrete biological
reality with measurable functional consequences. Empirical evidence of those
consequences supports the structure as concrete biology rather than as
theoretical abstraction. The host organism cannot be understood, biologically or
medically, without reference to the microbial partners with which it co-functions,
and the microbial partners cannot be understood without reference to the host
environment in which they live. The structure is genuinely relational, in the sense
that the properties of the system emerge from the interactions among the
components rather than from any one component considered in isolation. A
human body considered apart from its microbiome counts as a partial biological
system, whose biology cannot be fully described without the microbial
component. The completeness of the system requires the presence and the
cooperative function of all the relational partners, and the trained biological
observer perceives the system as the relational composite that it is rather than as
the autonomous individual that the appearance of unitary discreteness might
suggest.

Before the chapter turns to the textile material: the trained perception that
the present line of analysis describes captures the relational composition itself.
Cognitive acknowledgment that the composition exists is a separate matter, and
many readers will have arrived at the intellectual recognition without yet
developing the perceptual one. A reader who knows that the human body is a
holobiont but who continues to perceive the body as a single autonomous
individual when looking at it has not yet developed the trained perception this
analysis describes. The trained perception is the capacity to see the body as the
holobiont it is, with the microbial partners present in the perceptual frame even
though they are not visible to the unaided eye. The capacity is what the chapter
is concerned with, and the textile material that follows demonstrates the same
capacity operating on a different set of materials.

4.

Anni Albers was born Annelise Else Frieda Fleischmann in Berlin on June 12,
1899, into a prosperous Berlin family with established connections in publishing
and the arts (her mother Toni Ullstein came from the Ullstein publishing
dynasty). She studied painting under the Berlin impressionist Martin
Brandenburg from 1916 to 1919 and attended the Hamburg Kunstgewerbeschule
for two semesters in 1921 before enrolling at the Bauhaus in Weimar with the
mandatory Vorkurs beginning April 21, 1922, intending to study painting. The
Bauhaus, founded by Walter Gropius in 1919, had a stated commitment to
gender equality but in practice channeled women students into the weaving
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workshop, which was considered a more appropriate field for women than the
painting and architecture programs that the male students typically pursued.
Albers entered the weaving workshop, initially with disappointment, and
developed her practice across the Bauhaus’s Weimar period and the subsequent
move to Dessau in 1925. She married the painter Josef Albers (1888-1976) in
1925; the couple remained together for fifty-one years until Josef’s death. After
the National Socialists forced the Bauhaus to close in 1933, the Albers couple
emigrated to the United States at the invitation of Black Mountain College in
North Carolina, where they both taught from 1933 until 1949. Josef became chair
of the design department at Yale University in 1949, and the couple moved to
New Haven, where Anni continued her textile work and her writing. She died in
Orange, Connecticut, on May 9, 1994, at the age of 94.

The Albers career produced a substantial body of woven works, designs for
industrial production, prints, and writings that together constitute one of the
major artistic and theoretical contributions to twentieth-century textile practice.
Her woven works range from the early Bauhaus geometric studies through the
mid-career commissioned works (including drapery for the Rockefeller Guest
House in 1944 and Torah Ark panels for Temple Emanu-El in Dallas in 1957 and
Congregation B’nai Israel in Woonsocket, Rhode Island, in 1961) to the late
“pictorial weavings” in which she developed a distinctive vocabulary of
small-format works whose structural complexity rewards close examination. Her
largest pictorial weaving and her best-known commission was Six Prayers,
woven in 1965-66 and one of her few explicitly commemorative works, a
six-panel hanging made for the Jewish Museum in New York in memory
of the six million Jewish victims of the Holocaust; the work, in cotton,
linen, bast, and silver thread, hangs at the Jewish Museum and was the
central work in a darkened room at the 2018 Tate Modern retrospective.
Industrial designs by Albers included fabric for furniture upholstery, drapery,
and architectural applications, with her work for Knoll Associates and other
manufacturers establishing standards for textile design in mid-century American
interiors. Her prints, particularly the lithographs and screen prints she produced
in the 1960s and 1970s after Josef encouraged her exploration of the medium at
Tamarind Lithography Workshop, extended her textile vocabulary into a graphic
medium and produced work that has been the subject of significant scholarly and
curatorial attention in its own right. Albers’s writings include On Weaving
(Wesleyan University Press, 1965; expanded edition Princeton University Press,
2017), Anni Albers: On Designing (Pellango Press, 1959; second edition Wesleyan
University Press, 1962), and the essays collected in Anni Albers: Selected
Writings on Design (Wesleyan University Press, 2000).
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Albers’s major retrospective at Tate Modern in London ran from October
2018 through January 2019 before traveling to the K20 Kunstsammlung
Nordrhein-Westfalen in Dusseldorf, establishing her contemporary critical
reputation as a major twentieth-century artist whose work had been substantially
undervalued during her lifetime relative to that of male contemporaries with
comparable contributions. The retrospective and the accompanying catalog
(edited by Ann Coxon, Briony Fer, and Maria Muller-Schareck, published by Tate,
2018) brought together woven works, designs, prints, and the substantial
archival material from the Josef and Anni Albers Foundation in Bethany,
Connecticut. The Foundation, established by the artists in their lifetime and now
operating as a research center, holds the largest collection of Albers materials
and has been the site of substantial scholarly work on the couple’s combined
oeuvre across the decades since their deaths. Brenda Danilowitz has been the
principal scholar of Anni Albers’s work through her position at the Foundation
and her catalog raisonné and curatorial work over more than two decades.

The Bauhaus weaving workshop in which Albers’s practice was formed had a
distinctive intellectual character that influenced her subsequent development.
This workshop was led by Gunta Stolzl (1897-1983) from 1925 until 1931 and
was the only Bauhaus workshop with a female master. Pedagogy in the workshop
emphasized the structural understanding of textile (the warp-and-weft
architecture that produces fabric, the role of materials in determining textile
properties, the systematic exploration of weave patterns through small samples
and notebooks) over the decorative or pictorial application of textile that older
textile traditions had emphasized. Weaving students, Albers among them,
produced large numbers of structural samples (small woven panels
demonstrating specific weave patterns or material combinations) and were
trained to think about textile as a structural and material practice rather than as
a vehicle for image-making. The pedagogical emphasis shaped Albers’s lifelong
understanding of textile and provided the intellectual foundation for the
theoretical work she later developed in On Weaving.

5.

On Weaving was published by Wesleyan University Press in 1965, with a
substantial expanded edition issued by Princeton University Press in 2017 that
includes additional Albers writings and contemporary scholarly essays. The book
is structured as a comprehensive theoretical and practical treatment of weaving
as a distinctive artistic and structural practice, with Albers articulating her
understanding of textile across some 200 pages of text and several hundred
illustrations of woven works (her own and others) and structural diagrams. The
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argument that runs through the book is that weaving is a structural practice in
which the thread relationships produce the textile, distinct from an
image-making practice in which the textile would function as a passive surface
for picture or pattern. Albers’s distinction between “structural” and “pictorial”
approaches to textile is one of the major theoretical contributions of the book,
and the distinction informs the rest of her writing and her practice.

The structural understanding of weaving begins with the recognition that a
textile is composed of two perpendicular sets of threads. Warp threads run
lengthwise along the textile, held under tension on the loom across the duration
of the weaving process. Weft threads run crosswise, passing over and under the
warp threads in patterns determined by the loom’s harness configuration and the
weaver’s compositional choices. Each crossing of a warp thread and a weft
thread is a structural relation: the threads interlock through the geometry of the
over-and-under pattern that the loom mechanism produces, with no binding
agent involved in holding them together. The textile is consequently a structure
made entirely of these crossings. Removing any single crossing creates a hole in
the textile and compromises the structural integrity of the surrounding crossings,
since the tension and friction relations that hold the textile together depend on
the continuous network of crossings across the full extent of the fabric. The
textile is what Albers calls a “completely interdependent structure,” in which
every element is constitutive of every other element through the geometric and
frictional relations among them.

The implications of the structural understanding for Albers’s compositional
practice are substantial. A weaver, on Albers’s view, is not making a picture on a
textile surface; the weaver is making a textile, and the textile’s structure is the
work. Compositional choices a weaver makes (which threads to use, what colors
to dye them, what weave pattern to set up on the loom, how to vary the pattern
across the weaving) are choices about the textile’s structural composition rather
than about the image that will be displayed on the textile. The image, when an
image is present, is a function of the structural composition rather than
something added to it. A pictorial image woven into a textile is the textile’s
structure organized so as to produce the image, not an image painted onto a
textile that exists prior to the painting. The distinction carries practical
consequences. It changes how the weaver works, what the weaver attends to,
and what counts as success or failure in the work.

Albers’s compositional practice across her career exemplified the structural
approach with particular consistency in her late “pictorial weavings” (the term
was hers, used somewhat ironically, since the works are pictorial only in the
sense that they have visible compositional structure rather than in the sense that
they depict scenes or objects). A typical Albers pictorial weaving from the 1960s
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or 1970s is a small-format work (perhaps 18 by 24 inches) with a complex woven
structure visible across its surface. The structure typically includes multiple
thread types (different fibers, different yarn weights, different colors), multiple
weave patterns in different regions of the work, and compositional rhythms that
are produced by the structural choices rather than by representational decisions.
Examining such a work closely, the viewer perceives the structural composition
that Albers’s writing articulates: warp and weft threads in their specific
perpendicular relations, weave patterns in their region-specific configurations,
color and material choices in their interaction with the structural patterns. The
work is the structure, and the perception of the work is the perception of the
structure as a relational composition of its components.

The contrast Albers drew between her structural approach and the pictorial
approach to textile that older traditions had practiced was sharper in her writing
than in her actual evaluation of older textiles. She admired and learned from the
European wall-hanging weaving tradition, the Coptic and Byzantine textile
traditions, and (most extensively) the pre-Columbian Andean textile traditions
that the next section examines. Her critical position was that the structural
understanding of textile had been increasingly displaced across the European
tradition in the period from approximately 1500 onward, as textile became
increasingly understood as a vehicle for pictorial decoration rather than as a
structural practice in its own right. The Bauhaus weaving workshop’s recovery of
the structural understanding was, in Albers’s view, a return to a textile practice
that had been continuously sustained in some non-European traditions and that
European textile work had largely lost. Her position was less an exoticization of
non-European textile than a critical-historical analysis of European textile’s
specific trajectory, but the position has been the subject of careful scholarly
examination in the decades since Albers wrote, with contemporary scholars
(including T’ai Smith, whose Bauhaus Weaving Theory: From Feminine Craft to
Mode of Design [University of Minnesota Press, 2014] is the standard recent
monograph) extending and complicating Albers’s account in various ways.

6.

The pre-Columbian Andean textile traditions occupy a substantial place in
Albers’s writing and in her thinking about textile structure. She first encountered
Andean textiles during a 1934 trip to Mexico with Josef, and she made
approximately fourteen further trips to Mexico and other Latin American
countries across the subsequent decades, building a substantial personal
collection of pre-Columbian textile fragments and studying them through
extended close examination. Her writing in On Weaving and elsewhere refers to
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Peruvian and broader Andean textile traditions as exemplars of structural
sophistication, with specific attention to the technical achievements of Paracas,
Nazca, Wari, Chimd, and Inca textile production. The technical achievements she
highlighted include double-weave structures (in which two interlocking layers of
cloth are woven simultaneously, producing a textile with different patterns on
each face), gauze and lace constructions of considerable complexity,
supplementary-warp and supplementary-weft patterning techniques, and the
integration of structural and color choices in compositions whose visual
coherence emerges from the interaction of the two.

Contemporary scholarship on Albers’s engagement with pre-Columbian
textiles has been careful to situate her interest in the broader twentieth-century
European-American interest in non-Western textile traditions, which had its own
complex politics of cross-cultural appropriation and study. The relevant
scholarship includes Rebecca Stone’s work on Andean textile traditions and their
twentieth-century reception, Briony Fer’s analysis of Albers’s textile thinking in
the 2018 Tate retrospective catalog, Virginia Gardner Troy’s Anni Albers and
Ancient American Textiles: From Bauhaus to Black Mountain (Ashgate, 2002),
and the broader contemporary literature on pre-Columbian textile traditions in
their own right (including Mary Frame’s work on Paracas textiles and the work of
various Andean and Andean-diaspora scholars on their own cultural heritage).
That scholarship has generally treated Albers’s engagement as serious and
respectful (her collection went to the Albers Foundation rather than being
scattered through the art market, her writing on Andean textiles is technically
informed and carefully argued, and her practice extended rather than
appropriated the structural understanding she found in the Andean traditions),
while marking the inevitable distance between a European modernist’s study of
Andean materials and the cultural-historical situation of the materials within
their original contexts.

The structural understanding that Albers drew from Andean textile
traditions was the recognition that the structural approach to textile, which
European textile production had increasingly displaced from approximately 1500
onward, had been continuously sustained in the Andean traditions across
centuries of textile practice. Andean weavers had developed structural
techniques (double weave, multilayered constructions, complex
supplementary-thread patterning) that European weavers had abandoned or had
never developed. The technical achievements were structural elaborations of the
basic warp-and-weft principle, extending the structural complexity of textile in
directions that European weaving had not pursued, with the structural function
carrying the technical weight rather than any decorative purpose. Albers’s
interest in these traditions was an interest in their structural sophistication and
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in the lessons they offered for a contemporary European-American practice that
wished to recover the structural understanding. The interest was technical and
theoretical rather than ethnographic or appreciative-decorative.

Given contemporary discussions of cross-cultural artistic engagement,
Albers’s position with respect to Andean textile traditions was the position of a
serious student of textile structure rather than the position of a tourist or an
exoticizer. She studied the technical literature, examined the actual textiles in
museum collections and her own collection, and integrated what she learned into
her own practice in ways that extended both the European and the Andean
structural understandings. The integration carried tensions and limitations, as
any extensive cross-cultural artistic engagement does, and the work was
conducted with the care and rigor that one would expect from a serious
twentieth-century artistic practice that took its non-European sources seriously.
Contemporary scholarly literature on Albers’s Latin American engagement has
generally found her work creditable in this respect, and the chapter follows that
finding while marking the honest tension that any cross-cultural artistic
engagement involves.

7.

The pairing of holobiont biology and Anni Albers’s weaving can now be
articulated explicitly. Both cases reveal that what looks like a single discrete
entity is in fact a relational composite, and both cases require trained perception
to be seen clearly as such. A human body looks like a single integrated organism,
but the trained biological observer perceives it as a holobiont composed of
human cells and trillions of microbial partners in disciplined functional
integration. A length of cloth looks like a continuous material surface, but the
trained textile observer (the trained eye that Albers’s writing and practice
cultivate) perceives it as a structure produced by perpendicular thread crossings
in disciplined geometric integration. Both perceptions are perceptions of a
relational composition where untrained perception sees a unitary individual. The
structural commonality is the relational-composite structure that is concealed by
the appearance of unitary discreteness and that is revealed by the trained
perception the book has been tracing.

The relational composition is genuinely the same kind of structure in both
cases, despite the substantial difference in the materials. In the holobiont, the
components are biological cells (host cells and microbial cells) interacting
through the metabolic, signaling, and structural relations that the cellular
biology of the system supports. In the woven textile, the components are threads
(warp threads and weft threads, with possible variation in fiber type, yarn
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weight, and color) interacting through the geometric and frictional relations that
the textile structure produces. Both cases are systems in which the components
are individuated entities (cells; threads) whose interactions produce a
higher-level structure (the holobiont organism; the textile fabric) that has
properties not reducible to the properties of any single component considered in
isolation. The structural commonality at the level of relational composition is
independent of the specific kind of components and the specific kind of relations
that produce the composition in each case.

Trained perception required to perceive the relational composition is also
genuinely the same competence in both cases. A biological observer who
perceives the body as a holobiont has trained the perception through extended
engagement with microbiome research literature, with experimental data on
host-microbe interactions, with clinical observations on the consequences of
microbiome disruption, and with the conceptual frameworks (holobiont theory,
microbial ecology, host-microbe coevolution) that organize the observations into
a coherent perceptual framework. A textile observer who perceives the cloth as a
structure has trained the perception through extended engagement with textile
materials, with weaving practice, with the structural diagrams and weave
patterns that organize textile knowledge, and with the conceptual frameworks
(Albers’s On Weaving, Bauhaus weaving theory, broader textile-historical
scholarship) that organize the observations. The training is different in its
specifics across the two cases, but the perceptual capacity it produces is the
same kind of capacity: the capacity to see a relational composite where untrained
perception sees a unitary individual, and to perceive the components and their
interactions as the constitutive elements of the visible whole.

A consequence of the structural commonality is that the trained perception is
portable across the two cases in ways that the standard disciplinary education
does not typically develop. A microbiome biologist who has trained the
perception of relational composition in the biological case has the underlying
perceptual capacity to perceive the structural composition of a textile (with
appropriate further training in textile-specific materials and concepts), and a
weaver who has trained the perception of textile structure has the underlying
perceptual capacity to perceive the holobiont composition of an organism (with
appropriate further training in microbiology). The portability is not automatic
(the specific materials and concepts need to be acquired in each case), but the
underlying perceptual capacity is portable, and the chapter’s pairing makes the
portability explicit by demonstrating that the same kind of perceptual
achievement is at work in both cases.

The pairing also illustrates a particular kind of intellectual discipline: the
discipline of seeing through the appearance of unitary discreteness to the
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relational composition that produces the appearance. This discipline is not
exclusive to the holobiont and the textile; it operates across many other domains,
and other chapters of the book examine several further instances of it (Morandi’s
still lifes and Faraday’s field theory in Chapter 2, phyllotaxis and counterpoint in
Chapter 3). The cumulative effect of the pairings is the establishment of
relational composition as a general structural pattern that operates across an
enormous range of materials, with the trained perception required to see the
composition being a general competence that operates across an enormous
range of disciplinary contexts. This chapter contributes two further specific
instances to the inventory, with the holobiont and the woven textile making the
relational-composite pattern available to the trained perception in particularly
clear form.

The difference between the two cases also matters. The holobiont’s
relational composition is biologically given: the host organism and the microbial
partners co-evolve and co-function regardless of whether anyone perceives them
as a holobiont. By contrast, a textile’s relational composition is humanly
produced: the warp and weft threads are arranged in their structural relations by
the weaver’'s compositional and technical work. Trained perception of the
relational composition is consequently somewhat different in each case: in the
holobiont, the perception is a recognition of a structure that exists independently
of human activity; in the textile, the perception is a recognition of a structure
that has been deliberately produced through human activity and that can be
examined as the record of the weaver’s compositional choices. The structural
commonality at the level of the relational-composite pattern operates across this
difference, but the difference is real and the chapter does not collapse it. Both
holobiont and textile are relational composites, but they are relational
composites of substantially different kinds, with the difference being relevant to
how the trained perception engages with each case.

A hostile critic could press the pairing further. A holobiont is a dynamic
ecological-symbiotic system whose components are living organisms with their
own metabolism, evolution, and behavior; a textile is a relatively static physical
object whose components are inert threads held in geometric and frictional
tension. Calling these “the same kind of structure” risks reading as metaphor
where the chapter has claimed structural identity. That objection deserves a
careful answer rather than a confident dismissal. A defensible version of the
chapter’s claim is more precise than “the same kind of structure” simpliciter, and
runs as follows: three specific features connect the two cases in ways that
distinguish the pairing from generic relational analogy. One connecting feature is
that both cases require the trained perception to recognize the unit of analysis:
untrained perception sees an organism rather than a holobiont, and untrained
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perception sees a surface rather than a textile structure; the unit of analysis in
both cases is constituted by the relations among the components, and the
perception of that unit requires disciplinary apprenticeship to develop. A second
connecting feature is the substantial historical recognition trajectory in both
traditions. Holobiont biology developed across roughly a half-century from
Margulis’s symbiogenesis precursor work through the Human Microbiome
Project to the 2012 Gilbert-Sapp-Tauber synthesis, with the term itself first
introduced by Adolf Meyer-Abich in 1943 as part of the longer twentieth-century
history of symbiosis biology; textile theory developed across more than a century
from late-nineteenth-century weaving manuals through the Bauhaus weaving
workshop under Gunta Stolzl and Anni Albers to T’ai Smith’s twenty-first-century
scholarly reconstruction. Both traditions have a documented history of
perceptual development and codification that lets the chapter trace how the
trained perception was built rather than asserting it as if it had no history. A
third connecting feature is the institutional sustenance of the trained perception
in both cases: holobiont biology is sustained by university research programs, the
National Institutes of Health, the journal Microbiome, and a network of training
institutions for microbiologists; textile theory is sustained by the Albers
Foundation, museum textile-conservation departments, university art and design
programs, and journals like Textile History. These three features (trained
perception of the analytical unit, historical recognition trajectory, institutional
sustenance of the perception) connect the two cases at the level of how the
relational composition becomes available for analysis, even where the cases
differ substantially in the dynamic-versus-static, living-versus-physical,
biological-versus-fabricated dimensions. The pairing is precise at the level of
these three features and acknowledges the dimensional differences as relevant to
how the trained perception engages with each substrate.

8.

A microbial ecologist looking at 16S rRNA gene amplicon sequencing output
from a stool sample reads several layers of structure in the data. The taxonomic
profile shows the relative abundance of bacterial phyla, classes, orders, families,
genera, and (where the resolution permits) species across the community. At the
phylum level, Firmicutes and Bacteroidetes together account for the great
majority of the bacterial population in healthy adults, with Actinobacteria,
Proteobacteria, and Verrucomicrobia present in characteristic minority
proportions. Diversity statistics (alpha diversity within a sample, beta diversity
across samples, the distribution of rare versus common taxa) characterize the
community’s structural properties. Functional inferences derived from the
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taxonomic profile identify the metabolic capacities the community possesses
(short-chain-fatty-acid production, bile acid metabolism, carbohydrate
fermentation, vitamin biosynthesis). The trained ecologist reads the sample as a
system whose properties emerge from the cooperative and competitive
interactions among hundreds of bacterial taxa, with the host environment as both
the substrate that the community inhabits and the partner with which the
community co-functions through metabolic, immunological, and signaling
exchanges.

A textile observer looking at a length of woven cloth reads several layers of
structure in the fabric. The weave pattern (plain, twill, satin, damask, and the
elaborated derivatives) determines how the warp and weft threads cross, and the
crossing pattern produces specific surface and structural characteristics that the
trained eye identifies before any decorative content is registered. Yarn weights,
fiber types, and twist directions affect how the threads behave under tension and
produce specific drape, hand, and wear characteristics. Color sequences in the
warp and weft produce pattern effects that are functions of the structural weave
rather than separable decorative additions, so what looks like figure on a fabric
is often the visible expression of a structural difference produced through
warp-color or weft-color sequencing rather than a layer applied to the fabric’s
surface. The trained observer reads the cloth as the disciplined coordination of
these structural variables, with the visible surface as the integrated outcome of
decisions made at the weaving stage about thread, yarn, color, and weave
pattern, decisions whose interactions produce a structural composite whose
visual character cannot be reverse-engineered without engaging the interactions
themselves.

The two readings share a parallel that the rest of this section examines, and
they exhibit a difference that the next section examines. Their parallel is that
both readings perceive a relational composite where untrained observation
perceives a unitary surface, and both readings identify the components and their
interactions as the constitutive elements of the surface that ordinary perception
treats as the primary object. A microbial community is a relational composite of
bacterial taxa whose interactions constitute the community’s properties. A woven
fabric is a relational composite of warp and weft threads whose crossings
constitute the fabric’s properties. Trained perception in either case is the
capacity to read the surface as the outcome of constitutive relations rather than
as the primary phenomenon to which everything else is incidental.

Albers’s writings on weaving are particularly clarifying for the parallel
because Albers herself articulated the structural way of seeing this chapter has
been examining. Her On Weaving devotes substantial attention to weave
structure as the primary subject of textile knowledge, with the decorative
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possibilities of textile being secondary outcomes of structural decisions about
thread interaction. Albers studied pre-Columbian Andean weavings during her
residence in the United States from 1933 onward, with extended visits to
museum collections and travel in Peru, Mexico, and Chile during the 1930s,
1940s, and 1950s, and her engagement with these textiles was substantially
structural rather than decorative. She read the Andean weavings as records of
compositional intelligence that operated at the structural level, with the visible
patterns being the surface manifestations of decisions made about thread
crossings, color sequences in warp and weft, and the mathematical-structural
relations among the threads. A microbiologist who reads Albers on Andean
weaving recognizes the analytical move as a counterpart of
community-ecological analysis: read the surface as the visible record of relations
among components rather than as a primary phenomenon whose decorative or
apparent properties are the proper object of attention.

9.

One difference between the cases requires statement at the close of the chapter,
because the difference matters for how the trained perception engages with each
case. The holobiont is a biologically given composite, in the sense that the
host-microbe relations the trained ecologist perceives have been established by
evolutionary, developmental, and ecological processes that have proceeded
independently of human design. A human body’s microbial community is shaped
at birth through exposure to maternal and environmental microbes, stabilizes
through early childhood, and persists across the host’s life span through
processes that no human has designed and that operate regardless of whether
anyone is studying them. The trained perception of a microbial community is the
perception of a structural composite that the perceiver finds in place, with the
perceiver’s task being the recognition of structure that the perceiver did not
produce.

A woven textile is a humanly produced composite, in a different sense
entirely. Its warp and weft threads are arranged in their structural relations by
the weaver’s compositional decisions, with the loom acting as the apparatus that
records and stabilizes those decisions in the finished cloth. The trained
perception of a textile is the perception of a structural composite that some
specific human person produced through identifiable compositional choices, with
the perceiver’s task being the recognition of the compositional intelligence that
the weaver brought to the work. Albers’s pictorial weavings, the great Andean
tunics in the Smithsonian and Dumbarton Oaks collections, the Bauhaus
weavings of Albers’s contemporaries (Gunta Stolzl, Otti Berger, Benita Otte), and
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the ordinary cloth of any garment a reader is wearing are all records of human
compositional work, with the perceiver standing in a different relation to the
work than the microbial ecologist stands to the holobiont under examination.

The difference does not weaken the structural commonality the cases
identify. It complicates the meaning of trained perception in each case, and the
complication is worth registering at the close. Reading a holobiont is reading a
structure that is there whether or not anyone reads it, with no human author and
no human intention behind the structure’s specific properties. Reading a woven
cloth is reading a structure that some specific person produced with specific
intentions, with the trained perception engaging both the structure and the
compositional intelligence behind it. Both perceive the same kind of relational
composite, while the relation of the perceiver to the object differs in each case.
The microbial ecologist reads a natural phenomenon. A textile observer reads a
record of human work. Both perceptions share the same structural pattern, while
the perceiver’s relation to the object is different in ways that bear on what the
trained engagement involves.

Anyone who finishes the chapter has the means to recognize this kind of
structural-versus-authorial complication in other domains as well. Phyllotaxis is
biologically given; counterpoint is humanly produced. The distinction the present
chapter has articulated applies there too, and the reader who registered it in
Chapter 3 has had its significance reinforced through the present pairing.
Subsequent chapters will encounter further variations on the same complication,
with mycorrhizal networks (biologically given) paired with conversation analysis
(humanly produced) in Chapter 6, architectural poché (humanly produced)
paired with mathematical topology (a humanly developed mathematical
framework that articulates objective topological properties of physical and
mathematical spaces) in Chapter 5, and Peirce’s semiotics (a humanly developed
framework) paired with ASL classifier predicates (a humanly developed grammar
that operates as a natural language for its native users) in Chapter 7. The
present chapter has articulated the complication directly, with the holobiont and
the textile providing two cases at the extremes of the natural-versus-produced
contrast. The articulation will inform the reader’s engagement with the pairings
that remain.
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Chapter 5: The Wall as Designed
Space in Topology and Architectural
Pocheé

1.

Francesco Borromini began work on San Carlo alle Quattro Fontane in Rome in
1638. The site, at the corner of the Quirinal Hill, was constrained: a parcel small
enough that the church footprint could not exceed roughly the dimensions of one
of the piers in St. Peter’s, the basilica that dominated the architectural
imagination of seventeenth-century Rome. Borromini’s response was to make the
building’s structural mass into the building’s compositional subject. The walls of
San Carlo function as designed thicknesses rather than as boundaries between
rooms, articulated with niches, recesses, oval interruptions, and curving
inflections that produce the famous undulating plan. A visitor who stands inside
the small chapel does not register a rectangular envelope holding a residual
interior; the visitor registers a composed mass whose interior is the cut that the
mass has been carved to admit. The plan, drawn at scale, makes the wall
thickness the principal compositional element on the page, with the rooms
appearing as the residual cuts in the darkened mass. This drawing convention is
what classical and Beaux-Arts pedagogy called poché.

Roughly a century after Borromini, in the 1730s, Leonhard Euler wrote a
short paper for the Commentarii Academiae Scientiarum Petropolitanae (volume
dated 1736 and published in 1741) on a Konigsberg puzzle: whether one could
traverse all seven bridges of the city, crossing each exactly once. Euler proved
that the answer was no, and his analysis covered both the simpler version of the
question (any walk crossing each bridge once) and the stronger version (a walk
that returns to its starting point). The proof did not depend on any metric
properties of the bridges (their lengths, their angles, their distances from one
another) but only on the connectivity structure: how many bridges met at each
landmass and how the landmasses were connected. The argument abstracted
away from the spatial particulars of Konigsberg and treated the city as a network
of nodes and edges whose connectivity properties determined the answer.
Euler’'s paper is generally taken as the founding document of topology, the
branch of mathematics that treats space as a structure of connectivity,
neighborhood, and continuity invariant under deformations that change metric
properties.
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Borromini’s poché and Euler’s topology developed in entirely separate
institutional traditions, with no documented mutual influence. The pairing in the
present chapter argues that they nevertheless share a common move: both treat
space as a relational structure constituted by the relations among elements,
rather than as a metric container in which elements happen to be placed. Walls
and rooms in poché stand in determinate compositional relations whose
articulation is the building’s design; points and neighborhoods in topology stand
in determinate connectivity relations whose articulation is the space’s
mathematical structure. The trained perception that engages with poché in
architectural plans and the trained perception that engages with topological
structure in mathematical diagrams are recognizing the same kind of object: a
relational composition where untrained perception sees only contained or
extended substance.

Topology and architectural poché both treat space relationally rather than
substantively, and both have a long disciplinary history in which trained
practitioners worked out what the relational treatment requires. Architectural
poché was systematized as a pedagogical concept in the French Beaux-Arts
tradition of the nineteenth century, particularly through Julien Guadet
(1834-1908), whose four-volume Eléments et théorie de [I’architecture
(1901-1904) provided the canonical Beaux-Arts statement of the architectural
elements and their compositional principles. Auguste Choisy (1841-1909), in his
Histoire de [I’architecture (1899), established the parallel-projection
plan-section-elevation drawing convention that has remained the standard for
representing poché in architectural drawings ever since. Specific buildings that
exemplify highly developed poché composition include Francesco Borromini’s
San Carlo alle Quattro Fontane in Rome (1638-1641), Sir John Soane’s House
Museum at Lincoln’s Inn Fields in London (developed across 1792-1837), and
Louis Kahn’s mid-twentieth-century projects in which the “served and servant
spaces” doctrine articulated a modern poché thinking in conceptual rather than
ornamental terms. Topology developed across the period from Euler’'s 1736
paper through the nineteenth-century work of Johann Listing, August Ferdinand
Mobius, and Bernhard Riemann to the foundational twentieth-century work of
Henri Poincaré, Felix Hausdorff, and the algebraic-topology school that has
produced one of the major branches of modern mathematics.

The comparison is structural, not genealogical: poché and topology each
make space legible through relations rather than through metric extension alone.
The second section examines architectural poché as a concept and as a
pedagogical tradition. Section 3 turns to specific buildings in which poché is
highly developed, with Borromini, Soane, Adam, and Kahn as the principal cases.
The fourth section examines topology as a mathematical field, with Euler’s
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Konigsberg paper as the foundational case. Section 5 traces the development of
topological thinking across the nineteenth and twentieth centuries. The sixth
section considers the modernist architectural rejection of classical poché and its
later partial recovery, in order to mark the historical complexity of the
architectural side of the pairing. Section 7 articulates the structural pairing
explicitly, examining how relational space operates in both cases. Section 8
considers what the trained eye perceives in a building plan and in a topological
diagram, and Section 9 connects the chapter to the rest of the book.

The pairing is structural rather than historical or causal. Beaux-Arts
pedagogues who systematized poché in the nineteenth century were not engaged
with the mathematical work of Listing or Mobius, and the topologists who
founded modern topology were not generally engaged with architectural
pedagogy. The structural commonality the chapter identifies operates at the level
of the relational-spatial pattern: both treat space relationally rather than
metrically, and both require trained perception to be seen clearly as such. That
commonality is real, and the chapter argues that the relational-seeing
competence the book has been building applies to both materials with the same
underlying logic.

2.

The term “poché” entered the French architectural vocabulary in the eighteenth
century, with the participial form of the verb “pocher” (to pocket) applied to the
practice of indicating solid mass on architectural drawings by inking or hatching
the regions between the rooms. A standard drawing convention has been
continuous from the eighteenth century through the present: a building plan is
drawn at scale on paper or in digital representation, with the rooms shown as
voids (white or unfilled regions) and the walls shown as solid mass (black or
hatched regions). Black mass on the drawing is the poché. It represents the
actual physical material (stone, brick, masonry, concrete, plaster, wood framing)
that constitutes the building’s structural and dividing fabric. The convention has
remained stable across two and a half centuries of architectural practice because
it captures a fundamental fact about buildings: walls are thick, walls are made of
substance, walls have their own designed character, and architectural
composition consists substantially in the disposition of solid mass relative to
enclosed void.

Across the nineteenth and early twentieth centuries the Beaux-Arts
pedagogical tradition systematized poché as a compositional concept, principally
through Julien Guadet, who taught at the Ecole des Beaux-Arts in Paris from
1872 until his death in 1908 and who served as professor of architectural theory
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there from 1894 to 1908. He organized the Beaux-Arts curriculum around the
systematic study of architectural elements (entrances, vestibules, stairs,
corridors, halls, rooms, courts, walls) and their compositional combination. His
Eléments et théorie de I’architecture, published in four volumes between 1901
and 1904, provided the canonical statement of Beaux-Arts compositional
principles and remained the standard pedagogical text for academic
architectural education across Europe and the United States through the first
half of the twentieth century. Guadet’s treatment of poché was integrated with
his treatment of plan composition: the architect’s task is to compose a plan in
which the rooms are appropriately sized, proportioned, and connected, and the
poché is the solid mass that accomplishes the compositional connections through
the disposition of walls between and around the rooms.

A poché-aware compositional approach treats the wall as a designed element
rather than as a residual or undesigned consequence of room placement. The
wall has thickness, and the thickness can be designed: thick walls allow for
windows recessed into deep reveals, doorways with elaborate jambs, niches and
alcoves carved out of the wall mass, ducts and chimneys integrated into the wall
thickness, and structural-decorative elements (pilasters, columns embedded in
the wall, blind arcades, friezes) that articulate the wall’s surface. Wall thickness
can vary across the building, with some walls thicker than others to
accommodate program requirements (load-bearing structure, sound isolation,
fireproofing) or compositional intentions (rhythmic alternation of thick and thin
walls, hierarchical differentiation of major and minor spaces). It can be
irregularly composed, with the wall thickening locally to accommodate specific
spatial features (a stair in a wall, a closet between two rooms, a chimney rising
through several floors). It can be expressed externally (walls visibly thicker on
the building exterior than on its interior partitions) or internally (walls of similar
exterior thickness but compositionally varied on the interior). The full set of
thickness-design choices constitutes the building’s poché composition, and the
trained architectural eye perceives the building as a relational structure of poché
and rooms rather than as a collection of empty volumes separated by
undifferentiated walls.

Auguste Choisy, whose Histoire de l’architecture was published in two
volumes in 1899, provided a complementary contribution to the Beaux-Arts
understanding of poché through his development of the parallel-projection
drawing technique. A Choisy parallel projection (often called the “axonometric
from below” or “Choisy axonometric”) shows a building’s plan, section, and
elevation in a single drawing by projecting the building’s geometry onto a single
picture plane at an oblique angle, with the plan visible from above, the sections
cut through the walls, and the elevations of internal surfaces shown at the same
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projection scale. This technique allowed Choisy to communicate the
three-dimensional poché composition of historical buildings (Roman vaulted
construction, Byzantine domes, Gothic ribbed vaults, French and Italian
Renaissance masonry) in a way that conventional plan-section-elevation drawing
could not. The Choisy axonometric became the standard technique for
architectural-historical illustration and influenced subsequent drawing
conventions in twentieth-century architectural pedagogy.

The Beaux-Arts emphasis on poché was a particular emphasis in the broader
history of architectural pedagogy. Earlier traditions (the Italian Renaissance
treatises of Alberti, Serlio, Palladio, and Vignola; the French classical treatises of
Philibert de I’'Orme and Antoine Desgodets) treated wall mass as constitutive of
architectural composition without using the specific term “poché,” and the
practical knowledge of how to compose buildings with thick walls was
transmitted through the master-apprentice training of the medieval and
Renaissance building trades and the academic training of the Renaissance and
Baroque periods. The Beaux-Arts contribution was the explicit pedagogical
systematization of this knowledge, with the term “poché” providing a focal
concept around which the systematization could be organized. Subsequent
architectural pedagogy (the modernist rejection of Beaux-Arts in the early
twentieth century, the postmodern recovery of Beaux-Arts elements in the late
twentieth century, the contemporary diversity of pedagogical approaches) has
stood in various relations to the Beaux-Arts poché tradition, with Section 6
examining the modernist rejection and its later complications.

3.

Specific buildings make the poché concept concrete in ways that pedagogical
description cannot fully accomplish. Francesco Borromini (1599-1667), the
Italian Baroque architect whose work in Rome across the middle decades of the
seventeenth century produced some of the most highly developed poché
compositions in architectural history, designed the church of San Carlo alle
Quattro Fontane (1638-1641) on a small site at a Roman intersection. A
wedge-shaped plot, constrained by the surrounding street, set the design
conditions, and Borromini’s response accommodates the constraints by
composing the building’s plan as a complex interweaving of curved and straight
wall surfaces in which the wall thickness itself becomes the principal
compositional element. The plan is read as an alternation of convex and concave
wall segments, with the convex segments bowing into the church’s interior and
the concave segments bowing outward away from the interior, and the wall mass
between the segments thickening and thinning in characteristic Borrominian
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rhythms across the perimeter of the church. Within the church, the interior space
is the negative volume that the surrounding poché composition produces; the
church’s spatial character is consequently a function of the surrounding poché’s
specific articulation rather than a property of the interior volume itself.

The Borrominian approach to poché extends beyond San Carlo to his other
major Roman works (Sant’Ivo alla Sapienza 1642-1660, Oratorio dei Filippini
1637-1650, Sant’Agnese in Agone with later modifications by Carlo Rainaldi
1652-1672) and constitutes a sustained architectural exploration of the wall as
designed substance. Borromini’s drawings, preserved in the Vienna Albertina
and other collections, show his characteristic working method: he composed
plans by drawing wall thickness as the primary element, with the rooms
emerging as the residual voids between the designed walls. The contrast with the
more conventional Renaissance approach (drawing the rooms first as ideal
geometric figures and then thickening the walls between them) is substantial,
and it produced architectural compositions in which the wall thickness has its
own developed compositional logic rather than being a residual consequence of
room composition. The scholarly literature on Borromini’s working method is
extensive, with Anthony Blunt’s Borromini (Belknap Press of Harvard University
Press, 1979) and Joseph Connors’s various studies of Borromini’s Roman
buildings being the standard references in English.

Sir John Soane (1753-1837), the English architect whose long career
spanned the late Georgian and early Victorian periods, designed his own house at
12-14 Lincoln’s Inn Fields in London across the period from 1792 to his death in
1837 as a continuously evolving architectural composition that is one of the most
highly developed poché works in the English tradition. The house was assembled
from three adjacent townhouses that Soane bought sequentially: No. 12 in 1792
(the first acquisition, where construction and rebuilding began), No. 13 in 1807
(the central property, which Soane rebuilt as the principal residence and
museum), and No. 14 in late 1823 (the third property, attached and partially
rebuilt to extend the museum spaces). The combined house combines residential,
museum, and architectural-pedagogical functions in a tightly interlocked plan in
which the wall thickness accommodates a vast collection of architectural
fragments, casts, paintings, drawings, and books. Walls of the house contain
hidden spaces (the “Picture Room” with its unfolding hinged panels that reveal
additional paintings, the underground “Crypt” and “Sepulchral Chamber” that lie
within the building’s foundations, the various small chambers and vestibules that
thread through the wall mass between the major rooms), and the experience of
the building consists substantially in the discovery of these hidden poché spaces
by visitors who pass through the house’s circulation sequence. The house has
been preserved as Sir John Soane’s Museum since Soane’s death (under the
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terms of an Act of Parliament that Soane secured during his lifetime), and the
museum remains open to the public at Lincoln’s Inn Fields, with the principal
interior spaces preserved approximately as Soane left them.

Robert Adam (1728-1792), the Scottish architect whose work shaped the
late-eighteenth-century English neoclassical tradition, employed poché in a
different way that emphasized the wall surface as a vehicle for delicate
decorative composition. Major Adam interiors at Syon House (the West London
project he developed across 1762-1769 for the Duke of Northumberland),
Kenwood House (the Highgate library and other interiors, 1764-1773), and
Osterley Park (the West London project 1761-1780) treat the wall as a flat plane
on which decorative composition unfolds, with the structural thickness behind
the plane providing the necessary substance for the building’s stability without
itself becoming the principal compositional element. An Adam approach to poché
is consequently more restrained than the Borrominian approach: the wall is thick
enough to be structurally serious, but the thickness is not aggressively expressed
in the room composition, and the decorative composition on the wall surface (the
characteristic Adam style of low-relief plasterwork, painted decoration, and
hierarchical ornamental composition) takes priority. The contrast between the
Borrominian and Adam approaches illustrates the range of poché treatments
available within a tradition that takes wall thickness as a designed element.

Louis Kahn (1901-1974), the American architect whose major projects across
the 1950s, 1960s, and early 1970s produced some of the most theoretically
sophisticated mid-twentieth-century architecture, articulated a modern poché
thinking through his concept of “served and servant spaces.” The doctrine, which
Kahn developed in lectures and writings across the 1950s and applied in projects
including the Richards Medical Research Laboratories at the University of
Pennsylvania (1957-1965), the Salk Institute at La Jolla, California (1959-1965),
and the Kimbell Art Museum in Fort Worth, Texas (1967-1972), treats the
building as composed of two kinds of spaces: served spaces (the major program
spaces in which the building’s primary functions occur) and servant spaces (the
secondary spaces that contain the structural, mechanical, and circulation
systems necessary to support the served spaces). The walls and the spaces
between served spaces become servant zones in Kahn’s thinking, with the
building’s structural thickness expressed as designed servant spaces rather than
as undifferentiated wall mass. The Kahn approach is a modern reinterpretation of
poché in which the wall’s thickness is celebrated and articulated through the
explicit programming of the wall mass as functional servant space rather than
concealed within an undifferentiated wall surface.
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Topology, the mathematical field that studies spatial properties preserved under
continuous deformation, traces its modern form to Leonhard Euler’s Solutio
problematis ad geometriam situs pertinentis (“Solution of a problem relating to
the geometry of position”), drafted by Euler in the mid-1730s and published in
the Commentarii academiae scientiarum imperialis Petropolitanae Volume 8 (the
volume dated 1736 and printed in 1741). The paper addresses the so-called
Konigsberg bridges problem: whether it is possible to walk through the Prussian
city of Konigsberg (now Kaliningrad) crossing each of its seven bridges over the
Pregel River exactly once. Euler proved that such a walk is impossible, and the
proof established a method of analysis that abstracted away from the specific
metric properties of the city’s geography (the lengths of the bridges, the angles
at which they meet the riverbanks, the distances between them) and considered
only the connectivity structure of the bridges-and-landmasses graph. The proof’s
significance lay in the abstraction: it demonstrated that a question about spatial
walking through a specific physical location could be answered without reference
to the location’s metric properties, and that the relevant mathematical structure
was the connectivity graph rather than the metric geometry. Euler’s paper is
generally regarded as the founding paper of topology, though Euler did not use
the term “topology” (which entered the mathematical vocabulary only in the
nineteenth century).

The mathematical content of Euler’s argument can be stated compactly.
Konigsberg geography consisted of four landmasses (two riverbanks, an island in
the middle of the river, and a peninsula-like region) connected by seven bridges.
Euler abstracted the geography into a graph with four vertices (the landmasses)
and seven edges (the bridges). The walking problem became the question of
whether the graph admits an “Eulerian path” (a path that traverses each edge
exactly once) or, more strongly, an “Eulerian circuit” (an Eulerian path that
returns to its starting vertex). In modern formulation, an Eulerian path through a
connected graph exists if and only if the graph has zero or two vertices of odd
degree (vertices with an odd number of incident edges); an Eulerian circuit, with
the additional requirement of return-to-start, exists only when every vertex has
even degree. The Konigsberg graph has four vertices of odd degree (each
landmass has an odd number of bridges attached to it), so neither an Eulerian
path nor an Eulerian circuit exists, and the requested walk through the city is
impossible under either version of the puzzle. This result is a theorem about
graph structure that depends only on the connectivity properties of the graph,
with no reference to the specific lengths or geometric arrangement of the
bridges. The abstraction from metric geometry to connectivity graph is the
topological move, and it is the move that subsequent topology has generalized in
many directions.
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The term “topology” was introduced into the mathematical literature by
Johann Benedict Listing (1808-1882) in his monograph Vorstudien zur Topologie
(“Preliminary studies in topology”), published in Gottingen in 1847. Listing was a
student of Carl Friedrich Gauss and held a professorship at Gottingen across the
second half of the nineteenth century. His monograph extended Euler’s
connectivity-based analysis to a broader range of spatial structures and
introduced the term as a label for the emerging field. The German term
“Topologie” entered other European mathematical vocabularies (French
“topologie,” English “topology,” Italian “topologia”) through translations and
citations of Listing’s work and of subsequent nineteenth-century work that built
on his terminology. The terminological history is consequently relatively recent:
the field’s mathematical content predates the term by more than a century
(Euler’s Konigsberg paper, drafted in the mid-1730s and published in 1741), but
the field’s name dates from Listing’s 1847 monograph.

August Ferdinand Mobius (1790-1868), the German mathematician whose
work spanned analytic geometry, projective geometry, and the early
development of topology, discovered the now-famous Mobius strip (a one-sided
surface formed by joining the ends of a rectangular strip after giving it a
half-twist) in September 1858 while working on a problem in polyhedral
geometry, described it in his 1861 unpublished submission to the Académie des
Sciences in Paris, and published the description in 1865 in his paper Ueber die
Bestimmung des Inhaltes eines Polyeders. The strip had been independently
discovered by Listing two months earlier (in July 1858) and was first published by
Listing in 1861, but the surface bears Mobius’s name in the standard
mathematical literature for reasons of historical accident rather than priority. As
a striking example of the topological abstraction at work, the Mobius strip
illustrates the central topological move: the strip’s metric properties (length,
width, position in space) are unimportant, but its topological property of having
only one side (a continuous path along the surface returns to its starting point on
the “opposite” side without crossing any edge) is invariant under continuous
deformation and is the property that mathematical analysis attends to. The strip
became one of the standard introductory examples in twentieth-century topology
pedagogy, and it remains one of the most frequently used illustrations of
topological thinking in popular and educational contexts.

Bernhard Riemann (1826-1866), the German mathematician whose
contributions to nineteenth-century mathematics included foundational work in
complex analysis, differential geometry, and the early development of algebraic
topology, introduced the concept of the Riemann surface in his 1851 doctoral
dissertation Grundlagen fiir eine allgemeine Theorie der Functionen einer
veranderlichen complexen Grosse (“Foundations for a general theory of functions
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of a complex variable”). The Riemann surface concept allowed multi-valued
complex functions to be treated as single-valued functions on a topologically
more complex domain, and the surfaces themselves became objects of
mathematical study with characteristic topological invariants (genus, Euler
characteristic, fundamental group). Riemann’s work established that topological
structure is mathematically substantial in its own right and that topological
invariants provide a rigorous classification of mathematical objects independent
of their specific geometric realizations. His early death from tuberculosis at the
age of 39 cut short a working career that had already substantially reshaped
mathematics; the topological framework he initiated was developed across the
subsequent half-century by Henri Poincaré and others into the modern
mathematical field.

5.

Henri Poincaré (1854-1912), the French mathematician whose contributions to
nineteenth- and early-twentieth-century mathematics were extraordinarily
wide-ranging, established topology as an autonomous mathematical field through
his series of papers titled Analysis Situs and its complements, published between
1895 and 1904. His first paper, Analysis Situs (in Journal de I’Ecole
Polytechnique, second series, Volume 1, pages 1-121, 1895), introduced the
fundamental group, the homology groups, the concept of orientability, and the
techniques for computing topological invariants of manifolds that have been the
core of algebraic topology ever since. The “Poincaré conjecture,” posed in his
1904 paper, asked whether every simply-connected closed three-dimensional
manifold is homeomorphic to the three-sphere; the conjecture remained open for
nearly a century until Grigori Perelman’s proof in 2002-2003, for which Perelman
was awarded the Fields Medal in 2006 (which he declined) and the Clay
Millennium Prize (which he also declined). The Poincaré program for topology
has been the central organizing program of the field across the twentieth and
twenty-first centuries, and the modern subdivisions of topology (algebraic
topology, differential topology, geometric topology, point-set topology) have all
developed within the framework Poincaré established.

