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Abstract

This paper develops a preliminary Generative Relational (GR) account of scholarly formation in
an environment where artificial intelligence can increasingly support retrieval, synthesis, candidate
generation, formalization, translation, and scientific discovery. The analytical object is scholarly
formation rather than the volume or polish of scholarly manifestations. The paper proposes that
mature scholarship can be studied as an evolving, history-bearing, relationally organized generative
capacity. Eight non-exhaustive capacity families organize the inquiry: historical consciousness, re-
lational breadth with systemic understanding, generative attention and problem formation, aesthetic
judgment, normative judgment, scholarly translation, generative translation, and epistemic-relational
humility. Historical consciousness concerns the reconstruction of concepts through the problems,
institutions, material conditions, relations, and prior vocabularies within which they emerged. Rela-
tional breadth concerns connections among fields while retaining differences of scale, method, and
conceptual language. Generative attention concerns how contingent, ordinary, weak, or unexpected
encounters become recognizable as possible origins of inquiry. A comparative analysis of contin-
gency sensitivity then distinguishes problem-formative attention from incipient-change judgment,
using the classical Zhouyi ideal of knowing minute change as a historically situated interface rather
than as validation of divinatory prediction. Aesthetic and normative judgment are separated so that
problem formation, intellectual fertility, and research priority remain analytically distinct. Transla-
tion is extended from linguistic transfer to movement across conceptual systems, while generative
translation concerns the alteration of conditions under which an interlocutor can generate an intel-
ligible counterpart within another language system. Epistemic-relational humility is treated as a
capacity for restraining premature projection of one evaluative language system onto another, in-
cluding where interpretive power is asymmetrically distributed. Human—AI configurations provide
a principal stress test without presuming that the identified capacities belong exclusively to human
agents. The framework remains preliminary and conceptual. Its capacity architecture requires his-
torical, comparative, ethnographic, educational, and domain-specific empirical investigation before
it can support stronger descriptive or normative conclusions.
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Preliminary Research Note

This manuscript belongs to the broader Generative Relational (GR) research programme. Its immediate
object is scholarly formation: the historically developed configuration of capacities through which schol-
arship can locate concepts in their generative contexts, relate heterogeneous fields, transform contingent
encounters into questions, interpret possible incipient change, judge intellectual and normative signifi-
cance, translate across language systems, cultivate new understanding in an interlocutor, and exercise
restraint in the use of interpretive authority. The paper is motivated partly by recurring observations of
mature scholarly practice. Those observations function as heuristic starting points rather than as repre-
sentative empirical evidence about senior scholars or expertise populations.

The inquiry adopts ontological suspension. The manuscript uses relational, historical, dynamical, and
configurational language as analytical representation without inferring an ultimate ontology of knowl-
edge, scholarship, persons, artificial intelligence, or scholarly communities. A Human—AI configuration
may therefore be represented as a coupled scholarly system where the representation clarifies dependen-
cies and capacities, while the representation itself does not establish a claim about the ultimate ontological
status of the participating agents.

The paper also maintains a distinction between scholarly manifestations and scholarly formation.
Texts, proofs, models, lectures, translations, and other outputs can provide evidence concerning schol-
arly capacities, yet the present framework treats them as partial manifestations whose relation to histori-
cal understanding, problem formation, future generativity, judgment, and translational capacity requires
separate analysis. This distinction becomes especially salient when Al systems can produce increasingly
sophisticated scholarly manifestations under diverse human—AlI arrangements.

Formal economy is a governing constraint. The manuscript begins with a minimal representation
of a history-bearing scholarly configuration and introduces specialized notation only where an explicit
analytical role and inferential scope justify it. External literature is included only after source verification
and recording in the manuscript’s verification ledger.