Felix Hausdorff (1868-1942), the German mathematician whose work
bridged the late-nineteenth-century mathematical tradition and the
twentieth-century axiomatic-foundational program, established a foundational
set-theoretic axiomatization of point-set topology in his monograph Grundziige
der Mengenlehre (“Foundations of set theory”), published by Veit and Company
in Leipzig in 1914. The book’s seventh chapter introduced an axiomatic
neighborhood-space definition that became the basis for the modern conception
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of a topological space; the now-standard open-set axiomatization (a set together
with a collection of subsets called “open sets” closed under arbitrary unions and
finite intersections, including the empty set and the whole set) emerged through
subsequent work, with Kazimierz Kuratowski’s 1922 closure-axiom approach and
the further refinements of the 1920s and 1930s producing the formulation that
has been standard in mathematics since. Hausdorff’s axiomatic approach allowed
topology to be developed as a fully rigorous mathematical theory independent of
the specific geometric or analytic intuitions that had motivated the field’s
nineteenth-century development. Hausdorff was Jewish, and he killed himself
with his wife and sister-in-law in January 1942 to avoid deportation by the Nazi
regime; his work survived through the international mathematical community
and remains foundational to contemporary topology.

The twentieth-century development of topology produced an enormous body
of mathematical theory across the field’s various subdivisions. Algebraic
topology, building on Poincaré’s foundations, developed homology theory
(through the work of Emmy Noether and others in the 1920s), homotopy theory
(through Heinz Hopf, Hassler Whitney, and others), and the modern apparatus of
category theory and homological algebra (Samuel Eilenberg, Saunders Mac
Lane, Henri Cartan, and the Bourbaki collective from the 1940s onward).
Differential topology, building on Riemann’s surface theory and the early work of
Hermann Weyl, developed into a substantial field through the work of Hassler
Whitney, Marston Morse, John Milnor, Stephen Smale, and others across the
middle decades of the twentieth century. Geometric topology, concerned with the
topology of manifolds and the relationship of topology to geometry, developed
through the work of William Thurston, Mikhail Gromov, and others in the second
half of the century. The Poincaré conjecture’s resolution by Perelman in
2002-2003 was a culminating event in the field’s twentieth-century trajectory,
and contemporary topology continues to be one of the most active and
substantial areas of mathematical research.

For the chapter’s purposes, the conceptual core of topology is the
abstraction from metric geometry to relational connectivity. A topological space
is specified by its set of points and its collection of open sets; the metric
properties (distances, angles, areas, volumes) are not part of the topological
data. Two topological spaces are equivalent (homeomorphic) if there is a
continuous bijection between them with a continuous inverse, which means in
practice that one can be continuously deformed into the other without tearing or
gluing. The classical illustrations of homeomorphism (a coffee cup is
homeomorphic to a doughnut, since both have one hole; a sphere is not
homeomorphic to a doughnut, since the sphere has no hole) capture the spirit of
the abstraction: what matters topologically is the structure of holes, boundaries,
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connectivity, and continuity, with the metric properties abstracted away as
inessential. A trained mathematical eye perceives spaces topologically by
attending to these relational features and ignoring the metric features that visual
presentation foregrounds.

6.

The modernist rejection of classical poché in early-twentieth-century
architecture is a complication of the chapter’s pairing that needs to be addressed
before the structural argument is articulated. Modernist architecture,
particularly the work of Le Corbusier, Mies van der Rohe, Walter Gropius, and
the broader International Style movement of the 1920s through the 1950s,
adopted as a programmatic commitment the use of structural systems (steel
frames, reinforced concrete) that allowed buildings to be constructed with thin
walls or with no load-bearing walls at all. A “free plan” (plan libre) that Le
Corbusier articulated in his 1923 Vers une architecture and applied in projects
like the Villa Savoye (Poissy, 1928-1931) treated the wall as a non-structural
partition that could be placed anywhere in the plan, with the structural function
carried by the column grid. This free plan was a deliberate rejection of the
Beaux-Arts compositional tradition and its commitment to thick load-bearing
walls; the modernist building was conceived as a thin-walled volume in which the
rooms were defined by light partitions rather than by thick poché. The Mies van
der Rohe approach (the Barcelona Pavilion of 1929, the Farnsworth House of
1951) took the rejection further, with buildings in which the walls were
free-standing planes (sometimes only partially enclosing the spaces) and the
spatial composition was organized around the planes’ positions rather than
around any traditional poché thickness.

The modernist rejection of poché was simultaneously an aesthetic and a
structural commitment. Aesthetically, modernist architects valued the spatial
openness and transparency that thin-walled construction made possible; the
contrast with the heavy, enclosed character of Beaux-Arts buildings was a
deliberate contrast, and the modernist celebration of light, air, and openness was
articulated in opposition to the perceived oppression of nineteenth-century
architectural conventions. Structurally, the modernist commitment to the
column-and-slab structural system (or to its variants in steel-frame construction)
made thick walls unnecessary; the new structural systems supported the building
without relying on wall mass, and the resulting freedom in plan composition was
understood as a major architectural advance. The pedagogical consequence was
that twentieth-century architectural education in many programs (the Bauhaus
and its American successors at Harvard and the Illinois Institute of Technology,
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the various European programs influenced by Le Corbusier’s thinking, and the
broader International Style curriculum) substantially abandoned the Beaux-Arts
emphasis on poché composition and substituted other compositional principles
oriented around the free plan and the structural-system articulation.

The modernist rejection was not universal across twentieth-century
architecture, and several major architects of the period maintained or recovered
poché-aware compositional approaches in different ways. Louis Kahn’s “served
and servant spaces” doctrine, examined in Section 3 above, was an explicit
recovery of poché thinking in modern terms. Aldo Rossi’s L’architettura della
citta (1966) and the broader Italian neorationalist movement of the 1960s and
1970s reasserted the importance of typological and compositional traditions that
included poché thinking. Robert Venturi and Denise Scott Brown’s Complexity
and Contradiction in Architecture (Museum of Modern Art, 1966) and Learning
from Las Vegas (with Steven Izenour, MIT Press, 1972) engaged the historical
architectural tradition in ways that recovered Beaux-Arts compositional concepts
including poché. The postmodern architecture of the 1970s and 1980s, which
Venturi and Scott Brown’s work helped to inaugurate, often involved a deliberate
return to thick-walled construction and to compositional approaches that took
poché seriously. Contemporary architectural practice across the twenty-first
century has been pluralistic, with various practitioners working in various
relations to the historical poché tradition.

The pedagogical recovery of poché in late-twentieth and twenty-first-century
architectural education has been substantial, particularly through the influence
of figures like Colin Rowe (1920-1999), whose teaching at Cornell University
across the 1960s and 1970s shaped a generation of American architects through
his combination of analytical attention to historical compositional principles and
engagement with modernist architectural thought. Rowe’s The Mathematics of
the Ideal Villa and Other Essays (MIT Press, 1976) and his unfinished Collage
City (with Fred Koetter, MIT Press, 1978) re-engaged the Beaux-Arts tradition in
ways that were consequential for late-twentieth-century architectural education.
The result is that contemporary architectural pedagogy includes substantial
poché-aware components even in programs that operate within the broader
modernist and postmodernist traditions, and the trained architectural eye that
the chapter is concerned with continues to be cultivated through the
architectural education of the present day.

7.

The pairing of architectural poché and mathematical topology can now be
articulated explicitly. Both treat space relationally rather than metrically. The
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architectural eye perceiving poché sees the building as a relational structure of
solid mass and enclosed void, with the wall thickness as a designed substance
whose specific composition produces the building’s spatial character. The
mathematical eye perceiving topology sees the spatial structure as a relational
system of connectivity, neighborhood, and continuity, with the metric properties
(distances, angles) abstracted away as inessential to the topological structure.
Both perceptions abstract from the metric or container conception of space
(which treats space as a Euclidean container in which distances and angles are
the primary properties) to a relational conception (which treats space as a
structure of relations among elements, with the relations being the constitutive
features of the structure rather than properties of a pre-existing container).

Both cases work the same relational treatment of space, despite the
substantial difference in the materials. In architectural poché, the relational
structure is between solid mass (walls) and enclosed void (rooms), with the
relations including adjacency (which rooms are next to which), connectivity
(which rooms are joined by doors and passages), enclosure (which rooms are
completely surrounded by poché and which are partially open to other spaces),
and the qualitative character of the wall thickness in different parts of the
building (thicker walls in major rooms, thinner walls in minor rooms; massive
walls in load-bearing positions, lighter walls in non-structural positions). In
topology, the relational structure is among points and their neighborhoods, with
the relations including adjacency (which points are in the same neighborhood),
connectivity (which subsets are connected), enclosure (which subsets are
bounded by other subsets), and the qualitative character of the topological
structure in different regions (open regions versus closed regions,
simply-connected regions versus regions with holes). Both cases instantiate the
same relational pattern: space is structured by the relations among elements,
and the relations are the proper objects of analysis.

The trained perception required to perceive the relational structure is also
genuinely the same competence in both cases. An architect perceiving a building
plan reads the poché as designed substance and the rooms as the negative
volumes that the poché composition produces. The competence develops through
extended engagement with architectural drawings, with the analysis of historical
buildings, with the design of new buildings, and with the conceptual frameworks
(the Beaux-Arts compositional tradition, the modernist and postmodernist
responses to it, the contemporary architectural-theoretical literature) that
organize the architectural perception. A mathematician perceiving a topological
diagram reads the diagram’s connectivity structure as the proper object of
attention and the metric appearance as inessential. The competence develops
through extended engagement with topological proofs, with the construction of
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topological examples and counterexamples, with the analysis of topological
invariants, and with the conceptual frameworks (point-set topology, algebraic
topology, differential topology, geometric topology) that organize the
mathematical perception. The training is different in its specifics across the two
cases, but the perceptual capacity it produces is the same kind of capacity: the
capacity to see relational structure where untrained perception sees metric or
container properties, and to perceive the relations among elements as the
constitutive features of the spatial composition.

A consequence of the structural commonality is that the trained perception is
portable across the two cases in ways that the standard disciplinary education
does not typically develop. An architect who has trained the perception of poché
in buildings has the underlying perceptual capacity to perceive topological
structure in mathematical contexts (with appropriate further training in
mathematical materials and methods), and a mathematician who has trained the
perception of topology has the underlying perceptual capacity to perceive poché
composition in architectural contexts (with appropriate further training in
architectural materials and conventions). Training in one material does not
transfer the material itself. It transfers an expectation about where the relation
may be found, and the new material still has to be learned.

The pairing also illustrates a particular aspect of the relational-seeing
competence the book has been examining: the capacity to perceive space as a
relational structure rather than as a metric container is one of the major
directions in which the relational-seeing competence operates, and it has
substantial consequences for both the disciplines in question. Architectural
composition that takes poché seriously produces buildings of a specific character
(richly articulated in their wall thickness, with the rooms emerging from the
poché composition rather than being placed in an undifferentiated wall
envelope), and the buildings have been historically significant in the
architectural tradition. Mathematical analysis that takes topology seriously
produces results of a specific character (invariants under continuous
deformation, classifications of spaces by their topological structure, applications
across many areas of mathematics and the natural sciences), and the results
have been historically significant in the mathematical tradition. The relational
treatment of space accordingly counts as a major direction of work in both
disciplines that has produced substantial historical achievements rather than as
a peripheral or specialized concern, and the trained perception that engages
with the relational treatment is a significant intellectual capacity in its own right.

The difference between the two cases also matters in a final respect.
Architectural poché concerns three-dimensional buildings that exist in physical
space with all of the metric properties that physical space has; the relational
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analysis of poché is a way of engaging with buildings that have metric properties,
not an abstraction away from metric properties. Mathematical topology concerns
spaces that may or may not be physically realized; the topological analysis is a
deliberate abstraction away from metric properties to relational properties alone,
with the metric properties treated as inessential to the topological structure. The
structural commonality at the level of relational treatment operates across this
difference, but the difference is real and the chapter does not collapse it.
Architectural poché takes the metric properties of buildings as the substrate
within which relational analysis operates; mathematical topology takes the
metric properties as a feature to be abstracted away. The relational treatment is
the structural commonality, and the difference in how the relational treatment
relates to metric properties is a substantive difference between the two cases.

8.

An architect approaches a Borromini plan with a particular question already in
mind: how does the wall thickness in this design accomplish the building’s spatial
work? At San Carlo alle Quattro Fontane, the plan shows wall thickness that
varies continuously around the church’s perimeter, with the convex segments
bulging into the interior space and the concave segments yielding outward away
from it. The interior volume is the residue of the wall composition, with the
volume’s apparent unity being the visible product of the surrounding poché’s
specific articulation. The architect reads the building as a structural composition
in which the wall thickness was the principal compositional variable and the
room shape was the consequent residue, with Borromini’s working method
(drawing the wall thickness first, allowing the rooms to emerge from the
thickening) preserved in the surviving drawings at the Vienna Albertina and
analyzed by Anthony Blunt in his 1979 monograph on Borromini and by Joseph
Connors in his various studies of Borromini’s Roman buildings. Soane’s house at
Lincoln’s Inn Fields is read in the same way: the wall thickness accommodates a
vast collection of architectural fragments, casts, paintings, and books in the
various small chambers, vestibules, and threaded poché spaces between the
major rooms, with the experience of the building consisting substantially in the
discovery of these hidden poché features by visitors who pass through the
circulation sequence.

When a topologist examines a knot diagram, a manifold representation, or a
graph diagram, the question already in mind has a different shape: what is the
connectivity structure that this diagram is presenting, and what topological
invariants characterize the structure? A knot diagram shows a closed curve
drawn on a plane with crossings indicated by over-and-under conventions, and
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the topologist reads the diagram for its knot type (trivial, trefoil, figure-eight, and
the larger taxonomy that knot theorists have developed across the twentieth and
twenty-first centuries), with specific properties (knot group, Alexander
polynomial, Jones polynomial) characterizing the type. A manifold representation
shows a surface or higher-dimensional space whose connectivity properties
(genus, Euler characteristic, fundamental group) the topologist reads as the
proper objects of analysis, with the metric appearance of the diagram (the
lengths and angles drawn on the page) being incidental to the topological
structure being represented. The topologist’s task is to read the diagram for its
connectivity properties and to recognize the topological invariants that classify
the structure within the larger taxonomy of mathematical spaces, with the
diagram’s specific drawn features being valuable to the extent that they
communicate the connectivity structure clearly.

A point of actual contact between the two traditions has emerged where the
structural commonality the analysis above identifies has been recognized by
some practitioners on both sides. Robin Evans’s Translations from Drawing to
Building and Other Essays (Architectural Association, 1997) examines the
relation between architectural drawing and architectural building with attention
to topological as well as metric properties of architectural space, and Evans’s
analyses of villa plans engage the topological structure of the plan as a feature of
the building’s architectural intelligence. Peter Eisenman, working in dialogue
with Colin Rowe at Cornell during the 1960s, developed analyses of Palladio that
read the plans for their connective and proportional structure rather than for
their ornamental or metric features, with the formal reading of the plan as a
system of relations being the proper analytical object. The Eisenman-Rowe
approach has been criticized as overly formalist by architectural historians who
emphasize the social, political, and material context of building, and the criticism
is substantive. The approach is also recognizable as an attempt to bring
topological-structural reading into architectural analysis, and the structural
reading this chapter has developed is recognizable in the work that Evans and
Eisenman have produced.

9.

A historical relation between the two traditions reveals something about the
trajectories of disciplines that develop in apparent isolation from each other.
Architectural poché was the dominant compositional tradition in Western
architecture from the Italian Renaissance through the Beaux-Arts pedagogical
systematization of the late nineteenth and early twentieth centuries. The
modernist rejection of historicism in architecture, in the work of Le Corbusier,
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Mies van der Rohe, Walter Gropius, and the figures associated with the early
CIAM congresses, included a programmatic rejection of poché composition in
favor of free-plan compositions in which thin walls served as space dividers
rather than as designed substance. Free-plan composition removed the wall
thickness from architectural composition and treated walls as residual partitions
between functionally specified spaces. This rejection coincided historically with
the foundational period of modern topology, with Henri Poincaré’s Analysis Situs
(1895) and the subsequent topological work of Hausdorff, Brouwer, and the
algebraic-topology school producing the modern mathematical field across the
same decades in which architectural modernism was rejecting the classical
poché tradition. A relational treatment of space that the architectural tradition
was discarding was being developed simultaneously, in mathematical form, by
topologists who had no engagement with architectural pedagogy and whose work
had no influence on the architects of the same period.

The recovery of poché-aware composition in postmodern architecture,
beginning with Robert Venturi’s Complexity and Contradiction in Architecture
(1966) and the work of Aldo Rossi, Charles Moore, and the figures associated
with the postmodern movement of the 1970s and 1980s, brought wall thickness
back into architectural composition as a deliberate move against modernist
orthodoxy. Louis Kahn’s mid-twentieth-century work, with the “served and
servant spaces” doctrine that Kahn articulated through projects like the Richards
Medical Research Laboratories at the University of Pennsylvania (1957-1965)
and the Salk Institute at La Jolla (1959-1965), can be read as an early move in the
same direction, with Kahn drawing the wall thickness as the structural and
infrastructural element that accommodated the technical services and provided
the structural mass that the served spaces required. The recovery in architecture
proceeded without direct engagement with the topological tradition that
mathematics had developed across the same decades. An architect working in
the late twentieth century did not generally study point-set topology, and a
topologist working in the same period did not generally study architectural
composition. The structural commonality between the two traditions remained
latent in the disciplinary boundary, with the present chapter’s articulation being
one attempt to make the commonality explicit at a level at which the architect
and the topologist can recognize what the other tradition has been doing.

Someone who completes the chapter possesses an analytical resource that
the standard architectural or mathematical curriculum does not provide: the
recognition that relational treatment of space is a structural theme that runs
through architectural composition and mathematical topology with the same
underlying logic, and that the disciplinary separation between architecture and
mathematics has obscured a commonality that the structural reading reveals.
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The architect among the chapter’s readers can engage topological literature with
the recognition that the topological framework is a mathematical articulation of
relational thinking that the architectural tradition has been doing since the
Renaissance. The mathematician among the chapter’s readers can engage
architectural plans with the recognition that the poché tradition is an
architectural articulation of relational thinking that the topological framework
has been formalizing since Euler. While the recognition does not erase the
substantial differences between the two disciplines, with their different methods,
materials, and institutional histories, it provides a basis for reading across the
disciplinary boundary that the standard educational structures do not support.
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Chapter 6: Hidden Infrastructure in
Mycorrhizal Networks and
Conversation Analysis

1.

Suzanne Simard published her doctoral fieldwork in Nature in August 1997, with
David Perry, Melanie Jones, David Myrold, Daniel Durall, and Randy Molina as
coauthors. The experiment was carried out in interior British Columbia. Paper
birch (Betula papyrifera) and Douglas fir (Pseudotsuga menziesii) seedlings were
grown together in a temperate forest plot. Selected seedlings were enclosed in
plastic bags and exposed to either carbon-13 or carbon-14 labeled carbon
dioxide, allowing the researchers to track the movement of carbon-containing
molecules through the forest’s belowground network. Labeled carbon was
transferred between the birch and the Douglas fir seedlings through their shared
mycorrhizal connections. Under controlled field conditions, the paper established
that fungal-mediated networks could carry carbon between trees of different
species. Specifically: carbon transfer occurred under the experimental
conditions; net flow typically went from birch to Douglas fir; the connecting
infrastructure was the shared ectomycorrhizal mycelium.

The popular reception of the work, across the next two and a half decades,
expanded the empirical claim into a far wider story about forest cooperation,
mother trees, and an underground “wood-wide web” through which forests are
said to function as integrated supraorganisms. Some of that broader story has
become the subject of careful critical reassessment in the primary literature. A
2023 review by Justine Karst, Melanie Jones, and Jason Hoeksema in Nature
Ecology & Evolution found that several of the claims most prominent in popular
accounts (mature trees preferentially supporting their offspring through the
network; widespread network function in maintaining forest health) are
insufficiently supported by the field-study record, and that positive citation bias
in the secondary literature has propagated these claims well beyond the rigorous
evidence. The chapter takes the critical reassessment seriously and develops the
mycorrhizal half of its pairing at the level of network existence, network
connectivity, and demonstrated transfer of materials, rather than at the level of
strong claims about forest organization or cooperation.

In a UCLA basement office across roughly the same period the mycorrhizal
field studies were beginning, Gail Jefferson sat at a typewriter transcribing
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audiotapes of recorded telephone conversations. The tapes had been collected by
Harvey Sacks at the UCLA Department of Public Health from 1963 forward.
Jefferson developed a transcription system that registered the timing of overlaps,
the duration of pauses, the rising and falling intonation, the in-breaths and
out-breaths, the laughter, the cutoffs, the audible self-corrections. The
transcripts that emerged from her work served as inscriptions of the physical
organization of talk rather than as records of what speakers said in any
conventional sense, capturing structural features that participants in
conversation produce without explicit awareness. Conversation analysis, the
research tradition Sacks, Schegloff, and Jefferson developed across the 1960s
and early 1970s, used these transcripts to identify a structural infrastructure of
turn-taking, adjacency-pair organization, repair, and preference asymmetries
that organizes ordinary conversational interaction.

The pairing of mycorrhizal networks and conversation analysis, with the
empirical caution the Karst-Jones-Hoeksema critique enforces, is the pairing the
present chapter develops. Both cases involve the methodological work of
rendering hidden structure available to systematic study through new
instrumentation: the radioisotope tracer in the mycorrhizal case, the audiotape
and the Jefferson transcription notation in the conversational case. Both fields
became analytically tractable through instrument-mediated inscription in the
second half of the twentieth century, on different but overlapping timelines: the
radioisotope and stable-isotope tracer methods that supported mycorrhizal
network research developed across the 1960s and 1970s, with the Simard 1997
Nature paper providing the first widely cited field demonstration of carbon
transfer through a mycorrhizal network in a forest setting; conversation analysis
emerged as a discipline at UCLA in the 1960s under Harvey Sacks and his
collaborators, with the Sacks-Schegloff-Jefferson “Simplest Systematics” paper of
1974 establishing the canonical methodological framework. The structural
commonality the chapter examines operates at the level of demonstrated
network connectivity in mycorrhizal forests and demonstrated structural
organization in recorded conversation, with attention throughout to the
discipline of not over-interpreting either case beyond what the rigorous evidence
supports.

Mycorrhizal forest networks and conversation analysis both depend on
instruments that render hidden infrastructure visible, and both have produced
research traditions in which the analytical work happens at the level of relations
rather than at the level of substances. Mycorrhizal networks were systematically
studied across the twentieth century, with Albert Bernhard Frank’s foundational
work in the 1880s establishing the symbiosis between fungi and plant roots and
the term “mycorrhiza” entering the biological vocabulary in 1885. Contemporary
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research on belowground forest networks dates from Suzanne Simard’s 1997
Nature paper (“Net transfer of carbon between ectomycorrhizal tree species in
the field,” Nature 388: 579-582), which provided the first field demonstration of
carbon transfer between trees through shared fungal connections in a temperate
forest. Subsequent research developed the “wood-wide-web” framework that
became prominent in popular and semi-popular accounts in the 2010s, with
Simard’s own work and the broader research program producing extensive
published findings. A 2023 critical review by Justine Karst, Melanie Jones, and
Jason Hoeksema in Nature Ecology & Evolution (“Positive Citation Bias and
Overinterpreted Results Lead to Misinformation on Common Mycorrhizal
Networks in Forests,” Nature Ecology & Evolution 7: 501-511) reassessed the
evidence and concluded that some of the strongest claims about
mycorrhizal-network function had been overinterpreted in the published
literature. The chapter develops the mycorrhizal material with attention to both
the foundational research and the critical reassessment.

Conversation analysis as a research tradition was established in the 1960s
and early 1970s by the sociologists Harvey Sacks (1935-1975), Emanuel
Schegloff (born 1937), and Gail Jefferson (1938-2008), working initially at the
University of California Los Angeles and the University of California Irvine. Their
methodological commitment was to analyze ordinary conversation through close
transcription and detailed examination of the structural features of
talk-in-interaction. The foundational publications include
Sacks-Schegloff-Jefferson’s “A Simplest Systematics for the Organization of
Turn-Taking for Conversation” (Language 50(4): 696-735, 1974),
Schegloff-Jefferson-Sacks’s “The Preference for Self-Correction in the
Organization of Repair in Conversation” (Language 53(2): 361-382, 1977), and
the posthumously published two-volume Lectures on Conversation by Sacks
(Blackwell, 1992). Conversation analysis has become a substantial research
tradition across sociology, linguistics, and communication studies in the
half-century since its founding, with thousands of published studies extending
the analytical framework across an enormous range of conversational and
institutional contexts.

The comparison is structural, not genealogical: mycorrhizal ecology and
conversation analysis each depend on instruments that make hidden
infrastructure available to trained perception. The second section examines
mycorrhizal networks with attention to their biology and to the contemporary
research literature. Section 3 turns to the critical reassessment that the 2023
Karst-Jones-Hoeksema paper has occasioned, in order to mark the empirical
complexity of the mycorrhizal side of the pairing. The fourth section introduces
conversation analysis as a research tradition and methodology. Section 5
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examines the central technical content of conversation analysis: turn-taking,
adjacency pairs, repair, and preference organization. The sixth section considers
the parallel structure of trained perception in both cases. Section 7 articulates
the structural pairing explicitly, examining how hidden infrastructure operates in
both materials. Section 8 considers what the trained eye perceives in a forest and
in a conversation, and Section 9 connects the chapter to the rest of the book.

The pairing is structural rather than historical or causal. Forest ecologists
who study mycorrhizal networks are not generally engaged with conversation
analysis, and the conversation analysts who study turn-taking are not generally
engaged with forest biology. The structural commonality the chapter identifies
operates at the level of the hidden-infrastructure pattern: both cases exhibit
organized substructure that produces what looks like independent surface
activity, and both require trained perception to be seen as such. That
commonality is real, and the chapter argues that the relational-seeing
competence the book has been building applies to both materials with the same
underlying logic.

2.

The relationship between fungi and plant roots that the term “mycorrhiza”
designates is one of the most ancient and widespread symbioses in the biological
world. The term was coined by the German botanist Albert Bernhard Frank
(1839-1900) in his 1885 paper “Ueber die auf Wurzelsymbiose beruhende
Ernahrung gewisser Baume durch unterirdische Pilze” (“On the nutrition of
certain trees through underground fungi based on root symbiosis”), published in
the Berichte der Deutschen Botanischen Gesellschaft. Frank’s microscopic
examination of the roots of forest trees showed that the roots were intimately
associated with fungal threads (hyphae) that formed a sheath around the root
tips and interpenetrated the root tissue. Frank proposed that the fungal-root
association was a symbiosis in which the fungus and the tree exchanged
nutrients to mutual benefit, with the fungus drawing carbohydrates from the
tree’s photosynthesis and the tree drawing water and mineral nutrients
(especially phosphorus and nitrogen) from the fungal hyphae’s much greater
absorptive surface area in the soil. The proposal was controversial at the time
but has been confirmed by subsequent research across the twentieth and
twenty-first centuries. The mycorrhizal symbiosis is now understood to involve
approximately ninety percent of land plant species and to have been present
from the earliest plant colonization of land, with fossil evidence from the Rhynie
chert (approximately 410 million years old) showing mycorrhizal-like associations
in early land plants.
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Two principal types of mycorrhizal association are recognized in
contemporary biology. Ectomycorrhizal associations, which Frank’s original work
described, involve fungi that form a sheath around the root tip and grow between
(rather than inside) the cells of the root cortex. Ectomycorrhizal fungi belong
primarily to the Basidiomycota and Ascomycota and form associations principally
with trees in temperate and boreal forests (oaks, beeches, birches, pines, firs,
spruces). Arbuscular mycorrhizal associations, which are more widespread
across plant species, involve fungi in the phylum Glomeromycota that penetrate
the cells of the root cortex and form characteristic branched structures
(arbuscules) within the cells. Arbuscular mycorrhizal associations are the older
of the two types in evolutionary terms (the Glomeromycota date from the early
Devonian or earlier) and are present in the great majority of herbaceous plants,
grasses, and many tropical tree species. Both types of mycorrhizal association
involve the fungus extending its hyphal network through the soil far beyond the
reach of the plant’s own roots, and the hyphal network can extend for
considerable distances and connect to the root systems of multiple plants.

The possibility that mycorrhizal fungi can connect the root systems of
multiple plants and provide a pathway for the transfer of materials between
plants is the conceptual basis of what has come to be called the “common
mycorrhizal network” or, in popular accounts, the “wood-wide web.” The
possibility was recognized in the early-to-mid twentieth century but received its
first rigorous field demonstration in Suzanne Simard’s 1997 paper. Simard had
completed her doctoral work at Oregon State University with David Perry in the
early-to-mid 1990s and was based at the Kamloops Forest Region of the British
Columbia Ministry of Forests by the time of publication. Her experiment,
conducted in collaboration with Perry, Melanie Jones, David Myrold, Daniel
Durall, and Randy Molina, grew paper birch (Betula papyrifera) and Douglas fir
(Pseudotsuga menziesii) seedlings in a temperate forest in interior British
Columbia. Selected seedlings of each species were enclosed in plastic bags and
exposed to either carbon-13 or carbon-14 labeled carbon dioxide, allowing the
researchers to track the movement of carbon-containing molecules through the
forest’s belowground network. Experimental results showed that labeled carbon
was transferred between the birch and Douglas fir seedlings through their
shared mycorrhizal connections, with net transfer typically going from birch to
Douglas fir under the experimental conditions. The paper was published in
Nature (volume 388, pages 579-582, 7 August 1997) and became the
foundational citation for the contemporary common-mycorrhizal-network
research program.

The 1997 Simard paper was followed by extensive subsequent research that
extended the carbon-transfer findings to other forest systems, examined the role
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of mycorrhizal networks in plant-plant signaling and defense induction, and
developed the conceptual framework of belowground forest networks as
ecosystems. Simard’s continuing work at the University of British Columbia
produced a substantial body of empirical and theoretical contributions,
summarized in her 2021 popular book Finding the Mother Tree: Discovering the
Wisdom of the Forest (Knopf), and a parallel research literature developed across
multiple research groups in North America, Europe, and Asia. The popular
reception of the wood-wide-web concept was substantial, with extensive
coverage in journalistic outlets, popular science books (Peter Wohlleben’s The
Hidden Life of Trees in particular), and educational materials that presented the
mycorrhizal-network framework as a settled scientific finding. Such reception in
some cases extended the empirical findings beyond what the published research
had supported, with claims about tree-to-tree communication, parental support
of offspring, and ecosystem-level cooperation that exceeded the rigorous
evidential basis.

The technical character of mycorrhizal-network research is consequential for
the chapter’s pairing. Research in this field engages a hidden infrastructure that
is invisible to surface observation: the mycelial network is buried in soil, the
fungal hyphae are microscopic, the chemical exchanges between fungus and
plant occur at cellular interfaces, and the network’s structure has to be inferred
from indirect evidence (microscopy, chemical labeling experiments, molecular
identification of fungal taxa, sequencing of fungal communities in root and soil
samples). The trained mycorrhizal ecologist perceives the forest as a system that
includes its underground network as a constitutive feature, with the visible trees
being only the aboveground portion of an integrated organism-network
composite. That perceptual achievement is the same kind of trained perception
that the prior chapters have examined: the trained ecologist sees a relational
structure where untrained observation sees a heterogeneous collection of
separate trees.

3.

The 2023 paper by Justine Karst, Melanie Jones, and Jason Hoeksema in Nature
Ecology & Evolution (“Positive Citation Bias and Overinterpreted Results Lead to
Misinformation on Common Mycorrhizal Networks in Forests,” volume 7, pages
501-511, published in February 2023, with the article available online from 13
February 2023) provided a systematic critical reassessment of the published
evidence on common mycorrhizal networks and concluded that several of the
most prominent claims in the literature had been overinterpreted relative to the
actual empirical evidence. The authors are established mycorrhizal researchers
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(Karst at the University of Alberta, Jones at the University of British Columbia
Okanagan, Hoeksema at the University of Mississippi) who collectively have
extensive research experience with mycorrhizal systems and the published
literature on them. Their methodological approach involved a systematic citation
analysis of the mycorrhizal-network literature, with particular attention to
whether and how the cited evidence supported the claims being made about
mycorrhizal-network function in forest ecosystems.

The Karst-Jones-Hoeksema critique identified three principal areas where
the published literature had moved beyond the empirical evidence. A first area
concerned the claim that common mycorrhizal networks are widespread and
ecologically significant in forest ecosystems: the authors found that the empirical
evidence for the existence of functioning networks in mature forests is more
limited than the literature’s positive citations had suggested, and that the claim
of widespread network function had been propagated through citation chains
rather than through accumulating field evidence. Their second area concerned
the claim that mature trees transfer substantial resources to seedlings through
mycorrhizal networks: the authors found that the field evidence for substantial
seedling support through networks is limited, that the experimental designs used
in many studies cannot rule out alternative explanations (direct soil pathways,
environmental correlation, atmospheric transfer), and that the strength of the
seedling-support claim in the literature exceeds the empirical evidence. The third
area concerned the claim that mycorrhizal networks transmit defense signals
between trees in response to herbivore or pathogen attack: the authors found
that the evidence for defense-signal transmission is limited and contested, with
several published findings not having been replicated in subsequent work and
with the proposed mechanisms not being well-established.

The Karst-Jones-Hoeksema paper was widely discussed in the mycorrhizal
research community after its publication, and the subsequent literature contains
both additional critiques in the same direction and substantive responses
defending the CMN research program. Nils Henriksson, John Marshall, Mona N.
Hogberg, Peter Hogberg, Andrea Polle, Oskar Franklin, and Torgny Nasholm
published “Re-examining the evidence for the mother tree hypothesis - resource
sharing among trees via ectomycorrhizal networks,” in New Phytologist 239, no.
1 (July 2023): 19-28, extending the Karst critique through a re-examination of the
underlying carbon-transfer studies. David G. Robinson and colleagues published
“Mother trees, altruistic fungi, and the perils of plant personification,” in Trends
in Plant Science 29 (2024): 20-31, contributing a third critical voice. The
principal published response defending the CMN research came from Tamir
Klein, Ido Rog, Stav Livne-Luzon, Marcel G.A. van der Heijden, and Christian
Korner, “Belowground carbon transfer across mycorrhizal networks among
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trees: Facts, not fantasy,” published in Open Research Europe 3:168 (October
2023), contesting the strength of the critical reading of transfer evidence and
reviewing experimental work that supports CMN-mediated carbon transfer.
Suzanne Simard later responded jointly with Teresa (Sm’hayetsk) L. Ryan and
David A. Perry through “Opinion: Response to questions about common
mycorrhizal networks,” in Frontiers in Forests and Global Change 7 (January
2025), addressing the points raised by Karst-Jones-Hoeksema, Henriksson et al.,
and Robinson et al. directly. Karst, Jones, and Hoeksema have continued to
maintain their critical position in subsequent commentary, and the broader
research community continues to examine the empirical basis of
mycorrhizal-network claims through ongoing field and laboratory work.

The chapter’s structural pairing holds firm against this empirical debate. The
chapter does not require that mycorrhizal networks are the dominant
infrastructure of forest ecosystems, that mature trees substantially support
seedlings through networks, or that defense signals are routinely transmitted
through fungal connections. What the chapter requires is only that mycorrhizal
networks exist (which is not in dispute), that they can connect the root systems of
multiple trees in documented forest contexts, and that they constitute an
underground infrastructure that organizes some of what occurs in the forest
above ground in those contexts (the descriptive claim that even the
Karst-Jones-Hoeksema critique does not contest). The structural-pairing
argument operates at this descriptive level. Empirical debate about the
magnitude and frequency of network-mediated effects in mature forest
ecosystems is an active scientific question that the chapter does not aim to
adjudicate, and the chapter takes the careful position of accepting the
descriptive existence of mycorrhizal networks while remaining agnostic about
the strongest claims in the popular wood-wide-web literature until the empirical
record settles them one way or the other.

The empirical debate is itself instructive about the chapter’s main themes.
Trained mycorrhizal ecologists, working with the same empirical literature, have
arrived at different assessments of the strength of the evidence on different
questions. Trained perception, in the account offered here, is a competence that
allows different observers to engage seriously with the same materials and to
reach informed but sometimes different conclusions, rather than a uniform
competence that would produce the same answers across all observers. The
Karst-Jones-Hoeksema, Henriksson, and Robinson critiques, the Klein et al. Open
Research Europe response, and the later Simard-Ryan-Perry Frontiers opinion
piece are all products of trained mycorrhizal perception, and the disagreements
among them are substantive scientific disagreements rather than a difference
between trained and untrained observers. The chapter’s pairing operates at a
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level of generality that is independent of the specific empirical questions on
which the trained observers disagree.

1.

Conversation analysis as a research tradition emerged in the 1960s and early
1970s through the work of three principal figures whose collaborative
engagement with the close analysis of recorded conversation produced a
distinctive methodological and theoretical framework. Harvey Sacks
(1935-1975), the central figure in the early development of the field, was a
sociologist who completed his doctoral training at the University of California
Berkeley under Erving Goffman, having been deeply influenced by Harold
Garfinkel’s ethnomethodology at UCLA, where Sacks subsequently held a faculty
position from 1964 before moving to the University of California Irvine in 1968,
where he remained until his early death in a car accident in 1975. Emanuel
Schegloff (born 1937), a slightly younger sociologist who completed his doctoral
training at Berkeley under Goffman, held a faculty position at Columbia
University and then at the University of California Los Angeles (UCLA), where he
remained until his retirement in the 2000s. Gail Jefferson (1938-2008), who came
to conversation analysis through her work as a typist transcribing recorded
conversations for Sacks at the UCLA Department of Public Health beginning in
1963, developed the transcription system that has become the standard for
conversation-analytic work and contributed substantially to the analytical
tradition through her own research and her collaborative work with Sacks and
Schegloff.

The methodological foundation of conversation analysis is the close
transcription and detailed analysis of audio-recorded ordinary conversation. A
Jefferson transcription system, refined across the 1960s and 1970s, captures
features of talk that are not represented in standard orthographic transcription:
precise timings of pauses (indicated by parenthesized numbers in seconds and
tenths of seconds), overlap between speakers (indicated by square brackets
aligned at the points where overlap begins and ends), prosodic features
(indicated by punctuation and capitalization), volume and pitch variations
(indicated by underlining and arrows), and various forms of laughter, in-breath,
and other non-lexical vocalizations. Transcription is consequently a substantial
analytical artifact in its own right, with the act of transcribing recorded
conversation requiring close listening and analytical decision-making across
multiple passes through the recording. Conversation analysts typically work with
transcripts they have produced themselves, with the transcription process being
part of the analytical engagement with the data rather than a preliminary step

133



that produces a transparent record of the conversation.

The theoretical commitment of conversation analysis is to derive analytical
claims from the close examination of conversational data rather than from prior
theoretical positions about how conversation works. The methodological maxim,
articulated in Sacks’s Lectures on Conversation and elaborated in Schegloff’s
subsequent methodological writings, is that the analysis should be grounded in
the actual structure of the recorded talk and should treat the participants in the
conversation as the primary analysts of their own interaction. Conversation
analysis observes that participants in conversation continuously orient to
features of the talk they are producing and receiving, and that the analytical task
is to identify the features that the participants themselves treat as analytically
relevant rather than to impose external theoretical categories on the data. The
methodological commitment has produced a distinctive analytical style in which
claims are supported by close examination of specific instances in transcribed
data, with the analytical work consisting substantially in showing that the
claimed feature is observably present and oriented to by the participants in the
conversation.

The foundational publications of conversation analysis appeared across the
1970s and produced the core analytical framework that subsequent work has
extended and refined. Harvey Sacks, Emanuel Schegloff, and Gail Jefferson’s “A
Simplest Systematics for the Organization of Turn-Taking for Conversation”
(Language 50(4): 696-735, December 1974) provided the canonical analysis of
how speakers manage the allocation of turns in ordinary conversation. Schegloff,
Jefferson, and Sacks’s “The Preference for Self-Correction in the Organization of
Repair in Conversation” (Language 53(2): 361-382, June 1977) analyzed the
structures through which conversational participants identify and address
troubles in talk. Sacks’s lectures, delivered at UCI between 1964 and 1972, were
transcribed by Jefferson and circulated in mimeograph form across the
conversation-analytic community for decades before being formally published as
the two-volume Lectures on Conversation (Blackwell, edited by Gail Jefferson
with an introduction by Schegloff, 1992) after Sacks’s death. The combined body
of foundational work established conversation analysis as a substantial research
tradition that has continued to develop across the subsequent half-century.

Conversation analysis as a contemporary research field includes work in
pure conversation analysis (the study of ordinary conversation as a basic form of
human social interaction), institutional conversation analysis (the study of talk in
specific institutional contexts including medical encounters, legal proceedings,
classroom interactions, and broadcast media), and applied conversation analysis
(the use of conversation-analytic findings in practical contexts including
communication training, language teaching, and interaction-based therapy). The
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field’s published literature includes thousands of papers and hundreds of
monographs, with major journal venues including the jJournal of Pragmatics,
Research on Language and Social Interaction, Discourse Studies, and others.
Internationally, the Conversation Analysis community is supported by
professional organizations and regular conferences, and conversation-analytic
findings have been integrated into the broader linguistic, sociological, and
communication-studies literatures.

5.

The technical content of conversation analysis can be illustrated through four
central analytical concepts that the chapter examines briefly: turn-taking,
adjacency pairs, repair organization, and preference structures. Each concept
identifies a structural feature of conversation that the participants themselves
orient to and that organizes the conversational interaction at a level below
explicit awareness.

Turn-taking is the most basic structural feature of conversation. Speakers in
a conversation take turns: typically only one speaker is speaking at a time,
transitions from one speaker to the next involve minimal gap and minimal
overlap, and the parties to the conversation manage the allocation of turns
through structural devices that allow turn transitions to occur smoothly. The
1974 Sacks-Schegloff-Jefferson paper analyzed the turn-taking system as a set of
rules operating at points in the conversation called “transition-relevance places”
(positions in the talk at which a turn could legitimately end). At each
transition-relevance place, the rules specify that the current speaker can either
select the next speaker (by directing a question to a specific person, for
example), allow another speaker to self-select (by ending the turn without
selecting), or continue speaking. The rules are recursively applied at each
transition-relevance place, and the resulting turn-taking structure produces the
smooth flow of conversation that participants experience. The system operates
reliably across an enormous range of conversational contexts (two-person,
multi-party, casual, formal) and at a timing resolution of roughly 200
milliseconds, with violations (extended silences, sustained overlaps, failures of
next-speaker selection) being treated by participants as accountable disruptions.

Adjacency pairs are pairs of utterances produced by different speakers in
which the first utterance creates a strong expectation for a specific kind of
second utterance. Question-answer is the canonical example: when one speaker
produces a question, the other speaker is normatively expected to produce an
answer in the immediately following turn, with deviation from the expected
pattern being treated as accountable. Other adjacency-pair types include
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greeting-greeting  (one  speaker’s “hi” expects a  return “hi”),
invitation-acceptance/refusal, request-grant/refusal, summons-answer,
compliment-response, and many others. The analytical observation is that
adjacency pairs are normative structures rather than merely statistical
regularities in conversation; participants orient to them as such. When a
first-pair part is produced and the expected second-pair part is not forthcoming,
participants treat the absence as accountable and engage in repair work to
address the failure. Schegloff’s extensive work on adjacency pairs (collected in
his 2007 monograph Sequence Organization in Interaction: A Primer in
Conversation Analysis, Cambridge University Press) is the standard reference for
the concept and its analytical applications.

Repair organization concerns the structures through which conversational
participants address troubles in talk. Trouble can include misspeaking
(producing an unintended word), misshearing (failing to understand what was
said), reference failure (using a referring expression that the recipient cannot
resolve), misunderstanding (interpreting an utterance in a way the speaker did
not intend), and many other forms of conversational difficulty. The 1977
Schegloff-Jefferson-Sacks paper analyzed the repair system as a set of structures
that participants use to identify trouble, signal its presence, and address it in
subsequent talk. A key analytical observation is that the system exhibits a strong
preference for self-repair (the speaker of the trouble source repairing the
trouble) over other-repair (a different speaker repairing the trouble): when
trouble is detected, participants typically allow the trouble-source speaker the
opportunity to repair the trouble before the other speaker intervenes, and
other-repair when it does occur is typically managed in ways that mitigate its
potential face-threatening consequences. The preference for self-repair is a
structural feature of conversational organization that operates across an
enormous range of conversational contexts and that has been extensively
documented in subsequent research.

Preference organization concerns the structural asymmetry between
alternative responses to first-pair parts in adjacency pairs. The classical
observation, developed in the conversation-analytic literature across the 1970s
and 1980s, is that the alternatives to a first-pair part are not symmetric in their
structural treatment. Acceptance of an invitation, agreement with an assertion,
granting of a request, and answering of a question are typically produced
quickly, in structurally simple form, and without significant elaboration. Refusal
of an invitation, disagreement with an assertion, refusal of a request, and
non-answer to a question are typically produced after a delay (a pause, a
hesitation marker, an in-breath), in structurally elaborate form (with explanation,
mitigation, account-giving), and with various forms of structural marking that
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signal the dispreferred status of the response. The asymmetry is structural
rather than merely psychological: it operates regardless of the specific
psychological dispositions of the participants and has been documented across
many cultures and conversational contexts. This preference-organization concept
has been one of the most fruitful analytical concepts in the conversation-analytic
tradition, with extensive subsequent work extending it across many areas of
conversational structure.

The four analytical concepts together constitute a substantial portion of the
technical apparatus that conversation analysis brings to the study of
conversational interaction. Each concept identifies a structural feature of
conversation that operates at a level below explicit awareness of the participants
and that organizes their interaction in ways that the conversation-analytic
transcription and analysis can document. The trained conversation analyst
perceives a recorded conversation as a structured interactional achievement,
with the turn-taking patterns, adjacency-pair structures, repair organization, and
preference asymmetries being the analytical features that organize the analytical
perception. That trained perception is the same kind of relational-seeing capacity
that the prior chapters have examined: the trained analyst sees the structural
infrastructure where untrained observation sees only the surface flow of words.

6.

The structural commonality between the mycorrhizal-network case and the
conversation-analytic case can be examined at the level of the trained perception
that operates in each. A trained mycorrhizal ecologist examining a forest
perceives the system as including its underground infrastructure as a
constitutive feature, with the visible trees being the aboveground portion of an
integrated organism-network composite that the ecologist has been trained to
perceive through extended engagement with mycorrhizal research, with field
observation, with the technical literature on root-fungus associations, and with
the methodological tools (microscopy, chemical labeling, molecular
identification) that allow the underground network to be characterized
empirically. The forest is the perceptual object, and the forest includes its
underground network as a constitutive part rather than as a separate auxiliary
feature. The trained perception identifies this integrated organism-network
structure as the perceptual object, with the visible trees being constitutive
elements of the structure rather than separate objects of attention.

A trained conversation analyst examining a recorded conversation perceives
the talk as a structured interactional achievement, with the turn-taking patterns,
adjacency-pair structures, repair organization, and preference asymmetries
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being the constitutive features of the conversational structure that the analyst
has been trained to perceive through extended engagement with
conversation-analytic research, with the close examination of transcribed data,
with the technical literature on conversational structure, and with the
methodological tools (Jefferson transcription, sequence analysis, comparison
across instances) that allow the conversational structure to be characterized
analytically. The conversation is the perceptual object, and the conversation
includes its structural infrastructure as a constitutive part rather than as a
separate auxiliary feature. The trained perception identifies this structured
interactional achievement as the perceptual object, with the individual
utterances being constitutive elements of the structure rather than separate
objects of attention.

Both trained perceptions are the same kind of perceptual capacity operating
on different materials. The ecologist perceives the forest’s underground
infrastructure as a constitutive feature of the forest; the conversation analyst
perceives the conversation’s structural infrastructure as a constitutive feature of
the conversation. In both cases, the trained perception attends to features that
the untrained observer does not perceive (the mycorrhizal network is invisible
without microscopy and labeling; the conversational infrastructure is below the
level of explicit awareness even for participants in the conversation), and in both
cases the trained perception identifies a relational structure (the network of
fungal-mediated connections among trees; the network of
structural-organizational relations among utterances) that organizes what looks
on the surface like independent activity. The structural commonality at the level
of trained perception is what the chapter’s pairing has identified.

The portability of the trained perception across the two cases is a significant
aspect of the structural commonality. An ecologist who has trained the
perception of mycorrhizal networks in forests has the underlying perceptual
capacity to perceive structural infrastructure in conversation (with appropriate
further training in conversation-analytic materials and methods), and a
conversation analyst who has trained the perception of conversational structure
has the wunderlying perceptual capacity to perceive mycorrhizal-network
infrastructure in  forests (with  appropriate  further training in
mycorrhizal-research materials and methods). Such cross-domain transfer is
partial rather than automatic, and the chapter’s pairing makes the partial
transfer explicit by demonstrating that the same kind of perceptual achievement
is at work in both cases despite the substantial difference in the materials.
Trained perception of hidden infrastructure is the underlying competence;
mycorrhizal networks and conversational structure are two specific applications
of the competence to different materials.
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The hidden infrastructure in both cases operates at a level below explicit
awareness even for the participants in the system, with the concealment by
surface appearance being only the most visible aspect of a deeper organizational
depth. Trees do not consciously cooperate through their mycorrhizal connections
(trees do not have consciousness, on any plausible biological account), and the
network functions through non-conscious cellular and ecological processes.
Conversational participants are not consciously aware of the turn-taking rules,
adjacency-pair structures, repair organization, and preference asymmetries that
organize their interaction; the structural features operate at a level below
explicit awareness even though participants observably orient to them in their
conversational behavior. The structural infrastructure in both cases is
consequently genuinely hidden in a way that makes the trained perception that
identifies the infrastructure a substantial intellectual achievement rather than a
routine extension of ordinary observation. Training requires sustained
engagement with the methodological tools that make the infrastructure visible,
and the perception is sustained by the continuing engagement with the research
traditions that organize the analytical framework.

7.

The pairing of mycorrhizal networks and conversation analysis can now be
articulated explicitly. Both are cases of hidden infrastructure organizing what
looks like surface activity. In the mycorrhizal case, the surface activity is the
visible forest of apparently independent trees, and the hidden infrastructure is
the underground fungal-mediated network that connects the root systems of
multiple trees and provides pathways for the transfer of water, carbon, mineral
nutrients, and possibly signaling molecules among them. In the
conversation-analytic case, the surface activity is the apparent turn-by-turn
improvisation of speakers in a conversation, and the hidden infrastructure is the
structural organization of turn-taking, adjacency pairs, repair, and preference
asymmetries that organizes the conversational interaction at a level below
explicit awareness. Both cases instantiate the same structural pattern: organized
substructure produces what looks like independent surface activity, and the
trained perception identifies the substructure as the proper object of analysis.
The same kind of pattern operates in different substrates. In the mycorrhizal
case, the components of the substructure are biological entities (fungal hyphae,
plant roots, soil microenvironments, chemical exchanges across cellular
interfaces) interacting through ecological and biochemical processes. In the
conversation-analytic case, the components of the substructure are
linguistic-interactional entities (turns, adjacency pairs, repair operations,
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preference structures) interacting through the conventional and normative
organization of human social interaction. Both cases are systems in which the
components are individuated entities (cells and hyphal networks; turns and
sequence types) whose interactions produce the higher-level structure (the
integrated forest-network ecosystem; the structured conversational interaction)
that has properties not reducible to the properties of any single component
considered in isolation. The structural commonality at the level of
hidden-infrastructure organization is independent of the specific kind of
components and the specific kind of organization that produces the structure in
each case.

The pairing also illustrates a particular aspect of the relational-seeing
competence the book has been examining: the capacity to perceive hidden
infrastructure beneath surface appearance is one of the major directions in
which the relational-seeing competence operates, and it has substantial
consequences for the disciplines in question. Forest ecology that takes
mycorrhizal networks seriously produces ecosystem-scale understanding that
ecology focused only on visible trees cannot produce, and the contemporary
forest-management literature has been substantially influenced by
mycorrhizal-network research even as the empirical debates about specific
network functions continue. Conversation analysis that takes structural
organization seriously produces understanding of conversational interaction that
linguistics focused only on lexical and grammatical structure cannot produce,
and the contemporary research literature on talk-in-interaction has shaped
sociology, linguistics, communication studies, and applied fields including
medical and educational communication training. The capacity to perceive
hidden infrastructure constitutes a major direction of work in both disciplines,
with substantial historical achievements behind it, rather than a peripheral or
specialized concern, and the trained perception that engages with hidden
infrastructure is a significant intellectual capacity in its own right.

A final difference between the two cases also matters. Mycorrhizal
infrastructure is a biological phenomenon that exists independently of human
observation: the fungal-mediated networks in forest ecosystems are present
whether or not anyone studies them, and the trained mycorrhizal perception is a
perception of an objective natural phenomenon that has its own existence apart
from the perceiver. Conversational infrastructure is a human social phenomenon
that exists through human interaction: the turn-taking system, adjacency-pair
structures, and other features of conversational organization are produced
through the conversational behavior of participants, and they exist as features of
the conversational practice rather than as objective natural phenomena that exist
independently of the practice. The structural commonality at the level of
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hidden-infrastructure pattern operates across this difference, but the difference
is real and the chapter does not collapse it. Mycorrhizal networks and
conversational infrastructure are both hidden infrastructures, but they are
hidden infrastructures of substantially different kinds, with the difference being
relevant to how the trained perception engages with each case.

The state of the book’s pairing structure can be assessed at this point. In
Chapter 2 the pairing of Morandi’s still-life painting with Faraday’s field theory
showed how relational structure operates in still-life painting and
electromagnetic theory. Chapter 3 paired phyllotaxis with counterpoint, showing
how local-rule-generates-global-structure operates in plant biology and
Renaissance polyphony. The fourth chapter paired the holobiont with the woven
textile, showing how relational composition operates in microbial biology and
Anni Albers’s weaving. Chapter 5 paired architectural poché with mathematical
topology, showing how relational space operates in classical architecture and
modern mathematics. With the present Chapter 6, mycorrhizal networks have
been paired with conversation analysis, showing how hidden infrastructure
operates in forest biology and ordinary conversation. The sixth pairing remains
ahead: Chapter 7 will pair Peirce’s three-cornered semiotics with ASL classifier
predicates, showing how triadic relational structure operates in philosophy and
signed languages. Across the five pairings already developed, an enormous range
of materials has already been engaged (painting, physics, biology, music,
weaving, architecture, mathematics, ecology, and sociology), and they
consistently exhibit the relational-seeing competence operating across the
materials with the same underlying logic. Together with Chapter 7’s pairing still
to come, the six pairings will put a single structural claim under demonstration
across a wide range of material domains, with the present chapter’s
hidden-infrastructure case providing the fifth of the six demonstrations on which
the book’s argument rests.

8.

A forest ecologist who has worked extensively with mycorrhizal research walks
into a temperate or boreal forest and registers the visible trees as the
aboveground portion of an integrated ecosystem whose fungal-mediated
belowground network is known to operate in the soil column even when its
specific structural properties at any given site cannot be directly observed. The
ecologist reads the forest with the awareness that radioisotope tracing
experiments (Simard’s 1997 Nature paper and the substantial body of
subsequent research) have demonstrated carbon transfer between trees through
shared mycorrhizal connections under specific experimental conditions, and that
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the field evidence for the strongest claims about network function (extensive
seedling support, defense-signal transmission, preferential resource direction
toward kin) is more limited than the popular literature has suggested. A 2023
critique in Nature Ecology & Evolution by Karst, Jones, and Hoeksema has
reshaped how the trained ecologist reads the forest, with the visible ecosystem
read as a system whose belowground composition is biologically real and
ecologically active, while specific functional capacities at any given site require
empirical demonstration rather than presumption from the popular framework.
The trained perception is consequently more disciplined than the framework that
The Hidden Life of Trees and similar trade-press accounts have suggested, with
the ecologist registering both the operating reality of the network and the
empirical limits of what can be claimed about its functioning.

Listening to a recorded conversation, an analyst with conversation-analytic
training hears the talk as organized by a structural infrastructure that the
participants are continuously orienting to in their conversational behavior. The
turn-taking system operates audibly: speakers transition at transition-relevance
places, current speakers select next speakers through addressing or content,
self-selection by next speakers occurs when the current speaker has not selected,
with overlap and interruption being the recoverable consequences of imperfect
coordination. Adjacency-pair structure is audible at every turn boundary:
question and answer, greeting and return greeting, summons and answer,
request and granting or refusal, with the second pair-part conditionally relevant
after the first and its absence treated as a noticeable accountable event by the
participants. Repair organization is audible across the entire stream of talk:
self-initiated repair within a turn, self-initiated repair after a turn, other-initiated
repair (typically through next-turn repair initiators like “huh” or partial repeats),
and the strong cross-cultural preference for self-correction over other-correction
that Schegloff, Jefferson, and Sacks documented in their 1977 paper in
Language. Preference structure is audible whenever a dispreferred response
occurs, with dispreferred responses delivered through mitigation, delays,
accounts, and other features that distinguish them from preferred responses. The
conversational surface is a coordinated achievement whose structural
composition the analyst reads at a level below the participants’ explicit
awareness, with the recording’s transcription using the conventions that Gail
Jefferson developed across her work with Sacks and Schegloff in the 1960s and
1970s.

Methodological convergence between the two cases is itself instructive. The
mycorrhizal research that established the contemporary framework for forest
networks emerged from the 1960s onward through the development of
radioisotope tracing techniques that allowed researchers to track the movement
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of carbon-containing molecules through forest belowground systems, with the
field demonstration in temperate forests reaching publication maturity in
Simard’s 1997 Nature paper. The conversation-analytic research that established
the contemporary framework for talk-in-interaction emerged from the 1960s
onward through the development of audiotape recording and detailed
transcription practices that allowed researchers to study conversational behavior
at a resolution that earlier sociology and linguistics had not been able to achieve,
with the foundational Sacks-Schegloff-Jefferson 1974 Language paper
consolidating the methodological program. Both fields became analytically
tractable through instrument-mediated inscription that matured across the
second half of the twentieth century, on different but overlapping timelines, with
the radioisotope and the audiotape playing the same instrumental role in their
respective domains: rendering accessible to systematic study a structural reality
that had been operating without scientific access prior to the instrumentation’s
development. The methodological convergence points to a feature of how
disciplines acquire access to their objects of study: instruments that render
hidden structure visible are often the precondition for the research traditions
that study the structure, with the instruments themselves being independent
technological developments whose application to the field’s questions opens
analytical possibilities that earlier research could not pursue.

9.

The Karst-Jones-Hoeksema critique deserves further attention at the close of the
chapter because the critique illustrates a specific risk that attends the perception
of hidden infrastructure. Hidden infrastructure is, by definition, not directly
observable in ordinary perception, and the trained perception that identifies it
depends on indirect evidence (microscopy, chemical labeling, sequencing,
transcription, conversation-analytic notation) interpreted within the conceptual
framework of the relevant research tradition. A risk is that the framework can
outrun the evidence, with the structural picture that the framework provides
being treated as a settled empirical finding when the empirical evidence is in fact
more limited than the framework would suggest. The popular reception of the
wood-wide-web concept exemplified the risk, with the framework’s structural
plausibility producing extensive popular endorsement of claims that the rigorous
research had not in fact established. The Karst-Jones-Hoeksema critique applied
the discipline of returning the framework to the evidence, asking what the field
studies actually demonstrated and where the published claims exceeded the
demonstrated findings. Conversation analysis has had its own moments of similar
critique, with the early enthusiasm for the structural framework occasionally
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producing analyses that read more structural significance into transcribed talk
than the data supported, and with the ongoing methodological refinement of
conversation-analytic transcription, sequencing analysis, and quantitative
methods serving as a continuing discipline against framework-overreach.

Recognizing hidden infrastructure consequently requires something beyond
the recognition of structural pattern. It requires the discipline of holding the
recognition accountable to the empirical evidence, with the structural picture
being a hypothesis that the evidence can support, qualify, or partially refute,
rather than a settled finding that the evidence is simply confirming. Anyone who
completes the chapter is in a position to register that hidden-infrastructure
perception is a particular kind of intellectual work whose discipline includes both
the trained recognition of structural pattern and the continuing accountability of
the recognition to the evidence that supports or constrains the pattern’s specific
claims. Mycorrhizal ecology and conversation analysis are both disciplines in
which this accountability is actively practiced, with the published literature in
each field including substantial methodological and critical work that maintains
the discipline. The structural perception under examination here is consequently
a competence that includes its own self-critical apparatus, with the trained
ecologist or conversation analyst being a practitioner whose training includes the
recognition of when the framework’s claims exceed the evidence and the
resources for recovering the framework’s empirical foundations through further
research.

The pairing closes the chapter, and the present chapter is the fifth of the
book’s six pairings. Five chapters have now demonstrated the relational-seeing
competence across paired materials: Morandi and Faraday in Chapter 2,
phyllotaxis and counterpoint in Chapter 3, holobiont and the loom in Chapter 4,
poché and topology in Chapter 5, and the present chapter’s
mycorrhizal-networks-and-conversation-analysis pairing. Each pairing has
exhibited a distinct structural feature of relational organization (between-space
in Chapter 2, local-rule-generated global structure in Chapter 3, relational
composition in Chapter 4, relational treatment of space in Chapter 5, and hidden
infrastructure in the present chapter). The features are distinct at the level of
structural specifics, and the pairings are not interchangeable for each other in
their specific contributions. Each adds a particular structural feature to the
inventory of what relational seeing can perceive, with the inventory together
establishing the trained competence as a portable capacity (in the qualified sense
Chapter 1 §9 articulated) whose application across disciplines, materials, and
historical periods is the chapter-by-chapter argument the book has been
building. Chapter 7 will complete the pairing structure by setting Peirce’s triadic
semiotics alongside ASL classifier predicates, contributing the triadic-relational
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structural feature to the inventory. After Chapter 7, the remaining chapters
develop the implications of the competence for the recovery of legibility in
materials previously untreatable (Chapter 8), for the methodological frontiers
where new instruments make new kinds of relations approachable (Chapter 9),
and for the historical record of relational fields severed by named agents through
documented mechanisms (Chapter 10).
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Chapter 7: Three-Cornered Sense in
Peirce and ASL Classifier Predicates

This chapter is co-authored with Janna Sweenie. The ASL linguistic
argumentation in Sections 4 through 7 draws on her expertise and on our jointly
published ASL Linguistics for Practitioners series, including Arm Angles in
American Sign Language, Depicting Space, and Beyond the Hands. The Peircean
material in Sections 2 and 3 is drawn from the standard scholarly editions and is
the responsibility of the lead author. Errors of interpretation, where any remain,
are mine alone.

1.

Charles Sanders Peirce and the linguistic phenomenon of classifier predicates in
American Sign Language make an unusual pairing because the apparent gap
between a nineteenth-century American philosopher and a twentieth-century
linguistic phenomenon in a signed language is wider than any of the prior
pairings the book has examined. Peirce died in 1914, more than four decades
before William Stokoe’s 1960 monograph Sign Language Structure established
the linguistic legitimacy of ASL as a complete natural language with its own
grammar, and more than six decades before Ted Supalla’s 1982 University of
California, San Diego dissertation provided the first systematic morphological
analysis of what came to be called classifier predicates. Peirce knew nothing of
ASL as a language, though he knew that Deaf people communicated through
manual signs, since manual sign systems were widely visible in
nineteenth-century American public life. The present pairing operates
structurally rather than as a historical-genealogical inheritance, in the same
sense that Chapter 2’s pairing of Morandi’s still-life painting with Faraday’s
field-theoretic physics, Chapter 3’s pairing of phyllotactic plant biology with
Renaissance counterpoint, Chapter 4’s pairing of holobiont organismal biology
with woven textile structure, Chapter 5’s pairing of topological mathematics with
architectural composition, and Chapter 6’s pairing of forest mycorrhizal
networks with conversation-analytic interaction have all operated structurally:
the two cases in each pairing instantiate the same underlying relational pattern
across what appears to be a wide gap in materials, time, and disciplinary
register.
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What both cases share is the irreducibly three-cornered structure of
meaning. Peirce’s mature semiotic theory, developed across the period from his
1867 paper “On a New List of Categories” through the lectures and manuscripts
of his last working decade, is anchored in the claim that signs have an irreducibly
triadic structure. Sign, object, and interpretant compose the sign-relation; the
relation cannot be reduced to a dyadic structure of sign-and-object alone. ASL
classifier predicates, in their morphological structure, exhibit the same triadic
irreducibility in directly perceptible form. A classifier predicate combines a
handshape that represents a class of referent, a movement and orientation that
predicate spatial or kinematic information, and a location in the signing space
that establishes the referent’s position relative to other referents present in the
discourse. Three components compose a single morphological unit whose
meaning emerges from their interrelation rather than from any one component in
isolation. The structure is three-cornered, and the structure is visible.

The chapter’s argument is that Peirce’s theoretical articulation and ASL'’s
morphological organization mutually clarify each other. Peirce’s analysis gives
the linguistic phenomenon a conceptual vocabulary that goes beyond the
descriptive linguistic categories ordinarily used to analyze classifier predicates;
ASL’s morphological organization gives Peirce’s analysis a perceptually
accessible case in which the triadic structure can be observed directly in
language use, beyond the level of theoretical argument alone. The pairing is
consequently doing what the prior pairings have done. It is demonstrating that
the relational-seeing competence the book has been building applies across yet
another set of materials, with the structural pattern recognizable as the same
despite the surface differences between philosophical-semiotic theory and
signed-language morphology. The chapter develops the argument in detail across
the sections that follow. Peircean material occupies Sections 2 and 3. Material on
ASL occupies Sections 4 through 6. The pairing is articulated explicitly in Section
7. Section 8 examines what the trained eye perceives in ASL classifier
predicates, and Section 9 connects the chapter to the rest of the book.

A note on terminology and stance is needed before the chapter proceeds.
Signed languages are complete natural languages with their own grammars, and
they are not more visual or more iconic or more relational than spoken languages
in any sense that would constitute a categorical distinction. Spoken languages
possess iconic and indexical resources alongside their predominantly symbolic
ones, and signed languages possess symbolic resources alongside their iconic
and indexical ones. The chapter examines ASL classifier predicates because they
make the triadic semiotic structure perceptually accessible in a particularly
direct way, but the structure they instantiate is the structure that Peirce’s theory
identifies as constitutive of all sign-relations across all human languages and
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beyond language altogether. Romantic claims to the contrary, of the sort that
occasionally surface in popular writing about signed languages, misread the
linguistic facts and misuse the philosophical theory. Janna Sweenie, as a Deaf
ASL performer and educator, has been particularly insistent across our
collaborative work that ASL be treated with the linguistic rigor any natural
language deserves, without either the deficit framing that older audiological and
educational literature applied to signed languages or the romantic enhancement
framing that some sympathetic outsiders apply. The chapter follows that
commitment.

2.

Charles Sanders Peirce was born in Cambridge, Massachusetts, on September
10, 1839, to Sarah Hunt Mills and Benjamin Peirce, the latter the senior Harvard
mathematician of his generation and a major figure in the early development of
American mathematics and astronomy. Charles was educated at Harvard, took
his bachelor’s degree in 1859, his master’s in 1862, and his Sc.B. in chemistry
summa cum laude in 1863. He worked for the U.S. Coast and Geodetic Survey
from 1859 to 1891 in various capacities, including as a gravity-measurement
specialist whose pendulum experiments produced internationally recognized
contributions to geodesy. His academic appointment at Johns Hopkins University
ran from 1879 to 1884, a part-time lectureship in logic and the only sustained
academic position of his career. Peirce spent his final years in genteel poverty at
Arisbe, the rural property near Milford, Pennsylvania, where he and his second
wife Juliette Froissy Pourtalai retreated after his Coast Survey position was
terminated. He died at Arisbe on April 19, 1914, at the age of 74. The standard
biographical study is Joseph Brent’s Charles Sanders Peirce: A Life (Indiana
University Press, 1993, revised edition 1998), which reconstructs Peirce’s
working trajectory in considerable detail and corrects a substantial body of
earlier scholarship that had relied on the partial and sometimes hostile accounts
of his contemporaries.

Peirce’s published output during his lifetime was substantial in volume but
unsystematic in organization. He left at his death a vast manuscript archive.
Current descriptions put the Peirce Papers at Houghton Library at more than
100,000 pages; Richard Robin’s earlier Annotated Catalogue (1967) inventoried
approximately 80,000 pages of the same archive at the time of Robin’s work, and
a large late-manuscript subset, often estimated at around 50,000 pages, remains
unpublished. Harvard University’s philosophy department received the
manuscripts from Juliette Peirce in the winter of 1914-1915, shortly after
Peirce’s death in April 1914, and the Collected Papers of Charles Sanders Peirce,

148



edited by Charles Hartshorne and Paul Weiss (volumes 1-6, 1931-1935) and
Arthur Burks (volumes 7-8, 1958), provided the first comprehensive scholarly
edition. That early edition organized the material thematically rather than
chronologically, and subsequent scholarship has identified a series of editorial
decisions in the edition that produced an inadvertently misleading picture of
Peirce’s intellectual development. The Peirce Edition Project at Indiana
University-Purdue University Indianapolis, established in 1976 wunder the
founding general editorship of Max H. Fisch, has been producing the
chronological edition Writings of Charles S. Peirce (Indiana University Press)
that arranges the work in the order of composition and that has become the
authoritative scholarly source for Peircean studies. Volumes I through VI and
Volume VIII have been published, with Volume VII in preparation at the time of
writing. The two-volume selected reader edition The Essential Peirce (Indiana
University Press, volume 1 edited by Houser and Kloesel 1992, volume 2 edited
by the Peirce Edition Project 1998) provides the standard student and scholar’s
introduction to the major work.

Peirce’s category theory is the philosophical framework within which his
semiotic analysis develops. The categories are three: Firstness, Secondness, and
Thirdness. Firstness is the category of pure quality or possibility, considered in
itself without reference to anything else. Redness, as the quality redness
considered apart from any red object or any perception of red, is a Firstness. The
category is monadic; it concerns what is independent of any other thing.
Secondness is the category of brute fact, of existence, of resistance, of one
thing’s being affected by another. The actuality of a particular event, the
resistance felt when one body presses against another, the bare relation between
two existents: these are Seconds. The category is dyadic; it concerns the relation
of one thing to another without reference to any third. Thirdness is the category
of mediation, of law, of generality, of any relation that brings two things into
relation through a third. The relation of meaning to a sign and its object, the
law-like regularity that holds between cause and effect when these are
considered in their general pattern rather than as bare individual occurrences,
the rule-governed habit that connects a sign to what it signifies: these are Thirds.
The category is triadic; it concerns the irreducible three-place relation among a
sign, what it signifies, and the meaning produced or the habit established or the
law instantiated.

Peirce’s argument that Thirdness is irreducible is the argument the rest of
his mature philosophy depends on. This argument has a logical form and an
empirical form. Logically, the argument concerns the impossibility of
constructing a genuine triadic relation from any combination of dyadic ones. A
relation among A, B, and C in which A is connected to B through C, with the
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connection requiring all three terms simultaneously and not reducible to “A is
connected to B and B is connected to C and C is connected to A” considered as
three separate dyadic facts, cannot be constructed by aggregating dyads alone.
Peirce demonstrates this through a variety of examples and formal arguments
across his work, particularly in the existential graphs notation he developed in
the 1890s and 1900s and in the lectures that became the Logic as Semiotic
materials. The empirical form of the argument concerns the actual structure of
meaning. When a sign signifies its object, the signification is not a dyadic relation
between sign and object alone; it requires a third term, the interpretant, which is
the meaning produced or the habit of action established or the further sign that
the original sign generates. Without the interpretant, there is no genuine
sign-relation; there is at most a brute associative pairing of two things, which is
Secondness rather than Thirdness. The signification proper requires the third
term, and the third term is not derivable from the other two.

The argument has substantial philosophical consequences. If meaning is
irreducibly triadic, then the long tradition of philosophical analysis that has tried
to reduce meaning to a dyadic relation between word and object, or between idea
and thing, or between mental representation and external referent, is
structurally inadequate to its subject matter. Various forms of nominalism that
have dominated post-medieval philosophy have all worked with dyadic
conceptions of meaning, and Peirce’s argument is that they cannot account for
what they purport to analyze. A realist alternative, scholastic in its lineage and
pragmatic in its methodological commitments, treats generals (laws, habits,
regularities) as genuinely real features of the world rather than as merely
convenient verbal classifications imposed on individual things. This realism is a
consequence of the triadic structure of meaning; if Thirdness is irreducible, then
the laws and habits that Thirdness embodies must be real in a sense the
nominalist cannot accommodate. The argument runs across Peirce’s published
work from the 1860s onward and is one of the principal threads of intellectual
continuity in his enormous output.

3.

The icon-index-symbol trichotomy is the most widely known of Peirce’s semiotic
classifications, and it is the one most directly relevant to the ASL material the
chapter develops in subsequent sections. This trichotomy classifies signs
according to the relation between the sign and its object. An icon is a sign whose
relation to its object is one of resemblance: the sign is similar to its object in
some respect, and the similarity is what allows the sign to signify. A portrait of a
person resembles the person; a map resembles the territory it maps; a diagram
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resembles the structural relations it diagrams. An index is a sign whose relation
to its object is one of physical or causal connection: the sign and its object are
linked by some real-world contiguity, and the linkage is what allows the sign to
signify. Smoke is an index of fire because smoke is causally produced by fire; a
weathervane is an index of wind direction because the wind physically moves the
vane; a pointing finger is an index of the object pointed at because the finger’s
orientation establishes a spatial vector that includes the object. A symbol is a
sign whose relation to its object is established by convention, habit, or law: the
sign and its object are linked through a general rule that connects them in the
practice of a linguistic or interpretive community. Most words in spoken
languages are symbols in this sense; the word “tree” is connected to actual trees
through the habitual usage of the English-speaking community that has
established the word as the name for that class of plants, with no resemblance or
physical linkage between the word and its referents.

The trichotomy is not exhaustive of the ways signs can signify, and Peirce
developed additional trichotomies to classify other dimensions of sign-relations.
A sign considered in itself can be a Qualisign (a quality that functions as a sign),
a Sinsign (an actual existing thing or event that functions as a sign), or a Legisign
(a general law or habit that functions as a sign through its specific instances). An
interpretant can be Immediate (the interpretant proper to the sign itself, before
any actual interpretation), Dynamic (the interpretant actually produced in a
particular interpretive act), or Final (the ideal interpretant that would be
produced through the indefinite continuation of inquiry under appropriate
conditions). The full system of Peircean trichotomies, developed across the
manuscripts of the last decade of his life, identifies ten classes of signs through
the various combinations of the trichotomies, and 66 classes through the more
elaborate classification scheme he was developing in the 1903 lectures and
afterward. The icon-index-symbol trichotomy is the most accessible entry point to
the system, and it is the trichotomy most directly relevant to the linguistic
material the chapter examines.

A point that is sometimes missed in introductory presentations of the
trichotomy is that the categories are not exclusive. A given sign typically
combines iconic, indexical, and symbolic features simultaneously rather than
belonging exclusively to one category. The word “tree” in a written sentence is
predominantly symbolic (its meaning is established by linguistic convention) but
acquires indexical features when it occurs in a sentence that locates a particular
tree in a particular place (“the tree in front of the house”), and acquires iconic
features when it is rendered in a typeface or layout that resembles something
tree-like. Peirce was insistent that the trichotomy classifies the dominant aspect
of a sign-relation rather than partitioning signs into exclusive categories. Most

151



actual signs are mixed, and the analysis of a particular sign-relation typically
requires identifying which of the iconic, indexical, and symbolic features are
operative in the particular interpretive context.

The relevance of this for the analysis of language is substantial. Spoken
languages have predominantly symbolic vocabularies (most words are connected
to their meanings through arbitrary convention), but they also include iconic
features (onomatopoeia, sound symbolism, certain prosodic patterns) and
indexical features (deictic words like “this,” “that,” “here,” “there,” and the
pronouns whose reference depends on the speaker’s or addressee’s location).
The proportion of iconic, indexical, and symbolic features varies across
languages, and the proportion is one of the dimensions along which signed and
spoken languages differ from each other. Signed languages typically have a
higher proportion of iconic features than spoken languages, particularly in their
classifier-predicate systems, but they are not categorically more iconic in any
sense that would make them “less symbolic” or “less linguistic.” William Stokoe’s
1960 establishment of ASL as a complete natural language was largely an
argument against the older linguistic tradition that had dismissed signed
languages as mere collections of gestures without the symbolic-conventional
structure that “real” languages required. The argument has been settled in the
linguistic literature for more than half a century, but the popular understanding
has not fully caught up with the scholarship, and the chapter takes pains to keep
the linguistic record accurate as it develops the Peircean analysis.

4.

American Sign Language is the natural language of the U.S. Deaf community,
used by several hundred thousand people across the United States and parts of
Canada. Precise counts of ASL users (and especially of native or first-language
users) remain methodologically difficult, as Mitchell, Young, Bachleda, and
Karchmer’s 2006 demographic critique in Sign Language Studies documented:
many of the widely circulated estimates trace back to older data on signing in
general rather than ASL specifically, and the existing population estimates need
updating. The language emerged in the early nineteenth century from the
contact between the indigenous signing systems of various U.S. Deaf
communities and the French Sign Language (LSF) brought to the United States
by Laurent Clerc, who came to Hartford in 1817 with Thomas Hopkins Gallaudet
to establish the American School for the Deaf. The contact-language origins of
ASL are documented in the historical-linguistic scholarship of Susan Fischer,
James Woodward, Ceil Lucas, Clayton Valli, and others, and they account for the
typological features that distinguish ASL from both LSF (with which it shares
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substantial structural elements through the Clerc inheritance) and from spoken
English (with which it has no genealogical connection beyond the fact that
English is the surrounding spoken language of most of its users).

The linguistic study of ASL began in the modern sense with William Stokoe’s
Sign Language Structure: An Outline of the Visual Communication Systems of
the American Deaf (Studies in Linguistics Occasional Papers 8, University of
Buffalo, 1960). Stokoe was a hearing English professor at Gallaudet University
who arrived at the institution in 1955 and who, encountering ASL through his
teaching and through interaction with Deaf colleagues, recognized that the
language possessed a phonological structure analogous to the phonological
structure of spoken languages but realized in visual-spatial rather than
auditory-temporal terms. Stokoe’s monograph identified three “cheremes” (later
“phonemes” was adopted as the standard term for both spoken and signed
languages) corresponding to handshape, location, and movement, and he argued
that ASL signs were composed of these elements in the same compositional way
that spoken-language phonemes compose into morphemes and words. The
monograph was poorly received in the linguistic and Deaf-education communities
at the time of its publication, with the Deaf community largely unaware of the
work and the educational establishment largely committed to the oralist
pedagogy that treated ASL as inferior to spoken English. Subsequent scholarship
across the 1970s and 1980s vindicated Stokoe’s analysis and established ASL
linguistics as a recognized subfield of the larger discipline. Stokoe died in 2000,
having seen his early work become the foundation of an active research
literature.

The standard reference grammar of ASL for the period after Stokoe’s
pioneering work is Klima and Bellugi’s The Signs of Language (Harvard
University Press, 1979), which extended the phonological analysis to
morphology, syntax, and the language’s distinctive prosodic and
discourse-organization features. Klima and Bellugi demonstrated that ASL has
the full range of grammatical phenomena that linguists had documented in
spoken languages, including productive morphology, syntactic structure with
argument-taking predicates, complement clauses, relative clauses, question
formation, topic-comment structure, and the prosodic and grammatical use of
non-manual markers (eye gaze, facial expression, head and body posture) to
mark grammatical features that spoken languages mark with intonation, voice
quality, and grammatical particles. The book remains a standard reference,
though the ASL linguistics literature has substantially developed since 1979 and
the analytic frameworks have evolved in various directions. Charlotte
Baker-Shenk and Dennis Cokely’s American Sign Language: A Teacher’s
Resource Text on Grammar and Culture (Gallaudet University Press, 1980, with
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subsequent editions) is the standard pedagogical reference for ASL grammar at
the second-language teaching level.

The five formal parameters traditionally used to describe ASL signs are
handshape, location, movement, orientation (the rotation of the hand around its
various axes), and non-manual markers (the facial, head, and body features that
accompany the manual sign and that often carry grammatical information). Any
single ASL sign is composed of specifications for each of the parameters, and
minimal pairs in the language can be constructed by varying a single parameter
while holding the others constant. APPLE and ONION, for example, are
distinguished by location (cheek versus near the eye) with handshape and
movement held approximately constant. SUMMER and DRY are distinguished by
location (across the forehead versus across the chin) with handshape and
movement held constant. Minimal pairs based on parameter differences
established that the parameters function as phonemes in the language, in the
same compositional way that consonants and vowels function as phonemes in
spoken languages.

Beyond the basic phonological structure, ASL has a rich morphological
system that includes productive derivational and inflectional processes. Verbs in
ASL are typically classified into three major groups: plain verbs, agreement
verbs, and spatial verbs, with the categories distinguished by whether and how
the verbs incorporate spatial information about their arguments. Agreement
verbs use the signer’s spatial setup of referents in the signing space to indicate
subject and object through directional movement of the verb sign. Spatial verbs
use the same spatial setup to indicate location, motion, and other spatial
information. The classifier predicate system, which is the chapter’s central
concern, is a specialized subsystem of the spatial verb system that allows the
productive expression of spatial relations, motion patterns, and shape and size
information through morphologically complex forms. Productivity of the system
is one of the typologically distinctive features of signed languages relative to
spoken languages, and it is the feature most directly relevant to the Peircean
analysis the chapter develops.

5.

The classifier predicate system in ASL is a morphologically complex subsystem
that allows signers to predicate spatial information about referents through the
productive combination of handshape, movement, location, and orientation
parameters. Ted Supalla’s 1982 doctoral dissertation at the University of
California, San Diego (Structure and Acquisition of Verbs of Motion and Location
in American Sign Language) was the first systematic linguistic analysis of the
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system, and the analytic framework Supalla developed has been the basis for
subsequent scholarly work even where later linguists have proposed revisions to
specific elements of the framework. A classifier predicate, in Supalla’s analysis,
is a verb-like form whose handshape morphologically incorporates information
about a class of referents (the “classifier” element) and whose movement,
location, and orientation parameters predicate spatial or kinematic information
about referents of that class. Such a classifier is a bound morpheme that cannot
occur as an independent sign; it must combine with the predicate elements to
produce a complete grammatical form. The combination is morphologically
complex in the sense that linguistic typology uses the term: a single
morphological unit incorporates multiple meaning-bearing elements that
compose into the unit’s overall meaning.

The contemporary terminology for the system has evolved across the
decades since Supalla’s dissertation. “Classifier predicate” remains the term
most widely used in ASL linguistics literature, but Scott Liddell, in Grammar,
Gesture, and Meaning in American Sign Language (Cambridge University Press,
2003), proposed the alternative term “depicting verb” on the grounds that the
forms in question depict specific spatial scenes rather than classify referents into
categories in the way that classifier morphology in spoken languages typically
does. Adam Schembri and other Australian Sign Language (Auslan) and British
Sign Language (BSL) linguists have wused “polycomponential sign” or
“polysynthetic verb” to emphasize the morphologically complex composition of
the forms. The terminological debates concern the analytic framework
appropriate to the phenomenon rather than the existence of the phenomenon
itself, and the chapter uses “classifier predicate” because it is the term most
widely established in the literature, while recognizing that the term carries some
analytic baggage that the Liddell and Schembri alternatives are responding to.

A classifier element of a classifier predicate is a handshape that represents a
class of referents. The classes are productively established through the
combination of the handshape with predicate elements that pick out specific
referents within the class, rather than being fixed in advance as a closed
inventory. Major classifier classes in ASL include whole-entity classifiers (which
represent the entity itself through a handshape that resembles or stands for the
entity); instrument or handle classifiers (which represent the entity by depicting
how a person handles or manipulates the entity); body classifiers (which
represent the entity through specific body parts that stand for the whole entity);
surface classifiers (which represent flat or curved surfaces); and size-and-shape
specifiers (which trace the dimensions and outline of the entity in the signing
space). Each class has characteristic handshapes that have become
conventionalized through the language’s history of wuse, but the
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conventionalization is partial: the handshapes retain iconic motivation, in the
Peircean sense, even where their conventionalized status as morphological
elements of the language is well-established.

The 3-handshape (thumb, index finger, and middle finger extended; ring
finger and pinky folded against the palm) is the canonical vehicle classifier in
ASL. With palm facing down and the extended fingers oriented horizontally, the
handshape represents an entity from the class of vehicles: cars, trucks, boats,
motorcycles, airplanes considered from above, and any other entity that the
signer wishes to predicate about as belonging to that class. Iconic motivation
runs through the form: the upper plane of the extended fingers approximately
resembles the roof of a car as seen from above, and the orientation of the
handshape in the signing space corresponds to the orientation of the represented
vehicle. Movement of the classifier handshape through the signing space
predicates the vehicle’s motion through actual or represented physical space;
location of the handshape in the signing space predicates the vehicle’s location
relative to other referents established in the discourse; orientation of the
handshape predicates the vehicle’s orientation. A signer who wishes to
communicate that a car drove down a street, turned left at the corner, and
parked in front of a house can produce a single classifier-predicate utterance
that incorporates all of this information through the movement of the
3-handshape through the appropriate trajectory in the signing space.

The 1-handshape (index finger extended; other fingers folded) is the
canonical upright-human classifier. The handshape represents an entity from the
class of upright humans: a single person standing, walking, running, or otherwise
oriented vertically. Movement of the 1-handshape through the signing space
predicates the person’s motion; location predicates the person’s position;
orientation predicates which direction the person is facing. The handshape is
iconic in the sense that the extended index finger approximately resembles the
vertical orientation of an upright human body, with the finger standing in for the
entire body. Two 1-handshapes used simultaneously can predicate the spatial
relation between two persons, with the relative locations of the two handshapes
in the signing space directly representing the relative positions of the two
referents. The construction allows the signer to predicate complex spatial
relations among multiple human referents with a directness and economy that
the equivalent spoken-language constructions typically cannot match.

The B-handshape (flat palm with all fingers extended and adjacent) is one of
the canonical surface classifiers, used to predicate flat surfaces of various
orientations. With palm facing down and oriented horizontally, the handshape
represents flat horizontal surfaces (floors, ceilings, table tops, road surfaces,
water surfaces seen from above). With palm facing the signer and oriented
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vertically, the handshape represents flat vertical surfaces (walls, doors, windows,
the sides of buildings). The handshape combines productively with other
classifiers to predicate spatial relations involving surfaces and other entities. A
3-handshape vehicle classifier moving across a B-handshape surface classifier
with palm down predicates a vehicle moving along a road or surface; a
1-handshape upright-human classifier moving along a B-handshape vertical
surface predicates a person walking along a wall or beside a building. The
compositionality of the system is high: signers productively combine the basic
classifier handshapes through both single-hand and two-hand constructions to
predicate the spatial scenes they wish to describe.

The instrument or handle classifiers represent entities through depictions of
how a person would handle or manipulate them. A C-handshape (thumb and
other fingers curled to form a C-shape) with the appropriate orientation can
represent a cup or other cylindrical object held in the hand. A flat-O handshape
(fingertips touching the thumb to form a flat circle) can represent a small flat
object held between the fingers. The handshape in these cases is iconic of the
hand-shape involved in handling the entity, rather than directly iconic of the
entity itself. The classification proceeds through the manipulation pathway: the
entity is identified by how it is handled, and the handshape that represents the
handling mode also classifies the entity that would be handled in that way.

6.

A working example will help illustrate the morphological complexity of the
classifier-predicate system and the way the components compose into a complete
grammatical form. Consider the ASL utterance that a signer might produce to
communicate the meaning that an English speaker would render as “The car
drove around the curve in the road and disappeared into the distance.” The
English sentence is morphologically and syntactically complex, with a definite
article, a noun, a past-tense verb, a prepositional phrase, a coordinating
conjunction, a second past-tense verb, a prepositional phrase, and a noun phrase.
ASL achieves comparable referential and predicative content through a rather
different morphological organization. The signer first establishes the road as a
referent through a B-handshape surface classifier moved through the
appropriate trajectory in the signing space, with the curve in the road encoded as
a curved movement of the surface classifier. Next, the signer establishes the car
as a referent through a 3-handshape vehicle classifier and locates the classifier
at the start of the trajectory established by the surface classifier. From there, the
signer moves the vehicle classifier along the trajectory of the surface classifier,
with the curving path of the vehicle classifier following the curve of the surface
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classifier. The vehicle classifier's movement away from the signer toward the
back of the signing space, with the handshape diminishing in apparent size as the
movement extends, predicates the vehicle’s recession into the distance.

This utterance is a single complex classifier-predicate construction that
accomplishes what the English sentence accomplishes through its sequential
morphological and syntactic apparatus. Referential content (a vehicle and a
road), predicative content (the vehicle moves along the road, the road has a
curve, the vehicle disappears into the distance), and spatial-temporal content
(the curve’s location, the vehicle’s location at each moment of the motion, the
perspectival recession) are all encoded in the morphological structure of the
classifier-predicate construction. The construction is the appropriate ASL
grammatical form for the content that the English sentence would render, with
no translation relationship between the two languages at the morphological
level. Both languages have different morphological and syntactic strategies for
encoding the same content, and the strategies are not interchangeable: an
attempt to render the ASL classifier-predicate utterance into English requires
the kind of expanded prose description the previous paragraph provided,
because English does not have a morphological system that can encode all of the
spatial and motion information in a single verb form.

The structural complexity of the classifier-predicate system raises a question
about the system’s place within ASL grammar. The classifier predicates are
productive in a way that ordinary verb morphology in spoken languages typically
is not: signers compose novel classifier-predicate utterances on the fly to
describe spatial scenes that the language’s lexicon does not contain pre-formed
signs for, and the productivity is a routine feature of fluent signing rather than a
marked or specialized usage. Liddell, in his 2003 monograph, argued that the
productivity is so high that the classifier predicates should be analyzed as a
partly gestural rather than a fully grammatical phenomenon, with the
morphological structure providing the linguistic framework but the specific
spatial-kinematic content being filled in through gestural depiction that is not
strictly part of the language’s grammar. Liddell’s analysis is controversial in the
ASL linguistics literature, with other scholars including Susan Fischer, Karen
Emmorey, Diane Brentari, and Sherman Wilcox arguing that the
classifier-predicate constructions are fully grammatical and that the productivity
is a feature of the language’s morphological system rather than a sign of a
gesture-grammar boundary. The debate is technical and falls outside the
chapter’s central concern. Its outcome bears on the Peircean analysis the next
section develops, because the iconic and indexical features of classifier
predicates are at the center of the debate about whether the constructions are
linguistic or gestural in nature.
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A second question about the classifier-predicate system concerns its
acquisition by Deaf children. Native ASL acquisition follows the standard
developmental trajectory of natural language acquisition: children exposed to
fluent ASL from birth proceed through the same stages of phonological,
morphological, syntactic, and pragmatic development that hearing children
proceed through with spoken languages, on approximately the same timetable.
Acquisition of the classifier-predicate system follows this standard developmental
trajectory, with the basic classifier handshapes appearing in children’s
productions in the second and third years of life and the productive
combinatorial capacity emerging across the preschool years. Acquisition data,
documented in the work of Diane Lillo-Martin, Richard Meier, and others,
demonstrates that the classifier-predicate system has the developmental
signature of grammatical morphology rather than of gestural or pictorial
communication. The children acquire the system as part of acquiring the
language, in the same way that hearing children acquire the morphological
systems of their spoken first languages, and the acquisition involves the kinds of
grammatical errors and overgeneralizations that morphological-system
acquisition characteristically involves rather than the kinds of gestural
elaborations that gestural communication characteristically involves.

7.

The pairing of Peirce and ASL classifier predicates can now be articulated in
detail. A classifier-predicate construction is a sign-relation in Peirce’s technical
sense, and the construction’s structure exhibits the irreducibly triadic character
that Peirce’s semiotic theory identifies as constitutive of all sign-relations. Its
sign element is the morphological complex of handshape, movement, location,
and orientation that the signer produces. The object element is the referent in
the discourse-world that the construction picks out: the car, the road, the curve,
the recession into the distance, considered as elements of the situation the signer
is communicating about. The interpretant element is the meaning produced in
the addressee’s interpretive act, mediated by the addressee’s competence in ASL
grammar and the discourse context that the signer and addressee share. These
three elements compose into the sign-relation as a single irreducible triad. The
construction is not a sign-object dyad to which an interpretant is added
afterward; the interpretant is constitutive of the sign-relation from the start, and
an attempted analysis that treated the handshape and the referent as connected
by some dyadic relation independent of the interpretive process would fail to
capture what is happening in the linguistic exchange.
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Peirce’s trichotomy of icon, index, and symbol applies to the
classifier-predicate construction in a way that illustrates the trichotomy’s
usefulness as an analytic tool. A handshape element of the construction has
substantial iconic features: the 3-handshape’s resemblance to a vehicle’s roof
seen from above, the 1-handshape’s resemblance to an upright human body, the
B-handshape’s resemblance to a flat surface. Its location element has substantial
indexical features: the classifier handshape’s position in the signing space
indexes the referent’s position in the represented spatial scene through a
spatially direct relation that goes beyond mere convention. The construction as a
whole has substantial symbolic features: the morphological structure of the
classifier-predicate system is conventional in the standard linguistic sense, with
the conventions established through the historical development of ASL as a
complete natural language and learned by speakers through the standard
process of language acquisition. Such a construction is consequently iconic,
indexical, and symbolic simultaneously, with the three Peircean dimensions of
sign-object relation operating in different aspects of the same morphological
unit.

The simultaneity of the three dimensions is the feature that makes ASL
classifier predicates a particularly useful case for understanding Peirce’s
analysis. In most linguistic examples that introductory presentations of the
Peircean trichotomy use, the three dimensions are illustrated through different
signs: a portrait for the iconic case, a weathervane for the indexical case, a word
for the symbolic case. Such illustrations are pedagogically clear but they may
produce the misleading impression that the three categories are exclusive, as
discussed in Section 3 above. Classifier-predicate constructions, by contrast,
exhibit all three dimensions simultaneously within a single morphological unit,
and the simultaneous operation can be observed directly in the spatial-kinematic
structure of the construction. The handshape’s iconic resemblance to its referent
class, the location’s indexical relation to the represented spatial position, and the
construction’s symbolic-conventional grammatical status compose three aspects
of one sign rather than three different signs combined, and the sign’s full
meaning emerges through the simultaneous operation of all three. Peirce’s
theoretical claim that most actual signs combine iconic, indexical, and symbolic
features rather than belonging exclusively to one category is illustrated with
particular clarity in the ASL case.

A deeper structural pairing concerns the irreducibly triadic structure of the
classifier-predicate construction. Three components of the construction
(handshape representing class of referent; movement and orientation predicating
spatial or kinematic content; location establishing the referent’s position) are not
three independent meanings combined additively. These components compose
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into the construction’s overall meaning through a triadic relation that cannot be
reduced to dyadic sub-relations among any pair of the components. A handshape
alone, without the location and movement, does not specify a referent in the
discourse-world; it specifies only a class of possible referents. Without the
handshape, a location alone does not specify what kind of entity occupies the
location; it specifies only a region in the signing space. Without the handshape
and location, a movement alone does not specify what kind of motion is being
predicated; it specifies only a kinematic pattern abstracted from any particular
referent. Together, the three components compose into a single complex
sign-relation whose meaning emerges from the three-place mediation among
them. The structure is irreducibly triadic in precisely the Peircean sense, and the
structure is directly observable in the spatial-kinematic morphology of ASL.

A hostile reading would press the chapter at this point. Every sign relation
operates triadically per Peirce’s theory, including spoken-language sign
relations. An English deictic construction such as “this red car drove around that
curve over there” combines indexical features (the deictic markers “this,” “that,”
“over there” pointing to specific referents in the discourse-world) and symbolic
features (the conventional grammatical structure of English that organizes the
construction); any iconic features would come from accompanying gesture,
prosody, or sound pattern rather than from the ordinary word forms themselves.
What makes ASL classifier predicates more directly accessible to triadic analysis
than English’s parallel resources, given that English encodes triadic structure
through its own combinations of iconic, indexical, and symbolic features? The
chapter’s defensible claim is more specific than “ASL is triadic in a way English
is not”; the chapter’s claim is that the spatial layout of ASL classifier predicates
makes the indexical relations to the discourse-world spatially explicit in a way
that English’s indexical encoding does not. When an ASL signer establishes one
referent at a location to the signer’s right and a second referent at a location to
the signer’s left, the indexical relations between the referents and the
discourse-world are visible in the signing space itself; the signer’s hands occupy
positions that are the indexical references. When an English speaker says “this
red car drove around that curve over there,” the deictic markers point to the
referents through grammatical encoding rather than through spatial occupation.
Both constructions are triadic per Peirce’s theory, but the ASL construction
renders the indexical dimension perceptually accessible in a way that the English
construction does not, because the indexical relations are spatially performed
rather than grammatically encoded. The perceptual accessibility is what makes
ASL classifier predicates a particularly useful case for understanding the triadic
structure that operates in both ASL and English; the chapter is not arguing that
English is somehow non-triadic but rather that the spatial-kinematic visibility of
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the ASL case makes the triadic structure available for perception in a way that
the encoded structure of English does not.