Responsible Use and Rights Reservation

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

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



Notices

Status. This release-candidate draft contains the complete eighteen-section manuscript after a sixth
global revision. The sixth revision adds a bounded educational open problem concerning the cultiva-
tion of contingency sensitivity, judgment, and practice in an Al-rich environment. The paper develops
scholarly formation as a history-bearing relational generative capacity, integrates eight capacity families
through a context-indexed architecture, stress-tests the architecture across Human—AI configurations,
and states its principal empirical, normative, disciplinary, cultural, technological, and formal boundaries.
The account remains preliminary and requires domain-specific empirical investigation before stronger
descriptive, educational, predictive, or normative claims are warranted.

Licence. Except where otherwise indicated, copyright 2026 Wanhong Huang. This work is made avail-
able under the Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC
4.0), subject to the licence’s terms.

Statement on the use of language models. The exploratory discussions and preparation of this pa-
per involved OpenAl’s ChatGPT. ChatGPT supported exploratory dialogue, literature-oriented source
checking, formal reconstruction, argumentative criticism, drafting in I&TizX, and technical checking. The
author selected the research questions, supplied the principal conceptual observations concerning schol-
arly practice, directed and approved the theoretical commitments and epistemic status of the claims, and
bears sole responsibility for the manuscript, including its definitions, formal constructions, arguments,
conclusions, and errors. Authorship credit remains with the human author.



1 Introduction

This section establishes the analytical object, motivation, scope, and methodological architecture of the
account of scholarly formation developed in this paper. Its role is to distinguish the production of schol-
arly manifestations from the historically developed capacities through which scholarship becomes in-
telligible, evaluable, transmissible, and generative across changing relations. The discussion proceeds
through six steps. It first defines scholarly formation as the local object of inquiry. It then situates the
problem within contemporary Al-mediated changes in scientific and professional knowledge work, in-
troduces a minimal Generative Relational representation of the scholarly configuration, identifies the
principal capacity families that organize the manuscript, specifies the status of Human—AI configura-
tions, and closes with the manuscript architecture. The method is conceptual and classificatory, with
selective interfaces to empirical research on Al and expertise. The proposed framework is not offered as
a universal psychological model of scholars, a psychometric instrument, or a completed theory of exper-
tise. Its immediate purpose is to make several capacities that are often compressed into the broad term
scholarship available for more precise historical, relational, empirical, and normative investigation.

1.1 Scholarly Formation as an Analytical Object

The contemporary scholarly environment makes it increasingly useful to distinguish the visible products
of scholarship from the capacities that support their generation, interpretation, revision, and continu-
ation. A paper, proof, model, lecture, review, translation, dataset, or research proposal can function
as a scholarly manifestation. Such manifestations matter because scholarship is communicated, criti-
cized, archived, and institutionally evaluated through them. Their presence, however, provides only
partial access to the historical configuration that generated them. Two texts can display similar sophis-
tication while resting on different relations to prior literature, different understandings of the concepts
they employ, different abilities to reconstruct the relevant historical problem, and different capacities for
extending or revising the argument when circumstances change.

The present paper uses scholarly formation to name a broader developmental and relational object.
Scholarly formation concerns the evolving configuration through which a person or coupled scholarly
system becomes able to locate concepts historically, understand relations among heterogeneous fields,
recognize encounters that can generate new problems, discriminate among candidate problems, judge
the normative situation of research choices, translate across conceptual systems, facilitate understanding
within another system, and regulate the projection of its own categories when encountering different
forms of reasoning. The term formation emphasizes development through history, practice, relations,
institutions, language systems, and repeated encounters with problems. It therefore directs attention
toward capacities that can be cultivated, reorganized, weakened, distributed, or partially delegated over
time.

This formulation is motivated in part by recurring observations of mature scholarly practice. Expe-
rienced scholars can sometimes reconstruct why a concept appeared within a particular historical con-
figuration, identify the limits of earlier conceptual resources, connect apparently distant fields without
erasing their differences, notice how a contingent or ordinary phenomenon can become the origin of a
research question, distinguish a technically difficult problem from an intellectually fertile one, and refor-
mulate an argument in a language that an interlocutor can inhabit. Some scholars also display a form of
restraint in which understanding another conceptual system precedes external evaluation of that system.
These observations are analytically suggestive, but they are not treated here as representative empirical
findings about senior scholars. Selection effects, disciplinary cultures, institutional prestige, and retro-
spective idealization can all shape which scholars appear exemplary. The manuscript therefore treats
such observations as heuristic prompts whose empirical standing must be examined through relevant
literatures and future comparative study.