What this allows is a particular analytic move that Peirce’s theory makes
possible. A classifier-predicate construction admits both descriptive analysis (as
the ASL linguistics literature has provided across the four decades since
Supalla’s dissertation) and semiotic analysis, with the descriptive linguistic
categories anchored in a more general account of how sign-relations operate.
Descriptive linguistic categories (handshape, movement, location, orientation,
classifier class, predicate type) become specifications of the more general
semiotic categories (sign element, object element, interpretant relation, iconic
feature, indexical feature, symbolic feature) within which the linguistic
phenomenon is one instance among many. The conceptual integration is useful
for several purposes. It locates ASL within a more general semiotic framework
that is not specific to any particular language, signed or spoken, and it allows the
phenomenon to be compared across languages in ways that purely descriptive
ASL-internal analysis cannot easily support. It also clarifies why ASL classifier
predicates have been the subject of debate about whether they are linguistic or
gestural in nature. The debate is often conducted as if “linguistic” and “gestural”
were exclusive categories, with grammatical structure on one side and iconic
depiction on the other. The Peircean analysis suggests that the categories are not
exclusive: the construction is symbolic-grammatical in the standard linguistic
sense, and it is iconic-depictive in the standard semiotic sense, and the
simultaneity of the two dimensions is consistent with the construction’s status as
language while illustrating the multidimensional structure of all sign-relations as
Peirce’s theory analyzes them.

8.

A signer performs the worked example the chapter introduced earlier: the
curving road, the vehicle moving along it, the recession into the distance. To a
hearing observer with no ASL training, the performance registers as a sequence
of hand movements that look approximately illustrative of motion, with some
component of the meaning recoverable from the gestural shape. A fluent Deaf
signer or a trained second-language learner watches and registers something
different: a single complex morphological unit in which a handshape, a
movement, a location, and an orientation compose simultaneously, with the
handshape iconically classifying the referent (the 3-handshape as a vehicle), the
location indexically anchoring the referent in the discourse-world (this point in
the signing space stands for that point on the road), and the construction as a
whole occupying the symbolic-grammatical structure that ASL morphology
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specifies. The three Peircean dimensions are present simultaneously in the same
unit. Each is perceptible to a viewer with the relevant training. None is reducible
to the other two. The construction is what the argument so far has shown it to be:
a sign-relation in Peirce’s full sense, available for direct observation in a way that
few linguistic phenomena permit.

The training required to develop the perceptual capacity is substantial. Janna
Sweenie, as a Deaf native ASL user, has the perceptual capacity by virtue of
acquiring ASL as a first language in childhood, in the same way that a native
speaker of Japanese has the perceptual capacity to track the morphological and
syntactic structure of Japanese without having to consciously analyze it. The lead
author of the present chapter, as an adult second-language learner of ASL who
acquired the language through extended formal study and through years of
collaborative work with Janna Sweenie and other Deaf colleagues, has the
perceptual capacity to a substantial but not native degree, and the chapter has
been written with regular consultation of Janna Sweenie’s expertise on points
where the analytic claims required first-language judgment that the lead author
does not fully possess. Our collaboration has been the kind of scholarly
cross-modal work that the relational-seeing argument the book has been
developing requires: each collaborator has perceptual capacities the other does
not have, and the joint work draws on the combined competences in ways that
single-author work could not.

The broader implication, for the book’s argument, is that perceptual training
is required to perceive the relational structure of any sign-system, including the
sign-systems we ordinarily take for granted. Hearing readers of this book
perceive English sentences as meaning-bearing wholes without consciously
analyzing their morphological and syntactic structure, because the
English-language perceptual training was acquired in childhood and is operative
below the level of explicit awareness. A similar pattern holds for native ASL users
with respect to ASL classifier predicates: the training is operative below the level
of explicit awareness, and the constructions are perceived as meaning-bearing
wholes rather than as composites assembled from analytical components. Such
training is no less real for being implicit, and the perceptual capacity it produces
is no less significant. The chapter’s contribution is to make the structure of the
training and the structure of the perceptual capacity explicit through the
Peircean analysis, in a way that allows non-native viewers to begin to develop the
perceptual capacity through deliberate study and that allows native users to
recognize the structure of what they are already doing without conscious effort.

A direct connection runs from the present chapter to the rest of the book.
The relational-seeing competence the prior chapters have examined (Morandi’s
still-life seeing alongside Faraday’s field-theoretic seeing in Chapter 2,
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phyllotactic and contrapuntal seeing in Chapter 3, holobiont and
textile-structural seeing in Chapter 4, topological and architectural seeing in
Chapter 5, mycorrhizal and conversation-analytic seeing in Chapter 6) operates
through perceptual training that may be implicit (as in native first-language
acquisition) or explicit (as in the development of disciplinary expertise in
painting, physics, music, or any other domain that requires sustained
engagement with a structured material set). The chapter’s pairing of Peirce and
ASL classifier predicates demonstrates that the same competence operates in
linguistic perception, and that the structural pattern the prior chapters have
identified is recognizable in the way fluent users of any language perceive the
meaning-bearing wholes of their language’s morphological and syntactic
constructions. Peircean analysis provides a conceptual vocabulary for what the
perceptual capacity does. The ASL case provides a perceptually accessible
instance in which the triadic structure of sign-relations can be observed directly.
Combining the two is what the chapter has aimed to produce.

9.

The chapter has paired Peirce and ASL classifier predicates and demonstrated
that the same three-cornered relational structure operates in both. Peirce’s
theoretical articulation provides the conceptual framework. ASL’s morphological
organization provides the perceptually accessible case. The pairing has worked
because the structural pattern is recognizable in both materials despite the
apparent gap between nineteenth-century semiotic theory and twentieth-century
signed-language morphology. We have been careful throughout to avoid
romantic or essentialist claims about signed languages, treating ASL as a
complete natural language with the linguistic-typological features the linguistic
literature has documented and treating Deaf experience as the experience of
native users of a particular language rather than as a privileged epistemic
position with respect to semiotic theory.

The collaboration between the lead author and Janna Sweenie has been the
methodological infrastructure of the chapter, and the collaboration is itself an
instance of the relational structure the book has been examining. Each
collaborator brought perceptual capacities the other did not have. Combining the
lead author’s competence in Peircean philosophy and in academic writing with
Janna Sweenie’s competence in ASL linguistics and Deaf-community pragmatics
produced a joint analysis that neither could have produced alone. Our
collaboration has been ongoing across multiple book projects (including the ASL
Linguistics for Practitioners series), and the present chapter draws on the
accumulated joint work in addition to the specific exchanges that have shaped
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the line of argumentation. The methodology here is the methodology of the book
as a whole: relational seeing operates across collaborators as well as across
materials, and the joint perceptual capacity exceeds either individual’s capacity
in the same structural way that the book’s pairings demonstrate across the
cross-domain combinations they examine.

The book’s six pairing chapters are now complete. Across them, the cases
above show Morandi’s still-life painting alongside Faraday’s field-theoretic
physics in Chapter 2, phyllotactic plant biology alongside Renaissance
counterpoint in Chapter 3, holobiont organismal composition alongside woven
textile structure in Chapter 4, topological mathematics alongside architectural
composition in Chapter 5, forest mycorrhizal networks alongside the
conversation-analytic structure of human talk in Chapter 6, and the present
chapter’s combination of Peircean semiotics with ASL classifier predicates.
Remaining chapters address the discovery of fields that have become legible
through specific instruments (Chapter 8), the methodological frontiers of fields
that may become legible through future instruments (Chapter 9), and severance
of fields no longer present (Chapter 10), with the conclusion’s integrative case at
the Hudson estuary closing the book. Across six cross-domain combinations, the
cumulative effect is the establishment of relational seeing as a general
competence that operates across an enormous range of materials with the same
underlying structural pattern. The pattern is what the book is for, and the
present chapter has contributed one further instance of it.
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Chapter 8: The Found Field

1.

The six pairing chapters of the book have examined the relational-seeing
competence operating across an enormous range of disciplinary materials:
still-life painting, electromagnetic field theory, plant biology, Renaissance
polyphony, microbial ecology, modernist weaving, classical architecture,
mathematical topology, philosophical semiotics, signed languages, forest
networks, and ordinary conversation. Across the pairings, the same underlying
perceptual capacity operates in the materials, with the materials varying while
the competence remains the structurally constant feature. The present chapter
shifts the focus from the competence’s operation in well-studied disciplinary
contexts to its operation in cases of recovery and rediscovery, where the
relational structures the trained perception identifies have been present in the
materials all along but had been overlooked, misidentified, or treated as illegible
across substantial historical periods. A “found field” of the chapter’s title
designates this category of cases: relational structures that were already in the
world before any trained perception attended to them, that were missed or
misread by the available perceptual capacities for as long as they were missed or
misread, and that became visible to subsequent observers only when the
appropriate trained perception developed in the relevant disciplines.

The four principal cases the chapter examines span dquite different
disciplinary contexts. The Antikythera Mechanism, a corroded bronze artifact
recovered from an ancient Greek shipwreck off the island of Antikythera in
1900-1901, was identified as a complex astronomical-computational device only
through gradual analytical work across the twentieth and early twenty-first
centuries, with the most substantial breakthroughs occurring in Derek J. de Solla
Price’s 1974 monograph and the Antikythera Mechanism Research Project’s
2006 Nature paper. Michael Ventris’s decipherment of Linear B, with the
breakthrough in June 1952 and the formal publication “Evidence for Greek
Dialect in the Mycenaean Archives” co-authored with John Chadwick in Journal of
Hellenic Studies in 1953, established that the script preserved in the Knossos
and Pylos clay tablets was an early form of Greek, transforming the previously
illegible inscriptions into a readable record of Late Bronze Age Greek
administration. The Hubble Deep Field image released by NASA in January 1996
revealed thousands of distant galaxies in a region of sky that had appeared
visually empty to all prior observation, demonstrating that the relational
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structure of the universe was substantially richer than the limits of previous
instrumental sensitivity had allowed observers to perceive. In 2014, the Oxford
papyrologist Dirk Obbink announced two new Sappho papyri (the so-called
“Brothers Poem” and the “Kypris Poem,” sometimes connected to Sappho
fragment 26), an apparent recovery of significant lost ancient poetry that has
since been substantially complicated by the contaminated provenance of the
materials and by the broader antiquities-market environment in which Obbink
subsequently faced separate professional and legal proceedings involving stolen
papyri.

The four cases together demonstrate the found-field pattern across
archaeology and material culture (Antikythera), philology and writing systems
(Linear B), observational astronomy (Hubble Deep Field), and ancient literature
and papyrology (the Sappho case with its complications). A common pattern
operates in each: relational structure was present in the world before any trained
observer perceived it, the perception became possible only through the
development of the appropriate trained capacity in the relevant discipline, and
the eventual perception revealed substantial structure that previous observation
had missed. The chapter’s argument is that the relational-seeing competence the
book has been examining is the underlying capacity that operates in all four
cases, with the specific materials and the specific trained-perception traditions
varying while the competence remains the constant feature. These found-field
cases thereby extend the inventory of materials in which the competence has
been demonstrated and add a new dimension to the book’s overall argument: the
competence operates in well-studied contemporary disciplinary contexts and
equally in cases of historical recovery where the relational structures had been
present though unrecognized for substantial periods before the trained
perception developed.

The chapter also addresses, in its handling of the Sappho case, the question
of how the relational-seeing competence relates to the broader institutional and
ethical conditions under which recovery work proceeds. The competence itself is
a perceptual and analytical capacity that operates on whatever materials are
available to the trained observer; its operation is consequently dependent on the
institutional arrangements that make materials available and that govern the
conditions of access, conservation, study, and publication. When the institutional
arrangements are themselves compromised (by black-market trade in antiquities,
by inadequate documentation of provenance, by professional misconduct, or by
other failures of disciplinary self-governance), the relational-seeing achievements
that proceed within those arrangements inherit the contamination of the
institutional context, even when the perceptual achievements themselves are
technically sound. The Sappho case is the chapter’s principal vehicle for
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examining this institutional dimension of the found-field pattern, and the chapter
handles the case with the care that the documented complications require.

Across nine sections, the chapter develops the four cases. The second
section examines the Antikythera Mechanism in detail, with attention to the
discovery, the gradual development of analytical understanding, and the
contemporary scholarly reconstruction. Section 3 turns to Linear B and Ventris’s
decipherment, with attention to the methodological achievement that enabled
the breakthrough. The fourth section examines the Hubble Deep Field as a
contrasting case in observational astronomy. A fifth section addresses the
Sappho case with attention to its complications, and Section 6 considers the
institutional dimension of the found-field pattern that the Sappho case makes
salient. Section 7 articulates what the four cases share at the level of the
relational-seeing competence. Section 8 considers what the trained eye perceives
in materials that have been recovered, and Section 9 connects the chapter to the
rest of the book.

2.

The Antikythera Mechanism is one of the most remarkable artifacts surviving
from classical antiquity. Recovered from an ancient Greek shipwreck off the
small island of Antikythera in the southern Aegean Sea by Greek sponge divers in
the late autumn of 1900 and early 1901, the mechanism consists of a set of
corroded bronze fragments that originally formed a complex geared device
approximately the size of a shoebox. The shipwreck itself, dated to approximately
70-60 BCE on the basis of the associated cargo (Hellenistic statuary, Roman
amphorae, and other goods), had occurred on a route between the eastern
Mediterranean and Italy, and the cargo was being transported to a destination in
or near Rome when the ship sank. The mechanism was one item among many in
the ship’s cargo; the divers also recovered substantial quantities of bronze and
marble statuary, ceramic vessels, glass objects, and other goods that were
transferred to the National Archaeological Museum in Athens, where they have
been preserved since the early twentieth century.

Initial identification of the bronze fragments as parts of a geared mechanism
came on 20 May 1902 at the National Archaeological Museum in Athens.
Spyridon Stais, the former Education Minister, visited the museum to check on
the processing of the Antikythera finds and noticed a bronze fragment with a
gear wheel. He had served as Minister of Education from May 1900 to November
1901 in the government of Georgios Theotokis, the ministry that had authorized
the 1900-1901 salvage, and the visit fell within his scholarly attention to the
materials. Valerios Stais, the museum’s archaeologist and director (then 45 years
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old) and Spyridon’s first cousin, examined the fragment with him and carried the
scholarly work on the wreck finds forward across the next several years. The
contemporary newspaper record (the Athenian newspapers Skrip and Estia, both
22 May 1902) and the most rigorous archival reconstruction (Trimmis 2016)
credit Spyridon as the first to notice the gear; Valerios’s contribution was his
subsequent multi-year scholarly study of the wreck finds, which culminated in his
1905 publication Ta ex Antikytheron eyrimata. Chronologia, Proeleusis, ho
Chalkous Ephivos, dating the wreck to the middle of the first century BCE.
Alexander Jones (2017) confirms the Spyridon-as-spotter attribution, noting that
earlier popular accounts giving Valerios primary credit were not supported by
the contemporary Greek-language sources, including an article Valerios himself
published in To Asty on 13 December 1902. Identification of the fragments as a
geared mechanism was a substantial achievement in itself. The corrosion of the
bronze had reduced the fragments to a state in which their original character
was not obvious, and the recognition that the fragments preserved gear-wheel
structures rather than ordinary decorative objects required the trained eye of an
observer who knew what gear wheels would look like in a corroded state. That
identification opened the question of what the geared mechanism had been, but
the question was not seriously pursued through systematic analysis for more
than half a century after the Stais identification. The fragments remained in the
museum, occasionally examined by visiting scholars and described in catalog
entries, but the question of the mechanism’s function received only sporadic
attention in the published literature across the first half of the twentieth century.

Derek J. de Solla Price (1922-1983), a British-born historian of science who
taught at Yale University from 1959 until his death, undertook the first sustained
scholarly investigation of the Antikythera Mechanism in the 1950s and 1960s.
Price examined the fragments at the National Archaeological Museum across
multiple visits beginning in 1958, employing X-ray photography to reveal the
internal gear structure that surface examination could not access, and developed
an interpretation of the mechanism as an astronomical-computational device that
calculated the positions of the sun, moon, and possibly the planets through a
system of interconnected gear trains. His 1974 monograph “Gears from the
Greeks: The Antikythera Mechanism, A Calendar Computer from ca. 80 BC,”
published in the Transactions of the American Philosophical Society (New Series,
Volume 64, Part 7, November 1974), provided the first substantial scholarly
account of the mechanism and established the basic framework of subsequent
research. Price proposed that the mechanism contained approximately 30 gears,
that the major gear trains computed lunar and solar positions through ratios that
approximated the Metonic cycle (235 lunar months equal 19 solar years), and
that the mechanism represented a substantial achievement of Hellenistic
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mechanical and astronomical knowledge that had no direct surviving precedent
or successor in the historical record.

Contemporary scholarly understanding of the Antikythera Mechanism has
substantially developed Price’s framework through the work of the Antikythera
Mechanism Research Project, an international collaboration launched in 2005
under the leadership of Mike Edmunds (Cardiff University, Principal
Investigator) and Tony Freeth (project director), with Xenophon Moussas at the
University of Athens leading the Greek participation and Yannis Bitsakis among
the project’s substantial contributors on the inscriptional analysis. The project
employed two technologies that had not been available to Price: high-resolution
X-ray microtomography, conducted with a custom-built apparatus called
“Bladerunner” that produced three-dimensional reconstructions of the internal
gear structure at sub-millimeter resolution, and Polynomial Texture Mapping, a
surface-imaging technique that revealed inscriptions on the mechanism’s surface
that had been illegible in standard photography. The project’s findings, published
in Nature (Freeth et al.,, “Decoding the ancient Greek astronomical calculator
known as the Antikythera Mechanism,” Nature 444: 587-591, 30 November
2006) and in subsequent papers across the following years, substantially
extended the understanding of the mechanism’s functions.

Contemporary reconstruction shows that the Antikythera Mechanism was a
sophisticated astronomical-calendrical computer that performed several distinct
calculations through its gear trains. A front face of the mechanism displayed the
position of the sun and the moon in the zodiac, with the moon’s variable speed
across its orbit modeled through a gear train that included an epicyclic gear
system (a “pin-and-slot” mechanism) approximating the lunar anomaly. The
mechanism displayed the moon’s phase through a half-silvered ball indicator that
rotated to show the lit portion of the lunar disk visible to a viewer at any given
point in the synodic cycle. The back face displayed two spiral dials: an upper dial
showing the Metonic 19-year calendar cycle with a smaller dial for the Callippic
76-year cycle, and a lower dial showing the Saros 18-year eclipse cycle with a
smaller dial for the Exeligmos 54-year cycle. A separate dial displayed the
four-year Olympiad cycle, with the names of major Greek athletic festivals
(Olympia, Nemea, Isthmia, Pythia, and others) inscribed on its surface. The
mechanism may have had additional gear trains for the planetary positions,
though the planetary trains have not been preserved in the surviving fragments
and the reconstruction of their structure remains contested in the scholarly
literature.

The dating of the mechanism has been progressively refined through the
analytical work of the past two decades. Earlier estimates placed the
mechanism’s construction around 80-60 BCE, on the basis of the shipwreck’s
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dating and the inscriptional letterforms. More recent analyses, including the
work of Alexander Jones in his 2017 monograph A Portable Cosmos: Revealing
the Antikythera Mechanism, Scientific Wonder of the Ancient World (Oxford
University Press), have proposed an earlier date of construction (perhaps
150-100 BCE), with the mechanism having been an older device at the time of
the shipwreck. The mechanism’s Greek inscriptions, which the Polynomial
Texture Mapping has substantially revealed across the past two decades, include
user instructions, calendrical labels, and astronomical descriptions that the
contemporary scholarly community has been able to read for the first time since
the mechanism’s original use. Across more than a century since Stais’s 1902
identification, the recovery of the mechanism’s function is itself a sustained
instance of trained perception across multiple generations of researchers, who
progressively read the relational structure that the mechanism’s gear trains
carried.

3.

The decipherment of Linear B by Michael Ventris in 1952 is one of the most
celebrated philological achievements of the twentieth century and a
paradigmatic case of the found-field pattern. The script was first encountered in
the modern era by Sir Arthur Evans, the British archaeologist who excavated the
Bronze Age palace at Knossos on Crete from 1900 onward and who recovered
approximately 3,000 inscribed clay tablets in the course of his excavations. Evans
recognized that the tablets carried two distinct scripts (which he labeled Linear
A and Linear B), and he published partial collections of the inscriptions across
the early twentieth century while retaining most of the material under his own
scholarly control. Linear A and Linear B were both syllabic scripts, with
characters that appeared to represent syllables of an underlying language rather
than individual phonemes (as in alphabetic writing) or whole words (as in
logographic writing). The language of either script was unknown when Evans
published the tablets, and the question of what languages the scripts recorded
remained open for the first half of the twentieth century.

Michael Ventris (1922-1956) was a British architect with no formal training
in classical philology when he undertook the decipherment of Linear B. He had
become interested in the problem during his school years at Stowe, where he
attended a 1936 lecture by Evans, and he pursued the question through
self-directed study across the subsequent decades while developing a successful
architectural career. Ventris’s methodological approach, developed across the
late 1940s and early 1950s, was a “grid analysis” of the script that worked from
the script’s distributional patterns rather than from any specific underlying
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language. The grid treated the script as a syllabary whose characters could be
classified by their consonantal and vocalic components on the basis of their
distributional patterns in the inscriptions, and it identified pairs of characters
that shared either a consonant or a vowel and arranged them in a
two-dimensional table that allowed the phonetic relationships among the
characters to be examined systematically. It was a methodological achievement
in its own right, and it provided the structural framework within which the
eventual decipherment became possible.

The breakthrough came in early 1952. Ventris had hypothesized that some of
the place-name elements identified in the tablets (particularly the Cretan
place-names that ought to have appeared in administrative documents from a
Cretan palace) might allow phonetic values to be assigned to specific characters.
He tested the hypothesis on tablets from Knossos and Pylos and found that the
resulting phonetic values produced readable sequences in the Greek language:
place-names, common Greek words, personal names with Greek elements. The
decipherment that emerged from the test showed that Linear B was the script of
an early form of Greek (now called Mycenaean Greek), recording the
administrative records of the Late Bronze Age Greek-speaking centers at
Knossos, Pylos, Mycenae, Tiryns, and Thebes. The finding was dramatic because
it changed the historical understanding of when Greek-speaking peoples had
occupied the Aegean: the Late Bronze Age palatial centers had been thought to
be non-Greek (Minoan or “pre-Greek”), but Linear B’s Greek character showed
that Greek-speaking peoples had been present in the Aegean from at least the
14th century BCE.

Ventris collaborated with John Chadwick (1920-1998), a Cambridge
classicist who had specialized in early Greek dialectology, beginning in 1952 to
develop the implications of the decipherment for Greek philology. Their joint
paper, “Evidence for Greek Dialect in the Mycenaean Archives,” published in the
Journal of Hellenic Studies (Volume 73, pages 84-103, 1953), provided the first
detailed scholarly presentation of the decipherment to the international
classical-studies community. Their book Documents in Mycenaean Greek
(Cambridge University Press, 1956) provided the comprehensive catalog of the
deciphered inscriptions and the analytical framework for subsequent Mycenaean
studies. The book has remained the standard reference for the field across more
than half a century, with subsequent editions and supplementary volumes
extending its coverage as additional inscriptions have been recovered and
analyzed.

Ventris died in a car accident on 6 September 1956, at the age of 34, only a
few weeks before the publication of Documents in Mycenaean Greek. The
accident occurred on the Great North Road in Hertfordshire and was determined
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to have been caused by Ventris’s car colliding with a stationary lorry; the
circumstances have been the subject of subsequent biographical speculation but
the published evidence does not support firm conclusions. Chadwick continued to
develop Mycenaean studies across the subsequent four decades and authored
several further books on the topic, including The Decipherment of Linear B
(Cambridge University Press, 1958) and The Mycenaean World (Cambridge
University Press, 1976). The Mycenaean studies field that Ventris’s
decipherment opened has produced a substantial body of scholarship across the
past seven decades, with the deciphered tablets providing detailed evidence of
Late Bronze Age Greek economic, social, and religious organization that had
been entirely unavailable to historical reconstruction before the decipherment.

This case exemplifies the found-field pattern with particular clarity. The
tablets had been excavated and curated for half a century before the
decipherment; the inscriptions had been visible to scholarly examination
throughout that period; the Greek language had been continuously studied
across the same period. What had been missing was the trained perception that
could identify the syllabic structure of the script and assign phonetic values to its
characters in ways that revealed the underlying Greek. Ventris’s grid analysis
was the methodological achievement that made the trained perception possible,
and the perception once achieved revealed relational structure (the
syllable-to-Greek-phoneme correspondences, the morphological and syntactic
patterns of Mycenaean Greek, the organizational categories of Late Bronze Age
palatial administration) that had been present in the tablets all along but
unrecognizable without the methodological framework. The achievement is the
prototype of the found-field pattern: trained perception revealing relational
structure that had been present but unperceived for as long as the perception
was unavailable.

4.

The Hubble Deep Field, released by NASA on 15 January 1996, demonstrates the
found-field pattern in observational astronomy. Robert Williams, then director of
the Space Telescope Science Institute (the US institution that operates the
Hubble Space Telescope), had decided in late 1995 to commit a substantial
portion of his director’s discretionary observing time to a single deep exposure of
an apparently empty region of sky in the constellation Ursa Major. The decision
was controversial within the astronomical community at the time. The director’s
discretionary time was a limited and valuable resource, and pointing the
telescope at an apparently empty region for an extended exposure carried the
risk that the resulting image would show nothing of scientific interest. Williams’s
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reasoning was that if the apparently empty region contained faint distant
galaxies that were below the detection threshold of all previous astronomical
surveys, a sufficiently long exposure would reveal them; if the region was
actually empty, the result would itself be informative about the limits of
cosmological structure at the relevant redshifts.

Exposure was conducted across ten consecutive days from 18 to 28
December 1995, with Hubble’s Wide Field Planetary Camera 2 making 342
separate exposures in four filters (ultraviolet, blue, red, and near-infrared) that
were combined into a single composite image after extensive processing to
correct for instrumental artifacts, cosmic-ray strikes, and other technical
complications. The resulting Hubble Deep Field image showed approximately
3,000 galaxies in a region of sky approximately one twelfth the angular diameter
of the full moon (the HDF covers about 2.6 arcminutes on a side; the moon’s
angular diameter is approximately 30 arcminutes), with galaxies at redshifts
extending from approximately 0.1 (relatively nearby) to greater than 6
(extremely distant, with light from these galaxies having traveled for the great
majority of the universe’s history). The image’s release on 15 January 1996
produced substantial public and scientific impact: the visual evidence that an
apparently empty region of sky was in fact full of distant galaxies provided
immediate and persuasive confirmation that the universe contained a much
richer galaxy population at high redshift than previous observation had been able
to characterize.

Scientific consequences of the Hubble Deep Field across the subsequent
decades have been substantial. The image and its successors (the Hubble Deep
Field South in 1998, the Hubble Ultra Deep Field in 2003-2004, the Hubble
eXtreme Deep Field in 2012, and the James Webb Space Telescope’s deep-field
successors from 2022 onward) have provided the empirical foundation for the
modern study of galaxy formation and evolution across cosmic time. Galaxies
visible in the Hubble Deep Field have been the subjects of extensive follow-up
observations with ground-based telescopes (Keck, the VLT array at Paranal,
ALMA) and other space-based instruments, with the resulting data constraining
models of galaxy assembly, star formation history, the cosmic structure of dark
matter, and the evolution of supermassive black holes across the universe’s
history. The deep-field paradigm that Williams’s 1995 decision established has
become standard in observational cosmology, with deep-field campaigns by
various instruments providing the empirical foundation for much of
contemporary high-redshift astrophysics.

Hubble’s found-field character is somewhat different from the
archaeological-philological cases of Antikythera and Linear B. The galaxies in the
deep field were always there in the sense that they had been emitting light
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continuously across cosmic time, with the light reaching Earth long before any
astronomical observer was present to detect it. Before Hubble, the gap lay in the
instrumental sensitivity required to detect the galaxies rather than in their
existence. The galaxies were too faint to be visible in any survey conducted with
the previous generation of ground-based or space-based telescopes. In the
Hubble case, the found-field pattern is consequently a pattern of instrumental
rather than perceptual development: the trained perception of the astronomical
community had been ready to interpret deep-field data for as long as the data
was available, but the data itself had to be produced through the development of
the appropriate instrumental capability and the willingness of the institutional
decision-makers (Williams and the Space Telescope Science Institute) to commit
the necessary observing time to producing the data.

The Hubble case nonetheless exemplifies the found-field pattern at the level
of the broader competence the analysis covers. Relational structure of the
universe at high redshift was present before the Hubble Deep Field; what
changed in 1995-1996 was that the structure became visible to the trained
perception of the astronomical community through the production of the
appropriate observational data. The achievement is consequently a hybrid
achievement of instrumental development (the Hubble telescope itself, the Wide
Field Planetary Camera 2, the data-processing pipeline) and trained perception
(the cosmological and astrophysical training that allows the resulting image to be
interpreted as a record of high-redshift galaxies and to be the basis for
substantial scientific inference about the early universe). This hybrid character is
informative about the broader found-field pattern: in some cases the relational
structure becomes visible through the development of new methodological tools
(Ventris’s grid analysis, the X-ray microtomography of the Antikythera
Mechanism Research Project, Hubble’s deep-field exposure capability), and in
some cases the development of the tools is itself a substantial intellectual and
institutional achievement that operates alongside the perceptual achievement of
the eventual interpretation.

5.

The case of the new Sappho papyri announced in 2014 presents a more
complicated instance of the found-field pattern, with the perceptual and
analytical achievements of the recovery embedded in an institutional and ethical
context that has produced substantial subsequent complications. Sappho of
Lesbos, the early-sixth-century BCE Greek lyric poet, has long been recognized
as one of the major figures of archaic Greek literature. Her poetry was
extensively read and quoted in antiquity and was preserved in a nine-volume
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Alexandrian edition that survived through Late Antiquity and into the medieval
Byzantine tradition. The Alexandrian edition was lost across the medieval period
for reasons that are not fully understood; only one complete poem (the “Hymn to
Aphrodite,” preserved through quotation in Dionysius of Halicarnassus) survived
to the modern era through continuous transmission. Other Sappho fragments
have been preserved through quotation in later ancient authors and through
papyrus discoveries in Egypt across the late nineteenth and twentieth centuries,
particularly at Oxyrhynchus and other Egyptian sites where the dry climate has
preserved papyri that elsewhere would have decayed. The Sappho corpus
accessible to modern scholarship has consequently been a fragmentary corpus,
with most of what survives consisting of brief quotations or partially preserved
papyrus fragments that allow only limited reconstruction of the original poetry.

In January 2014, the Oxford papyrologist Dirk Obbink announced the
identification of substantial new Sappho material on a single papyrus (P. Sapph.
Obbink): a previously unknown poem (the “Brothers Poem,” addressing Sappho’s
brother Charaxos and the safe return of his ship, with a secondary reference to
her brother Larichos) preserved across approximately twenty lines, followed by
nine further lines of another previously unknown poem (the “Kypris Poem,”
addressing Aphrodite and the experience of unrequited desire, with a possible
overlap with the previously known Sappho fragment 26). These papyri were
identified through linguistic, metrical, and paleographic analysis as Sappho’s
poetry, and the identification was widely accepted by the international
classical-studies community on the basis of the published evidence. The
publication appeared in Zeitschrift fiir Papyrologie und Epigraphik (volume 189,
pages 32-49, 2014) under Obbink’s authorship, with subsequent articles in the
same journal and in other classical-studies venues developing the textual and
interpretive analysis of the new fragments. The recovery represented a
substantial expansion of the surviving Sappho corpus and was widely celebrated
in classical-studies media at the time of the announcement.

Complications of the case became progressively visible in the years following
the 2014 announcement. The papyri’s provenance, as Obbink presented it, was
that they had been preserved in mummy cartonnage (the papier-maché-like
material used to make mummy masks and coverings in Greco-Roman Egypt) that
had been broken down by an unnamed private collector and that had
subsequently passed through the antiquities market into the collector’s holdings.
A provenance account of this kind provided minimal documentation of the chain
of custody and did not address several questions that would normally be asked
about papyri appearing on the international market: which excavation had
recovered the cartonnage; when and how it had left Egypt; what permissions, if
any, had been obtained from Egyptian authorities; and what records existed of
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the cartonnage’s circulation prior to its appearance in the unnamed collection.
The questions became more pressing as subsequent investigation revealed
connections between the Sappho papyri and the Hobby Lobby private antiquities
collection assembled by the Steve Green family, which has been the subject of
substantial subsequent legal proceedings concerning illegally exported cultural
property.

A series of investigations across the late 2010s, particularly the work of the
religious-studies scholar Brent Nongbri (whose blog and academic publications
documented the unfolding situation in detail), the journalist Ariel Sabar, and the
classics scholar Roberta Mazza (whose work on papyrology and the antiquities
market has been widely cited), raised increasing questions about the integrity of
the provenance accounts that Obbink and other papyrologists had provided for
materials that had passed through the Hobby Lobby collection and through the
Christie’s antiquities auction house. The Egypt Exploration Society (the British
learned society whose collection includes a substantial portion of the papyri
excavated at Oxyrhynchus across the early twentieth century) initiated an
internal investigation into the alleged sale of papyri from its collection by Obbink
in his capacity as a society researcher, with the investigation eventually
concluding that several papyri had been removed from the society’s collection
and sold through the Christie’s-Hobby Lobby network without the society’s
authorization. The Society of Biblical Literature, the Society for the Promotion of
Hellenic Studies, and other learned societies issued statements and undertook
their own reviews. Obbink was suspended from his Oxford position in 2020 and
dismissed in 2021, with subsequent legal proceedings continuing across multiple
jurisdictions.

The Sappho papyri’s textual authenticity as Sappho poetry has not been
substantially questioned in the published scholarship; the linguistic, metrical,
and paleographic features of the papyri are consistent with what would be
expected of Sappho’s poetry, and the analytical work that the international
classical-studies community has done on the texts has produced findings that
integrate naturally with the previously known Sappho corpus. Complications in
this case concern the institutional context in which the recovery occurred and
the chain of custody through which the papyri entered the scholarly literature,
rather than the question of whether the papyri are genuinely ancient or
genuinely Sappho. The complications matter for several reasons. Ethically they
matter because the antiquities trade through which the papyri appear to have
circulated has been shaped by the looting of archaeological sites, the illegal
export of cultural property, and the disregard of local and international
cultural-heritage law. Methodologically they matter because papyrological
scholarship depends on the trustworthiness of provenance accounts to establish
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the contextual information that supports textual analysis. Institutionally they
matter because the involvement of a senior Oxford papyrologist in alleged
misconduct involving a learned society’s collection has consequences for the
credibility of the broader papyrological enterprise.

6.

The Sappho case raises questions about the institutional dimension of the
found-field pattern that the other cases the analysis has covered do not raise as
sharply. Antikythera was recovered through a documented Greek archaeological
process and has been continuously held by the National Archaeological Museum
in Athens; the institutional context of its study has been a public-museum context
with appropriate scholarly access and conservation. Linear B tablets were
excavated by Evans through a documented (though now retrospectively
problematic) colonial archaeological process and have been held by the
Archaeological Museum of Heraklion and other public collections; the
decipherment proceeded through standard scholarly channels and has been
continuously available to the international scholarly community. The Hubble
Deep Field was produced through a publicly funded astronomical research
program operating under documented institutional procedures, with the
resulting data publicly released and freely available for subsequent research. By
contrast, the Sappho papyri entered the scholarly literature through a
private-collector channel whose institutional arrangements have proven to be
substantially compromised, and the case’s subsequent complications have
foregrounded the institutional dimension of the found-field pattern in a way that
the other cases have not foregrounded.

The institutional dimension matters for the chapter’s broader argument
because the relational-seeing competence the book has been examining operates
within institutional arrangements that determine which materials are available
for trained perception, which questions can be asked about them, and which
findings can be published and integrated into the disciplinary literature. When
the institutional arrangements are functioning properly, the competence can
operate unimpeded and the findings can be evaluated on their analytical merits.
When the institutional arrangements are compromised (by black-market
provenance, by professional misconduct, by inadequate documentation, by
political interference, by other failures of disciplinary self-governance), the
competence’s findings become entangled with the institutional problems in ways
that are not always separable from the analytical work itself. The Sappho case
illustrates this entanglement in a particularly clear form: the analytical work on
the new fragments is technically sound by the standards of the papyrological
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discipline, but the institutional context in which the work was conducted is
sufficiently compromised that the work’s overall standing in the disciplinary
literature is now substantially uncertain.

The chapter’s response to the institutional complications is to acknowledge
them honestly rather than to set them aside as separate from the
relational-seeing question. A found-field pattern is genuinely a pattern of trained
perception identifying relational structure that had been present but
unrecognized; the pattern operates in cases of more fully documented and
institutionally accountable contexts (Antikythera, Linear B, Hubble Deep Field)
and in cases of contaminated institutional context (the Sappho papyri). The
principled distinction the chapter holds runs between the perceptual
achievement at the level of textual analysis (the linguistic, metrical, and
paleographic identification of the papyri as Sappho’s poetry, which is technically
sound by the standards of the papyrological discipline) and the broader scholarly
achievement at the level of disciplinary contribution (the integration of the new
fragments into the established Sappho corpus and into the disciplinary literature,
which is conditioned by the institutional context within which the integration
occurred). At the level of textual identification, the perceptual achievement
passes the predictive-yield criterion the book has been using throughout:
linguistic and metrical features of the new fragments cohere with the previously
known Sappho corpus in ways that an inauthentic forgery would have
considerable difficulty reproducing. By contrast, the broader scholarly
achievement is contaminated by the access conditions through which the papyri
entered the disciplinary literature, and the contamination is not separable from
the integration itself, because the integration depends on the institutional
channels that the contamination has compromised. Relational-seeing competence
operates as a perceptual capacity within institutional contexts, conditioned by
the institutional failures that can compromise those contexts, rather than as a
self-sufficient achievement that operates independently of them. What the
chapter refuses is the cleaner formulation in which the perceptual work is sound
and the institutional context is somewhere else; the perceptual work is sound at
the level of textual identification, and the institutional context is constitutive of
the broader scholarly process within which the textual identification is made
disciplinarily consequential. Both registers of the achievement can be held
together in honest analysis, with the textual identification credited as a genuine
perceptual achievement and the broader scholarly achievement registered as
compromised by the access conditions that made it possible.

A further point about the institutional dimension is that the found-field
pattern has historically operated at the intersection of national, colonial, and
post-colonial cultural-heritage politics in ways that the chapter cannot fully
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address but should acknowledge. Antikythera was recovered by Greek divers
from a wreck in Greek territorial waters and has been continuously held in
Greece, with the institutional context of its study being substantially under Greek
national control. Linear B tablets were excavated in late-Ottoman and
early-autonomous Crete (the autonomous Cretan State, established under Great
Power supervision following the 1898 settlement of the Cretan revolts and
remaining nominally under Ottoman suzerainty until union with Greece in 1913,
governed Evans’s excavation period at Knossos) and have been held in Greek
collections since then. The Egyptian papyri that constitute the Sappho corpus
and many other ancient texts were excavated under the British colonial
administration of Egypt or removed from Egypt under colonial-era export
arrangements that contemporary Egyptian authorities and international
cultural-heritage law would not accept; the relevant collections (the Egypt
Exploration Society’s papyri at Oxford, the British Library’s papyri, the various
university collections in Europe and North America) have been the subject of
repatriation discussions and policy debates across the past several decades. This
pattern’s operation across these materials is consequently not innocent of the
colonial and post-colonial politics through which the materials became available,
and the chapter’s analysis of the relational-seeing competence in these cases
must acknowledge the political and institutional context that has shaped which
materials are available for trained perception.

The chapter does not undertake a full analysis of the colonial and
post-colonial politics of cultural heritage, which would require substantially more
space than the chapter can provide and which would lead the discussion away
from the relational-seeing question that the book has been pursuing.
Acknowledgment of the political dimension is intended to mark the limits of the
chapter’s analytical scope rather than to resolve the substantive questions that
the political dimension raises. The relational-seeing competence operates in
materials that have been made available through institutional processes that
include both legitimate disciplinary practice and (in some cases) compromised
provenance, and the chapter’s argument about the competence is consistent with
a recognition that the competence’s operation does not occur in a politically or
ethically neutral space.

7.

All four cases exhibit the found-field pattern at the level of the relational-seeing
competence the book has been examining. The Antikythera Mechanism, Linear B,
the Hubble Deep Field, and the Sappho papyri are all cases in which trained
perception identified relational structure that had been present in the world
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before the trained perception developed the capacity to identify it. Across the
cases, the relational structure was present in different forms: as the gear-train
architecture of an ancient mechanical device (Antikythera), as the
syllable-to-Greek-phoneme correspondences of an unread script (Linear B), as
the population of distant galaxies in apparently empty sky (Hubble Deep Field),
as previously unknown Sappho poems preserved in papyrus fragments (the
Sappho case). The trained perception that recognized each structure was the
product of a specific disciplinary tradition (archaeology and the history of ancient
technology, philology and Bronze Age studies, observational cosmology,
papyrology and ancient literature) that had developed the methodological tools
and conceptual frameworks that allowed the eventual recognition to occur.

The structural commonality among the four cases is the pattern of trained
perception meeting available material in a way that produces the recognition of
relational structure that had been present but unperceived. A pattern of this kind
requires both elements: trained perception in the absence of available material
produces no recognition (the Mycenaean Greek that Linear B records was no
closer to recognition during the half-century when the tablets were available but
the decipherment had not been achieved than during the centuries when the
tablets were buried in the ground); available material in the absence of trained
perception produces no recognition (the Antikythera Mechanism’s bronze
fragments would have remained corroded artifacts of unknown function had the
gradual development of analytical capability across the twentieth century not
produced the trained perception that could interpret them). Recognition occurs
at the meeting point of trained perception and available material, and the timing
of the meeting is determined by the historical development of the disciplinary
capacities that produce the trained perception and by the institutional processes
that produce the availability of the material.

The found-field pattern is consequently a pattern of historically-situated
recognition rather than a pattern of timeless analytical achievement. The
relational-seeing competence the book has been examining operates in particular
historical and institutional contexts, with the disciplinary capacities that
constitute the competence developing across time through the cumulative work
of researchers across generations. Recognition that the trained perception
eventually achieves is consequently a recognition that becomes possible at
specific historical moments when the disciplinary capacities are sufficiently
developed and the materials are sufficiently available. The historical specificity of
the recognitions is one of the significant features of the found-field pattern, and it
differentiates the pattern from a notion of trained perception as a fixed capacity
that operates uniformly across historical contexts.
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The historical specificity has implications for the broader argument the book
has been developing about the relational-seeing competence. If the competence
is historically situated, then its operation in any particular case depends on the
disciplinary capacities that have developed by the time of the case and on the
institutional processes that determine the availability of the relevant materials.
The competence operates as a historically situated capacity rather than a
transhistorical one that any sufficiently intelligent observer could exercise on any
sufficiently structured materials at any time. It develops within disciplinary
traditions, operates on materials made available through institutional processes,
and produces recognitions whose timing is determined by the historical
development of both the disciplinary traditions and the institutional processes.
The competence is real and substantial, but it is a competence of
historically-situated observers working within historically-developed disciplines,
and its operation cannot be abstracted from the historical and institutional
contexts within which the disciplines operate.

The historical situation of the competence is relevant to the broader cultural
and intellectual stakes of the book’s argument. Relational-seeing competence has
produced substantial achievements across many disciplines and many historical
periods; the found-field cases the analysis above has worked through are
particular instances of the broader pattern. The competence’s continuing
operation in the present and the future depends on the continuing health of the
disciplinary traditions that produce trained perception and on the continuing
functionality of the institutional processes that produce material availability.
When the disciplinary traditions are weakened (by reductions in academic
support, by the displacement of close engagement with materials by superficial
methodological practices, by the loss of specialized expertise as senior
practitioners retire and are not replaced), the competence’s future operation is
correspondingly compromised. When the institutional processes are weakened
(by inadequate cultural-heritage protection, by black-market trade, by
professional misconduct, by political interference), the competence’s future
operation is similarly compromised. The chapter’s analysis of the four cases,
including the Sappho case with its complications, is consequently relevant to the
broader cultural and political questions about how the disciplinary and
institutional infrastructure of relational-seeing work can be sustained and
developed across the coming decades.

8.

What the trained eye perceives in the recovered materials of a found-field case,
when working at the level the chapter has developed, is the relational structure
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that the prior generations of trained observers had not been able to perceive.
The skilled archaeological-mechanical historian examining the Antikythera
Mechanism perceives the gear trains and their astronomical-calendrical
functions in the corroded bronze fragments; the skilled philologist examining a
Linear B tablet perceives the Mycenaean Greek text and its administrative
content in the syllabic inscriptions; the skilled observational cosmologist
examining the Hubble Deep Field perceives the high-redshift galaxy population
and its implications for cosmic structure formation in the deep-exposure image;
the skilled papyrologist examining the new Sappho fragments perceives the lyric
verse and its place in the fragmentary corpus in the papyrus traces. In each case
the perception is the product of extended disciplinary training, methodological
tools, conceptual frameworks, and institutional access; in each case the
perception identifies relational structure that had been present in the materials
throughout but had been invisible without the trained capacity. The trained
perception is the constitutive feature of the found-field pattern, and the pattern’s
instances differ in their specific materials but share the structural feature of
trained perception meeting available material to produce recognition.

Trained perception in the found-field cases is the same kind of capacity that
the prior chapters of the book have examined in the pairing chapters. A skilled
mycorrhizal ecologist perceiving the underground network of a forest, the skilled
conversation analyst perceiving the structural infrastructure of a recorded
conversation, the skilled architectural observer perceiving the poché composition
of a Borromini church plan, the skilled topologist perceiving the connectivity
structure of a mathematical space: all of these are instances of the same
relational-seeing competence that the found-field cases instantiate in the
contexts of recovery and rediscovery. Across the materials, the competence is
the same; only the contexts vary. The found-field cases extend the inventory of
contexts in which the competence has been demonstrated, adding the dimension
of historical recovery to the broader pattern that the pairing chapters
established. The competence operates in the contemporary disciplinary contexts
the pairing chapters examined and equally in the historical-recovery contexts the
found-field cases instantiate.

A capacity that all the cases share is the capacity to attend to relational
structure as the proper object of perception, with the components of the
structure (gears, syllabic characters, galaxies, lines of verse, primordia,
contrapuntal voices, walls and rooms, semiotic signs) being perceived as
constitutive elements of the structure rather than as separate objects of
attention. The structure is what the trained perception perceives; the
components are perceived as elements of the structure. This capacity is portable
across the materials and the contexts that the book has examined, and the
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chapter’s contribution is to demonstrate that the capacity operates equally in the
contemporary disciplinary contexts the pairing chapters examined and in the
historical-recovery contexts the found-field cases instantiate.

Before the chapter closes, the found-field pattern’s consequences for the
book’s broader argument deserve to be made explicit. Relational-seeing
competence operates as a developing capacity that emerges within disciplinary
traditions over historical time, rather than as a static capacity that observers
either have or do not have, with the recognitions it produces depending on the
simultaneous development of disciplinary methodology and material availability.
The contemporary state of the competence in any given discipline reflects the
cumulative achievements of generations of researchers and the institutional
conditions that have supported or impeded their work. Its future development
will depend on the continuing health of the disciplinary and institutional
conditions, and the present cultural and political moment is one in which several
of those conditions are under pressure in ways the next chapter (Chapter 9, “The
Undiscovered”) will examine in further detail.

9.

The chapter has examined four found-field cases (the Antikythera Mechanism,
Linear B, the Hubble Deep Field, and the contested Sappho papyri) and has
demonstrated that the relational-seeing competence the book has been
examining operates in cases of historical recovery as well as in the contemporary
disciplinary contexts of the pairing chapters. Through its handling of the Sappho
case, the chapter has also addressed the institutional dimension of the
found-field pattern that the contaminated-provenance situation makes salient.
The chapter’s argument has extended the book’s overall demonstration of the
relational-seeing competence to cover the temporal-historical dimension of the
competence’s operation: the competence operates in the present on materials
that have been preserved across time, and the recognitions it produces depend
on the simultaneous historical development of disciplinary methodology and
material availability.

The next chapter, Chapter 9, “The Undiscovered,” turns from the
historical-recovery cases this chapter has examined to the contemporary cases of
relational structure that has not yet been recognized though the present
disciplinary capacities should be sufficient to recognize it if the institutional
conditions are arranged appropriately. A focus on the prospective dimension of
the relational-seeing competence drives the next chapter: what relational
structures are present in the contemporary world that have not yet been
perceived, and what disciplinary and institutional conditions would need to
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obtain for the recognition to occur. The chapter is consequently the prospective
complement to the present chapter’s retrospective analysis, and the two chapters
together establish the temporal range of the relational-seeing competence’s
operation across the historical and the present-and-future contexts. The book’s
final chapters (Chapter 10, “The Severed Field,” and the Conclusion, “The
Discipline of the Between”) develop the broader implications of the analysis for
the cultural and political conditions of contemporary intellectual work.
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Chapter 9: The Undiscovered

1.

The previous chapter examined four cases of historical recovery in which trained
perception eventually identified relational structure that had been present but
unrecognized for substantial periods before the recognition occurred. Those four
cases (the Antikythera Mechanism, Linear B, the Hubble Deep Field, and the
contested Sappho papyri) are now part of the inventory of recognized relational
structures that contemporary scholarship engages with as analytical objects,
with the Sappho case understood as a recovered-text case whose textual
identification remains entangled with compromised provenance. The present
chapter turns to the prospective dimension of the relational-seeing competence:
relational structures that exist in the contemporary world but have not yet been
recognized in the way the recovered cases of the previous chapter eventually
were. Its title, “The Undiscovered,” designates this category of cases, with a
methodological constraint that the chapter must address from the outset.

A constraint follows from the chapter’s subject matter directly. Genuinely
undiscovered things, by the meaning of the term, cannot be named or specified
in advance; if the chapter could enumerate specific instances of the
undiscovered, those instances would already be discovered through the act of
enumeration. This chapter consequently cannot proceed by listing the relational
structures that contemporary scholarship has not yet recognized; the listing
would be self-defeating, and any specific item the chapter might name would by
definition not be undiscovered in the relevant sense. The methodological task is
consequently different from the descriptive task that the prior chapters have
undertaken. The chapter has to engage the undiscovered indirectly, through
analysis of the structural conditions under which discovery occurs and through
examination of contemporary domains where those conditions are partially
obtaining but the discoveries the conditions might eventually produce have not
yet been made.

Two analytical levels organize the chapter accordingly. At the structural
level, the chapter identifies the conditions under which the recognition of
relational structure becomes possible: the development of trained perception
within disciplinary traditions, the institutional availability of materials, the
development of methodological tools, and the cross-disciplinary integration that
allows recognitions in one domain to produce recognitions in another. At the case
level, the chapter examines contemporary domains where these conditions are
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partially obtaining and where recognition appears to be emerging but has not yet
stabilized: the contemporary microbiome research program, the connectome
project in neuroscience, the astronomical-survey data pipelines that produce
information faster than analytical capacity can engage with, the substantial
collections of non-Western manuscript and archival material that have been only
partially studied by international scholarship, and the relationship between
Indigenous and oral knowledge traditions and the Western disciplinary canon.
None of these is a case of the genuinely undiscovered in the strong sense (each is
a domain in which substantial scholarship is occurring), but each is a domain
where the recognition that the chapter is concerned with is partial, in process, or
likely to develop substantially across the coming decades. The chapter examines
them as illustrations of the structural pattern rather than as fully discovered
relational structures.

A further methodological note governs the chapter. The undiscovered, as the
chapter conceives it, is the historically-situated category of relational structure
that has not yet met the conditions for recognition by trained perception, rather
than a transcendent or mysterious category of the unknown. This category is
finite (specific relational structures exist in the world, and recognition either has
or has not occurred), historically located (the conditions for recognition develop
across time as disciplinary and institutional capacities develop), and continuous
with the categories the prior chapters have examined (the recognized relational
structures of the pairing chapters and the recovered relational structures of
Chapter 8 are continuous with the undiscovered relational structures of the
present chapter, with the differences being differences of historical position
rather than differences of kind). The chapter’s analysis is consequently a
continuation of the book’s overall analysis of the relational-seeing competence,
with the temporal dimension extended from the past (the historical-recovery
cases of Chapter 8) and the present (the contemporary disciplinary contexts of
the pairing chapters) to the prospective dimension that the present chapter
examines.

The chapter develops its analysis across nine sections. Section 2 articulates
the structural conditions under which recognition of relational structure occurs.
The third section turns to the contemporary microbiome and connectome
research programs as cases of partial and emerging recognition. Section 4
examines astronomical-survey data as a case where the limiting factor is
analytical rather than observational capacity. The fifth section addresses
manuscript and archival material in non-Western collections as a case where
institutional access and language competence are the principal constraints. A
sixth section examines the relationship between Indigenous and oral knowledge
traditions and the Western disciplinary canon. Section 7 considers
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cross-disciplinary frontiers as a category of cases where no single existing
discipline has the trained perception required for recognition. Section 8
articulates what conditions must obtain for the undiscovered to become
discovered, and Section 9 connects the chapter to the remainder of the book.

2.

The conditions under which trained perception recognizes relational structure
can be specified with reasonable precision on the basis of the cases the prior
chapters have examined. Four conditions appear to be necessary in
approximately the order in which they typically develop. The conditions are not
always sequential in any specific case (in some cases multiple conditions develop
in parallel, and in some cases one condition is fulfilled long before the others),
but the conditions are typically all present when recognition occurs and typically
absent or incomplete when recognition has not yet occurred.

A first condition is the existence of relevant materials in a form that allows
trained perception to engage with them. In the Antikythera case, the materials
had to be physically recovered from the seabed and conserved at the National
Archaeological Museum in Athens before any analytical work could proceed. For
Linear B, the materials had to be excavated at Knossos and Pylos and circulated
in published form across the international scholarly community. In the Hubble
Deep Field case, the data had to be produced through long-exposure imaging and
processed through the appropriate pipelines before the galaxies in the deep field
could be analyzed. In the Sappho case, the papyri had to enter the international
papyrological literature (with the institutional complications set out earlier).
Without the existence of materials in an analytically engageable form,
recognition cannot occur regardless of how developed the trained perception of
the relevant disciplinary community might be.

A second condition is the existence of trained perception capable of
recognizing the relevant relational structure. The Antikythera Mechanism’s
gear-train architecture was unrecognizable until the development of analytical
tools and conceptual frameworks (Price’s mid-twentieth-century work, the
Antikythera Mechanism Research Project’s twenty-first-century work) that could
interpret the corroded fragments as the parts of an astronomical-computational
device. Linear B’s syllabic structure was unrecognizable until Ventris’s grid
analysis provided the methodological framework for assigning phonetic values.
The Hubble Deep Field’s galaxies were unrecognizable until cosmological theory
had developed sufficiently to interpret the deep-exposure data as a record of
high-redshift galaxy populations. Without trained perception of the relevant kind,
the materials remain analytically opaque even when they are physically and
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institutionally accessible.

A third condition is the existence of methodological tools that bridge the gap
between the materials and the trained perception. The X-ray microtomography
apparatus that the Antikythera Mechanism Research Project used was a
methodological tool of this kind, allowing the internal gear structure to be
characterized in ways that surface examination could not access. The Polynomial
Texture Mapping technique allowed the inscriptional content to be read for the
first time. Ventris’s grid analysis was a methodological tool of a different kind,
providing the analytical framework through which the script’s syllabic structure
could be characterized systematically. The Hubble telescope and the Wide Field
Planetary Camera 2 were instrumental tools that produced the data the trained
perception could then interpret. Methodological and instrumental tools are
typically the bottleneck condition in cases where materials and trained
perception are both available but recognition has not occurred.

A fourth condition is the existence of institutional arrangements that support
the integration of the materials, the trained perception, and the methodological
tools into the sustained analytical work that recognition requires. The National
Archaeological Museum in Athens, the University of Cambridge classics
program, the Space Telescope Science Institute, and the Egypt Exploration
Society are institutions of the relevant kind, with the institutional support
including funding, professional employment of researchers, peer-review and
publication infrastructure, conservation and access policies, and the broader
scholarly-community arrangements that make sustained research possible.
Institutional failure (as in the Sappho case) can compromise recognition even
when the other conditions are met, and institutional inadequacy can prevent
recognition from occurring even when materials, trained perception, and
methodological tools are individually available. The institutional condition is
consequently the most easily overlooked of the four conditions in cases where
recognition has occurred (the institutional arrangements appear retrospectively
as background rather than as active conditions), but it is often the most
consequential in cases where recognition has not yet occurred.

The four conditions together specify what has to be present for recognition
to occur. Among these, the undiscovered, in the chapter’s analysis, is the
category of relational structure for which one or more of the four conditions
remains incomplete though the conditions could in principle be met if the
appropriate developments occurred. The chapter’s case examinations in
subsequent sections proceed by identifying domains in which one or more of the
conditions is the active limiting factor and in which the conditions could be met
in the foreseeable future if the relevant institutional, methodological, or
perceptual developments occurred.
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3.

The contemporary microbiome research program is a case of partial and
emerging recognition that illustrates the chapter’s structural pattern. A basic
phenomenon (the existence of substantial microbial communities associated with
multicellular hosts) was recognized in the mid- to late twentieth century through
the work of microbial ecology, and the term “microbiome” was used in the
biological literature from at least the 1980s in various technical senses.
Contemporary research, however, dates from the early 2000s, when
developments in DNA sequencing technology (particularly the cost reduction that
produced the “next-generation sequencing” revolution) allowed microbial
communities to be characterized through metagenomic methods that did not
require the cultivation of individual species. The Human Microbiome Project,
launched by the United States National Institutes of Health in 2007, and
analogous projects in other countries and at international scales, produced the
first large-scale empirical characterizations of the human microbial communities
and established the contemporary research program as a substantial direction of
biomedical research. Chapter 4 of the present book examined the holobiont
concept that has emerged from this research as one of the major theoretical
contributions of contemporary biology.

The recognition of microbial-host relational structures has been substantial
across the past two decades, but it has also been partial in ways that the
chapter’s analysis can identify. A first partial recognition is at the level of
taxonomic identification: the metagenomic methods that allow microbial
communities to be sequenced produce vast amounts of DNA-sequence data, but
the identification of specific microbial taxa from the sequences depends on the
existence of reference databases that adequately represent the microbial
diversity present in the communities. Reference databases are systematically
biased toward the microbial taxa that have been studied most intensively in the
laboratory tradition, with substantial portions of the microbial diversity in many
sample types (soil microbes, marine microbes, microbes from non-human animal
hosts, microbes from non-Western human populations) inadequately represented
in the databases. The recognition of microbial taxa is consequently partial across
the field’s empirical scope, with the partial recognition reflecting both
methodological limitations (the database-dependent identification methods) and
institutional inequities (the historical concentration of microbial cultivation work
in a few high-income national research traditions).

A second partial recognition concerns the functional and ecological roles of
microbial taxa within the communities they constitute. Empirical recognition of
which taxa are present in a community is one analytical achievement; recognition
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of what each taxon does in the community, how the taxa interact, how the
community as a whole functions in relation to its host, and how the community
responds to environmental perturbations are further analytical achievements
that the field has only partially completed. The functional and ecological
characterization is methodologically more demanding than the taxonomic
identification (it requires sequencing along with experimental work, longitudinal
sampling, computational modeling, and integration with biochemical and
physiological measurements), and the institutional arrangements that support
the functional work are less developed than the arrangements that support the
taxonomic work. The functional recognition is consequently in the middle of an
extended development across the present and the coming decades, with
substantial contemporary research producing partial recognitions across many
specific subsystems but the overall picture remaining substantially incomplete.

Microbiome partial recognitions also depend on specific institutional and
methodological tools that did not exist when the basic phenomenon was first
identified. Jeffrey Gordon’s laboratory at the Washington University School of
Medicine in St. Louis has built much of the experimental infrastructure that
allows microbial-host functional relationships to be characterized in controlled
conditions, with the gnotobiotic-mouse facilities (animals raised under strict
germ-free conditions and then colonized with defined microbial communities)
making it possible to assign causal roles to specific bacterial taxa rather than
only correlational ones. Rob Knight’s American Gut Project at the University of
California, San Diego, has assembled one of the largest population-scale
microbiome datasets through a citizen-science approach that has expanded the
demographic and geographic coverage of the reference databases beyond what
national-cohort studies alone produced. Eric Alm’s group at the Massachusetts
Institute of Technology, Jack Gilbert’s laboratory at the University of California,
San Diego, and the international MetaSUB consortium have extended
characterization to environmental contexts (urban surfaces, marine sediments,
agricultural soils) that the host-centered work of the early Human Microbiome
Project did not engage. The functional recognition that the contemporary
research program is producing depends on this distributed methodological and
institutional infrastructure rather than on any single laboratory’s capacity, and
the partial character of the recognition reflects the partial state of the
infrastructure itself.

The connectome project in neuroscience exhibits a parallel pattern of partial
recognition. A basic phenomenon (the existence of structured neural connectivity
in the brains of multicellular organisms) has been recognized in neurobiology
since the late nineteenth century through the work of Cajal and others. The
contemporary connectome research program, which seeks to map the complete
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neural connectivity of specific organisms or specific brain regions at high
resolution, dates from the late twentieth and early twenty-first centuries, with
the Caenorhabditis elegans connectome (302 neurons in the hermaphrodite
nervous system, mapped by John White, Eileen Southgate, J. N. Thomson, and
Sydney Brenner at the Cambridge MRC Laboratory of Molecular Biology over a
period beginning in the 1960s and culminating in the 1986 Philosophical
Transactions of the Royal Society B publication) being the foundational case and
the Drosophila and mouse connectome projects of the past two decades being the
major contemporary developments. The Allen Brain Atlas, the Human
Connectome Project, and the various international collaborations that constitute
the field have produced substantial empirical maps of neural connectivity across
multiple organisms and multiple scales of resolution.

Connectome work has reached comparable methodological milestones since
2019. Steven Cook, Scott Emmons, and colleagues at the Albert Einstein College
of Medicine published the first complete connectomes of both C. elegans sexes in
Nature in 2019, extending the 1986 hermaphrodite map with the 385-neuron
male connectome and updating the quantitative connectivity matrices for the
entire nervous system. In September 2020, the Janelia Research Campus of the
Howard Hughes Medical Institute released the Drosophila hemibrain dataset
(Scheffer et al., eLife), characterizing approximately 25,000 neurons in roughly
half of the central brain at synaptic resolution, with 20 million synaptic
connections recovered through automatic machine-learning segmentation
followed by extensive human proofreading. The FlyWire Consortium, co-led by
Mala Murthy and Sebastian Seung of the Princeton Neuroscience Institute
together with researchers at the MRC Laboratory of Molecular Biology in
Cambridge, the University of Vermont, and the University of Cambridge (a
separate institution from the MRC laboratory), completed the whole-brain
connectome of the adult Drosophila in October 2024, with approximately 140,000
proofread neurons and more than 50 million synaptic connections described in a
nine-paper package in Nature. A companion annotation paper, led by Philipp
Schlegel, identified 8,453 distinct cell types, of which 4,581 were new types not
previously characterized in the hemibrain subvolume. In April 2025, the Machine
Intelligence from Cortical Networks (MICrONS) Consortium, originally funded by
the United States Intelligence Advanced Research Projects Activity with
subsequent support from the National Institutes of Health BRAIN Initiative,
released a cubic-millimeter mouse-visual-cortex dataset comprising
approximately 200,000 cells, 523 million synapses, and co-registered functional
imaging that allows the relationship between connectivity and neural activity to
be examined at scale. The MICrONS pipeline involved Baylor College of Medicine
for in vivo two-photon calcium imaging of approximately 75,000 pyramidal
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neurons exposed to natural-scene video stimulation, the Allen Institute for Brain
Science for tissue preparation and electron-microscopy imaging across
approximately six months of acquisition, and Princeton for the Al-assisted
segmentation and proofreading.

These connectome milestones make the chapter’s structural pattern visible
in compact form. Methodological tools required for the work (high-throughput
electron microscopy, automated segmentation through machine learning,
distributed proofreading through web-based platforms) have developed across
the past decade through sustained institutional investment, and the milestones
each follow the development of the methodological capacity rather than
preceding it. The partial character of the recognition follows from the
methodological tools’ continuing development. Whole-brain Drosophila
connectomics has become feasible since 2019, while whole-brain mouse
connectomics remains beyond present capacity, with the cubic-millimeter
MICrONS dataset (large though it is) representing approximately a thousandth of
the whole mouse brain by volume; the corresponding human-brain volume
scaling places the whole-brain human connectome at perhaps two further orders
of magnitude beyond present capacity. The structural conditions of recognition
that the analysis has identified operate visibly across these milestones, with each
milestone reflecting the simultaneous satisfaction of all four conditions for the
specific scope of the work and the next milestone awaiting further satisfaction of
the conditions at the next scale.

A reader could press the chapter at this point on a reasonable
methodological objection. The connectome milestones the present section has
described are achievements rather than undiscoveries, and a chapter on the
undiscovered that foregrounds achievements appears to confuse its category.
That objection is fair, and the chapter’s position is more careful than the
inventory of milestones might suggest. The milestones are presented here as the
visible record of the structural conditions under which discovery occurs, marking
the specific scope at which the conditions have been met rather than constituting
the undiscovered itself. What remains undiscovered in the connectome program,
in the chapter’s strict sense, is the whole-brain mammalian connectome at any
species, the relating of structural connectivity to function across multiple scales,
and the integration of structural-functional connectome work with the cognitive,
perceptual, and behavioral capacities that the connectivity supports. These
remain undiscovered because the four conditions for recognition (existence of
materials, trained perception, methodological tools, institutional arrangements)
are not yet jointly met at the relevant scales. The historical trajectory the section
has traced shows the conditions being progressively met for ever-larger scopes,
with each met scope producing a discovery and each unmet scope remaining
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among the undiscovered. These achievements are useful for the chapter
precisely because they make the boundary between discovered and undiscovered
visible, marking where the conditions have been met and where they have not.
The category names the scopes where recognition has occurred and the scopes
where the conditions remain incomplete.

The connectome work is partial in ways that parallel the microbiome partial
recognitions. Mapping of structural connectivity is one analytical achievement;
the relating of structural connectivity to neural activity, to behavior, and to the
cognitive and perceptual capacities the connectivity supports is a further set of
analytical achievements that the field is engaged in but has not completed. The
methodological tools for relating structure to function (electrophysiological
recording, imaging of neural activity, behavioral analysis, computational
modeling) have developed substantially across the past two decades, but the
integration of the structural-functional analyses across multiple scales
(single-neuron, microcircuit, regional, whole-brain) and multiple organisms
remains incomplete. A connectome project of this kind is consequently another
case of recognition in process, with substantial partial recognitions accumulating
across the contemporary research literature but the comprehensive recognition
of neural-relational structure as a fully characterized phenomenon remaining a
future achievement rather than a present one.

The microbiome and connectome cases together illustrate a broader pattern:
the recognition of relational structure in biological systems has been
substantially advanced by the methodological developments of the past two
decades (high-throughput sequencing, high-resolution imaging, computational
analysis), but the recognitions remain partial in ways that the analytical work of
the coming decades will progressively address. A chapter argument follows: the
partial recognitions are continuous with the historical-recovery cases of Chapter
8 and with the contemporary disciplinary recognitions of the pairing chapters,
with the relational-seeing competence operating in all three categories of cases
according to the same underlying logic. The biological-systems cases are
particularly informative for the chapter’s analysis because the recognition is
occurring in the present and is partially observable as a process, allowing the
structural conditions of recognition to be examined in real time rather than
retrospectively.

4.

Astronomical-survey data pipelines of contemporary observational astronomy
illustrate a different pattern of partial recognition, in which the limiting factor is
analytical capacity rather than observational availability. The Vera C. Rubin
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Observatory in Chile, which released its first imagery on June 23, 2025 and
marked the official handover from its construction phase to its operations phase
on October 25, 2025, will conduct its ten-year Legacy Survey of Space and Time
(LSST) as the principal observing program of the operational period; at the time
of writing, the observatory is in the pre-LSST early-operations period during
which the system 1is being optimized for the survey start. Rubin’s
data-management documentation projects approximately 20 terabytes of raw
imaging data per night, with the resulting catalog expected to contain
photometric and astrometric measurements for approximately 20 billion galaxies
and 17 billion resolved stars across the survey’s ten-year duration. The James
Webb Space Telescope, in operation since 2022, produces high-resolution
infrared imaging and spectroscopic data at rates that have substantially
exceeded the analytical capacity of the international astronomical community to
engage with all of it. Earlier surveys (the Sloan Digital Sky Survey, the Two
Micron All-Sky Survey, the Wide-field Infrared Survey Explorer) produced data
that has continued to be analyzed for years and decades after the initial survey
publications, with significant scientific results emerging from the data long after
the original observations were completed.

The astronomical-survey case has a specific structural feature that
distinguishes it from the microbiome and connectome cases. In the biological
cases, the limiting factor is typically a combination of methodological
development and institutional support: the recognition of microbial functional
roles or neural circuit functions requires both new methods and new investments
in the laboratories and research programs that develop them. In the
astronomical-survey case, the methodological and institutional infrastructure for
analyzing survey data is substantially developed, but the volume of data exceeds
the analytical capacity of the community even when the methods are available.
The undiscovered relational structures in the survey data are undiscovered
because the human attention and computational time needed to analyze the
available data have not yet been applied to all of the data, rather than because
the methods or the institutions are inadequate.

A consequence of this structural feature is that the astronomical-survey case
is particularly amenable to certain methodological developments that may
substantially extend the analytical capacity of the field. Computational and
statistical methods that automate parts of the analytical work (machine-learning
classification of astronomical sources, automated transient detection, statistical
analysis of large catalogs) have been substantially developed across the past two
decades and have produced significant scientific results. The Vera C. Rubin
Observatory’s data pipeline depends substantially on automated analytical
methods that produce scientific products from the raw data without requiring
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human analysis at every stage. Citizen-science projects (Galaxy Zoo, Planet
Hunters, and others) have engaged volunteer observers in classification tasks
that supplement the automated and professional analytical work. The
combination of automation and distributed engagement has substantially
extended the analytical capacity of the field beyond what the professional
astronomical community alone could accomplish.

The structural pattern is consequently one in which methodological and
institutional developments may produce substantial recognitions of relational
structure across the coming decades, with the recognitions emerging from data
already collected, and from survey streams now being built for future collection.
A pattern of this kind is informative about the broader undiscovered category
because it suggests that some of the relational structure the present scholarly
community might recognize across the coming decades waits for the application
of existing analytical capacities to data that already exists, rather than for new
observations or new theoretical frameworks. The chapter’s identification of this
pattern is not a prediction of specific discoveries (which would be self-defeating
in the chapter’s methodological sense) but rather an identification of a category
of cases in which the structural conditions for recognition are met and the
recognitions are likely to occur as analytical engagement accumulates across
time.

5.

The substantial collections of non-Western manuscript and archival material that
have been only partially studied by international scholarship constitute a
different category of cases. Manuscript collections in Arabic, Persian, Ottoman
Turkish, Sanskrit, Tibetan, Chinese, Japanese, Korean, and many other linguistic
and cultural traditions contain materials that have been preserved across
centuries or millennia and that are physically and institutionally accessible to
international scholarship in many cases, but that have been studied by relatively
small numbers of scholars whose linguistic and disciplinary training equips them
to engage the materials. Timbuktu manuscript collections of West Africa (which
preserve substantial bodies of scholarly work in Arabic from the medieval and
early modern periods), the Tibetan monastic libraries (which preserve
substantial Buddhist philosophical and scientific traditions), the manuscript
collections of the Indian subcontinent in multiple languages, the Chinese
imperial archives, the Korean literary and historical archives, and the Japanese
temple and family archives are all examples of the broader category. Materials in
these collections have been continuously preserved and studied by their own
scholarly traditions across the historical periods of their production, rather than
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“lost” in the sense that the prior chapter’s recovered cases were lost. The
international scholarly community’s engagement with the materials has been
partial, with the partial engagement reflecting linguistic limitations (the
languages of the materials are not always taught in the universities that
constitute the international scholarly community), disciplinary limitations (the
analytical frameworks of contemporary international scholarship are not always
adequate to the materials), and institutional limitations (the archives are housed
in institutions that have not always been integrated with international scholarly
infrastructure).

Manuscript-collection cases differ from the astronomical-survey case in that
the limiting factors are linguistic, disciplinary, and institutional rather than
computational and analytical. The volume of material in the major non-Western
manuscript collections is substantial but not unmanageable in the way that
astronomical-survey data is unmanageable; the contemporary scholarship of the
relevant traditions has developed substantial inventories and partial analytical
engagements with the materials. What the international scholarship has not
consistently undertaken is the integration of the materials into the broader
analytical frameworks that the international scholarly community uses, with the
integration requiring the linguistic and disciplinary training that is unevenly
distributed across the international academic system.

A further dimension of the manuscript-collection case is the relationship
between the material and the scholarly traditions that have been engaged with it.
International scholarly communities sometimes operate as if the recognition of
relational structure in the materials is a project that the community can
undertake on the basis of its own training and analytical frameworks alone. An
actual situation, in many cases, is that the materials have been engaged by their
own scholarly traditions across centuries, with analytical frameworks and
recognized relational structures that are part of those traditions and that
international scholarship has often not fully understood. The recognition of
relational structure in the materials, in many cases, requires the linguistic
competence to read the materials together with the engagement with the
scholarly traditions that have produced and sustained them. The recognition is
consequently a matter of integration across scholarly traditions rather than a
matter of one tradition extending its analytical reach into materials that have
been waiting for its attention.

Contemporary developments of digitization and online publication have
substantially extended the institutional accessibility of many of these collections
across the past two decades. Major projects (the Hill Museum & Manuscript
Library’s digitization of African and Middle Eastern manuscripts, the Buddhist
Digital Resource Center’s Tibetan archives, the Endangered Archives
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Programme of the British Library, and many similar initiatives) have made
substantial portions of the collections available in digital form to international
scholars who can access them through the relevant institutional partnerships.
The accessibility extension has been a substantial methodological and
institutional development across the past two decades, but it has not by itself
solved the linguistic and disciplinary integration problems that the chapter’s
analysis identifies. Digital accessibility makes the materials available; it does not
produce the trained perception that allows the materials to be analytically
engaged.

6.

The relationship between Indigenous and oral knowledge traditions and the
Western disciplinary canon presents a different category of cases that the
chapter must address with particular care. Indigenous knowledge traditions,
transmitted across generations through oral practice and embodied skill rather
than through written documentation in many cases, contain substantial bodies of
recognized relational structure that have been analytically engaged within the
traditions themselves across long historical periods. Aboriginal Australian fire
ecology, transmitted across at least fifty thousand years of continuous human
presence on the Australian continent, includes detailed knowledge of how fire
interacts with specific plant communities, animal populations, soil systems, and
seasonal cycles, with the knowledge supporting active land-management
practices that have shaped the Australian biota across the long pre-colonial
period. Pacific Islander astronomical and wayfinding traditions, developed and
transmitted across the long history of Polynesian seafaring, include detailed
knowledge of star-path wayfinding, oceanographic phenomena (swell patterns,
current systems, seabird and marine-mammal distributions), and atmospheric
phenomena (cloud-pattern recognition, weather prediction) that supported the
long-distance ocean voyaging that populated the Pacific. Indigenous American
land-management traditions (including but not limited to controlled-burning
practices in California, eastern woodlands, and the Great Plains, as well as
cultivation and forestry practices in many specific traditions) include knowledge
of plant-animal-fire-soil relationships that has shaped the ecology of the Americas
across long pre-colonial periods.

A relationship between these knowledge traditions and the Western
scientific and scholarly disciplines has been substantially complicated by the
colonial and post-colonial history of the past several centuries. Colonial
extraction of natural-historical and geographical information from Indigenous
informants, often without acknowledgment and frequently with active
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suppression of the source traditions, has produced a complex inheritance in
which Western disciplinary scholarship has sometimes incorporated
Indigenous-derived knowledge into its frameworks while denying the epistemic
standing of the traditions that produced the knowledge. The contemporary
developments of the past several decades have included substantial efforts to
integrate Indigenous knowledge traditions into contemporary scientific and
policy frameworks, with the developments occurring across forestry and fire
management (particularly in Australia, the United States, and Canada), wildlife
management, ecological restoration, climate-adaptation planning, and many
other practical and policy contexts. The integration efforts have been uneven
across regions and disciplines, with substantial successes in some contexts and
substantial unresolved tensions in others.

Specific contemporary integration projects illustrate the structural pattern
that the chapter is identifying. The Etuaptmumk (Two-Eyed Seeing) framework,
articulated by Mi’kmaw Elders Albert and Murdena Marshall together with
biologist Cheryl Bartlett at Cape Breton University in Fall 2004, has provided the
methodological vocabulary for integrating Indigenous and Western ways of
knowing across an expanding range of academic and policy contexts. The
Mi’kmaw word Etuaptmumk has been translated as “the gift of multiple
perspectives,” and the Marshalls’ formulation directs the integration to operate
by drawing on the strengths of each tradition without subordinating one to the
other. Cape Breton University’s Integrative Science program, developed in
conjunction with Bartlett’s Canada Research Chair in Integrative Science, made
Etuaptmumk a guiding principle of academic research, and the framework has
subsequently been adopted by the Canadian Institutes of Health Research, by
health-research and environmental-research programs across Canada, and by
analogous integration efforts in other settler-colonial contexts. The framework’s
methodological contribution is to articulate the structural conditions under which
the two kinds of knowledge can engage each other productively, with the
articulation occurring within an Indigenous philosophical tradition rather than
imposed from outside it.

A parallel integration effort in the United States is the Center for Native
Peoples and the Environment at the State University of New York College of
Environmental Science and Forestry (SUNY ESF) in Syracuse, founded in 2006
under the directorship of Robin Wall Kimmerer of the Citizen Potawatomi Nation.
The center’s research program engages the ecology and restoration of plants of
cultural significance to Indigenous peoples through methodological tools that
combine Western scientific ecology with Indigenous knowledge of plant-human
relationships. Kimmerer co-founded the Traditional Ecological Knowledge
section of the Ecological Society of America in 2002, formalizing the integration
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as a recognized subdiscipline of the broader ecological-research community. Her
Braiding Sweetgrass, published by Milkweed Editions in 2013, has reached
general readers across the past decade with an exposition of the integration that
includes specific botanical content (the ecology of sweetgrass and its relationship
to harvesting practice) together with a philosophical framework drawn from
Anishinaabe tradition. The center’s institutional position within a major state
university has produced a sustained training context for Indigenous students in
environmental science and for non-Indigenous students in the integration of the
traditions.

The West Arnhem Land Fire Abatement project (WALFA), formalized in 2006
after late-1990s discussions among Aboriginal Traditional Owners and
non-Aboriginal scientists, has demonstrated the integration in a specific
operational context across approximately 25,000 square kilometers of the
Arnhem Plateau in northern Australia. Operating as a partnership among the
Djelk, Warddeken, Mimal, Jawoyn, and Adjumarllal Indigenous ranger groups,
the Northern Territory Government, the Northern Land Council, the Darwin
Centre for Bushfires Research at Charles Darwin University, and an industry
partner that has supplied substantial baseline funding, the project conducts
strategic early-dry-season burning in mosaic patterns that prevent the
high-intensity late-dry-season fires that characterized the post-colonial period
when Aboriginal land management had been suppressed. Indigenous fire
managers combine customary fire knowledge (transmitted across the long
pre-colonial period and adapted for contemporary conditions) with
satellite-fire-mapping technology, helicopter access, and the carbon-accounting
methodology that allows the project to generate verified emissions reductions.
Methodology developed at WALFA has become the basis for the Australian
Savanna Burning Method, with approximately 75 fire-management projects
approved across northern Australia by the late 2010s, of which a substantial
portion are Indigenous-owned or have substantial Indigenous involvement. Lead
researchers Jeremy Russell-Smith and Peter Whitehead together with the
Indigenous ranger groups have published the project’s methodology and findings
in peer-reviewed venues, with the published work establishing the integration’s
empirical basis for the broader scientific community.

A different category of integration is the contemporary revival of Polynesian
wayfinding, which has reconstructed the long-distance non-instrument ocean
voyaging tradition that the colonial period had nearly eliminated. The Polynesian
Voyaging Society, founded in 1973 by anthropologist Ben Finney, artist Herb
Kawainui Kane, and sailor Tommy Holmes, built the double-hulled voyaging
canoe Hokule’a as a research vessel for the experimental reconstruction of the
ancient Polynesian voyaging traditions. Hokule’a’s 1976 voyage from Hawai’i to
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Tahiti, with Pius “Mau” Piailug of Satawal in the Caroline Islands of Micronesia
as the wayfinder (the only traditional non-instrument voyaging master who
agreed to the project at that period), demonstrated that the methods documented
in the ethnographic literature could carry a crew across approximately 2,500
nautical miles of open ocean. Mau Piailug’s mentorship of Nainoa Thompson
across 1979-1980 brought the wayfinding tradition into the Hawaiian community
for the first time in many generations, and Thompson’s 1980 voyage from
Hawai’i to Tahiti and back without modern instruments was the first such voyage
by a Hawaiian wayfinder since approximately the fourteenth century. The revival
has subsequently produced trained wayfinders across the Hawaiian, Tahitian,
Cook Islands, and other Pacific communities, with Hokule’a’s circumnavigation
voyages of 2014-2017 (Malama Honua) and the Moananuiakea Voyage that
began in 2023 extending the integration globally. The revival illustrates a
particular form of integration: a knowledge tradition was reconstructed through
the collaboration of one Indigenous community with another in a context where
the receiving community’s own tradition had been substantially suppressed
under colonial rule, with Western academic institutions (the East-West Center at
Honolulu, the University of Hawai’i, the Bishop Museum) contributing supporting
methodological and institutional capacity.

These integration projects share structural features that the chapter’s
analysis can identify. Operating through sustained institutional partnerships
connects Indigenous communities with academic and operational institutions
across long periods. Methodological development that bridges the analytical
frameworks of the two traditions has occurred through extended dialogue rather
than through the imposition of one framework on the other. Recognitions of
relational structure produced through such collaboration could not have been
produced by either tradition working alone. The Etuaptmumk framework
articulates the methodological principle for the integration; the Center for Native
Peoples and the Environment provides the institutional infrastructure for
academic implementation; WALFA demonstrates the operational application
across a specific geographical scale; the Polynesian Voyaging Society shows the
reconstruction of a tradition in one community through partnership with another.
Structural conditions for further integration across the coming decades depend
on the continuation of the institutional partnerships, the development of further
methodological frameworks, and the resolution of the political and ethical
tensions that the colonial and post-colonial history has produced.

The chapter’s interest in this category of cases is in the structural pattern
rather than in the substantial political and ethical dimensions that the integration
question raises. From the chapter’s analytical standpoint, the Indigenous
knowledge traditions have engaged with relational structure in their respective
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domains across long historical periods, and the recognition of that relational
structure within the traditions is a substantial scholarly achievement that is part
of the inventory of recognized relational structures examined here. Western
disciplinary scholarship has engaged with relational structure in the same
domains through different methodological and conceptual frameworks, and the
recognition of relational structure within the Western traditions is also part of
the inventory. Integration between the two traditions, where it has occurred, has
produced recognitions that neither tradition alone could have produced; where it
has not occurred, the relational structures that the integration might have
recognized remain in the undiscovered category of the chapter’s analysis. The
structural conditions for the integration are partly methodological (the
development of comparative frameworks that allow the two kinds of traditions to
be analytically engaged together), partly institutional (the development of
academic and policy arrangements that support the integration work), and partly
political (the resolution of the colonial and post-colonial tensions that have
shaped the historical relationship between the traditions).

This chapter does not undertake to resolve the substantial questions that the
political and ethical dimensions of the integration question raise. The chapter’s
analysis operates at a level of generality that is consistent with multiple positions
on those questions, with the structural-pattern argument the chapter is making
not requiring any particular resolution of the political-ethical questions to be
coherent. What the chapter argues is that the relational-seeing competence the
book has been examining operates in Indigenous knowledge traditions and in
Western disciplinary traditions, that the integration between the traditions can
produce recognitions that neither alone can produce, and that the conditions for
the integration are partly methodological and partly institutional, with the
methodological and institutional developments of the past several decades
having produced substantial partial integrations and the further developments of
the coming decades likely to produce further integrations as the conditions
become more substantially met.

7.

Cross-disciplinary frontiers constitute a further category of cases in which the
relational structures the chapter is concerned with have not yet been recognized
because no single existing discipline has the trained perception required for the
recognition. The pairing chapters of the book have demonstrated that relational
structure can be recognized across disciplines that have not historically engaged
each other (Morandi’s still-life painting and Faraday’s field theory; phyllotaxis
and counterpoint; mycorrhizal networks and conversation analysis), but the
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demonstrations have been retrospective examinations of structural
commonalities that the disciplines themselves have not always developed. The
prospective dimension of cross-disciplinary recognition concerns relational
structures that span existing disciplinary boundaries in ways that no single
discipline’s trained perception is currently equipped to recognize.

A particular pattern in cross-disciplinary cases is that the relational
structures often span scales (from molecular to organism to ecosystem; from
individual to small-group to societal; from neuron to circuit to behavior) or
substrates (biological, computational, social, physical) in ways that the
disciplinary traditions of the twentieth century did not consistently develop the
capacity to engage with. The contemporary developments of complexity science,
network theory, computational modeling, and large-data analysis have produced
methodological tools that are increasingly applied across multiple domains and
scales, but the institutional arrangements (academic departments, journal
venues, professional societies, training programs) that constitute the disciplinary
infrastructure remain substantially organized along the traditional
twentieth-century lines. The cross-disciplinary recognitions that the
methodological developments would in principle support are consequently
produced unevenly, with some institutional locations (interdisciplinary research
centers, dedicated programs, certain journals) supporting the integration and
most academic locations not.

A structural condition that limits cross-disciplinary recognition is
consequently primarily institutional. The methodological tools are increasingly
available; the relational structures are increasingly accessible to engagement
through those tools; the trained perception that the work requires is developed in
some researchers in some locations. What is unevenly available is the
institutional support for the sustained work that cross-disciplinary recognition
requires. The pattern is informative about the chapter’s analysis because it
identifies institutional conditions as the principal limiting factor in a substantial
category of contemporary cases, with the implication that institutional
developments (the establishment of cross-disciplinary programs, the support for
interdisciplinary funding, the integration of cross-disciplinary work into the
major academic reward structures) are consequential for the recognition of
relational structures that span existing disciplinary boundaries.

A further point about cross-disciplinary frontiers is that they are particularly
susceptible to the institutional pressures that the contemporary university
system has been experiencing across the past several decades. Reductions in
academic support, the increasing precarity of academic employment, the
displacement of long-term research programs by short-term grant cycles, and the
broader pressures on the disciplinary infrastructure that the next chapter
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(Chapter 10, “The Severed Field”) examines in detail have particularly affected
the cross-disciplinary work that the present chapter identifies as one of the major
categories of undiscovered relational structure. The institutional conditions that
would support the cross-disciplinary recognition are in some respects
deteriorating in many academic systems, with the implication that the
recognitions the cross-disciplinary work might produce are at risk of not being
produced even though the methodological and perceptual conditions for them
are met.

8.

Conditions that must obtain for the undiscovered to become discovered can now
be specified on the basis of the chapter’s case examinations. The four conditions
identified in Section 2 (existence of materials, trained perception, methodological
tools, institutional arrangements) operate in all of the categories the analysis
here has covered, with the specific limiting factor varying across the cases.
Microbiome and connectome cases show partial recognitions in process, with the
limiting factor being the continuing development of methodological and
analytical capacity across the coming decades. The astronomical-survey case
shows analytical capacity as the limiting factor, with the methods and institutions
substantially developed but the volume of data exceeding the engagement
capacity of the community. For non-Western manuscript collections, linguistic
and disciplinary integration are the limiting factor, with the materials available
but the trained perception unevenly distributed across the international scholarly
system. Indigenous and oral knowledge traditions show methodological and
institutional integration as the limiting factor, with the substantial scholarly
achievements of the traditions themselves not always integrated with the
Western disciplinary frameworks. The cross-disciplinary frontiers show
institutional support as the limiting factor, with the methodological and
perceptual conditions met but the institutional arrangements unevenly available.

The cases together show that the undiscovered, in the chapter’s sense, is a
heterogeneous set of categories rather than a single homogeneous category, with
the categories distinguished by which of the four structural conditions is the
active limiting factor. Recognition of relational structure in any specific case
requires the simultaneous satisfaction of all four conditions; the prospect of
further recognition across the coming decades depends on the developments that
may further satisfy the conditions in domains where they are not currently fully
met. The developments are not guaranteed to occur; they depend on the choices
that institutions, researchers, and broader cultural and political processes make
about which directions of work to support and which materials to engage. The
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chapter’s analysis suggests that the choices have substantial consequences for
the future trajectory of the relational-seeing competence, with the choices that
support the satisfaction of the four conditions producing recognitions that the
choices that fail to support those conditions will not produce.

An implication for present practice is that the relational-seeing competence
requires sustained institutional, methodological, and perceptual investment to
operate effectively in any given domain, rather than operating automatically once
the materials are available. The maintenance of the disciplinary traditions that
produce trained perception, the development of methodological tools that bridge
between materials and perception, the construction of institutional arrangements
that support the sustained analytical work, and the integration of the work across
disciplinary and cultural traditions are all consequential investments that the
present generation makes for the recognitions that subsequent generations will
or will not be able to produce. The contemporary cultural and political moment,
as Chapter 10 examines in detail, is one in which several of these investments
are under pressure in ways that have substantial consequences for the trajectory
of recognition across the coming decades.

This chapter’s analysis is consequently relevant to questions that go beyond
the specific cases examined above. Relational-seeing competence the book has
been arguing for is a capacity whose continuing operation depends on the
institutional and disciplinary conditions that the present generation is
responsible for sustaining or allowing to deteriorate, rather than merely an
intellectual achievement of past generations to be admired retrospectively. The
choices that are made about academic support, about the integration of
knowledge traditions, about the institutional arrangements for cross-disciplinary
work, about the conservation and accessibility of cultural-heritage materials, and
about the maintenance of the methodological tools that support analytical work
are all choices that affect the future of the competence. This chapter’s
prospective analysis, in this sense, is also an analysis of present responsibility for
the conditions that make the competence’s future operation possible.

9.

The chapter has argued that the undiscovered, understood as the category of
relational structure for which the conditions of recognition are not yet fully met,
is a heterogeneous and historically-located category that the relational-seeing
competence the book has been examining can engage with as a prospective
dimension of its operation. Four structural conditions (existence of materials,
trained perception, methodological tools, institutional arrangements) specify
what has to be present for recognition to occur, and the contemporary cases the
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preceding sections covered (microbiome and connectome research,
astronomical-survey data, non-Western manuscript collections, Indigenous
knowledge traditions, cross-disciplinary frontiers) illustrate the structural
pattern in different combinations of limiting factors. The chapter’s analysis has
consequently extended the book’s overall argument about the relational-seeing
competence to cover the prospective dimension that the historical-recovery cases
of Chapter 8 set up but did not fully address.

This chapter has also marked the implications of the analysis for present
practice and for the broader questions about the conditions under which the
relational-seeing competence can continue to operate effectively across the
coming decades. The competence functions as a historically-situated capacity
whose operation depends on the conditions that the present generation is
responsible for sustaining, rather than as a transhistorical capacity that exists
independently of the institutional and disciplinary conditions in which it
operates. Choices that are made about academic support, about institutional
integration across knowledge traditions, about cross-disciplinary work, about
cultural-heritage conservation, and about the maintenance of the methodological
and analytical infrastructure are all consequential for the future of the
competence.

The book’s remaining chapters (Chapter 10, “The Severed Field,” and the
Conclusion, “The Discipline of the Between”) develop the broader implications
that the present chapter has set up. Chapter 10 examines severance mechanisms
through historical and contemporary cases in which the conditions for relational
seeing have been weakened or destroyed, with attention to the specific
institutional, political, and material processes that produced the severances. The
Conclusion synthesizes the book’s overall argument and articulates the discipline
of the between that the relational-seeing competence the book has been
examining requires for its continued operation. The two final chapters together
complete the book’s argument and connect its analysis of the relational-seeing
competence to the broader questions about the cultural and political conditions
of contemporary intellectual work.
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Chapter 10: The Severed Field

1.

Severance is the destruction of a relational field through the elimination of the
relations that constituted it. The destruction is sometimes deliberate and
sometimes accidental, sometimes ratified by law and sometimes accomplished
through the slow accumulation of decisions made by people who never saw what
they were doing. Severance produces a particular kind of absence. The objects
that participated in the field often persist after the relations among them are
gone. A language whose last fluent speaker has died still has its dictionary on a
shelf. The neighborhood whose interpersonal infrastructure was demolished by
an expressway still has its remaining buildings. A trade whose apprenticeship
lineage was broken still has its tools in museum cases. The objects are not the
field. The field was the relations among them, and once the relations are gone
the objects are inert markers of what is no longer there.

This chapter teaches the reader to see severed fields. The teaching is the
inverse of what the pairing chapters performed in the rest of the book. Where
Morandi and Faraday taught the reader to perceive relational structure in
present materials, where the holobiont and the loom taught the reader to
perceive structure in the human body and the woven cloth, where mycorrhizal
networks and conversation analysis taught the reader to perceive infrastructures
that operate beneath ordinary attention, the present chapter teaches the reader
to perceive the absence where a field once was. The competence is the same. The
materials are different. A reader who has worked through the previous chapters
has the apparatus the present chapter requires.

The chapter examines six cases of severance. Each is presented with
attention to historical specificity, because severance is a measurable, dateable,
namable historical process with identifiable actors and consequences, and the
term carries that empirical specificity rather than serving as an abstract
metaphor. The six cases are: the destruction of Indigenous languages through
the U.S. federal Indian boarding school system; the burial of urban hydrology
under twentieth-century city construction, with Manhattan as the case example;
the demolition of redlined neighborhoods through expressway construction and
urban renewal; the contemporary mass extinction documented in the IPBES 2019
Global Assessment Report; the deskilling of craft labor under industrial
capitalism, in the period Braverman analyzed; and the broader severance of
Indigenous epistemologies through the combination of land dispossession,
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language loss, and the imposition of colonial knowledge frames. The cases are
representative rather than exhaustive. Other cases of severance could fill
another book. These six were chosen because each is large enough to constitute
a substantial relational loss in its own right and because the documentation in
each is sufficient to support specific claims rather than only general lamentation.

Two methodological commitments govern the chapter. The first is the refusal
of romantic nostalgia. Severance is real, and its losses are real, and saying so
does not require pretending that what was lost was a paradise. Pre-contact
Indigenous societies were not utopias. Cross-Bronx Expressway neighborhoods
before the demolition had their own forms of poverty and prejudice. Industrial
craft labor was hard and uncertain. The argument the chapter makes concerns
the structural fact that what was lost was a relational field, and the loss has
consequences distinct from any judgment about the field’s relative virtue
compared to what replaced it. The second commitment is the refusal of despair.
Naming severance is not surrendering to it. The chapter’s purpose is to make the
severed fields legible so that the conditions of their reproduction, where
reproduction is still possible, can be supported with the seriousness those
conditions require. Where reproduction is no longer possible, naming the loss is
what allows the next generation to know what was once present and what
reasonable replacements might look like. Despair forecloses both possibilities;
analysis preserves them.

2.

In August 1879 the U.S. Secretary of War George W. McCrary approved the
transfer of the unused Carlisle Barracks in Pennsylvania from the War
Department to the Department of the Interior, which then placed First
Lieutenant Richard Henry Pratt (subsequently promoted to Captain in February
1883, and eventually to Brigadier General on the Retired List in 1904) in charge
of operating the site as the Carlisle Indian Industrial School under Interior’s
Office of Indian Affairs (the bureau’s official name from 1849 until its 1947
redesignation as the Bureau of Indian Affairs). The school formally opened on
November 1, 1879, with an enrollment of 147 students. Its first cohort of 82
children had arrived from the Rosebud and Pine Ridge agencies in Dakota
Territory at midnight on October 6, 1879, with subsequent arrivals from other
agencies bringing the total to the November opening figure. The school operated
from 1879 until 1918 and served as the model for a federal system that grew to
include 25 off-reservation boarding schools and several hundred
reservation-based and contract boarding schools. By the height of the system in
the 1920s, more than 350 schools operated under federal authority or with
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federal subsidies, with approximately 60,000 Native American children enrolled
in the boarding-school system at the peak years. The U.S. Department of the
Interior’'s Federal Indian Boarding School Initiative Investigative Report,
conducted under the directive of Secretary Deb Haaland and released in two
volumes (Volume I in May 2022, Volume II in July 2024), identifies 417 federal
Indian boarding-school institutions across 37 states or then-territories spanning
the full historical system from the early-nineteenth-century mission boarding
schools through the federal program’s twentieth-century contraction, and
documents at least 973 attested child deaths within the system across that span.
David Wallace Adams’s Education for Extinction: American Indians and the
Boarding School Experience, 1875-1928 (Kansas, 1995) provides the standard
scholarly account of the system’s policies, daily operations, and intended
consequences. The book’s title quotes Pratt’s stated objective. In an 1892
address to the National Conference of Charities and Correction, Pratt
summarized the assimilationist project in a passage the historical record has
preserved, building on the genocidal sentiment that General Philip Sheridan was
widely credited with (“the only good Indian is a dead one”): “A great general has
said that the only good Indian is a dead one... In a sense, I agree with the
sentiment, but only in this: that all the Indian there is in the race should be dead.
Kill the Indian in him, and save the man.”

The boarding school system was designed to sever Indigenous children from
their relational fields. The severance was deliberate and was implemented
through specific operational mechanisms that the archival record documents.
Children were removed from their families, often forcibly, sometimes at ages as
young as five or six, and transported to schools hundreds or thousands of miles
from their reservations. On arrival their hair was cut, their clothing was
confiscated and replaced with military uniforms, their names were replaced with
English names assigned by school staff, and their use of their native languages
was prohibited under penalty of corporal punishment. Family contact was
restricted to occasional letters, censored by school staff, and visits home were
typically permitted only in the summer if at all, with many students kept at the
schools year-round through the “outing system” that placed them in summer
labor with white families. The schools were total institutions in the sociological
sense, designed to remake the children psychologically and culturally by
removing them from every relational context that had constituted them.