The paper’s central proposal is consequently modest in epistemic status but broad in analytical reach:
mature scholarship can be investigated as a history-bearing, relationally organized generative capacity.
History-bearing indicates that present scholarly capacities depend on accumulated encounters, revisions,



institutions, conceptual inheritances, and practices. Relationally organized indicates that the capacities
operate through relations among persons, texts, fields, institutions, tools, languages, and normative struc-
tures. Generative capacity indicates an ability to produce, reconstruct, extend, translate, and reorganize
inquiry rather than merely retain a stock of propositions. The formulation is a research representation. It
does not imply that a single invariant essence of scholarship has been identified.

Three distinctions guide the manuscript from the outset. First, information availability and scholarly
formation occupy different analytical levels. Access to an archive, database, model, or search system
can expand the information available to an inquiry without by itself specifying how the information
is historically interpreted, related to other domains, or judged. Second, scholarly manifestations and
scholarly capacities require separate analysis. A manifestation can provide evidence of capacity, but the
inference depends on provenance, context, interaction, and the task being evaluated. Third, scholarly
formation and individual human possession are not identified. Relevant capacities can be distributed
across collaborations, institutions, archives, instruments, and Al systems. The paper therefore leaves
open the possibility that an analytically useful scholarly unit is a coupled configuration rather than an
isolated individual.

These distinctions also limit the manuscript’s normative ambitions. The paper does not define a
singular ideal scholar to which persons should conform. Different disciplines and historical contexts
can privilege different combinations of historical reconstruction, specialization, formal precision, inter-
pretive sensitivity, empirical skill, translational capacity, or practical judgment. The proposed capacity
families identify dimensions for inquiry, not a fixed hierarchy of human worth. The normative question
of which capacities deserve cultivation, under which institutional conditions, and for which forms of
scholarship is treated selectively in the analysis and remains partly outside the paper’s scope.

1.2 AI-Mediated Change in Scholarly Manifestations

Artificial intelligence provides an especially revealing context for separating scholarly manifestations
from scholarly formation because Al systems can participate in an expanding range of activities that
previously functioned as visible indicators of scholarly competence. A major review of Al in scientific
discovery documents uses that extend across hypothesis generation, experimental design, data analysis,
representation learning, and generative design in scientific domains [1]. In a preregistered experiment
involving occupation-specific professional writing tasks, access to ChatGPT reduced completion time
and increased assessed output quality within the study’s defined task environment [2]. These findings
concern distinct domains and should not be generalized into a single measure of scholarly capability.
They nevertheless support the narrower claim required here: increasingly capable Al systems can alter
the cost and distribution of activities through which scholarly work becomes externally manifested.

The resulting change is wider than automated prose production. Search, retrieval, summarization,
coding assistance, mathematical exploration, candidate explanation, translation, literature clustering, and
draft generation can all be integrated into research workflows at different stages. The relative ease of
producing plausible manifestations can therefore change what a manifestation indicates about the config-
uration that produced it. A polished literature synthesis may reflect substantial historical understanding,
careful Al-assisted retrieval, weak assimilation of generated material, or some combination of these
conditions. A technically sophisticated problem may arise from long immersion in a field, automated
generation of candidates, cross-domain analogy, or an iterative Human—AlI process. The observable ar-
tifact alone increasingly underdetermines the developmental route and capacity profile that produced
it.