The result, across the four decades of Carlisle’s operation and across the
wider federal system that ran into the twentieth century, was the substantial
destruction of Indigenous-language fluency among generations of Native
children. Languages that had transmitted continuously for thousands of years
through the ordinary parent-to-child mechanism were interrupted in the
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boarding school cohorts. A child who arrived at Carlisle in 1885 speaking Lakota
and was prevented from using the language for ten years left the school at 17
with degraded fluency, returned to a community whose own continuity had been
weakened by the absence of cohorts of children, and often raised her own
children in English on the assumption that English would protect them from the
suffering she had endured. The mechanism of intergenerational transmission was
severed at a scale and across a number of language communities that produced
the demographic catastrophe the Native American Languages Act of 1990
belatedly acknowledged: of the approximately 300 Indigenous languages spoken
in what is now the United States at the time of European contact, perhaps 165
still had any speakers in 1990, and most of those had only elderly speakers, with
no children acquiring the languages as first languages. By 2020 the count of
languages with any first-language speakers under 18 had fallen well below 50.

What is severed when a language dies is a structured way of perceiving the
world. The lexicon of an Indigenous language encodes ecological knowledge
specific to the territory the speakers inhabit: the names and life cycles of plants
used as medicine, the seasonal indicators that signal the appropriate timing for
fishing, planting, and gathering, the geographic features of a landscape and the
histories that attach to specific places. The grammar encodes relational frames
that often differ from those of English in structurally consequential ways:
animacy distinctions, evidentiality marking, kinship terminology that organizes
the social world into different categories than English does. None of this is
romantic mysticism. It is empirical material-historical fact, documented across
thousands of pages of contemporary linguistic and ethnobotanical scholarship.
When a language dies, the field of perception it sustained dies with it, and
reconstructing the field from dictionaries and grammars compiled by salvage
linguists in the late nineteenth and early twentieth centuries is far harder than
the salvage linguists themselves believed.

The Miami language case is instructive. Miami, the Indigenous language of
the Miami Tribe of Oklahoma and the Miami Nation of Indiana, had its last
speakers die in the early twentieth century, and was treated by
mid-twentieth-century linguistics as an extinct language. Wesley Y. Leonard, a
Miami citizen and linguist now at the University of California at Riverside, has
argued in a series of papers (including “When is an ‘Extinct Language’ Not
Extinct?” in 2008 and “Reframing Language Reclamation Programmes for
Everybody’s Empowerment” in Gender and Language in 2017) that the framing
of Miami as extinct was itself a colonial imposition, one that prevented the tribal
community from working with the substantial archival record (vocabulary lists,
grammar sketches, recorded texts) to reclaim the language as a living tongue.
Reclamation has been ongoing since the 1990s. Miami today has new
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first-language learners. The case demonstrates that severance is sometimes
more reversible than salvage linguistics assumed, while also confirming that the
reversal requires sustained institutional and intergenerational effort across
decades, with no guarantee of full recovery. What was severed was severed;
what is being reclaimed is a related but not identical field.

3.

Beneath the streets of Manhattan runs a hydrological network that almost no one
alive has seen. Eric Sanderson’s Mannahatta: A Natural History of New York City
(Abrams, 2009) is the documentary record of this network’s prior existence,
reconstructed through a decade of landscape-ecological research conducted at
the Wildlife Conservation Society’s Mannahatta Project. Working from the British
Headquarters Map of 1782, the Randel Survey of 1808-1820, contemporary
archival accounts, and modern ecological modeling, Sanderson and his
colleagues reconstructed the streams, ponds, springs, marshes, and shorelines of
the island as they existed on the day Henry Hudson arrived, 12 September 1609.
The reconstruction is the closest thing to a technical inventory of the relational
field that twentieth-century construction systematically buried.

The Collect Pond is the cleanest case. Located in what is now Lower
Manhattan between the present-day Foley Square and Chinatown, the Collect
was a freshwater pond of roughly forty-eight to sixty acres in surface area
depending on the source consulted, fed by underground springs and drained by a
creek that flowed west into the Hudson River and east into the East River
through a low-lying marsh that nineteenth-century New Yorkers called the
Lispenard Meadows. The pond was the principal source of drinking water for the
early Dutch and English colonial city. By the late eighteenth century the
surrounding industrial activity (tanneries, slaughterhouses, breweries) had so
polluted the water that the pond was no longer potable, and a campaign to drain
it began in the 1790s. Drainage was completed in stages between roughly 1802
and 1817, with the Manhattan Company (chartered in 1799 by Aaron Burr’s
stratagem that secured a banking charter under cover of a water-supply mission,
supplying inadequate quantities of well water through wooden pipes during the
drainage period before becoming the corporate ancestor of what is now
JPMorgan Chase) playing a role in supplying alternative water from wells. The fill
that replaced the pond was unstable, the resulting neighborhood subsided into
the wet ground, and the slum that became known as the Five Points took its
physical form from the literal sinking of buildings into the buried pond.

The Five Points was the most notorious slum in nineteenth-century America,
the subject of Charles Dickens’s appalled visit in 1842 and the setting for
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decades of nativist anti-Irish and anti-Black racial violence. Pathologies of the
slum were attributed by contemporary observers to the moral failings of its
inhabitants. Material causes were substantially the unstable fill of a buried pond,
with associated drainage problems, mosquito-borne disease, and structural
failures that made the housing unfit for habitation by anyone with the resources
to live elsewhere. The relational field that the Collect Pond had constituted with
its surrounding marshes, springs, and watershed was severed by drainage, and
what replaced it was a sinking ground rather than stable construction. Buildings
placed on the unstable fill suffered chronic foundation failure across the next
century, with collapsed walls, tilted floors, and persistent dampness rendering
the housing unfit for inhabitants who had any alternative. The Collect was
buried, but its hydrological behavior continued to operate beneath the surface,
undermining the buildings that were placed on top of it.

Minetta Brook offers a parallel case. The Minetta flowed through what is
now Greenwich Village, originating near present-day Fifth Avenue and
Fourteenth Street, running south through Washington Square (which was a
marsh and then a potter’s field before the park was laid out in the 1820s), and
reaching the Hudson at what is now Charlton Street. Paving over the brook
proceeded in stages beginning in the 1820s, and the burial was largely complete
by 1850. Water still runs beneath the streets. Twentieth-century builders
working in the Village periodically rediscovered the buried flow when basement
excavations encountered subsurface water, and the lobby of 2 Fifth Avenue, built
in the 1950s, has long displayed a small fountain reportedly fed by Minetta Brook
water (a piece of building lore preserved in local-architectural and Greenwich
Village histories rather than fully documented in the building records). The
buried brook continues its work as a relational connector across the Village’s
hydrological field, but the connections are no longer legible to anyone who walks
above them.

Tibbetts Brook in the Bronx is the contemporary case. The brook drains the
southern Yonkers and northwest Bronx watershed, flowing through Van
Cortlandt Park into Van Cortlandt Lake before disappearing into the city’s
combined sewer system, which carries the brook’s water to a sewage treatment
plant rather than to its historical mouth at the Harlem River. The arrangement,
in place since the early twentieth century, sends approximately 4 to 5 million
gallons of clean stream water per day into the sewage treatment system,
contributing substantially to combined-sewer overflows during heavy rain events.
A daylighting project planned since the early 2000s will route Tibbetts Brook
through a new aboveground channel along the disused Putnam railroad
alignment, restoring the brook’s connection to the Harlem River and removing
the daily 4-to-5-million-gallon load from the sewage system. Land acquisition
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closed in June 2024, final design advanced through 2024 and 2025, and
construction was scheduled to begin in late 2025 under the NYC DEP project
schedule, with completion projected for 2028. The project is rare among urban
hydrological cases in being a partial reversal of severance. Where the Collect and
the Minetta are buried beyond recovery, Tibbetts is being daylighted, and the
daylighting is projected to produce measurable ecological and infrastructural
improvements that justify the substantial public expenditure the project requires.
The case demonstrates that hydrological severance, like linguistic severance, is
sometimes more reversible than mid-twentieth-century planning assumed, while
also confirming that the reversal requires sustained institutional commitment
across decades.

What is severed when an urban stream is buried is a connector across the
landscape that integrated upstream and downstream, surface and subsurface,
human and nonhuman uses of the watershed. Buried streams continue to behave
as streams beneath the surface, undermining buildings, leaking through
basements, contributing to flooding that the surface infrastructure cannot
anticipate. The relational field that the visible stream constituted is replaced by a
covert hydrological process that the city no longer perceives as a stream.
Sanderson’s reconstruction of Mannahatta is the documentary record of what
was there before the burial, and it functions, in the present chapter’s terms, as a
training apparatus for the relational competence the chapter is teaching. A
reader who works through the Mannahatta maps and learns to project them onto
contemporary New York acquires the capacity to perceive the buried hydrology
underneath the streets they walk. The competence is real because it produces
predictions: where the buried streams run, basements will leak; where the buried
marshes lay, building foundations will require deeper pilings; where the buried
ponds sat, neighborhood subsidence will continue across the timescale of
generations.

4.

Destruction of redlined neighborhoods through twentieth-century urban renewal
is the most extensively documented case of deliberate large-scale severance in
U.S. social history. The historical record is unambiguous, the actors are named,
the consequences are quantified, and the contemporary policy literature has
integrated the lessons into ongoing debates about housing policy, transportation
infrastructure, and racial justice. Three standard scholarly works anchor the
cases that follow: Robert Caro’s The Power Broker: Robert Moses and the Fall of
New York (Knopf, 1974) for the New York City material; Mindy Thompson
Fullilove’s Root Shock: How Tearing Up City Neighborhoods Hurts America (One
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World, 2004) for the broader pattern across U.S. cities; and Richard Rothstein’s
The Color of Law (Liveright, 2017) for the federal-policy mechanisms that
organized the field-wide assault on Black urban neighborhoods.

The Cross-Bronx Expressway is the canonical case. Conceived by Robert
Moses, head of the Triborough Bridge and Tunnel Authority and several other
New York public-construction agencies, in the late 1940s, the expressway was
constructed in stages between 1948 and 1972. The roadway runs across the
Bronx from the Throgs Neck Bridge in the east to the George Washington Bridge
in the west, cutting through what was, in the late 1940s, a dense and largely
working-class Jewish, Italian, and Puerto Rican set of neighborhoods. The
Tremont section of the expressway, between approximately Webster Avenue and
the Bronx River, required the demolition of fifty-four apartment buildings,
roughly ninety family homes, and about sixty stores, with the displacement of
approximately 1,530 families totaling approximately 5,000 residents, in a single
neighborhood that had constituted a coherent community for thirty to forty
years. Caro’s biography documents the political mechanics by which Moses
pushed the alignment through East Tremont rather than through an alternative
route along the existing Crotona Park land that would have required no
residential demolition, and the documentation extends to specific named
conversations in which Moses dismissed the displaced residents as expendable.

Across the larger arc of the expressway program in the Bronx, the
displacement totaled approximately 60,000 people, and the consequences played
out across the subsequent two decades. The South Bronx, cut off and bisected by
the expressway and severed from the rest of the borough’s economic life, lost
population from approximately 850,000 in 1950 to under 600,000 by 1980.
Disinvestment, building abandonment, arson (frequently for insurance fraud as
the value of the buildings collapsed), and the loss of jobs as light industry left the
borough produced what became, in the late 1970s, the iconic image of urban
American collapse: the burned-out blocks of the South Bronx that President
Carter visited in 1977 and that became a campaign symbol in the 1980 election.
The collapse followed predictably from severing the neighborhood from its
relational connections to the rest of the city through a piece of infrastructure
deliberately routed to minimize political opposition by passing through the
population least able to resist. Framings that treated the collapse as a natural
process or as a moral failure of the residents misread the historical record and
the planning decisions that shaped it.

Mindy Fullilove’s Root Shock extends the analysis across multiple U.S. cities.
Pittsburgh’s Hill District is the case study Fullilove returned to most often,
drawing in part on her own family’s history in the neighborhood. The Lower Hill,
the most densely populated and culturally significant Black neighborhood in
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Pittsburgh through the first half of the twentieth century, was demolished in
stages between 1956 and 1961 to make way for the Civic Arena, a sports and
entertainment venue that opened in 1961 and was demolished itself in 2011. The
demolition displaced approximately 8,000 residents and destroyed the cultural
infrastructure that had made the Hill District the center of African American
intellectual and artistic life in Pittsburgh, including jazz clubs that had hosted
Earl Hines, Mary Lou Williams, Billy Eckstine, and the young Erroll Garner.
Newark’s Central Ward, demolished in stages from the 1950s through the 1970s
for highway construction and “renewal” projects, displaced something on the
order of 50,000 residents, and the neighborhood had not, by the 2010s, been
substantially rebuilt. Roanoke’s Gainsboro neighborhood, the principal historic
Black neighborhood in that small Virginia city, was largely demolished in the
1950s and 1960s for redevelopment that produced commercial space and
parking lots rather than housing.

The relational field that these neighborhoods constituted extended well
beyond residence. The field was the dense interwoven connection of residence,
retail, religious institution, fraternal organization, mutual-aid society, school,
workplace, and informal social network that produces what urban sociologists
call collective efficacy: the capacity of a community to act together on its own
behalf. Demolition severs the connections by physically removing the buildings
that housed the institutions and the neighborhoods that connected the residents.
The displaced residents persist after the displacement, but the relational field
does not, and reconstituting it in a new geographic location, with different
neighbors, in different housing, under different economic conditions, is
something between difficult and impossible. Fullilove’s framing of the
consequence as “root shock” draws explicitly on the horticultural metaphor: a
plant that has been uprooted may survive in a new location, but the chance of
survival depends on factors that no individual plant can control, and the chance
of fully recovering the prior state is nil. The metaphor is precise about what the
urban-renewal demolitions actually accomplished. They were severances of
relational fields, and the fields did not recover.

Richard Rothstein’s The Color of Law documents the federal policy
machinery that produced the racial pattern of the demolitions. Home Owners’
Loan Corporation maps of 1935-1940 codified the redlining of Black
neighborhoods; the Federal Housing Administration’s underwriting manual
through the 1950s explicitly required racial homogeneity as a condition for FHA
mortgage insurance; the Veterans Administration’s home loan program after
World War II was structured by the same racial logic, producing the postwar
suburban sorting that left Black wurban neighborhoods systematically
undercapitalized. Expressway construction and urban renewal programs of the
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1950s and 1960s were grafted onto this prior policy structure. Neighborhoods
that were demolished were the neighborhoods that federal policy had spent the
previous twenty years marking as undesirable for investment. The severance
followed a coherent racial pattern across decades and across cities, the
predictable consequence of a federal policy field that had organized urban space
along racial lines since before the construction programs began.

5.

A 2019 assessment from IPBES, the Global Assessment Report on Biodiversity
and Ecosystem Services published under the editorship of Eduardo Brondizio,
Josef Settele, Sandra Diaz, and Hien Ngo, is the most authoritative contemporary
scientific assessment of global ecological severance. The report’s central
findings, which represent assessed estimates produced through standardized
inter-comparison of multiple data sources and modeling approaches rather than
direct enumerations, have been widely reported but bear specific restatement.
Approximately one million animal and plant species are currently threatened
with extinction, more than at any prior moment in human history. Wild mammal
biomass has declined by approximately 82 percent since the start of human
agricultural civilization, with most of the decline concentrated in the last two
centuries. Biodiversity in natural ecosystems has declined on average by
approximately 47 percent relative to earliest estimated states, and the rate of
biodiversity loss continues to accelerate rather than stabilize. The report is the
product of a three-year process drawing on approximately 15,000 scientific and
government publications and the expertise of 145 lead authors and several
hundred contributing authors from 50 countries, with each principal finding
receiving methodological notation indicating the level of confidence the
underlying evidence supports.

The species-loss numbers are easier to apprehend through cases than
through aggregates. Monarch butterfly populations in eastern North America
have declined by approximately 80 to 95 percent from late-twentieth-century
baselines, depending on the measurement method and the year of comparison.
Eastern monarchs overwinter in the oyamel fir forests of the Trans-Mexican
Volcanic Belt, in the highland sanctuaries of Michoacan and the State of Mexico,
and the WWF-Mexico annual census measures the area of forest occupied by the
overwintering colonies as the standard population proxy. The peak recorded
population, in winter 1996-1997, occupied 18.19 hectares, which using the
standard density estimate of approximately 21 million butterflies per hectare
yields a peak population of roughly 380 million individuals. By winter 2023-2024
the overwintering count had fallen to 0.9 hectares, the second-lowest figure in
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the thirty years of the census, with the corresponding population estimate at
roughly 19 million. The 2024-2025 count showed a rebound to 1.79 hectares
(approximately 38 million butterflies), and the 2025-2026 count released by
WWF Mexico and CONANP in March 2026 showed a further rebound to 2.93
hectares (approximately 62 million butterflies, a 64 percent increase over the
prior winter), the largest overwintering area since the 2018-2019 season. The
decadal average remains at approximately 2.8 hectares, well below the roughly 6
hectares that researchers estimate is required to sustain the eastern migratory
population over the long term, and the U.S. Fish and Wildlife Service published a
proposed rule in December 2024 to list the monarch butterfly as threatened
under the Endangered Species Act, with the rulemaking process subsequently
moved in September 2025 to a “long-term action” designation in the federal
Unified Agenda, indicating that additional time was needed before any final
determination. Driving the decline is a combination of milkweed loss in the U.S.
agricultural Midwest (driven by the herbicide tolerance traits in commercial corn
and soy varieties), climate-driven disruption of the migration timing, and forest
degradation at the overwintering sites. Rosenberg et al.’s 2019 paper in Science
documented the loss of approximately 3 billion individual birds from North
American avifauna since 1970, a 29 percent decline in total bird abundance
across the continent in fifty years. Losses are concentrated in specific guilds:
grassland birds have lost approximately 53 percent of their population,
shorebirds approximately 37 percent, and forest songbirds approximately 17
percent. These patterns track agricultural intensification, wetland drainage, and
the decline of insect populations on which many of these birds feed.

The relational-field argument applies to ecological collapse more directly
than to any of the other cases the present chapter examines. A food web is, by
formal definition in ecological theory, a structured relational field connecting
primary producers to consumers across trophic levels. The loss of a species
reaches beyond the removal of a node from the field into the destruction of the
relations the node sustained, which propagates through the connections to other
nodes whose own positions in the field are altered by the absence. A monarch
butterfly is connected to the milkweed it feeds on as a caterpillar, to the
parasitoid wasps that prey on its caterpillars, to the birds that migrate alongside
it through some of the same flyways, to the flowering plants whose pollination it
contributes to as an adult. Severing the monarch from the field severs all of these
relations, and the consequences are not contained at the single species. They
propagate. The IPBES finding that more than one million species are threatened
with extinction is, in relational terms, the finding that a substantial fraction of
the world’s ecological field structure is being dismantled simultaneously, with
the consequences of any single severance amplified by the simultaneous
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severance of others.

What causes the severance is not mysterious. The IPBES report identifies the
principal drivers in order of magnitude: changes in land and sea use (principally
agricultural expansion, industrial fishing, and wurban development); direct
exploitation of organisms (overfishing, hunting, logging); climate change;
pollution; and invasive alien species. Each of these is a human-mediated process
operating at industrial scale, and each is the consequence of specific policy and
economic decisions that could in principle be made differently. IPBES calls for
“transformative change” in the relationship between human economies and the
living systems they depend on, and the call is the policy implication of the
empirical finding. The chapter on the severed field leaves the specification of
those transformative changes to the IPBES report, the contemporary
biodiversity-policy literature, and the political processes through which any such
changes would have to be enacted. The chapter’s contribution is to make the
relational structure of what is being severed legible to a reader who has worked
through the apparatus the previous chapters built. A reader who has perceived
the field structure of the holobiont in Chapter 4 and the mycorrhizal network in
Chapter 6 has the perceptual capacity to understand what one million species
means as a structural fact.

6.

Harry Braverman’s Labor and Monopoly Capital: The Degradation of Work in the
Twentieth Century (Monthly Review Press, 1974) is the canonical analysis of how
craft knowledge has been progressively severed from the workers who held it
across the long arc of industrial capitalism. Braverman’s argument, briefly, is
that the systematic application of “scientific management” to labor processes
from the late nineteenth century onward has involved the deliberate separation
of the conception of work from the execution of work, with the result that
knowledge that previously lived in the bodies and judgment of skilled workers
has been progressively transferred to managerial hierarchies, mechanical
apparatus, and most recently digital systems. The transferred knowledge is no
longer accessible to the workers whose predecessors held it, and the workers
whose predecessors were craftsmen have become operators of equipment whose
capacities they often cannot fully understand. The degradation has been
documented across an enormous range of trades. Braverman’s own analysis
covered metalworking, machining, clerical work, and the early phases of
computer-mediated office labor. David Montgomery’s The Fall of the House of
Labor: The Workplace, the State, and American Labor Activism, 1865-1925
(Cambridge, 1987) documented the historical period during which the principal
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severance occurred. Richard Sennett’s The Craftsman (Yale University Press,
2008) extended the analysis into contemporary terms.

The mechanism of severance is identifiable at the level of specific workplace
transformations. Frederick Winslow Taylor’'s “scientific management”
methodology, articulated in The Principles of Scientific Management in 1911 and
developed at the Midvale Steel Company between 1878 and 1890 before its
consulting application at the Bethlehem Steel Company beginning in 1898,
involved the time-study analysis of skilled workers performing their jobs, the
codification of the analyzed motions into prescribed sequences that were then
taught to less-skilled workers, and the consequent transfer of the craft
knowledge from the workers to the management hierarchy. Workers who had
served apprenticeships of five to seven years to learn metalworking became,
under Taylorist management, operators of standardized procedures whose
underlying logic was held in the management office rather than in the workers’
own training. Henry Ford’s assembly line at the Highland Park plant, opened in
1913, applied the same logic to automobile manufacturing, with the additional
element of mechanical pacing that removed even the worker’s control over the
rate of work. Auto manufacturing in 1900 was a craft trade requiring skilled
mechanics; auto manufacturing in 1925 was a semi-skilled assembly job, and the
difference in compensation, autonomy, and bodily wear-and-tear between the
two regimes was substantial.

Newspaper composing-room labor offers a more recent and more legible
case. Through the early 1970s, U.S. newspapers were typeset by skilled
compositors working at Linotype machines that had been the industry standard
since 1886. The compositor's craft involved several years of training in
typography, layout, and the mechanical operation of the Linotype, and the labor
produced typographically excellent newspaper pages whose visual structure
compositors had directly determined through their craft judgment. Labor conflict
over automation in the New York newspaper industry began with the 1962-1963
New York newspaper strike led by the International Typographical Union, which
lasted 114 days and produced contract concessions that delayed but did not
prevent the technological transition. Through the 1970s, U.S. newspapers
transitioned to phototypesetting, with the New York Times completing its move
from hot-metal Linotype to computerized phototypesetting in July 1978; the 1973
New York newspaper contract negotiations and a series of subsequent
jurisdictional disputes accelerated the deskilling rather than reversing it. By the
early 1980s, computer-based pagination systems had begun to replace
phototypesetting, and the new systems had been designed specifically to be
operable by less-skilled workers. By 1990 the craft of newspaper typography had
been substantially eliminated, the Linotype operators had been pensioned out or
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laid off, and the typographic quality of U.S. newspapers had degraded
measurably and observably. The deskilling was a deliberate management
objective rather than an accidental by-product of technological change, pursued
because skilled compositors had used their craft monopoly as the basis for
unionized bargaining power that newspaper owners had wanted to break for
decades.

The relational-field argument applies here in a specific way. Craft knowledge
is held in apprenticeship lineages: the master-to-apprentice relation across
generations is the mechanism through which embodied knowledge is
transmitted, and the lineage is itself a relational field that connects the present
generation of craftsmen to all the prior generations whose accumulated learning
has become available to the present through the lineage’s continuity.
Braverman’s degradation thesis is, in the present chapter’s vocabulary, an
account of the systematic severance of craft lineages through the deliberate
elimination of the conditions that sustained them. The conditions include the
apprenticeship structure itself, the workplace autonomy that allowed apprentices
to learn from masters in real working environments, the union structures that
protected the craft monopoly against deskilling, and the cultural recognition of
craft as a serious form of knowing. Each of these has been substantially eroded
across the twentieth century. The consequences are the consequences of any
lineage severance: the next generation cannot acquire what its predecessors
held, because the apparatus that transmitted the holding has been dismantled.

The severance argument needs to absorb a serious complication that hostile
critics of Braverman’s thesis have pressed since its 1974 publication.
Pre-industrial craft labor was not a paradise that industrial capitalism degraded;
the craft conditions Braverman analyzed were physically demanding, often
poorly compensated, frequently exclusionary by gender and race, and routinely
organized through guild structures whose monopoly protections were maintained
at the expense of those excluded from them. A nineteenth-century journeyman
printer’s working life included long hours, lead exposure, frequent
unemployment between jobs, and a labor market structured to keep women and
Black workers out of the trade. Braverman acknowledged these conditions briefly
in his own analysis; his point was that the degradation of craft labor under
scientific management did not improve the lives of workers as managerial
ideology claimed it would, even as the prior conditions were themselves severely
difficult. Sennett’s The Craftsman engages the same complication directly: craft
as a form of knowing has merit independent of any romantic claim about
pre-industrial conditions, and the contemporary case for sustaining craft lineages
does not require pretending that the craft past was without its own injustices and
injuries. The chapter’s argument absorbs the complication rather than defending
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against it. What was lost in the deskilling Braverman analyzed was the embodied
knowledge that the lineage carried, and the loss is real even if the conditions in
which the lineage operated were also marked by other forms of injury that ought
to have been corrected. Honest severance analysis holds both registers at once:
the craft conditions that have been severed contained genuine injury, and what
was severed was nonetheless a form of knowing whose disappearance
constitutes a genuine loss. Romantic accounts of pre-industrial craft simplify the
first register; managerial defenses of deskilling simplify the second; the present
chapter’s analysis attempts to hold both without collapsing either. The cases
above (boarding schools, buried streams, demolished neighborhoods, mass
extinction, craft deskilling, Indigenous epistemologies) all involve this kind of
two-register honesty, with each severance analyzed as the elimination of
relational fields whose own internal injuries are acknowledged where the
historical record documents them.

Sennett’s contribution to the analysis is to insist that the consequence
reaches beyond the economic. Craft is a form of knowing that produces specific
human satisfactions and specific human capacities, and a society that has
substantially severed itself from craft has lost a way of being human that prior
societies took for granted. The argument can sound nostalgic, and Sennett is
careful to defend it against the charge: he is not saying that pre-industrial craft
labor was idyllic, and he is not arguing for a return to it. He is arguing that the
capacities craft labor developed are real human capacities, that their substantial
elimination from contemporary life has consequences for the human beings who
can no longer develop them, and that the policy and institutional choices that
produced the elimination were not inevitable and could in principle be made
differently going forward. The argument tracks the present chapter’s framing:
severance is a measurable historical process, its consequences are real, and
naming the process is the precondition for any reasonable response to it.

7.

Cases the analysis has covered to this point have shared a common analytical
structure: a historical actor or set of actors made decisions that severed a
previously existing relational field, and the consequences played out across
subsequent decades or centuries. The final case adds a dimension the prior cases
have implied without naming directly. Severance of Indigenous epistemologies
has been accomplished through the boarding school system of Section 2 in
combination with land dispossession, language loss, and the imposition of
colonial knowledge frames that have systematically misread Indigenous
knowledge as either superstition (the older colonial framing) or mystical wisdom
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(the more recent and more polite framing). Each of these framings is its own
form of severance, because each prevents Indigenous knowledge from being
engaged on its own material-historical terms.

Kim TallBear’s Native American DNA: Tribal Belonging and the False
Promise of Genetic Science (Minnesota, 2013) examines the case of
genetic-science framings of Indigenous identity. The pattern she documents is
consistent across the contemporary commercial and academic genetic-ancestry
industries: the Indigenous person becomes a genetic-marker assemblage,
identifiable through autosomal SNP variants that geneticists have correlated
with reference populations, and the relational field of tribal citizenship (governed
by tribal law, kinship structure, and cultural participation) is replaced by a
biological essence located in the chromosomes of individuals. The replacement is
itself a form of severance. It removes the relations that constitute tribal
citizenship and substitutes a biological attribute that the individual carries into
any social context. TallBear’s argument is not against the use of genetic
technologies; she is herself a Sisseton Wahpeton Oyate scholar who has worked
extensively with Indigenous community responses to genetic research. The
argument is that the genetic-science framing must be held alongside, not used to
replace, the relational understandings of tribal belonging that Indigenous
communities have developed across centuries.

Glen Coulthard’s Red Skin, White Masks: Rejecting the Colonial Politics of
Recognition (Minnesota, 2014) extends the analysis into philosophical terms.
Coulthard, a Yellowknives Dene scholar, draws on Frantz Fanon and on the
Indigenous political tradition to argue that what colonialism severed in
Indigenous societies included specific material relations (land, language, kinship)
and beyond these the relational structure of political life itself. The colonial state
has offered Indigenous peoples “recognition” within its own juridical framework
as a substitute for the dispossessed relational political order, and the substitution
has functioned, Coulthard argues, to extend rather than to ameliorate the
dispossession. The dispossessed political order was a different political form
from the colonial state, governed by different relations among persons, land, and
time, rather than a primitive precursor that the colonial state superseded.
Recognition within the colonial framework forces Indigenous political life to
translate itself into terms the colonial state can recognize, and the translation
severs what cannot be translated, which is most of what made the prior political
form what it was. What Coulthard’s analysis calls for is a refusal of the
substitution of colonial recognition for the relational political work that
Indigenous communities continue to do on their own terms. The argument leaves
open targeted engagement with the colonial state on questions where
engagement serves Indigenous political purposes, with the warning that
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recognition-as-substitution can operate even inside apparently consensual
engagements; what the analysis refuses is the substitution itself, and the political
form recognition takes when it operates as substitution.

Nick Estes’s Our History Is the Future: Standing Rock versus the Dakota
Access Pipeline, and the Long Tradition of Indigenous Resistance (Verso, 2019)
provides the contemporary case study in which Coulthard’s analysis becomes
operationally legible. Standing Rock Sioux Tribe’s 2016-2017 resistance to the
Dakota Access Pipeline was conducted on terms that the colonial juridical
framework could not fully process. Legal arguments concerned environmental
review, treaty rights, and consultation processes, and the legal arguments
substantially failed in the federal courts. The actual resistance, the reason the
Standing Rock encampments mattered, was the relational political work that the
tribal community and its many allies performed at the camps and in the
surrounding communications: the assertion of a different relation to land, water,
and time than the pipeline’s developers were willing to recognize. Estes, a Lower
Brule Sioux Tribe historian, traces the Standing Rock resistance back through
more than 150 years of similar resistances at the same sites and along the same
waterways. The continuity is the relational continuity of a political tradition that
has survived dispossession by holding onto the relations that constituted it, even
when the legal and economic conditions for those relations have been
substantially destroyed. Calling the continuity nostalgia would misread what
survives in it.

The methodological commitment from the Introduction §5 governs how the
chapter has handled the Indigenous-knowledge cases throughout. The book’s
materialist standpoint, which refuses vitalism, holds Indigenous epistemologies
to the same standard of material-historical seriousness that the book’s other
knowledge traditions are held to, and that standard requires engaging
Indigenous epistemologies as the rigorous practices they are. Indigenous fire
ecology, Indigenous land management, Indigenous political philosophy,
Indigenous linguistic and ethnobotanical knowledge: each is a body of empirical
learning developed over millennia by specific peoples in specific places, with
predictions and interventions that produce measurable consequences when
applied. Engaging the traditions with the seriousness they deserve means
treating them as knowledge, holding them to the standards of evidence and
argument the chapter has applied to ecology, urban hydrology, and labor history.
The romantic framing in which Indigenous knowledge becomes an alternative to
Western science misreads what Indigenous knowledge holders themselves do,
because the holders do not generally treat their traditions that way. Such
framing is usually imposed by sympathetic outsiders, and is its own form of
disrespect. Chapter 9 examined contemporary integration projects (Etuaptmumk,
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the Center for Native Peoples and the Environment, the West Arnhem Land Fire
Abatement project, the Polynesian Voyaging Society) that show what
engagement on those terms can produce when the methodological and
institutional conditions are met; the present chapter examines what was severed
when the colonial project worked against engagement of that kind across the
long historical period the chapter has reconstructed.

What was severed when colonial policy worked its long destruction was a set
of relational fields that included land relations, kinship relations, linguistic
relations, political relations, and epistemological relations. Some of these have
been substantially destroyed and cannot be reconstituted in the form they once
held. Some are being reclaimed through the patient work of Indigenous scholars,
communities, and political movements, in conditions that vary across the
hundreds of distinct Indigenous nations whose situations cannot be aggregated
into a single story. The chapter’s contribution is to make the relational structure
of what was severed legible to the non-Indigenous reader who has worked
through the previous chapters. A reader who has acquired the perceptual
competence the book teaches has the apparatus to perceive the severance as a
structural fact that continues to operate in the present, beyond any framing of
past wrongdoing alone, with consequences that show up in every encounter
between Indigenous communities and the colonial institutions that surround
them.

8.

The six cases differ in their materials. They share a structural pattern. In each, a
relational field that previously existed was severed through identifiable historical
processes, with identifiable actors, at identifiable times. Objects that participated
in the field often persist after the relations are gone: dictionaries of dead
languages, museum specimens of extinct species, buildings that survived urban
renewal, tools of vanished trades, boundary survey markers of dispossessed
Indigenous lands. Objects are not the field. The field was the relations among
them, and once the relations are gone the objects are inert markers of what is no
longer there.

A competence the chapter has taught the reader to apply is the perceptual
capacity to see the severed field through its remaining markers. The competence
is the same one the previous chapters have built across different materials. A
reader who has worked through Chapter 2 on Morandi and Faraday knows how
to perceive a present field through its visible markers; the present chapter has
applied the same apparatus to absent fields. The apparatus reads in both
directions. A trained eye looks at a present arrangement of markers and
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perceives the field that constitutes them; that same trained eye looks at the
surviving traces of a destroyed arrangement and perceives the field that once
was. Retroactive seeing is harder than the present seeing, because the markers
are scattered, the documentary record is incomplete, and the temptation toward
romantic projection has to be refused at every step. Retroactive seeing is also
possible. The historical record exists. The competence makes the record legible.

What the chapter has not done is offer policy prescriptions or political
programs. The decisions that produced the severances were made by specific
actors in specific institutional and political contexts, and the decisions that might
reverse some of the severances or prevent further severances would be made by
other specific actors in other contexts. The chapter is not the appropriate site for
those discussions. What the chapter has done is provide the analytical apparatus
to understand what is at stake in those discussions, and the apparatus is the
same one the rest of the book provides for present and discoverable fields.
Severance is a measurable historical process, not a metaphor for something else.
The process has identifiable mechanisms, of which Chapter 1 named four:
neglect, institutional disinvestment, working conditions, and lineage severance.
Cases in the present chapter have instantiated these mechanisms in specific
historical materials. The boarding school system was deliberate institutional
severance of Indigenous-language transmission, conducted as funded coercive
policy across decades. Burying urban hydrology severed visible watershed
relations and replaced them with covert flows the city no longer read as streams;
the working-conditions mechanism operated to remove the human expertise that
had previously read urban watersheds. The redlined neighborhood demolitions
combined institutional disinvestment, the elimination of working conditions for
community life, and the severance of intergenerational lineages that had
operated in those neighborhoods for decades. Ecological collapse removes the
conditions under which species relations reproduce themselves, with the
working-conditions mechanism applied at planetary scale and the conditions for
the reproduction of ecosystems being eliminated faster than the ecosystems can
adapt. Craft-knowledge severance is lineage severance in its archetypal form.
The colonial suppression of Indigenous epistemologies combines all four
mechanisms operating simultaneously across centuries.

Connection from the present chapter to the rest of the book is direct. The
pairing chapters in Chapters 2 through 7 teach the reader to perceive present
fields. The found-field chapter (Chapter 8) teaches the reader to perceive fields
that have become legible through specific instruments. Chapter 9 teaches the
reader to perceive the methodological frontiers where fields might become
legible through future instruments. The present chapter teaches the reader to
perceive fields that are no longer there. Four kinds of perception are the same
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competence in different conditions of operation. A reader who has worked
through all of them has the apparatus to look at a contemporary arrangement of
materials, ask what relations constitute the field, ask whether the field is
sustaining itself or eroding, ask whether the conditions of its reproduction are
present or being withdrawn, and ask what the consequences of its severance
would be if the erosion proceeded. The questions belong to ordinary practical
reasoning. Any thoughtful person needs to ask them about the systems on which
they and the people they care about depend, and the consequences of asking
them poorly or not at all reach well past the seminar room.

The book’s moral stakes live in this gap between perceiving what is and
perceiving what is being lost. Pairing chapters give the reader the apparatus to
do the first kind of perceiving. The present chapter gives the reader the
apparatus to do the second. The conclusion that follows applies both to the case
of the Hudson estuary, where the reader will have the opportunity to use the
apparatus on a single integrated case that combines present, found,
undiscovered, and severed elements in one watershed. By the time the reader
reaches the estuary, the apparatus should be available without further
instruction. That is what the book has been for.
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Conclusion: The Discipline of the
Between

1.

The book has examined relational seeing as a trainable competence that operates
across an enormous range of disciplinary materials. Six pairing chapters
demonstrated the competence in still-life painting and electromagnetic field
theory, in plant phyllotaxis and Renaissance counterpoint, in microbial
holobionts and Anni Albers’s woven textiles, in classical architectural poché and
mathematical topology, in mycorrhizal networks and conversation analysis, in
Peirce’s three-cornered semiotics and ASL classifier predicates. A found-field
chapter examined the same competence operating in cases of historical recovery
(the Antikythera Mechanism, Linear B, the Hubble Deep Field, the contested
Sappho papyri). The undiscovered chapter articulated the prospective dimension
of the competence in contemporary domains where recognition is partial or
emerging. The severed-field chapter examined the contemporary cultural and
political conditions that have placed the conditions for the competence under
pressure. Across the chapters, the same underlying perceptual capacity
operates: a capacity to attend to relations among elements as the constitutive
features of structure rather than to elements considered separately, with the
relations being what the trained perception actually perceives and the structure
being what the relations together produce.

The book’s argument has been that the relational-seeing competence is real,
substantial, trainable, portable across domains, and consequential for intellectual
and cultural work that takes the relational composition of its materials seriously.
This competence operates as a perceptual and analytical capacity that develops
through sustained engagement with structured materials and produces specific
recognitions that untrained engagement does not produce. It has a long history
within multiple disciplinary traditions and a continuing operation in present
scholarship. The competence’s future operation depends on the institutional and
disciplinary conditions that the present generation is responsible for sustaining.
The book’s argument has consequently been simultaneously analytical (what the
competence is and how it operates) and prescriptive (what conditions need to
obtain for its continuing operation), with the analytical and prescriptive
dimensions being two sides of the same engagement with the materials.
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This chapter brings the book to its close with a synthesis of the argument
and an articulation of what the discipline of the between requires from
contemporary intellectual practice. Its title names the substantive contribution:
the relational-seeing competence is a discipline that operates in the between,
with the between designating the relational space among elements that the
competence perceives as the proper object of attention. This discipline is a
continuing intellectual practice rather than a completed achievement, and the
chapter articulates what the practice requires for its sustained operation. The
chapter closes with a Hudson estuary case that draws together the temporal
dimensions the book has examined and grounds the synthesis in a concrete,
observable, locally-accessible relational system.

2.

The discipline of the between operates at the level of relations rather than at the
level of elements. Conventional disciplinary perception attends to elements and
considers their properties: the painter examines the still-life objects and their
pigments, the physicist examines particles and their forces, the biologist
examines organisms and their organs, the architect examines rooms and their
dimensions, the linguist examines words and their meanings. The discipline of
the between attends to the relations among the elements and considers the
relations as constitutive of the structures the elements together produce: the
painter reveals the field of light among the bottles and the wall, the physicist
reveals the electromagnetic field structure that the particles and forces together
compose, the biologist reveals the symbiotic and ecological networks that
organisms together constitute, the architect reveals the poché composition that
the rooms and walls together produce, the linguist reveals the
sequence-organizational structures that turns and utterances together establish.
The relations are not properties of the elements that pre-existed the relations;
the relations are constitutive features of structures that the elements only
together produce, and the elements as analytical objects are themselves
constituted by the relations they enter into with each other.

A consequence of the relational orientation is that the discipline of the
between does not operate by adding a layer of relational analysis on top of an
already-completed elemental analysis; it reorganizes the analysis from the
relational level outward. The trained relational perception sees the relational
structure as the primary object and perceives the elements as constitutive
components of the structure. A casual viewer of a Morandi still life sees
individual bottles and considers their colors and shapes; a trained relational
viewer sees the field of light and shadow and air among the objects and perceives
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the bottles as constitutive elements of the field. Someone walking through a
forest sees individual trees and considers their species and sizes; a trained
ecologist sees the underground mycorrhizal network and perceives the trees as
the aboveground portions of an integrated organism-network composite. A casual
visitor to a Borromini church sees a sequence of rooms and considers their
decoration; a trained architectural observer sees the wall thickness and
perceives the rooms as the negative volumes the surrounding poché composition
produces. The trained perception in each case reorganizes the visual and
analytical attention around the relational level, and the elements are perceived
as elements of relations rather than as separate things that happen to stand near
each other.

A second consequence of the relational orientation is that the discipline of
the between is intrinsically integrative across what conventional disciplinary
organization treats as separate domains. The pairing chapters of the book
demonstrated the integration explicitly: the same relational pattern that operates
in still-life painting also operates in field-theoretic physics; the same pattern that
operates in plant phyllotaxis also operates in Renaissance counterpoint. These
integrations function as demonstrations that the same underlying relational
structure can operate across substantially different substrates, with the
substrates varying while the relational structure remains the constant feature,
rather than as analogies or metaphors. The discipline of the between
consequently does not respect the conventional disciplinary boundaries that
organize twentieth-century academic life; it operates across the boundaries
through the recognition of the structural commonalities the boundaries have not
historically encouraged the recognition of. The disciplinary integration that the
discipline of the between produces is one of its most consequential contributions
to contemporary intellectual practice.

3.

A relational-seeing competence is a continuing intellectual practice rather than a
fixed achievement. This book has emphasized the point at multiple stages, but
the conclusion can articulate it directly. The competence develops within
disciplinary traditions across long historical periods, with the development being
cumulative and dependent on the institutional conditions that support the work.
Operation in the present occurs through the engagement of trained observers
with structured materials, with the engagement being a continuing activity
rather than a one-time recognition. The competence’s future operation depends
on the conditions that are sustained or allowed to deteriorate across the coming
decades, with the conditions including the disciplinary traditions, the
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institutional arrangements, the methodological tools, and the cultural and
political contexts that the prior chapters have examined.

A critical aspect of the competence as a continuing practice is that it
requires sustained attention to specific materials. The general competence is
portable across domains, but the specific recognitions occur only through
extended engagement with particular materials in particular disciplinary
contexts. A relational-seeing competence detached from any specific materials is
empty; what produces the actual recognitions is the sustained engagement of
trained perception with the materials of a specific case. The book’s pairing
chapters demonstrated this point implicitly through their detailed engagement
with Morandi’s specific paintings, Faraday’s specific experimental notebooks,
Bonnet’s and Douady-Couder’s specific phyllotactic studies, Palestrina’s specific
contrapuntal practice, the holobiont biology of specific microbiomes, Albers’s
specific weavings, Borromini’s specific churches, the topology of specific
surfaces, Simard’s specific Douglas-fir-and-birch field experiments, the
Sacks-Schegloff-Jefferson tradition specifically, Peirce’s specific semiotic
writings, and the specific morphology of ASL classifier predicates. The discipline
of the between operates through specifics, and the general competence the book
has been articulating is the underlying capacity that the specifics demonstrate
rather than a substitute for the specifics themselves.

A second critical aspect of the competence as a continuing practice is that it
requires sustained training. Pairing chapters and the found-field chapter
examined cases in which the trained perception developed across the
disciplinary traditions of multiple generations. Such training is not quickly
acquired and is not transmissible through brief exposition; it requires the years
of engagement with specific materials and disciplinary frameworks that the
formation of trained perception has historically required. The contemporary
cultural and political moment, as the severed-field chapter examined, has placed
pressure on the institutional arrangements that have historically supported the
long-term training that the competence requires. Such pressure is consequential
because the competence cannot be sustained without the training, and the
training cannot be sustained without the institutional support, and the
institutional support cannot be sustained without the cultural and political
commitment that the contemporary moment has been weakening. The continuity
of the practice across generations is a substantial intellectual achievement that
present arrangements either support or undermine.
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What the discipline of the between requires from contemporary intellectual
practice can be specified at multiple levels. At the level of individual practice, the
discipline requires sustained engagement with specific materials, the cultivation
of relational perception through that engagement, the willingness to follow
relational structures across the conventional disciplinary boundaries that the
materials sometimes cross, and the patience to develop trained perception across
the years that the development requires. The individual practitioner of the
discipline is a scholar, an artist, a craftsperson, or any other observer who has
acquired the relational sensitivity that the materials require, through the kind of
sustained engagement with structured materials that the prior chapters have
examined.

At the level of institutional arrangements, the discipline requires academic
and cultural infrastructure that supports the long-term training and sustained
engagement that individual practice requires. The arrangements include funded
academic positions for researchers in disciplinary traditions that produce trained
perception, peer-review and publication infrastructure that sustains the
disciplinary literatures, conservation and access policies for cultural-heritage
materials, library and archive systems that maintain the documentary record
across generations, museums and other public institutions that make materials
available for engagement, and the broader cultural and educational
arrangements that support the formation of new practitioners across the
generational transitions. The institutional dimension is the necessary condition
for the discipline’s sustained operation, with the present cultural and political
moment having placed substantial pressure on several of these arrangements,
rather than an optional or peripheral concern.

At the level of cultural and political commitment, the discipline requires the
broader recognition that the relational-seeing competence is a substantial
intellectual capacity that has produced and continues to produce achievements
that contribute to human understanding of the world and of human practice
within it. Such recognition is not automatic; it requires articulate advocacy
across the cultural and political contexts that determine what kinds of
intellectual work receive support and what kinds are allowed to deteriorate. The
book’s argument has been one form of such advocacy, but the argument requires
continuing development across the coming decades through the work of
subsequent practitioners, advocates, and institutional leaders. This discipline
cannot defend itself; it requires defenders who articulate its contributions and
who work within the institutional and cultural contexts that determine its
conditions of operation.
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The Hudson estuary draws together what the book has argued. The river runs
from its headwaters in the Adirondack Mountains south through the Hudson
Valley to the harbor at New York City and the open Atlantic, with the lower 153
miles from the Federal Dam at Troy to the harbor mouth being a tidal estuary in
which the Atlantic’s twice-daily tides reach inland and produce the daily
oscillation of the river’s flow named in related Mohican and Munsee Lenape
designations long before the European arrival, preserved across published
sources in spellings such as Muhheacannituck, Mahicannituck, Muhheakantuck,
and other variants, with glosses including “the river that flows both ways” and
“the waters that are never still.” Both glosses name the same observable
phenomenon: the daily oscillation of the river’s flow under the influence of
Atlantic tides. A salt front, the boundary at which the saltwater reaching
upstream from the Atlantic meets the freshwater flowing downstream from the
watershed, moves seasonally through the estuary, typically retreating to the New
York Harbor area during the high spring freshet and advancing as far north as
Newburgh and beyond during the late-summer low-flow periods. The brackish
mixing zone in which freshwater and saltwater progressively combine extends
across substantial reaches of the lower river and supports a distinctive estuarine
ecology that includes anadromous fish species (the Atlantic sturgeon, the
American shad, the striped bass, the alewife, the blueback herring) that move
between the ocean and the river across their life cycles, sediment-dwelling
invertebrate communities, marsh and submerged-aquatic-vegetation systems
along the shores, and the microbial communities that constitute the estuary’s
biogeochemical infrastructure.

Salt-front seasonal movement is monitored continuously by the United States
Geological Survey through gages at Piermont, West Point, and below
Poughkeepsie, with the 100-milligrams-per-liter chloride concentration defined
for monitoring purposes as the salt-front boundary. The boundary typically sits
below Hastings-on-Hudson during the spring freshet and pushes northward to
New Hamburg or Newburgh Bay across the summer low-flow period; during
severe droughts the boundary has reached Poughkeepsie, which uses the Hudson
as a drinking-water source and whose intakes consequently depend on the
regulated freshwater releases that the Hudson River-Black River Regulating
District provides during dry periods. Brackish mixing zones in the Hudson
Highlands and Haverstraw Bay support a distinct estuarine ecology that includes
nursery habitat for juvenile Atlantic sturgeon (Acipenser oxyrhynchus), federally
listed as endangered, and the federally endangered shortnose sturgeon
(Acipenser brevirostrum), which use the deep channels of the Highlands as
migrational corridors and post-spawn summering areas. The deepest section of
the river, known as World’s End, sits between the United States Military
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Academy at West Point and Constitution Island and reaches 202 feet below the
water surface; the depth reflects the glacial scour of the Pleistocene ice sheet,
which excavated this fjord-like, glacially deepened tidal trough approximately
16,000 years before the present, producing one of the few estuaries on the U.S.
Atlantic coast with substantial fjord characteristics in addition to its
drowned-river-valley structure.

The Hudson Highlands themselves are a Precambrian geological exposure
approximately 1.3 to 1.0 billion years old, with the bedrock consisting
predominantly of quartzofeldspathic gneisses, amphibolites, and the Storm King
Granite (a metamorphosed granitic gneiss in the Hudson Highlands suite) that
crops out at Bear Mountain and at Storm King Mountain on the river’'s west
bank. These rocks formed during the Grenville Orogeny, the Mesoproterozoic
mountain-building event that assembled the supercontinent Rodinia, and they
have been subsequently exposed across hundreds of millions of years of erosion
that has reduced the orogenic belt to its present low-relief surface. Glacial scour
during the Pleistocene deepened the river’s structural-weakness corridor
through the Precambrian basement below sea level, producing the deep gorge
through which the river runs at the Highlands and the dramatic visual character
that the Hudson River School painters and the contemporary visual culture have
continued to engage. The geological character of the Highlands is consequently
the substrate for the distinctive estuarine ecology and for the visual character of
the landscape that nineteenth-century American painting established as a
defining national subject.

The casual observer of the Hudson sees a river. A trained observer of the
Hudson sees the estuarine system: the tidal cycles, the salt-front position, the
brackish mixing zone, the anadromous fish populations, the shore vegetation, the
sediment dynamics, the human infrastructure (the bridges, the harbors, the
freight and passenger traffic, the urban water and waste systems), and the
relations among them that constitute the river as the integrated
biogeophysical-and-cultural system that it is. The trained observer’s perception is
the relational-seeing competence operating on the materials immediately at
hand, with the materials being a specific tidal estuary that runs past the city the
present chapter is being written in and that has been the subject of substantial
scholarly engagement across multiple disciplinary traditions over the past
several centuries.

The Mohican and Munsee Lenape historical presence on the river extends
across at least the past several thousand years and continues into the present
through the Stockbridge-Munsee Community of Mohican Indians, the federally
recognized successor nation that resulted from the seventeenth- and
eighteenth-century displacement of the Mohican from the upper Hudson Valley
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first into Stockbridge, Massachusetts in the 1730s and subsequently into
Wisconsin in the 1820s and 1830s. Lower Hudson territory was Lenape
(specifically Munsee Lenape); the upper river, from approximately Kingston to
Lake Champlain, was Mohican territory, with the Wappinger occupying the east
bank between Manhattan and Poughkeepsie. Names the river has carried in the
two related Algonquian languages (variously Muhheacannituck, Mahicannituck,
and other spellings, in Mohican and in Munsee Lenape, conventionally glossed
across published sources as either “the waters that are never still” or “the river
that flows both ways,” with the language attributions and the glosses crossing
between sources) encode the tidal character that the contemporary scientific
characterization has subsequently described in different vocabulary. Both the
Indigenous designations and the contemporary scientific characterization
describe the same observable phenomenon (the daily reversal of the river’s flow
under the influence of Atlantic tides) through different traditions of trained
perception. Recognition of the river as the relational system that the present
chapter has been describing is consequently the cumulative product of several
knowledge traditions whose engagement with the materials has overlapped
across the long historical period of human presence in the watershed.

The Hudson has been the subject of multiple generations of trained
perception. The Hudson River School painters of the 1820s-1870s (Thomas Cole,
Frederic Edwin Church, Asher B. Durand, and others) developed an American
landscape painting tradition that engaged the river and its surrounding
mountains as a relational composition of light, water, geology, and biota, with the
paintings establishing visual conventions for the perception of the American
landscape that have continued to influence visual culture into the present. John
Burroughs, the Hudson Valley naturalist who built Riverby on the river at West
Park in 1873-1874 and the writing retreat Slabsides in the woods nearby in 1895,
lived and wrote in the West Park area until his death in 1921, with summers also
spent at Woodchuck Lodge in Roxbury in the Catskills; he developed a
nature-essay tradition that engaged the river’s biological communities and
seasonal cycles with the close observational attention that subsequent American
nature writing has continued to develop. Robert Boyle, the journalist whose 1969
book The Hudson River: A Natural and Unnatural History and whose work with
the Hudson River Fishermen’s Association (which he founded in 1966 and which
was renamed Riverkeeper in 1986) launched the modern Hudson environmental
movement, engaged the river as a relational system whose pollution and
degradation required the integrated political, legal, scientific, and cultural
advocacy that the contemporary environmental movement has continued to
develop. Gene Likens and the researchers of the Cary Institute of Ecosystem
Studies (originally named the Institute of Ecosystem Studies and founded in 1983
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in Millbrook, New York), whose long-term research programs have included
three decades of work on the Hudson, have engaged the river as an estuarine
ecosystem whose biogeochemical cycles, biological communities, and
human-natural interactions require the integrated scientific and policy work that
contemporary ecosystem ecology has developed. The Cary program began in
1986 with Hudson River Foundation funding, with Nina Caraco, Jonathan Cole,
Stuart Findlay, and Michael Pace establishing the lower-food-web baseline and
David Strayer joining in 1990 to characterize the sediment-dwelling animal
communities; the unanticipated arrival of zebra mussels (Dreissena polymorpha)
in May 1991 turned the program into the longest-running pre- and post-invasion
study of any major freshwater system, with the resulting publications (notably
Strayer, Caraco, Cole, Findlay, and Pace, BioScience, 1999) establishing the
analytical framework through which the contemporary scientific community
engages biological invasions in estuarine systems.

This estuary is also a relational system under pressure. The PCB
contamination of the upper river from the General Electric plants at Hudson Falls
and Fort Edward (which discharged the contaminants from 1947 to 1977 before
federal regulation prohibited the practice) has been the subject of decades of
environmental remediation, with the EPA-supervised Superfund dredging
conducted in phases from 2009 to 2015 and the post-dredging monitoring and
natural-attenuation phase continuing into the present, with the contamination’s
effects on river biota persisting at levels that the EPA’s Five-Year Reviews have
continued to track. Climate change has been raising sea levels along the New
York coast and warming the river’s water, with consequences for the salt-front
position, the anadromous fish populations, and the shore communities.
Development and stormwater pollution have degraded water quality at multiple
locations along the river and in the harbor. The contemporary Hudson estuary is
consequently a relational system whose continued health depends on the
institutional, scientific, and political work that the prior generations of trained
perception have established and that the present generation is responsible for
sustaining.

The Hudson exemplifies, at the geographical scale of a particular tidal
estuary, what the book has been arguing across all of its substantive chapters. An
estuary is a relational system whose recognition as such requires trained
perception. Such trained perception has developed across multiple generations
of artists, naturalists, scientists, and advocates whose engagement with the river
has been cumulative across the historical periods in which they worked.
Institutional arrangements that have supported the trained perception (the
museums and galleries that preserve the Hudson River School paintings, the
academic programs that train estuarine ecologists, the research institutions that
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conduct long-term ecosystem monitoring, the environmental organizations that
translate the scientific work into policy advocacy) have been the necessary
conditions for the trained perception’s sustained operation. The pressure on the
river that the contemporary cultural, political, and ecological context has
produced is also pressure on the institutional arrangements, and the river’s
continuing health depends on the broader cultural and political commitments
that the prior chapters have examined. This estuary is consequently the book’s
argument in concrete form: a relational system whose recognition, conservation,
and continued health depend on the discipline of the between operating in the
specific materials at hand.

6.

The discipline of the between is a continuing intellectual practice that the
present generation inherits from its predecessors and that it is responsible for
transmitting to its successors. This book has examined the practice in its
operation across an enormous range of materials, in its historical-recovery
dimension, in its prospective-discovery dimension, and in its present-conditions
dimension. The book’s argument has been that the practice is real, substantial,
and consequential for human understanding of the relational composition of the
world. Just as crucially, the practice is fragile, dependent on institutional and
cultural conditions that are not automatically sustained, and at risk of attrition
under the contemporary pressures that the severed-field chapter examined.

The discipline of the between requires defenders. This book has been one
form of defense; the work of subsequent practitioners, advocates, and
institutional leaders will be other forms. The discipline cannot survive without
the defenders, and the defenders cannot operate effectively without the
institutional arrangements that the discipline requires. Sustaining the practice
across the coming generations is a consequential cultural and political project,
and the book’s contribution to the project has been to articulate what the
practice is, how it operates, and what conditions it requires.

The Hudson runs past the window. The tide is coming in, the salt-front is
somewhere downstream tonight, and the striped bass and the sturgeon are
moving in the brackish water below the surface. A great blue heron stands on the
shore at low tide; an Atlantic sturgeon, perhaps several decades old, swims in
deeper water at the bottom of the channel; the microbial communities at the
sediment-water interface continue their nitrogen and carbon transformations;
the shore vegetation responds to the changing water level and salinity; the city
above the river continues its ordinary commerce. A river is what it has always
been: a relational system that the trained perception perceives as such and that
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the casual perception sees as a stretch of water on its way to the harbor. The
discipline of the between is what allows the trained perception to develop across
the generations and to engage with the river as a relational composition rather
than a backdrop. This book has been one engagement with that discipline, in
service of its continuing operation, with attention to what the practice has
produced and to what it will require for its sustained operation across the coming
decades.

The river continues. The estuary outlasts every individual perceiver, and the
discipline is what allows the next perceiver to begin.
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A Note on Sources and Influences

The book’s engagement with the disciplinary materials it examines depends on
substantial scholarly traditions whose practitioners have produced the work the
book builds on. This note recognizes the principal sources and traditions whose
engagement made the book possible.

The relational-morphology framework that organizes the book’s biological
chapters depends on the tradition that runs from D’Arcy Wentworth Thompson’s
On Growth and Form (1917, expanded 1942) through subsequent developments
in mathematical biology, evolutionary developmental biology, and systems
biology. A phyllotaxis chapter engages the work of Stéphane Douady and Yves
Couder on the physical-mechanical basis of phyllotactic patterning, with their
Physical Review Letters paper of 1992 and Journal of Theoretical Biology papers
of 1996 being the principal sources. The microbiome chapter engages the
contemporary holobiont research program, with the foundational paper by Scott
Gilbert, Jan Sapp, and Alfred Tauber in the Quarterly Review of Biology in 2012
being the central theoretical contribution. A mycorrhizal-networks chapter
engages the long research tradition that culminates in the contemporary work by
Suzanne Simard and her collaborators, with the 1997 Nature paper by Simard
and colleagues being the central empirical contribution and the contemporary
debate including the substantial critique by Justine Karst, Melanie Jones, and
Jason Hoeksema in Nature Ecology & Evolution in 2023.

The physics chapters engage the field-theoretic tradition that runs from
Faraday’s Experimental Researches in Electricity (1839 to 1855) through
Maxwell’s A Treatise on Electricity and Magnetism (1873) to the contemporary
developments. Higgs mechanism and contemporary particle physics references
engage the substantial textbook and primary-literature traditions of the field. The
mathematical-topology chapter engages the tradition that runs from Listing’s
Vorstudien zur Topologie (1847) and Mobius’s mid-1860s papers on polyhedral
topology through Poincaré’s Analysis Situs (1895) to the contemporary
developments.

The aesthetic and craft chapters engage the substantial scholarly traditions
in their respective domains. A Morandi chapter engages the major Morandi
scholarship of the past several decades, with the catalogue raisonné and the
major museum publications being the principal sources. An Anni Albers chapter
engages Albers’s own writings (On Designing, 1959, and On Weaving, 1965)
along with the contemporary scholarship by Brenda Danilowitz, T’ai Smith, and
others, with the Josef and Anni Albers Foundation’s research and exhibition
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programs being a substantial resource. An architectural poché chapter engages
the tradition that runs from Julien Guadet’s Eléments et théorie de I’architecture
(1901-1904) through Auguste Choisy’s Histoire de I’architecture (1899) to the
contemporary work of Colin Rowe and others. The counterpoint chapter engages
the substantial counterpoint pedagogical tradition that runs from Fux’s Gradus
ad Parnassum (1725) through Jeppesen’s twentieth-century work to the
contemporary scholarship.

The semiotic and linguistic chapters engage the Peirce scholarship (with the
Collected Papers and the Charles S. Peirce Society’s publications being the
principal sources), the conversation analysis tradition that runs from Sacks,
Schegloff, and Jefferson’s foundational Language paper of 1974 through the
substantial contemporary literature, and the ASL linguistics tradition that
includes the work of William Stokoe, Scott Liddell, and many subsequent
scholars. The book’s engagement with ASL classifier predicates depends
substantially on the practitioner-knowledge that Janna Sweenie has contributed
across the project’s development.

The found-field chapter engages the Antikythera Mechanism Research
Project and its substantial publications (with the 2006 Nature paper by Tony
Freeth and colleagues being the central recent contribution and Derek de Solla
Price’s 1974 monograph being the foundational mid-twentieth-century work), the
substantial Linear B scholarship that follows Michael Ventris’'s 1953
decipherment, the Hubble Deep Field literature including the work of Robert
Williams and the Space Telescope Science Institute, and the contemporary
papyrological scholarship including the substantial critical work on the Sappho
case by Roberta Mazza, Brent Nongbri, and others. An undiscovered chapter
engages the contemporary microbiome and connectome research literatures, the
Vera C. Rubin Observatory and Legacy Survey of Space and Time documentation,
and the substantial scholarly traditions of Indigenous knowledge integration that
include the work of Robin Wall Kimmerer, Kim TallBear, Glen Sean Coulthard,
Nick Estes, and many others. The severed-field chapter engages the historical
scholarship on the federal Indian boarding school system, the buried-stream and
urban-watershed literature for Manhattan and the Bronx, the urban-renewal and
redlining scholarship including Robert Caro’s work on Robert Moses, the IPBES
biodiversity assessment, the labor-process scholarship that follows Harry
Braverman and Richard Sennett on craft deskilling, and the broader literature on
the colonial suppression of Indigenous epistemologies.

In the conclusion, the Hudson estuary closing case engages the substantial
scholarly traditions on the river that include Robert Boyle’s The Hudson River: A
Natural and Unnatural History (1969), the research programs of the Cary
Institute of Ecosystem Studies and Lamont-Doherty Earth Observatory, the
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historical scholarship on Hudson Valley cultural history, and the Indigenous and
post-colonial scholarship on the Mohican and Munsee Lenape relationships to the
river and the Mahicannittuk and Muhheakantuck designations.

The book’s broader philosophical framework depends on the
radical-empiricism tradition that runs from William James’s Essays in Radical
Empiricism (1912) through subsequent developments, the process-philosophy
tradition associated with Alfred North Whitehead, the phenomenological
tradition associated with Maurice Merleau-Ponty, and the substantial
twentieth-century philosophy-of-science literature on relational structures. The
book’s particular contributions add to these traditions rather than departing
from them, with the principal added contribution being the systematic
demonstration that the relational-seeing competence operates as a single
underlying capacity across the substantial range of materials the book examines.
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Glossary

The book uses technical vocabulary from multiple disciplines, and no single reader is
likely to be familiar with all of the terms. The glossary defines the principal
technical terms with brief explanations adequate for readers from outside the
relevant disciplines. Readers who want fuller treatment of any term should
consult the relevant chapter and the bibliography.

Adjacency pair. In conversation analysis, a sequence of two turns by different
speakers in which the first turn projects a relevant second turn
(question-answer, greeting-greeting, invitation-acceptance or refusal). Adjacency
pairs are one of the fundamental sequential structures of conversation. See
Chapter 6.

Anadromous. Of fish species that spend part of their life cycle in salt water and
migrate to freshwater rivers to spawn. Atlantic sturgeon, American shad, striped
bass, alewife, and blueback herring are anadromous species in the Hudson
estuary. See Conclusion.

Antikythera Mechanism. A second-century BCE Greek geared
astronomical-computational device recovered from a shipwreck off the Greek
island of Antikythera in 1900-1901. The mechanism is the earliest known geared
computational device and was substantially characterized through the work of
Derek de Solla Price (1959-1974) and the Antikythera Mechanism Research
Project (2005 onward). See Chapter 8.

Brackish. Of water that has salinity intermediate between freshwater and seawater,
typically in the range from 0.5 to 30 parts per thousand. Brackish water is the
characteristic water of the mixing zones of estuaries. See Conclusion.

Classifier predicate. In American Sign Language and other signed languages, a
complex spatial-grammatical construction in which the handshape (the classifier)
refers to a class of referents and the movement and location of the handshape
predicate something about that referent. Classifier predicates are central to ASL
grammar and demonstrate that relational-spatial structure can be a primary
linguistic substrate. See Chapter 7.

Connectome. A comprehensive map of the neural connections within a brain or part
of a brain. The first complete connectome was that of Caenorhabditis elegans
(302 neurons in the hermaphrodite nervous system), mapped by John White,
Eileen Southgate, J. N. Thomson, and Sydney Brenner at the Cambridge MRC
Laboratory of Molecular Biology and published in 1986. Contemporary
connectome projects work on Drosophila, mouse, and human brain regions. See
Chapter 9.
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Conversation analysis. The empirical study of the sequential and structural
organization of naturally occurring talk-in-interaction, founded by Harvey Sacks,
Emanuel Schegloff, and Gail Jefferson in the 1960s and 1970s. The foundational
paper is Sacks, Schegloff, and Jefferson, “A Simplest Systematics for the
Organization of Turn-Taking for Conversation,” Language 50 (1974). See
Chapter 6.

Counterpoint. The compositional technique of combining two or more independent
melodic lines to produce a coherent musical texture. The species-counterpoint
pedagogical tradition that runs from Fux’s Gradus ad Parnassum (1725) through
Jeppesen’s twentieth-century work establishes counterpoint as the systematic
study of relational structures among melodic voices. See Chapter 3.

Diagram of forces. D’Arcy Thompson’s term for the form of an object considered as
the resolved expression of the forces that produced and maintain it. The phrase
appears in his On Growth and Form (1917) and is central to relational
morphology. See Chapter 1 and the epigraphs.

Estuary. A semi-enclosed coastal body of water in which freshwater from the
watershed mixes with saltwater from the ocean. The Hudson estuary stretches
153 miles from the Federal Dam at Troy to New York Harbor. See Conclusion.

Field (physical). In contemporary physics, a quantity defined at every point of space
and time, with the field being the primary physical reality and particles being
excitations of the field. Faraday’s lines of force and Maxwell’s equations
established the field-theoretic tradition that contemporary physics inherits. See
Chapter 2.

Field theory. The branch of physics that treats the physical world in terms of fields
rather than particles or substances. Classical field theory begins with Faraday
and Maxwell; quantum field theory is the contemporary framework for particle
physics. See Chapter 2.

Holobiont. A multicellular organism considered together with its associated
microbial communities as an integrated biological composite. The contemporary
holobiont concept derives from the work of Scott Gilbert, Jan Sapp, and Alfred
Tauber and others, with the foundational paper appearing in the Quarterly
Review of Biology in 2012. The term itself was first introduced by Adolf
Meyer-Abich in his 1943 theoretical biology and entered the modern
symbiogenetic literature through Lynn Margulis around 1990 to 1991. See
Chapter 4.

Iconicity. In semiotics, the relation between a sign and its referent in which the sign
resembles the referent in some respect. Charles Sanders Peirce distinguished
iconic, indexical, and symbolic relations as three of the principal sign relations.
See Chapter 7.
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Indexicality. In semiotics, the relation between a sign and its referent in which the
sign points to or is connected with the referent through physical or temporal
proximity. Pointing gestures, photographs, and ASL spatial grammar all involve
indexical relations. See Chapter 7.

Linear B. The Late Bronze Age script used to write Mycenaean Greek, deciphered
by Michael Ventris and John Chadwick in 1952-1953. The decipherment
established that Mycenaean Greek was the earliest attested form of the Greek
language. See Chapter 8.

Lines of force. Faraday’s term for the geometric structure of a field, with the lines
representing the direction and density of the field at each point. The concept is
central to the relational-seeing argument the book develops in its physics
chapters. See Chapter 2.

Indigenous names for the Hudson River. The Hudson River carries Indigenous
designations from two related but separate Algonquian languages of the Hudson
Valley: Mohican (also spelled Mahican) and Munsee Lenape. Spellings and
translations vary across Mohican, Munsee, and English-language sources, and
the cross-attribution between language and gloss is itself part of the published
record. The Stockbridge-Munsee Community’s own materials describe the
Mohican namesake Muh-he-con-neok as “people of the waters that are never
still” (the people-name) and Muhheacannituck (also spelled Mahicannituck,
Mahicannittuk, and other variants) as the river name, sometimes glossed “the
river that flows both ways” and sometimes “the waters that are never still”; the
New York State Department of Environmental Conservation uses
Muhheacannituck as a Munsee designation glossed “the waters that are never
still” or “the river that flows two ways.” Both glosses describe the same
observable phenomenon: the daily oscillation of the river’s flow under the
influence of the Atlantic tides that reach inland to Troy. Mohican territory
historically covered the upper Hudson Valley from approximately Kingston
northward; Munsee Lenape territory covered the lower Hudson and the area
around present-day New York City. The contemporary Stockbridge-Munsee
Community of Mohican Indians, federally recognized and seated in Wisconsin
since the nineteenth-century displacement, is the successor nation of the
Mohican people. See Conclusion.

Mobius strip. A topological surface with only one side and one edge, discovered
independently by Johann Listing in July 1858 and August Mobius in September
1858. The Mobius strip is the canonical example of a non-orientable surface. See
Chapter 5.

Mycorrhiza. A symbiotic association between a fungus and the roots of a plant.
Mycorrhizal associations are nearly universal in vascular plants and can produce
belowground networks that connect plants in some forest contexts and can
mediate material transfer under demonstrated conditions. The term was coined
by Albert Bernhard Frank in 1885. See Chapter 6.
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Phyllotaxis. The arrangement of leaves, scales, or other repeated structures around
a plant stem or growing point. Phyllotactic patterns frequently exhibit
Fibonacci-related spiral structures, with the patterns being the consequence of
the physical-mechanical dynamics of organ initiation at the shoot apical
meristem. See Chapter 3.

Poché. In classical and Beaux-Arts architectural drawing, the solid wall mass
between rooms, conventionally rendered in solid black or hatching. The poché is
the architectural element that constitutes the relations between rooms and is the
central concern of the Beaux-Arts compositional tradition. See Chapter 5.

Relational seeing. The book’s term for the trained capacity to attend to the
relations among elements as the constitutive features of structure rather than to
elements considered separately. The competence is partly portable across
disciplinary domains, requires sustained training to develop, and is the central
concern of the book.

Salt front. The boundary in an estuary at which the saltwater reaching upstream
from the ocean meets the freshwater flowing downstream from the watershed.
The salt-front position varies seasonally with the freshwater flow, with the front
retreating downstream during the spring freshet and advancing upstream during
late-summer low-flow periods. See Conclusion.

Sappho papyri. Fragmentary papyri preserving previously unknown poems and
partial lines of the Archaic Greek poet Sappho, with the contested fragments
published by Dirk Obbink in 2014 in Zeitschrift fiir Papyrologie und Epigraphik.
The provenance of the contested fragments has been the principal subject of
substantial scholarly debate following investigations by Roberta Mazza, Brent
Nongbri, and others; the textual authenticity of the fragments as Sappho poetry
has not been substantially questioned in the published scholarship. See Chapter
8.

Symbiogenesis. The evolutionary origin of new species, organelles, or other
biological entities through the symbiotic combination of previously separate
organisms. The concept derives from the work of Konstantin Mereschkowsky in
the early twentieth century and was developed substantially by Lynn Margulis
(writing as Lynn Sagan) in 1967 and subsequently. See Chapter 4.

Topology. The branch of mathematics concerned with properties of geometric
objects that are preserved under continuous deformations (stretching, bending,
twisting, but not cutting or gluing). The field developed from the work of Euler,
Listing, Mobius, Riemann, and Poincaré in the eighteenth and nineteenth
centuries. See Chapter 5.

Triadic relation. In Charles Sanders Peirce’s semiotics, a relation involving three
terms that cannot be decomposed without loss into combinations of two-term
relations. Peirce argued that the sign relation is irreducibly triadic, involving the
sign, its object, and the interpretant. See Chapter 7.
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Twelve-tone composition. A method of musical composition developed by Arnold
Schoenberg in the early 1920s, in which the twelve pitches of the chromatic
scale are organized into a row that is then used as the basis for the composition.
The method is one of the major twentieth-century developments in compositional
technique and engages relational structure as the substance of musical meaning.
Twelve-tone composition is not a focal case study in the present book; its primary
engagement appears in the companion volume The Scientific Aesthetic. The
musical case study of RelationShaping is Renaissance counterpoint, particularly
Palestrina and the species-counterpoint pedagogy of Fux and Jeppesen; see
Chapter 3 for that engagement, and see Introduction §3 for the relationship
between the two volumes.
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Bibliography

A Note on the Sources

The bibliography below is organized by chapter, with full citations and brief
annotations specifying what each source contributes to the chapter in which it is
referenced. The organization by chapter is designed to support readers who wish
to pursue a specific case study further rather than to read the bibliography as a
unified scholarly apparatus.

Two rules have governed source selection across the project. The first is that primary
scholarship is preferred wherever available. Where a primary scholarly source
exists for a claim, the bibliography cites that source rather than a secondary
popularization, even when the popularization is more accessible. The second is
that accessible synthesis is acceptable where it reliably reports primary work
and where the popular-press version is what most contemporary readers will
actually encounter; in those cases the bibliography cites both, with the primary
source named first. The two-tier approach is what protects the book from the
common failure mode of relational-turn writing, where popular metaphors (the
“wood-wide web,” the “second brain,” the “intelligent forest”) are treated as
established science when the primary literature contains substantial
qualifications.

Wikipedia is not cited as a source. Wikipedia entries can be useful for orientation
during research but are not appropriate scholarly references for a book of this
kind. Where a Wikipedia entry would normally be the easiest reference, the
bibliography substitutes the underlying scholarly source the Wikipedia entry
itself relies on.

Introduction: The Always-Already Field

Bandera, M. C., and R. Miracco, eds. Morandi 1894-1964. Bologna: Museo d’Arte
Moderna di Bologna; Milan: Skira, 2008. The standard primary-source
compilation of Morandi’s letters, recorded interviews, and approved English
translations. Used in the Introduction for the documented Morandi quotations on
the work, especially “What matters is to touch the background, the essence of
things.” Distinguishes verified Morandi utterance from the popular paraphrase
about painting relationships.

Williams, L. Pearce. Michael Faraday: A Biography. New York: Basic Books;
London: Chapman & Hall, 1965. (US and UK editions published the same year by
different houses; both editions cited interchangeably in the secondary
scholarship.) The standard scholarly biography of Faraday, drawing extensively
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on the laboratory notebooks Faraday kept across his Royal Institution career.
Used in the Introduction for the development of the field concept across the
1820s, 1830s, and 1840s and for the 1851/1852 Experimental Researches in
Electricity twenty-eighth-series statement that the lines of magnetic force are
the actual subject of magnetic investigation.

Faraday, Michael. Experimental Researches in Electricity, 3 vols. London: Richard
and John Edward Taylor (vols. I, IT); Richard Taylor and William Francis (vol. III),
1839, 1844, 1855. The collected experimental papers Faraday published over
thirty-six years. Primary source for the field-concept statements the Introduction
cites and quotes.

ATLAS Collaboration. “Observation of a new particle in the search for the Standard
Model Higgs boson with the ATLAS detector at the LHC.” Physics Letters B 716,
no. 1 (2012): 1-29. Submitted 31 July 2012; arXiv:1207.7214. The primary
publication of the Higgs boson observation at ATLAS. Used in the Introduction
for the realist-commitment case that the Higgs field operated for billions of years
before the 2012 confirmation.

CMS Collaboration. “Observation of a new boson at a mass of 125 GeV with the
CMS experiment at the LHC.” Physics Letters B 716, no. 1 (2012): 30-61. The
companion publication of the Higgs boson observation at CMS. Same use as the
ATLAS paper.

Freeth, Tony, et al. “Decoding the ancient Greek astronomical calculator known as
the Antikythera Mechanism.” Nature 444, no. 7119 (2006): 587-591. The primary
publication that established the gear-train structure and astronomical
computational function of the Antikythera mechanism. Used in the Introduction
for the operation-precedes-legibility argument.

Freeth, Tony, et al. “A Model of the Cosmos in the Ancient Greek Antikythera
Mechanism.” Scientific Reports 11 (2021): article 5821. The 2021 update
presenting a complete reconstruction of the mechanism’s planetary
computations. Used in the Introduction in conjunction with the 2006 paper.

Krause, Johannes, Qiaomei Fu, Jeffrey M. Good, Bence Viola, Michael V.
Shunkov, Anatoli P. Derevianko, and Svante Paabo. “The complete
mitochondrial DNA genome of an unknown hominin from southern Siberia.”
Nature 464, no. 7290 (8 April 2010): 894-897. DOI: 10.1038/nature08976. The
first published recognition of Denisovans as a previously unknown archaic
human population, on the basis of mitochondrial DNA. Used in the Introduction
alongside the Reich et al. December 2010 nuclear-genome paper for the
realist-commitment case.

Reich, David, et al. “Genetic history of an archaic hominin group from Denisova
Cave in Siberia.” Nature 468, no. 7327 (2010): 1053-1060. The nuclear-genome
paper that fully characterized Denisovans and demonstrated admixture with
living human populations. Used in the Introduction for the realist-commitment
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case that the DNA was Denisovan continuously across the long interval before
sequencing.

Simard, Suzanne W., D. A. Perry, M. D. Jones, D. D. Myrold, D. M. Durall, and
R. Molina. “Net transfer of carbon between ectomycorrhizal tree species in the
field.” Nature 388, no. 6642 (1997): 579-582. DOI: 10.1038/41557. The primary
publication that demonstrated bidirectional carbon transfer between Douglas fir
(Pseudotsuga menziesii) and paper birch (Betula papyrifera) through shared
ectomycorrhizal mycelia under field conditions. Used in the Introduction for the
materialism-commitment case that the carbon transfer mechanism is ordinary
biology rather than forest consciousness or wood-wide-web metaphor.

Chapter 1: Relational Seeing as Trainable Competence

Williams, L. Pearce. Michael Faraday: A Biography. New York: Basic Books, 1965.
The biographical anchor for Section 3 of Chapter 1. Williams traces the
development of Faraday’s perceptual competence with iron filings and magnets
through the laboratory notebook record across the 1822-1852 period.

Faraday, Michael. Experimental Researches in Electricity, 3 vols. London: Richard
and John Edward Taylor (vols. I, IT); Richard Taylor and William Francis (vol. III),
1839, 1844, 1855. Primary source for the twenty-eighth series of 1852, “On the
Lines of Magnetic Force,” in which Faraday gives the canonical statement that
lines of force are the actual subject of magnetic investigation. The eleventh
series of 1838, on electrostatic induction in dielectrics, is the earlier published
articulation of the field idea applied to electric phenomena. Volume III (1855)
gathers the magnetic-line-of-force series.

Abramowicz, Janet. Giorgio Morandi: The Art of Silence. New Haven: Yale
University Press, 2004. The standard scholarly biography of Morandi, drawing
on archival material and personal interviews with surviving family members and
associates. Used in Section 4 of Chapter 1 for the working method, the studio at
Via Fondazza 36, the bottles, and the trajectory of competence development
across forty years.

Wilkin, Karen. Giorgio Morandi. New York: Rizzoli, 1998 (revised edition 2007).
And selected catalog essays for the Center for Italian Modern Art, the Estorick
Collection in London, and other Morandi exhibitions across the 1990s and 2000s.
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(1955-1964) and for the documentation of Morandi’s working procedures.

Meyerowitz, Joel. Morandi’s Objects. Bologna: Damiani, 2016. Photographic survey
of the contents of Morandi’s preserved studio, conducted in spring 2015 in
collaboration with the Casa Morandi museum. Confirms the marked tabletop and
the bottle inventory. Used in Section 4 of Chapter 1 as documentary
confirmation of working-method details.
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Norman, Geoffrey, Meredith Young, and Lee Brooks. “Non-analytical models of
clinical reasoning: the role of experience.” Medical Education 41, no. 12 (2007):
1140-1145. DOI: 10.1111/j.1365-2923.2007.02914.x. The summary statement of
Norman’s research program at McMaster on experiential pattern recognition in
expert medical diagnosis. Used in Section 5 of Chapter 1 as the canonical
reference for the perceptual-competence reading of radiologic expertise.

Sacks, Harvey. Lectures on Conversation, 2 vols. Edited by Gail Jefferson, with
introductions by Emanuel A. Schegloff. Oxford: Blackwell, 1992. The collected
lecture transcripts from Sacks’s UCLA seminars in the 1960s and early 1970s,
edited posthumously by Jefferson. Used in Section 6 of Chapter 1 for the
development of conversation analysis as a discipline.

Sacks, Harvey, Emanuel A. Schegloff, and Gail Jefferson. “A Simplest
Systematics for the Organization of Turn-Taking for Conversation.” Language 50,
no. 4 (1974): 696-735. The canonical paper of conversation analysis, establishing
the turn-taking infrastructure of conversation as a structural object of analysis.
Used in Section 6 of Chapter 1 as evidence of accumulated competence in the
program.

Jefferson, Gail. “Glossary of transcript symbols with an introduction.” In
Conversation Analysis: Studies from the First Generation, edited by Gene H.
Lerner, 13-31. Amsterdam: John Benjamins, 2004. The most authoritative
published statement of the Jefferson Transcription System. Used in Section 6 of
Chapter 1 for the methodological apparatus.

Wertheimer, Max. “Untersuchungen zur Lehre von der Gestalt II.” Psychologische
Forschung 4 (1923): 301-350. The canonical articulation of the Gestalt grouping
laws (proximity, similarity, closure, continuity, common fate). Used in Section 2
of Chapter 1 as the reference for distinguishing relational seeing from Gestalt
perception. The earlier 1912 paper, “Experimentelle Studien tiber das Sehen von
Bewegung” (Zeitschrift fiir Psychologie 61, 1912: 161-265), introduced the
phi-phenomenon and the foundational empirical work on which the 1923
articulation rests.

Dreyfus, Stuart E., and Hubert L. Dreyfus. “A Five-Stage Model of the Mental
Activities Involved in Directed Skill Acquisition.” Operations Research Center,
University of California, Berkeley, ORC 80-2 (February 1980). And: Mind Over
Machine: The Power of Human Intuition and Expertise in the Era of the
Computer. New York: Free Press, 1986. The two foundational statements of the
Dreyfus brothers’ five-stage model of skill acquisition, in which novice
rule-following progresses across stages toward expert judgment that operates
without conscious recourse to rules. Used in Section 8 of Chapter 1 alongside
Norman’s medical-education research and Ericsson’s deliberate-practice work.

Ericsson, K. Anders, Ralf Th. Krampe, and Clemens Tesch-Romer. “The Role of
Deliberate Practice in the Acquisition of Expert Performance.” Psychological
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Review 100, no. 3 (1993): 363-406. The canonical empirical statement of the
deliberate-practice account of expert performance, drawing on the violin-student
studies at the Berlin Academy of Music. Used in Section 8 of Chapter 1 for the
acquisition-architecture argument, with attention to the subsequent
replication-and-revision literature that has partly weakened the strongest
individual-differences claim.

Macnamara, Brooke N., and Megha Maitra. “The role of deliberate practice in
expert performance: revisiting Ericsson, Krampe, & Tesch-Romer (1993).” Royal
Society Open Science 6, no. 8 (2019): 190327. The principal contemporary
replication study of the Ericsson 1993 paper, finding that deliberate practice
accounts for a smaller proportion of variance in expert performance than
Ericsson and colleagues had originally claimed. Used in Section 8 of Chapter 1 to
qualify the strongest version of the deliberate-practice claim.

Goldstone, Robert L. “Perceptual Learning.” Annual Review of Psychology 49
(1998): 585-612. The canonical review of the perceptual-learning research
literature, with attention to within-domain and across-domain transfer of trained
perception. Used in Section 9 of Chapter 1 for the within-substrate transfer
evidence in the unity-of-competence argument.

Morris, Frances, and Tiffany Bell, eds. Agnes Martin. London: Tate Publishing,
2015. The catalog of the Tate Modern retrospective (3 June-11 October 2015),
comprising approximately one hundred works across Martin’s full career. The
standard scholarly publication for Martin’s painted record, working method, and
biographical trajectory. Used in Section 7 of Chapter 1 for the four-decade
trained-perception case.

Heezen, Bruce C., Marie Tharp, and Maurice Ewing. The Floors of the Oceans:
I. The North Atlantic. Geological Society of America Special Paper 65. New York:
Geological Society of America, 1959. The published scholarly statement of the
Mid-Atlantic Ridge rift-valley discovery, drawn from Tharp’s hand-drafted
physiographic profiles and Heezen’s sonar data. Used in Section 7 of Chapter 1
as the documentary record of Tharp’s perceptual achievement.

Gibson, James J., and Eleanor J. Gibson. “Perceptual Learning: Differentiation or
Enrichment?” Psychological Review 62, no. 1 (1955): 32-41. The Gibsons’
canonical statement of the differentiation-through-prolonged-exposure account
of perceptual learning, against the contemporary alternative that perceptual
learning is the enrichment of inert sensory data with associated meanings. Used
in Section 7 of Chapter 1 as the cognitive-scientific scaffold for the
trainable-perception argument.

Gibson, Eleanor J. Principles of Perceptual Learning and Development. New York:
Appleton-Century-Crofts, 1969. The integrated empirical and theoretical
statement of Gibson’s perceptual-learning research program, covering letter
recognition, word recognition, phonemic discrimination, and the
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differentiation-through-attention mechanism that underlies the
trained-perception cases the chapter examines. Used in Section 7 of Chapter 1
as the empirical anchor for the perceptual-learning framework.

Chapter 2: The Light Between Things in Morandi and
Faraday

The bulk of Chapter 2’s source floor overlaps with Chapter 1’s Faraday and Morandi
material above. Additional sources specific to Chapter 2:

Maxwell, James Clerk. A Treatise on Electricity and Magnetism, 2 vols. Oxford:
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convergence of physical-mechanical and developmental-molecular accounts of
phyllotaxis.

252
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contrapuntal style. Used in Chapter 3 §5 alongside Coates and Jeppesen.
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including “The Performance of Palestrina: Some Further Observations,” Early
Music 24, no. 1 (1996): 144-154, and Institutional Patronage in Post-Tridentine
Rome: Music at Santissima Trinita dei Pellegrini, 1550-1650. London: Royal
Musical Association Monographs, 1995. Used in Chapter 3 §5 for the
archival-research-based reconstruction of Palestrina’s career within the Roman
musical institutions.

Owens, Jessie Ann. Composers at Work: The Craft of Musical Composition,
1450-1600. New York: Oxford University Press, 1997. The standard scholarly
study of Renaissance compositional method drawn from the surviving
manuscript working papers. Used in Chapter 3 §5 alongside O’Regan for the
reconstruction of late-Renaissance compositional practice.

Chapter 4: The Holobiont and the Loom in Microbiome
and Anni Albers

Gilbert, Scott F., Jan Sapp, and Alfred I. Tauber. “A Symbiotic View of Life: We
Have Never Been Individuals.” Quarterly Review of Biology 87, no. 4 (December
2012): 325-341. DOI: 10.1086/668166. The canonical articulation of the
holobiont concept, arguing that the multicellular eukaryote plus its symbiotic
microorganisms constitutes the appropriate unit of biological individuality for
contemporary biology. Used in Chapter 4 as the primary scholarly anchor for the
microbiome-as-relational-field argument.

Margulis, Lynn, and René Fester, eds. Symbiosis as a Source of Evolutionary
Innovation: Speciation and Morphogenesis. Cambridge, MA: MIT Press, 1991.
The earlier symbiosis literature on which Gilbert, Sapp, and Tauber build. Used
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in Chapter 4 for the deep history of symbiosis in evolutionary thought, with
Margulis as the lineage’s principal twentieth-century architect.

Yong, Ed. I Contain Multitudes: The Microbes Within Us and a Grander View of Life.
New York: Ecco / HarperCollins, 2016. Accessible synthesis of the microbiome
literature. Used in Chapter 4 as the popular-press tier reference where readers
may have first encountered the holobiont framing, alongside the primary
scholarly anchor in Gilbert, Sapp, and Tauber.

Human Microbiome Project Consortium. “Structure, function and diversity of the
healthy human microbiome.” Nature 486, no. 7402 (2012): 207-214. The primary
publication of the first phase of the Human Microbiome Project. Used in Chapter
4 for the empirical baseline of microbiome composition in healthy humans.

Albers, Anni. On Weaving. Middletown, CT: Wesleyan University Press, 1965. New
expanded edition: Princeton: Princeton University Press in association with The
Josef and Anni Albers Foundation, 2017, with an afterword by Nicholas Fox
Weber and contributions by Manuel Cirauqui and T’ai Smith. The primary text by
Albers on weaving as a structural and aesthetic practice. Used in Chapter 4 for
the relational architecture of warp and weft, the refusal of the figure-ground
hierarchy, and the patient-looking discipline that Albers’s textile work shares
with Morandi’s painting.

Smith, T’ai. Bauhaus Weaving Theory: From Feminine Craft to Mode of Design.
Minneapolis: University of Minnesota Press, 2014. The standard scholarly study
of Bauhaus weaving as theoretical practice. Used in Chapter 4 for the
philosophical seriousness of textile design as relational thinking.

Fer, Briony. Selected essays on Anni Albers. Most centrally: “Eva Hesse
Studiowork” and the catalog essays in Anni Albers (Tate Modern), edited by Ann
Coxon, Briony Fer, and Maria Miuller-Schareck. London: Tate Publishing, 2018.
Used in Chapter 4 for art-critical readings of Albers’s late pictorial weavings and
the structural significance of the small-format works.

Sender, Ron, Shai Fuchs, and Ron Milo. “Revised Estimates for the Number of
Human and Bacteria Cells in the Body.” PLOS Biology 14, no. 8 (August 2016):
€1002533. DOI: 10.1371/journal.pbio.1002533. The careful revised estimate of
the human-to-microbial cell ratio that places the count at approximately parity
(roughly 38 trillion bacterial cells against approximately 30 trillion human cells
in a 70-kilogram reference adult). Used in Chapter 4 to anchor the holobiont
material with the rigorous figure that has displaced the older 10-to-1 ratio claim.

Danilowitz, Brenda. The Prints of Josef Albers: A Catalogue Raisonné, 1915-1976.
New York: Hudson Hills Press, 2001. Standard catalog of Josef Albers’s prints by
the senior curator at the Josef and Anni Albers Foundation. Selected essays on
Anni Albers’s textile work and pedagogical materials by Danilowitz are used in
Chapter 4 for documentation of working methods, exhibition history, and the
relationship between Anni and Josef Albers’s complementary practices.
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Coxon, Ann, Briony Fer, and Maria Miller-Schareck, eds. Anni Albers. London:
Tate Publishing, 2018. The catalog of the Tate Modern retrospective (October
2018-January 2019, traveling to K20 Kunstsammlung Nordrhein-Westfalen,
Disseldorf), comprising woven works, designs, prints, and archival material from
the Josef and Anni Albers Foundation. The standard contemporary scholarly
publication on Albers’s career. Used in Chapter 4 §5 alongside the Foundation
scholarship.

Moran, Nancy A., and David B. Sloan. “The Hologenome Concept: Helpful or
Hollow?” PLOS Biology 13, no. 12 (December 2015): €e1002311. DOI:
10.1371/journal.pbio.1002311. The principal critical assessment of the
hologenome concept on evolutionary-genetic grounds, arguing that most
microbial partners are acquired anew in each host generation rather than
transmitted vertically through the host germline, and that the strong claims
about the hologenome as a unit of selection do not survive scrutiny. Used in
Chapter 4 §3 as one of the two principal critical voices that the chapter takes
seriously and that calibrates the descriptive-claim version of the holobiont
argument.

Douglas, Angela E., and John H. Werren. “Holes in the Hologenome: Why
Host-Microbe Symbioses Are Not Holobionts.” mBio 7, no. 2 (April 2016):
€02099-15. DOI: 10.1128/mBi0.02099-15. The companion critical paper to
Moran-Sloan 2015, demonstrating that many of the host-microbe relationships
used as paradigm cases for the holobiont framework are facultative rather than
obligate, and that the mathematical and empirical structure of the relationships
does not match the strong claims that some advocates have made. Used in
Chapter 4 §3 alongside Moran-Sloan as the empirical-theoretical caution that the
chapter integrates into its descriptive claim.

Meyer-Abich, Adolf. Beitrdge zur Theorie der Evolution der Organismen, I: Das
typologische Grundgesetz und seine Folgerungen fiir Phylogenie und
Entwicklungsphysiologie. Acta Biotheoretica 7, Supplement (Leiden: E. J. Brill),
1943. The earliest twentieth-century introduction of the term “holobiont” in the
context of theoretical biology and symbiogenesis. Used in Chapter 4 §4 as the
etymological-historical anchor of the holobiont vocabulary’s twentieth-century
trajectory.

Stolzl, Gunta. Gunta St6lzl: Bauhaus Master. Edited by Monika Stadler and Yael
Aloni. New York: Museum of Modern Art, 2009. The catalog of the MoMA
retrospective on Stolzl’s Bauhaus weaving workshop leadership and subsequent
textile career. Used in Chapter 4 §6 for the pedagogical formation of Albers’s
textile understanding within the Bauhaus weaving workshop under Stolzl’s
directorship from 1925 to 1931.

Troy, Virginia Gardner. Anni Albers and Ancient American Textiles: From Bauhaus
to Black Mountain. Aldershot: Ashgate, 2002. The standard scholarly study of
Albers’s engagement with pre-Columbian Andean textile traditions, situating
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that engagement within the broader twentieth-century European-American
interest in non-Western textile heritage. Used in Chapter 4 §7 for the
documentation of Albers’s pre-Columbian textile collection and her published
writing on Andean weaving.

Stone, Rebecca. Art of the Andes: From Chavin to Inca. World of Art Series.
London: Thames & Hudson, 1995 (3rd edition 2012). The standard scholarly
introduction to Andean art and textile traditions, including the Paracas, Nazca,
Wari, and Inca textile cultures that informed Albers’s twentieth-century
engagement. Used in Chapter 4 §7 alongside Troy for the Andean textile context.

Frame, Mary. “The Visual Images of Fabric Structures in Ancient Peruvian Art.” In
The Junius B. Bird Conference on Andean Textiles, edited by Ann Pollard Rowe,
47-80. Washington, DC: The Textile Museum, 1986. The principal scholarly
source on Paracas textile structure and its iconographic vocabulary. Used in
Chapter 4 §7 as the technical anchor for the Paracas material that Albers
studied.

Chapter 5: The Wall as Designed Space in Topology and
Architectural Poché

Euler, Leonhard. “Solutio problematis ad geometriam situs pertinentis.”
Commentarii Academiae Scientiarum Imperialis Petropolitanae 8 (1736;
published 1741): 128-140. The founding paper of topology. Euler’s 1736 solution
of the Konigsberg bridges puzzle, abstracting the spatial particulars of the city
into the connectivity graph of landmasses and bridges. Used in Chapter 5 as the
historical anchor of the topological tradition.

Listing, Johann Benedict. Vorstudien zur Topologie. Gottingen: Vandenhoeck und
Ruprecht, 1847 (offprint from Goéttinger Studien, 1848). The monograph that
introduced the term “topology” into the mathematical vocabulary, extending
Euler’s connectivity analysis to a broader range of spatial structures. Used in
Chapter 5 for the terminological history of the field.

Mobius, August Ferdinand. “Theorie der elementaren Verwandtschaft.” Berichte
der Koniglich Sdchsischen Gesellschaft der Wissenschaften,
Mathematisch-Physische Klasse 15 (1863): 18-57. And: “Uber die Bestimmung
des Inhaltes eines Polyéders,” in the same journal, 1865. The papers in which
Mobius developed the topological treatment of polyhedra and articulated the
surface that bears his name. Used in Chapter 5 for the nineteenth-century
extension of topological thinking from Eulerian-graph problems to surface
theory.

Riemann, Bernhard. Grundlagen fiir eine allgemeine Theorie der Functionen einer
veranderlichen complexen Grosse. Doctoral dissertation, Gottingen, 1851. And:
“Theorie der Abel’schen Functionen.” Journal fiir die reine und angewandte
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Mathematik 54 (1857): 115-155. The foundational work introducing the Riemann
surface as a topological object with characteristic invariants (genus, Euler
characteristic). Used in Chapter 5 for the substantive nineteenth-century
development of topology as a mathematical theory of structural invariants.

Hausdorff, Felix. Grundziige der Mengenlehre. Leipzig: Veit and Company, 1914.
The foundational set-theoretic axiomatization of point-set topology, with the
seventh chapter introducing the neighborhood-space definition that subsequent
work refined into the modern open-set formulation. Used in Chapter 5 for the
early-twentieth-century axiomatic foundation of topology as an autonomous
mathematical field.

Kuratowski, Kazimierz. “Sur 1'opération A de 1’analysis situs.” Fundamenta
Mathematicae 3 (1922): 182-199. The closure-axiom approach that, together
with subsequent work by Kuratowski, Sierpinski, and others, produced the
modern open-set formulation of topological space. Used in Chapter 5 alongside
Hausdorff 1914 for the early-twentieth-century axiomatization of point-set
topology.

Poincaré, Henri. “Analysis Situs.” Journal de I’Ecole Polytechnique (2nd ser.) 1
(1895): 1-121. The founding paper of algebraic topology. Used in Chapter 5 for
the conceptual origin of the topology-as-relational-mathematics argument.

Stillwell, John. Geometry of Surfaces. New York: Springer-Verlag, 1992. Standard
graduate-level introduction to surface topology. Used in Chapter 5 for the
technical apparatus of connection-without-metric.

Venturi, Robert. Complexity and Contradiction in Architecture. New York: Museum
of Modern Art, 1966. The canonical architectural argument for poché as a
productive ambiguity in plan-drawing. Used in Chapter 5 as the architectural
anchor for the wall-as-designed-space reading.

Venturi, Robert, Denise Scott Brown, and Steven Izenour. Learning from Las
Vegas. Cambridge, MA: MIT Press, 1972. Revised edition: Learning from Las
Vegas: The Forgotten Symbolism of Architectural Form. Cambridge, MA: MIT
Press, 1977. The follow-up architectural argument extending the
relational-spatial reading from monumental to vernacular and commercial
architecture. Used in Chapter 5 alongside Complexity and Contradiction for the
broader architectural-theoretical context.

Palladio, Andrea. I Quattro Libri dell’Architettura. Venice: Domenico de’
Franceschi, 1570. The primary Renaissance architectural treatise. Used in
Chapter 5 for the historical depth of the relational reading of architectural space,
with specific attention to the Villa Rotonda plan as a case study.

Wittkower, Rudolf. Architectural Principles in the Age of Humanism. London: The
Warburg Institute, University of London, 1949 (revised editions through 1962).
The canonical scholarly study of Renaissance architectural proportion as a
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relational system. Used in Chapter 5 for the harmonic-proportion reading of
Palladio.

Ackerman, James S. Palladio. Harmondsworth: Penguin, 1966 (revised edition
1991). The standard accessible scholarly biography of Palladio. Used in Chapter
5 alongside Wittkower for the architectural materials.

Holl, Steven. Anchoring. New York: Princeton Architectural Press, 1989.
Contemporary architectural writing on phenomenological dimensions of
inhabited space. Used in Chapter 5 for the experiential vocabulary of how walls
are perceived rather than seen.

Blunt, Anthony. Borromini. Cambridge, MA: Belknap Press of Harvard University
Press, 1979. The standard monograph on Francesco Borromini in English,
drawing on Roman archival material and direct study of the buildings. Used in
Chapter 5 for the specific reading of San Carlo alle Quattro Fontane and the
broader architectural-historical argument about Borromini’s poché-intensive
practice.

Connors, Joseph. Borromini and the Roman Oratory: Style and Society. Cambridge,
MA: MIT Press, 1980. And selected articles in the Journal of the Society of
Architectural Historians and elsewhere. Used in Chapter 5 alongside Blunt for
the technical analysis of Borromini’s design process and the
institutional-historical context of seventeenth-century Roman architectural
practice.

Soane, Sir John. Lectures on Architecture, as Delivered to the Students of the Royal
Academy from 1809 to 1836. Edited by Arthur T. Bolton. London: Sir John
Soane’s Museum Publications, 1929. And: David Watkin, Sir John Soane:
Enlightenment Thought and the Royal Academy Lectures. Cambridge:
Cambridge University Press, 1996. Soane’s own architectural lectures and the
standard scholarly study of his theoretical writing. Used in Chapter 5 as the
primary anchor for the Soane House Museum at Lincoln’s Inn Fields and Soane’s
intensive poché practice.

Kahn, Louis. Louis Kahn: Conversations with Students. Edited by Dung Ngo. New
York: Princeton Architectural Press, 1998. And: Louis I. Kahn: Writings,
Lectures, Interviews. Edited by Alessandra Latour. New York: Rizzoli, 1991. The
principal collections of Kahn’s own architectural writing, including the “served
and servant spaces” doctrine that articulated a modern poché thinking. Used in
Chapter 5 for the twentieth-century continuation of poché composition in
conceptual rather than ornamental form.

Brownlee, David B., and David G. De Long. Louis I. Kahn: In the Realm of
Architecture. New York: Rizzoli, 1991. The standard scholarly monograph on
Kahn'’s career, prepared in conjunction with the major retrospective exhibition.
Used in Chapter 5 alongside Kahn’s own writings for the architectural-historical
reading of his major buildings.
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Guadet, Julien. Eléments et théorie de I’architecture: cours professé a I’Ecole
nationale et spéciale des Beaux-Arts. 4 vols. Paris: Librairie de la Construction
Moderne, 1901-1904. The canonical four-volume Beaux-Arts statement of
architectural elements and compositional principles, organized around the
systematic analysis of plan, section, elevation, and the elements of construction.
Used in Chapter 5 as the authoritative late-nineteenth-century articulation of the
poché tradition the chapter examines.

Choisy, Auguste. Histoire de I’architecture. 2 vols. Paris: Gauthier-Villars, 1899.
The foundational work establishing the parallel-projection plan-section-elevation
drawing convention as the standard for representing poché in architectural
drawings. Used in Chapter 5 for the representational tradition that supports the
chapter’s analysis of architectural drawing conventions.

Chapter 6: Hidden Infrastructure in Mycorrhizal
Networks and Conversation Analysis

Simard, Suzanne W., D. A. Perry, M. D. Jones, D. D. Myrold, D. M. Durall, and
R. Molina. “Net transfer of carbon between ectomycorrhizal tree species in the
field.” Nature 388, no. 6642 (1997): 579-582. The primary publication, also cited
in the Introduction. Used in Chapter 6 as the empirical anchor of the mycorrhizal
half of the pairing.

Simard, Suzanne W. Finding the Mother Tree: Discovering the Wisdom of the
Forest. New York: Alfred A. Knopf, 2021. Memoir-and-research synthesis
presenting Simard’s career arc, including the field-study development and the
“mother tree” framing of mycorrhizal networks. Used in Chapter 6 as the
popular-tier source where the work has reached general readers, with explicit
acknowledgment that the memoir’s framing is contested in the primary
literature.

Karst, Justine, Melanie D. Jones, and Jason D. Hoeksema. “Positive citation bias
and overinterpreted results lead to misinformation on common mycorrhizal
networks in forests.” Nature Ecology & Evolution 7, no. 4 (April 2023): 501-511.
DOI: 10.1038/s41559-023-01986-1. Published online 13 February 2023. Author
Correction: Nature Ecology & Evolution 7 (April 2023): 623. The most
consequential adversarial review of the mycorrhizal-network literature, finding
that the claims most prominent in popular discourse (mature trees preferentially
supporting offspring, widespread CMN function in forest health) are
insufficiently supported by primary evidence. Used in Chapter 6 as the
discipline-of-honest-sourcing anchor that prevents the chapter from
over-interpreting the carbon-transfer evidence.

Henriksson, Nils, John Marshall, Mona N. Hogberg, Peter Hogberg, Andrea
Polle, Oskar Franklin, and Torgny Nasholm. “Re-examining the evidence for
the mother tree hypothesis - resource sharing among trees via ectomycorrhizal
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networks.” New Phytologist 239, no. 1 (July 2023): 19-28. DOI:
10.1111/nph.18935. Published online 7 May 2023. A second adversarial
reassessment of the CMN literature, extending the Karst-Jones-Hoeksema
critique through a re-examination of the underlying carbon-transfer studies and
questioning the empirical support for the mother-tree narrative as it applies to
forest regeneration. Used in Chapter 6 alongside Karst-Jones-Hoeksema for the
critical-reassessment side of the scholarly debate.

Robinson, David G., Christian Ammer, Andrea Polle, Jiirgen Bauhus, Roni
Aloni, Peter Annighofer, et al. “Mother trees, altruistic fungi, and the perils of
plant personification.” Trends in Plant Science 29, no. 1 (January 2024): 20-31.
DOI: 10.1016/j.tplants.2023.08.010. A third critical voice in the post-Simard
mycorrhizal-network debate, addressing the rhetorical and evidential
weaknesses of the mother-tree framing. Used in Chapter 6 for the breadth of the
critical reassessment.

Klein, Tamir, Ido Rog, Stav Livne-Luzon, Marcel G. A. van der Heijden, and
Christian Korner. “Belowground carbon transfer across mycorrhizal networks
among trees: Facts, not fantasy.” Open Research Europe 3 (2023): 168. DOI:
10.12688/openreseurope.16594.1. Published 3 October 2023. The principal
scholarly response defending the CMN research program, contesting the
strength of the critical reading of transfer evidence and reviewing experimental
work that supports CMN-mediated carbon transfer between trees. Used in
Chapter 6 as the response side of the scholarly debate.

Simard, Suzanne W., Teresa (Sm’hayetsk) L. Ryan, and David A. Perry.
“Opinion: Response to questions about common mycorrhizal networks.”
Frontiers in Forests and Global Change 7:1512518 (2025). DOI:
10.3389/ffgc.2024.1512518. Published 21 January 2025; Frontiers volume
numbering uses 2024 for the volume in which this article appears. The
peer-reviewed response from Simard and collaborators to the
Karst-Jones-Hoeksema, Henriksson, and Robinson critiques, addressing the
principal contested points and defending the body of CMN research as
place-based and context-dependent rather than overgeneralized. Used in
Chapter 6 for the most recent scholarly response in the debate.

Frank, Albert Bernhard. “Ueber die auf Wurzelsymbiose beruhende Ernahrung
gewisser Baume durch unterirdische Pilze” (“On the nutrition of certain trees
through underground fungi based on root symbiosis”). Berichte der Deutschen
Botanischen Gesellschaft 3 (1885): 128-145. The original paper introducing the
term “mycorrhiza” into the biological vocabulary and proposing the symbiosis
between fungi and tree roots. Used in Chapter 6 §2 as the foundational reference
for the mycorrhizal research tradition.

Sacks, Harvey, Emanuel A. Schegloff, and Gail Jefferson. “A Simplest
Systematics for the Organization of Turn-Taking for Conversation.” Language 50,
no. 4 (1974): 696-735. Cited in Chapter 1 above; recurs as the canonical
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reference for the conversation-analysis half of the Chapter 6 pairing.

Schegloff, Emanuel A., Gail Jefferson, and Harvey Sacks. “The Preference for
Self-Correction in the Organization of Repair in Conversation.” Language 53, no.
2 (June 1977): 361-382. The canonical conversation-analytic paper on repair
organization, identifying the four-position structure (trouble source,
repair-initiation, repair, completion) and the preference for self-correction over
other-correction that conversation-analytic work has continued to develop across
the half-century since. Used in Chapter 6 §5 as the technical anchor for the
repair-organization material.

Schegloff, Emanuel A. Sequence Organization in Interaction: A Primer in
Conversation Analysis, vol. 1. Cambridge: Cambridge University Press, 2007.
The canonical contemporary statement of conversation-analytic methodology.
Used in Chapter 6 for the structural infrastructure of conversation as a hidden
field.

Heritage, John. Garfinkel and Ethnomethodology. Cambridge: Polity Press, 1984.
The standard scholarly account of the intellectual lineage from which
conversation analysis emerged. Used in Chapter 6 for the philosophical
grounding of the program.

Ten Have, Paul. Doing Conversation Analysis: A Practical Guide. London: Sage,
1999 (second edition 2007). The standard methods text. Used in Chapter 6 for
the practical apparatus of competence development in conversation analysis.

Chapter 7: Three-Cornered Sense in Peirce and ASL
Classifier Predicates

Peirce, Charles Sanders. Collected Papers of Charles Sanders Peirce, 8 vols.
Edited by Charles Hartshorne, Paul Weiss, and Arthur W. Burks. Cambridge, MA:
Harvard University Press, 1931-1958. The standard scholarly edition of Peirce’s
writings. Used in Chapter 7 for the triadic semiotic structure (sign, object,
interpretant) and the categorial framework (firstness, secondness, thirdness).

Peirce, Charles Sanders. The Essential Peirce: Selected Philosophical Writings, 2
vols. Edited by Nathan Houser, Christian Kloesel, and the Peirce Edition Project.
Bloomington: Indiana University Press, 1992 (vol. 1) and 1998 (vol. 2). The
accessible critical edition for the texts most often taught. Used in Chapter 7
alongside the Collected Papers.

Robin, Richard S. Annotated Catalogue of the Papers of Charles S. Peirce. Amherst:
University of Massachusetts Press, 1967. The standard early inventory of the
Peirce manuscript archive at Houghton Library, organizing approximately
80,000 pages of manuscript material into a systematic catalogue that has
supported subsequent scholarly work. Used in Chapter 7 for the page-count
framework that situates the Houghton archive’s current scope.
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Short, T. L. Peirce’s Theory of Signs. Cambridge: Cambridge University Press,
2007. The most rigorous contemporary scholarly account of Peirce’s semiotic
system. Used in Chapter 7 for the technical apparatus of triadic relational
structure.

Colapietro, Vincent M. Peirce’s Approach to the Self: A Semiotic Perspective on
Human Subjectivity. Albany: State University of New York Press, 1989. Used in
Chapter 7 for the philosophical anthropology that grounds the triadic semiotic in
human cognition.

Liddell, Scott K. Grammar, Gesture, and Meaning in American Sign Language.
Cambridge: Cambridge University Press, 2003. The canonical contemporary
analysis of ASL classifier predicates as spatial-grammatical structures. Used in
Chapter 7 as the technical anchor for the ASL half of the pairing.

Stokoe, William C. Sign Language Structure: An Outline of the Visual
Communication Systems of the American Deaf. Studies in Linguistics, Occasional
Papers 8. Buffalo: University of Buffalo, 1960. Revised edition: Silver Spring,
MD: Linstok Press, 1978. The foundational monograph establishing American
Sign Language as a complete natural language with its own internal grammatical
structure (handshape, location, movement as the phonological primes), against
the prior linguistic and educational consensus that signed languages were not
languages in the full sense. Used in Chapter 7 as the historical anchor for ASL’s
linguistic recognition, prior to Klima and Bellugi’s later empirical extension and
to the subsequent classifier-predicate scholarship.

Stokoe, William C., Dorothy Casterline, and Carl Croneberg. A Dictionary of
American Sign Language on Linguistic Principles. Washington, DC: Gallaudet
College Press, 1965. The first systematic linguistic dictionary of ASL, applying
Stokoe’s notational and analytical apparatus to a substantial vocabulary. Used in
Chapter 7 as the early lexicographical work that extended the linguistic
recognition of ASL.

Emmorey, Karen, ed. Perspectives on Classifier Constructions in Sign Languages.
Mahwah, NJ: Lawrence Erlbaum Associates, 2003. Edited volume bringing
together the major linguistic positions on classifier predicates. Used in Chapter 7
for the range of analytical approaches.

Supalla, Ted. “The Classifier System in American Sign Language.” In Noun Classes
and Categorization, edited by Colette Craig, 181-214. Amsterdam: John
Benjamins, 1986. The foundational linguistic analysis of ASL classifier
predicates. Used in Chapter 7 as the original scholarly statement.

Padden, Carol, and Tom Humphries. Inside Deaf Culture. Cambridge, MA:
Harvard University Press, 2005. The canonical scholarly account of Deaf cultural
identity from inside the community. Used in Chapter 7 for the cultural and
political grounding of the linguistic analysis.
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Sweenie, Janna, and David Boles. ASL Linguistics for Practitioners series.
Includes Arm Angles in American Sign Language, Depicting Space, and Beyond
the Hands. New York: David Boles Books, 2024-2025. Used in Chapter 7 as the
primary source for the spatial-grammar analysis the chapter develops, with
Sweenie credited as co-author of the chapter.

Brent, Joseph. Charles Sanders Peirce: A Life. Bloomington: Indiana University
Press, 1993. Revised edition: 1998. The standard biographical study of Peirce,
drawing on archival material at the Houghton Library at Harvard and on the
Peirce Edition Project archives. Used in Chapter 7 for the biographical and
intellectual context of Peirce’s mature semiotic theory.

Klima, Edward S., and Ursula Bellugi. The Signs of Language. Cambridge, MA:
Harvard University Press, 1979. The foundational empirical and theoretical
study establishing American Sign Language as a complete natural language with
its own grammar, drawing on the Salk Institute research program of the 1970s.
Used in Chapter 7 alongside Stokoe and the contemporary linguistic literature
for the foundational case for ASL’s linguistic status.

Baker-Shenk, Charlotte, and Dennis Cokely. American Sign Language: A
Teacher’s Resource Text on Grammar and Culture. Silver Spring, MD: T. J.
Publishers, 1980. New edition: Gallaudet University Press, 1991. The canonical
pedagogical and grammatical reference for ASL, widely used in
interpreter-training and ASL-as-second-language programs across the United
States. Used in Chapter 7 for the technical apparatus of ASL grammar that the
classifier-predicate analysis builds on.

Supalla, Ted. Structure and Acquisition of Verbs of Motion and Location in
American Sign Language. PhD dissertation, University of California, San Diego,
1982. The foundational systematic morphological analysis of ASL classifier
predicates as a productive grammatical system, providing the technical
framework that subsequent work has elaborated. Used in Chapter 7 as the
original scholarly source for the classifier-predicate analytical apparatus,
alongside the 1986 chapter in Noun Classes and Categorization.

Chapter 8: The Found Field

Freeth, Tony, et al. “Decoding the ancient Greek astronomical calculator known as
the Antikythera Mechanism.” Nature 444, no. 7119 (2006): 587-591. Cited in the
Introduction; recurs in Chapter 8 as the primary scholarly anchor for the
Antikythera case.

Freeth, Tony, et al. “A Model of the Cosmos in the Ancient Greek Antikythera
Mechanism.” Scientific Reports 11 (2021): article 5821. Cited in the
Introduction; recurs in Chapter 8.
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Schmidt, Klaus. Sie bauten die ersten Tempel: Das rdtselhafte Heiligtum der
Steinzeitjdger. Munich: C. H. Beck, 2006. English translation: Gobekli Tepe: A
Stone Age Sanctuary in South-Eastern Anatolia, ex oriente, 2012. The primary
scholarly publication on Gobekli Tepe by the lead excavator. Background source
on pre-agricultural monumental archaeology as a related instance of the
found-field pattern Chapter 8 develops through its four worked cases (the
Antikythera Mechanism, Linear B, the Hubble Deep Field, and the Sappho
papyri); not a primary citation in the chapter as written.

Banning, E. B. “So Fair a House: Gobekli Tepe and the Identification of Temples in
the Pre-Pottery Neolithic of the Near East.” Current Anthropology 52, no. 5
(October 2011): 619-660. DOI: 10.1086/661207. The principal critical response
to Schmidt’s interpretation of Gobekli Tepe as a religious-ceremonial complex,
arguing that the structures may have been domestic in function. Background
source on contested interpretation in archaeology, related to the
discipline-of-honest-sourcing concerns Chapter 8 develops through the
Sappho-papyri case; not a primary citation in the chapter as written.

Jones, Alexander. A Portable Cosmos: Revealing the Antikythera Mechanism,
Scientific Wonder of the Ancient World. Oxford: Oxford University Press, 2017.
The accessible scholarly synthesis of contemporary Antikythera Mechanism
research by a senior historian of ancient astronomy. Used in Chapter 8 alongside
the Freeth et al. primary publications for the contemporary scholarly
understanding of the device.

Trimmis, Konstantinos P. “The Forgotten Pioneer: Valerios Stais and his research
in Kythera, Antikythera and Thessaly.” Bulletin of the History of Archaeology 26,
no. 1 (2016): article 10. DOI: 10.5334/bha-558. The archival reconstruction of
Valerios Stais’s career, including the 20 May 1902 discovery of the Antikythera
mechanism gear by Spyridon Stais during his museum visit to check on the finds
processing, drawing on the contemporary newspapers Skrip and Estia of 22 May
1902 and on Fragou 2010. Used in Chapter 8 for the corrected attribution of the
initial gear identification.

Ventris, Michael, and John Chadwick. “Evidence for Greek Dialect in the
Mycenaean Archives.” Journal of Hellenic Studies 73 (1953): 84-103. The
foundational paper establishing that Linear B preserves an early form of Greek,
presenting Ventris’s decipherment to the international scholarly community.

Ventris, Michael, and John Chadwick. Documents in Mycenaean Greek.
Cambridge: Cambridge University Press, 1956. Second edition: 1973. The
comprehensive scholarly edition of the Linear B tablets with transliteration,
translation, and commentary, completed by Chadwick after Ventris’s death in
1956.

Chadwick, John. The Decipherment of Linear B. Cambridge: Cambridge University
Press, 1958. New edition: 1967. The accessible scholarly account of the
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decipherment by Ventris’s principal collaborator, addressing both the technical
and the historical dimensions of the achievement.

Chadwick, John. The Mycenaean World. Cambridge: Cambridge University Press,
1976. The synthesis of what the deciphered Linear B tablets reveal about
Mycenaean Greek civilization. Used in Chapter 8 for the historical-context
dimension of the Linear B case.

Williams, Robert E., Brett Blacker, Mark Dickinson, W. Van Dyke Dixon,
Henry C. Ferguson, Andrew S. Fruchter, Mauro Giavalisco, Ronald L.
Gilliland, Inge Heyer, Rocio Katsanis, Zoltan Levay, Ray A. Lucas,
Douglas B. McElroy, Larry Petro, Marc Postman, Hans-Martin Adorf, and
Richard N. Hook. “The Hubble Deep Field: Observations, Data Reduction, and
Galaxy Photometry.” Astronomical Journal 112, no. 4 (October 1996): 1335-1389.
DOI: 10.1086/118105. The primary scientific publication of the Hubble Deep
Field, presenting the field-selection rationale, the December 18-28, 1995 central
observation campaign with WFPC-2 across 150 orbits in four passbands (with
adjacent flanking-field exposures extending the campaign through December
30), the data-reduction procedures, and the source catalogue with photometric
parameters. Used in Chapter 8 §4 as the primary source for the HDF case in the
chapter’s argument.

Obbink, Dirk. “Two New Poems by Sappho.” Zeitschrift fiir Papyrologie und
Epigraphik 189 (2014): 32-49. The primary scholarly publication of the Brothers
Poem and Kypris Poem, with full Greek text, apparatus, paleographic analysis,
and commentary. Used in Chapter 8 as the primary source for the textual
identification at issue in the chapter’s principled distinction between perceptual
achievement and compromised institutional context.

Burris, Simon, Jeffrey Fish, and Dirk Obbink. “New Fragments of Book 1 of
Sappho.” Zeitschrift fiir Papyrologie und Epigraphik 189 (2014): 1-28. The
companion publication in the same volume, presenting additional Sappho
fragments from the same papyrus tradition. Used alongside Obbink 2014 for the
textual side of the chapter’s Sappho case.

Obbink, Dirk. “New Poems by Sappho.” Times Literary Supplement, 5 February
2014. The popular announcement that brought the recovery into general
circulation. Used in Chapter 8 as the announcement source that situates the case
within general scholarly and public reception. The provenance of the papyri
Obbink published has subsequently been the subject of serious scholarly
controversy, and the chapter addresses this directly.

Carson, Anne. If Not, Winter: Fragments of Sappho. New York: Alfred A. Knopf,
2002. The standard contemporary translation of the surviving Sappho corpus,
with facing Greek texts and translator’s notes. Used in Chapter 8 for the
experience of reading Sappho as a relational field constituted by both surviving
fragments and absences.
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ATLAS Collaboration and CMS Collaboration. Physics Letters B 716 (2012).
Cited in the Introduction for the realist-commitment case. The primary
publications of the Higgs boson confirmation; not separately engaged in Chapter
8, whose four worked cases are Antikythera, Linear B, the Hubble Deep Field,
and the Sappho papyri.

Carroll, Sean. The Particle at the End of the Universe: How the Hunt for the Higgs
Boson Leads Us to the Edge of a New World. New York: Dutton, 2012. Accessible
synthesis of the Higgs physics and the 2012 confirmation. Background source on
the Higgs case the Introduction uses for the realist-commitment argument; not a
primary citation in Chapter 8 as written.

Reich, David, et al. “Genetic history of an archaic hominin group from Denisova
Cave in Siberia.” Nature 468, no. 7327 (2010): 1053-1060. Cited in the
Introduction (sections 4 and 5) for the realist-commitment case on the Denisovan
finger bone. Not separately engaged in Chapter 8, whose worked cases are
Antikythera, Linear B, the Hubble Deep Field, and the Sappho papyri.

Reich, David. Who We Are and How We Got Here: Ancient DNA and the New
Science of the Human Past. New York: Pantheon, 2018. Accessible synthesis of
the ancient-DNA program by its principal architect. Background source on the
Denisovan and broader paleogenomic context that the Introduction uses for the
realist-commitment case; not a primary citation in Chapter 8.

Anderson, M. Kat. Tending the Wild: Native American Knowledge and the
Management of California’s Natural Resources. Berkeley: University of
California Press, 2005. The canonical scholarly study of California Indigenous
fire ecology and active land management. Background source on Indigenous fire
ecology related to the Indigenous-knowledge-integration cases Chapter 9
examines through Etuaptmumk, the Center for Native Peoples and the
Environment, the West Arnhem Land Fire Abatement project, and the Polynesian
Voyaging Society; not a primary citation in the chapter as written.

Lake, Frank K., Vita Wright, Penelope Morgan, Mary McFadzen, Dave
McWethy, and Camille Stevens-Rumann. “Returning Fire to the Land:
Celebrating Traditional Knowledge and Fire.” Journal of Forestry 115, no. 5
(September 2017): 343-353. The principal contemporary statement on
Indigenous fire stewardship by an Indigenous fire ecologist working with the
U.S. Forest Service. Background source on the integration of Indigenous fire
knowledge with academic ecology, related to the
Indigenous-knowledge-integration cases Chapter 9 develops; not a primary
citation in the chapter as written.

Kimmerer, Robin Wall. Braiding Sweetgrass: Indigenous Wisdom, Scientific
Knowledge and the Teachings of Plants. Minneapolis: Milkweed Editions, 2013.
Used in Chapter 9 in connection with the Center for Native Peoples and the
Environment at SUNY ESF and the broader Indigenous-knowledge-integration
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discussion, with attention to the methodological care described in the
Introduction §5.

Chapter 9: The Undiscovered

White, John G., Eileen Southgate, J. N. Thomson, and Sydney Brenner. “The
structure of the nervous system of the nematode Caenorhabditis elegans.”
Philosophical Transactions of the Royal Society B: Biological Sciences 314, no.
1165 (12 November 1986): 1-340. The foundational complete-connectome paper,
mapping the 302 neurons of the C. elegans hermaphrodite nervous system at
synaptic resolution from electron-microscopy reconstructions assembled across
two decades at the Cambridge MRC Laboratory of Molecular Biology. Used in
Chapter 9 §3 as the foundational case for the connectome research program.

Cook, Steven ]J., Travis A. Jarrell, Christopher A. Brittin, Yi Wang, Adam E.
Bloniarz, Maksim A. Yakovlev, Ken C. Q. Nguyen, Leo T.-H. Tang, Emily
A. Bayer, Janet S. Duerr, Hannes E. Biilow, Oliver Hobert, David H. Hall,
and Scott W. Emmons. “Whole-animal connectomes of both Caenorhabditis
elegans sexes.” Nature 571, no. 7763 (4 July 2019): 63-71. DOI:
10.1038/s41586-019-1352-7. The first complete connectomes of both C. elegans
sexes, extending the 1986 hermaphrodite map and adding the 385-neuron male
connectome. Used in Chapter 9 §3 as the contemporary milestone in the C.
elegans connectome program.

Scheffer, Louis K., C. Shan Xu, Michal Januszewski, et al. (Janelia FlyEM
Project Team and collaborators). “A connectome and analysis of the adult
Drosophila central brain.” eLife 9 (7 September 2020): e57443. DOI:
10.7554/eLife.57443. The hemibrain dataset characterizing approximately
25,000 neurons in roughly half of the Drosophila central brain at synaptic
resolution, with 20 million synaptic connections recovered through
machine-learning segmentation and human proofreading. Used in Chapter 9 §3
as the Drosophila connectome milestone preceding FlyWire.

Dorkenwald, Sven, Arie Matsliah, Amy R. Sterling, Philipp Schlegel,
Szi-Chieh Yu, Claire E. McKellar, Albert Lin, Marta Costa, Katharina
Eichler, Yijie Yin, et al. (FlyWire Consortium). “Neuronal wiring diagram of
an adult brain.” Nature 634, no. 8032 (2 October 2024): 124-138. DOI:
10.1038/s41586-024-07558-y. The whole-brain connectome of the adult
Drosophila, completed by the FlyWire Consortium under the leadership of Mala
Murthy and Sebastian Seung at Princeton with collaborators at the MRC
Laboratory of Molecular Biology, the University of Vermont, and the University
of Cambridge. Used in Chapter 9 §3 for the contemporary whole-brain
Drosophila milestone, with approximately 140,000 proofread neurons (139,255
specifically) and more than 50 million synaptic connections.
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Schlegel, Philipp, Yijie Yin, Alexander S. Bates, Sven Dorkenwald, Katharina
Eichler, Paul Brooks, et al. (FlyWire Consortium). “Whole-brain annotation
and multi-connectome cell typing of Drosophila.” Nature 634, no. 8032 (2
October 2024): 139-152. DOI: 10.1038/s41586-024-07686-5. The companion
annotation paper to Dorkenwald et al. 2024, identifying 8,453 distinct cell types
of which 4,581 were new types not previously characterized in the hemibrain
subvolume. Used in Chapter 9 §3 alongside the Dorkenwald paper.

MICrONS Consortium. “Functional connectomics spanning multiple areas of
mouse visual cortex.” Nature 640, no. 8058 (10 April 2025): 435-447. DOI:
10.1038/s41586-025-08790-w. The cubic-millimeter mouse-visual-cortex dataset
with approximately 200,000 cells, 523 million synapses, and co-registered
functional imaging that allows the relationship between connectivity and neural
activity to be examined at scale. Released as the flagship paper of a ten-paper
Nature-family special issue. Used in Chapter 9 §3 as the contemporary
mammalian-connectome milestone.

Sender, Ron, Shai Fuchs, and Ron Milo. Cited in Chapter 4 above; recurs in
Chapter 9 for the microbiome research program’s revised cell-count estimates.

JWST Transiting Exoplanet Community Early Release Science Team.
“Identification of carbon dioxide in an exoplanet atmosphere.” Nature 614
(2023): 649-652. The first confirmed detection of CO2 in an exoplanet
atmosphere, on WASP-39b. Background source on contemporary instrumental
frontiers in exoplanet atmospheric spectroscopy, related to the
astronomical-survey-data category Chapter 9 examines through the Vera C.
Rubin Observatory and other large-survey programs; not a primary citation in
the chapter as written.

Onstott, Tullis C. Deep Life: The Hunt for the Hidden Biology of Earth, Mars, and
Beyond. Princeton: Princeton University Press, 2017. The accessible synthesis of
the deep subsurface biosphere literature by one of its principal investigators.
Background source on a contemporary microbiological frontier related to the
microbiome-and-connectome cases Chapter 9 examines as its worked biological
examples; not a primary citation in the chapter as written.

Lloyd, Karen G., Andrew D. Steen, Joshua Ladau, Jordan Yin, and Lori Crosby.
“Phylogenetically novel uncultured microbial cells dominate Earth microbiomes.”
mSystems 3, no. 5 (October 2018): e00055-18. DOI:
10.1128/mSystems.00055-18. The principal recent assessment of the microbial
taxa that dominate the deep subsurface biosphere, finding that most are
phylogenetically distinct from cultured organisms. Background source related to
the microbiome-and-connectome cases Chapter 9 examines as its worked
biological examples; not a primary citation in the chapter as written.

Robinson, Andrew. Lost Languages: The Enigma of the World’s Undeciphered
Scripts. New York: McGraw-Hill, 2002. The standard accessible synthesis of the
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undeciphered-script literature, including Linear A, Indus, Etruscan, and
Rongorongo. Background source related to the methodological-frontiers
discussion of Chapter 9, with Linear B (the deciphered counterpart) appearing as
a worked case in Chapter 8; not a primary citation in Chapter 9 as written.

Parpola, Asko. Deciphering the Indus Script. Cambridge: Cambridge University
Press, 1994. The most rigorous scholarly attempt at the Indus script.
Background source on script decipherment as a competence applied to a
not-yet-decipherable record, related to Chapter 8’s Linear B case (a successful
decipherment) and to the methodological-frontiers discussion of Chapter 9; not a
primary citation in either chapter as written.

Davis, Lisa Fagin. “The Voynich Manuscript: A Codicological Reassessment.”
Manuscript Studies 7, no. 1 (Spring 2022): 1-32. Recent codicological work on
the Voynich Manuscript by the Executive Director of the Medieval Academy of
America, drawing on the Beinecke Rare Book and Manuscript Library at Yale.
Background source on the Voynich case as a limit case of legibility resistance,
related to the methodological-frontiers discussion of Chapter 9; not a primary
citation in the chapter as written.

Johnson, Robert E., and Carol Erting. “Ethnicity and Socialization in a Classroom
for Deaf Children.” In The Sociolinguistics of the Deaf Community, edited by Ceil
Lucas, 41-83. San Diego: Academic Press, 1989. And: Johnson, Robert E., Scott
K. Liddell, and Carol Erting, “Unlocking the Curriculum: Principles for Achieving
Access in Deaf Education.” Gallaudet Research Institute Working Paper 89-3,
1989. The foundational papers on the linguistic and educational status of ASL in
U.S. Deaf education and the methodological challenges of documenting
endangered signed languages. Background source on signed-language
documentation, related to the ASL classifier-predicate analysis of Chapter 7 and
to the methodological-frontiers discussion of Chapter 9; not a primary citation in
the chapters as written.

Kusters, Annelies. “Deaf Utopias? Reviewing the Sociocultural Literature on the
World’s ‘Martha’s Vineyard Situations.’” Journal of Deaf Studies and Deaf
Education 15, no. 1 (2010): 3-16. Background source on village sign-language
ethnography and the methodological challenges of documenting communities
where signed languages are still in active use among small populations; not a
primary citation in the chapters as written.

Bartlett, Cheryl, Murdena Marshall, and Albert Marshall. “Two-Eyed Seeing
and other lessons learned within a co-learning journey of bringing together
indigenous and mainstream knowledges and ways of knowing.” Journal of
Environmental Studies and Sciences 2, no. 4 (December 2012): 331-340. DOI:
10.1007/s13412-012-0086-8. The principal published statement of the
Etuaptmumk / Two-Eyed Seeing principle by its three originating authors at
Cape Breton University and the Eskasoni Mi’kmaw community. Used in Chapter
9 §6 as the canonical reference for the Indigenous-knowledge-integration
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material.

Whitehead, Peter, P. Purdon, P. Cooke, Jeremy Russell-Smith, and S. Sutton.
“The Western Arnhem Land Fire Abatement (WALFA) project: the institutional
environment and its implications.” In Culture, Ecology and Economy of Fire
Management in Northern Australian Savannas: Rekindling the Wurrk Tradition,
edited by Jeremy Russell-Smith, Peter Whitehead, and Peter Cooke, 287-312.
Collingwood, Victoria: CSIRO Publishing, 2009. The principal scholarly
description of the WALFA project, its institutional environment, and the
integration of Aboriginal Traditional Owner knowledge with
carbon-market-based fire management. Used in Chapter 9 §6 for the
Indigenous-fire-stewardship case.

Russell-Smith, Jeremy, Peter Whitehead, and Peter Cooke, eds. Culture,
Ecology and Economy of Fire Management in Northern Australian Savannas:
Rekindling the Wurrk Tradition. Collingwood, Victoria: CSIRO Publishing, 2009.
The standard scholarly volume on Indigenous fire management in northern
Australia, including the WALFA case (Whitehead et al. 2009 cited above). Used
in Chapter 9 §6 as the parent volume for the WALFA scholarship.

Finney, Ben. Voyage of Rediscovery: A Cultural Odyssey through Polynesia.
Berkeley: University of California Press, 1994. The principal scholarly account of
the Polynesian Voyaging Society’s voyages from the founding voyage of 1976
forward, by one of the Society’s founding members and the anthropologist most
closely associated with the wayfinding-revival project. Used in Chapter 9 §6 for
the Polynesian-Voyaging-Society case alongside the Society’s own publications.

Polynesian Voyaging Society. Malama Honua Worldwide Voyage 2014-2017:
Official Documentation. Honolulu: Polynesian Voyaging Society, 2017. The
Society’s published account of the 47,000-nautical-mile, three-year worldwide
voyage of Hokule’a and Hikianalia from 2014 to 2017, with documentation of the
wayfinding methodology, the educational mission, and the partnerships with
Pacific and global institutions. Used in Chapter 9 §6 for the contemporary
Polynesian-Voyaging-Society case.

Vera C. Rubin Observatory. Legacy Survey of Space and Time: Science
Requirements Document. NSF-DOE Vera C. Rubin Observatory technical
document LPM-17 (current version 2025). The official scientific specification of
the LSST survey, with the required photometric and astrometric performance for
the ten-year survey. Used in Chapter 9 §4 alongside the observatory’s
first-imagery release of June 23, 2025 and the operations-phase handover of
October 25, 2025.

Ivezi¢, Zeljko, Steven M. Kahn, J. Anthony Tyson, et al. (LSST Science
Collaboration). “LSST: From Science Drivers to Reference Design and
Anticipated Data Products.” Astrophysical Journal 873, no. 2 (10 March 2019):
111. DOI: 10.3847/1538-4357/ab042c. The principal scientific overview of the
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LSST observatory and survey published in the peer-reviewed astronomical
literature. Used in Chapter 9 §4 as the canonical scholarly reference for the Vera
C. Rubin Observatory’s instrumental design and survey strategy.

Chapter 10: The Severed Field

Adams, David Wallace. Education for Extinction: American Indians and the
Boarding School Experience, 1875-1928. Lawrence: University Press of Kansas,
1995. xi + 396 pp. The canonical scholarly history of the U.S. federal Indian
boarding school system, drawing on archival material across federal records,
school administrative archives, and student testimony. Used in Chapter 10 as the
primary scholarly anchor for the Indigenous-language-loss case.

Leonard, Wesley Y. “Reframing language reclamation programmes for everybody’s
empowerment.” Gender and Language 11, no. 3 (2017): 339-367. Used in
Chapter 10 for the contemporary Indigenous-language-reclamation perspective
by a Miami language scholar working on the recovery of a previously dormant
language.

Leonard, Wesley Y. “When is an ‘Extinct Language’ Not Extinct?” In Sustaining
Linguistic Diversity: Endangered and Minority Languages and Language
Varieties, edited by Kendall A. King et al., 23-33. Washington, DC: Georgetown
University Press, 2008. Used in Chapter 10 for the methodological argument
against the “extinction” framing.

Kimmerer, Robin Wall. Braiding Sweetgrass. Cited in Chapter 9 above; recurs in
Chapter 10 for the cultural-knowledge dimension of language severance.

Sanderson, Eric W. Mannahatta: A Natural History of New York City. New York:
Abrams, 2009. 352 pp. Illustrated by Markley Boyer. The decade-long
landscape-ecology reconstruction of pre-1609 Manhattan, conducted at the
Wildlife Conservation Society’s Mannahatta Project. Used in Chapter 10 for the
urban-hydrological-removal case, with attention to the Collect Pond, Minetta
Brook, the Tibbetts Brook, and the network of streams and wetlands that
nineteenth- and twentieth-century construction systematically buried.

Sanderson, Eric W. Terra Nova: The New World after Oil, Cars, and Suburbs. New
York: Abrams, 2013. The follow-on volume on twenty-first-century
urban-ecological reconstruction. Used in Chapter 10 alongside Mannahatta.

Caro, Robert A. The Power Broker: Robert Moses and the Fall of New York. New
York: Alfred A. Knopf, 1974. 1,336 pages. The canonical scholarly biography of
Robert Moses and the political-economic apparatus that produced the
Cross-Bronx Expressway, the Triborough Bridge complex, and the systematic
destruction of the South Bronx, East Tremont, and other neighborhoods. Chapter
37, “One Mile” (pp. 850-894), contains the East Tremont demolition account that
Chapter 10 of RelationShaping draws on, including the displacement figures and
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the alternative-route material. Used in Chapter 10 for the
redlined-and-bulldozed-neighborhoods case.

Fullilove, Mindy Thompson. Root Shock: How Tearing Up City Neighborhoods
Hurts America, and What We Can Do About It. New York: One World / Ballantine,
2004. New edition: NYU Press, 2016. The canonical scholarly study of urban
renewal as community destruction, drawing on case studies in Pittsburgh’s Hill
District, Newark’s Central Ward, and Roanoke’s Gainsboro neighborhood. Used
in Chapter 10 alongside Caro for the human consequences of the relational
severance the Power Broker apparatus produced.

Rothstein, Richard. The Color of Law: A Forgotten History of How Our Government
Segregated America. New York: Liveright, 2017. The contemporary synthesis of
federal housing policy and de jure segregation. Used in Chapter 10 for the policy
mechanisms behind redlining and its consequences for the relational structure of
American cities.

IPBES. Global Assessment Report on Biodiversity and Ecosystem Services. Edited by
E. S. Brondizio, J. Settele, S. Diaz, and H. T. Ngo. Bonn: IPBES Secretariat, 2019.
1148 pages. DOI: 10.5281/zenodo0.3831673. The most authoritative
contemporary scientific assessment of global biodiversity, finding approximately
one million species threatened with extinction, with 82% of wild mammal
biomass lost and 47% biodiversity decline in natural ecosystems. Used in
Chapter 10 as the empirical anchor for the ecological-collapse case.

Kolbert, Elizabeth. The Sixth Extinction: An Unnatural History. New York: Henry
Holt, 2014. The accessible synthesis of contemporary extinction biology, written
for general readers. Used in Chapter 10 alongside the IPBES report for narrative
accessibility.

Braverman, Harry. Labor and Monopoly Capital: The Degradation of Work in the
Twentieth Century. New York: Monthly Review Press, 1974. The canonical
scholarly statement of the degradation-of-work thesis, in which the systematic
separation of conception from execution under industrial capitalism
progressively strips workers of the craft knowledge their predecessors held.
Used in Chapter 10 for the craft-knowledge-severance case.

Montgomery, David. The Fall of the House of Labor: The Workplace, the State, and
American Labor Activism, 1865-1925. Cambridge: Cambridge University Press,
1987. The historical anchor for the period during which the deskilling Braverman
analyzed actually occurred. Used in Chapter 10 alongside Braverman.

Sennett, Richard. The Craftsman. New Haven: Yale University Press, 2008.
Contemporary philosophical-sociological account of craft as a form of knowing.
Used in Chapter 10 for the conceptual apparatus of craft as relational
competence.
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TallBear, Kim. Native American DNA: Tribal Belonging and the False Promise of
Genetic Science. Minneapolis: University of Minnesota Press, 2013. The
canonical contemporary work on the relationship between Indigenous
epistemologies and genetic-scientific framings of identity. Used in Chapter 10 for
the methodological care described in the Introduction §5.

Coulthard, Glen Sean. Red Skin, White Masks: Rejecting the Colonial Politics of
Recognition. Minneapolis: University of Minnesota Press, 2014. The canonical
contemporary work on Indigenous political philosophy from a Yellowknives Dene
scholar. Used in Chapter 10 for the analytical framework of
dispossession-as-relation-severance.

Estes, Nick. Our History Is the Future: Standing Rock versus the Dakota Access
Pipeline, and the Long Tradition of Indigenous Resistance. London: Verso, 2019.
Used in Chapter 10 for the contemporary Indigenous-resistance perspective from
a Lower Brule Sioux Tribe historian.

U.S. Department of the Interior, Office of the Assistant Secretary - Indian
Affairs. Federal Indian Boarding School Initiative Investigative Report. Vol. 1
(May 2022); Vol. II (July 2024). Washington, DC: Department of the Interior. The
official federal investigative reports on the boarding school system, identifying
417 federal Indian boarding-school institutions across 37 states or
then-territories, documenting at least 973 child deaths in the system, and
reconstructing the policy-and-administrative apparatus that operated from the
Carlisle founding through the system’s contraction in the mid-twentieth century.
Used in Chapter 10 as the primary federal-archival anchor for the
boarding-school case.

Pratt, Richard Henry. “The Advantages of Mingling Indians with Whites.” Address
delivered to the Nineteenth Annual Conference of Charities and Correction,
Denver, June 23-29, 1892. In Proceedings of the National Conference of
Charities and Correction at the Nineteenth Annual Session Held in Denver, Col.,
June 23-29, 1892, edited by Isabel C. Barrows, 46-59. Boston: George H. Ellis,
1892. Reprinted in Francis Paul Prucha, ed., Americanizing the American
Indians: Writings by the “Friends of the Indian,” 1880-1900, 260-271.
Cambridge, MA: Harvard University Press, 1973. The primary source for the
Pratt “kill the Indian, save the man” formulation that the chapter quotes. Used in
Chapter 10 alongside Adams’s Education for Extinction for the assimilationist
project’s stated objective.

Krauss, Michael. “The World’s Languages in Crisis.” Language 68, no. 1 (March
1992): 4-10. The foundational scholarly assessment of global language
endangerment, providing the framework for subsequent estimates of Indigenous
language vitality including the United States cohort. Used in Chapter 10 for the
demographic statement of language endangerment that the boarding-school
analysis depends on.
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Hinton, Leanne, and Kenneth Hale, eds. The Green Book of Language
Revitalization in Practice. San Diego: Academic Press, 2001. The standard
collection on Indigenous-language reclamation methodology, including
substantial chapters on North American cases. Used in Chapter 10 alongside
Krauss and Leonard for the language-reclamation dimension of the argument
here.

Native American Languages Act of 1990. Public Law 101-477, October 30, 1990.
25 U.S.C. §§ 2901-2906. The federal statute formally recognizing
Indigenous-language preservation as a national policy objective, after a century
of federal policy directed at the opposite end. Used in Chapter 10 as the primary
statutory source for the Native American Languages Act citation.

Gonzalez, Evelyn. The Bronx. New York: Columbia University Press, 2004. The
standard scholarly history of the Bronx, including the demographic and
economic consequences of the Cross-Bronx Expressway and the related
disinvestment patterns. Used in Chapter 10 for the South Bronx population
figures (decline from approximately 850,000 in 1950 to under 600,000 by 1980)
and the broader history of the borough’s transformation across the post-war
period.

Jonnes, Jill. South Bronx Rising: The Rise, Fall, and Resurrection of an American
City. Second edition. New York: Fordham University Press, 2002. The accessible
scholarly history of the South Bronx in the second half of the twentieth century,
drawing on neighborhood-level demographic and economic data. Used in
Chapter 10 alongside Gonzalez for the population and disinvestment figures the
chapter cites.

U.S. Census Bureau. Decennial census tables for Bronx County, 1950 through
1980, particularly Census Tract 100-series for the South Bronx neighborhoods.
Federal demographic-statistical anchor for the population figures the chapter
cites. Used in Chapter 10 alongside Gonzalez and Jonnes.

Rosenberg, Kenneth V., Adriaan M. Dokter, Peter J. Blancher, John R. Sauer,
Adam C. Smith, Paul A. Smith, Jessica C. Stanton, Arvind Panjabi, Laura
Helft, Michael Parr, and Peter P. Marra. “Decline of the North American
avifauna.” Science 366, no. 6461 (4 October 2019): 120-124. DOI:
10.1126/science.aaw1313. The primary publication documenting the loss of
approximately 3 billion individual birds from North American avifauna since
1970, with grassland birds (53% decline), shorebirds (37%), and forest songbirds
(17%) as the principal affected guilds. Used in Chapter 10 as the empirical
anchor for the avifaunal-collapse case.

U.S. Fish and Wildlife Service. “Endangered and Threatened Wildlife and Plants;
Threatened Species Status with Section 4(d) Rule for Monarch Butterfly and
Designation of Critical Habitat.” Proposed rule. Federal Register 89, no. 240 (12
December 2024): 100662-100722. The federal proposed rule to list the monarch
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butterfly as threatened under the Endangered Species Act, with the formal
docket number FWS-R3-ES-2024-0137. In September 2025 the rulemaking was
moved to a “long-term action” designation in the federal Unified Agenda,
indicating that additional time was needed before any final determination. Used
in Chapter 10 as the primary federal-administrative source for the monarch
population status.

WWF Mexico and Comisiéon Nacional de Areas Naturales Protegidas
(CONANP). Annual monarch overwintering census reports, 1994-2026. The
annual area-occupied measurement of overwintering monarch colonies in the
oyamel fir forests of the Trans-Mexican Volcanic Belt, conducted jointly by WWF
Mexico and CONANP. The primary data source for the long-term monarch
population statistics the chapter cites: peak 18.19 hectares winter 1996-1997;
trough 0.9 hectares winter 2023-2024; rebound to 1.79 hectares 2024-2025;
further rebound to 2.93 hectares 2025-2026 (released March 2026, representing
nine documented colonies and a 64 percent year-over-year increase). Used in
Chapter 10 alongside USFWS for the monarch case.

Taylor, Frederick Winslow. The Principles of Scientific Management. New York:
Harper & Brothers, 1911. The canonical statement of the time-and-motion-study
management methodology that organized the deskilling of industrial labor across
the early twentieth century. Used in Chapter 10 as the primary source for the
scientific-management apparatus that severed craft knowledge from the workers
who held it.

Kanigel, Robert. The One Best Way: Frederick Winslow Taylor and the Enigma of
Efficiency. New York: Viking, 1997. The standard scholarly biography of Taylor,
including the Midvale Steel period (1878-1890) and the later Bethlehem Steel
consulting work (from 1898). Used in Chapter 10 alongside Taylor’s own
Principles for the working chronology and the institutional context.

Cockburn, Alexander. The Golden Age Is in Us: Journeys and Encounters,
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