This underdetermination does not by itself establish deterioration in scholarship. Al can extend re-
search capacities, expose scholars to unfamiliar domains, reduce mechanical burdens, support translation,
and enlarge the space of candidate problems. The relevant analytical task is therefore to identify which
capacities are being redistributed, strengthened, bypassed, or newly coupled under different Human—
Al arrangements. The question is relational and developmental rather than reducible to a competition
between human and artificial agents.



Recent large-scale evidence also suggests that individual productivity and collective knowledge de-
velopment can move in different directions. Hao and colleagues analyzed 41.3 million natural-science
papers and reported that Al-augmented scientists were associated with higher publication output, cita-
tions, and earlier project leadership, while Al adoption was also associated with contraction in the collec-
tive volume of scientific topics studied and reduced engagement among scientists [3]. The study does not
establish a universal mechanism for all fields, and its operationalization of Al-augmented research has
its own empirical scope. Its relevance to the present paper lies in a more limited point: output expansion,
individual advantage, and collective intellectual breadth can diverge. A theory of scholarship organized
only around productivity would have difficulty representing this divergence.

The manuscript therefore treats the Al era as a changed condition of scholarly manifestation rather
than as evidence for a predetermined conclusion about human superiority, decline, or replacement. Al
expands the practical importance of distinctions that were already present in scholarship. Historical in-
formation can be retrieved without a corresponding reconstruction of conceptual genesis. Materials from
multiple disciplines can be juxtaposed without an adequate account of their relations or incompatibili-
ties. Candidate problems can proliferate faster than a configuration can distinguish encounter-sensitive
problem formation from combinatorial question production or apply long-horizon aesthetic judgment to
the resulting candidates. Normative recommendations can be generated without resolving the situated
conflicts that make them consequential. Linguistic translation can be fluent while leaving the receiving
conceptual system structurally unchanged. Simulated perspective-taking can reproduce multiple view-
points while the distribution of interpretive authority remains unexamined.

These distinctions should not be read as categorical limits on Al systems. The capabilities of Al
systems are historically changing, and Human—AlI configurations can acquire functions that neither com-
ponent exhibits in isolation. The manuscript therefore formulates its central contrasts at the level of
analytical objects. Retrieval and historical consciousness are different objects even where one system
eventually contributes to both. Cross-domain synthesis and systemic understanding are different ob-
jects even where an Al-assisted workflow supports both. Candidate-question generation and encounter-
sensitive problem formation are different objects even where one system participates in both. Linguistic
translation and generative translation are different objects even where future systems participate in both.
This object-level distinction enables the framework to remain useful as particular technologies change.

1.3 History-Bearing Relational Generativity

Generative Relational Theory provides a vocabulary for representing scholarly formation without reduc-
ing it to an inventory of individual traits. The minimal representation used in this paper treats a scholarly
configuration at analytical time ¢ as a history-bearing relational configuration. The provisional schema
is stated in Equation 1.

S50 = (Hy, Re, K, L4, N3, Cr). ey

In Equation 1, H; denotes the relevant accumulated history of the scholarly configuration; R denotes
its relational organization among persons, communities, institutions, artifacts, instruments, and other
participating structures; X; denotes knowledge resources currently available to the configuration; £;
denotes the conceptual and linguistic systems through which problems and claims are articulated; N;
denotes the normative and institutional environment relevant to scholarly choice; and C; denotes the
operative capacities available under the configuration at that time. The tuple is deliberately coarse. It is
a structural formalization for organizing later distinctions, not an empirically parameterized model and
not a claim that scholarship is ontologically composed of six separable substances.

The history term H; is essential because scholarly competence often depends on relations that are
invisible in a static output. A concept can be used accurately at the level of definition while its historical
role remains poorly understood. A method can be applied correctly within a familiar class of problems
while its boundary conditions remain opaque. A scholar can remember a canonical argument while lack-
ing the sequence of failed approaches, institutional conflicts, technical limitations, or material conditions



through which the argument acquired significance. The historical component therefore includes more
than chronological memory. It represents the paths through which the configuration learned to discrim-
inate relevant problems, reinterpret prior concepts, and identify conditions under which a conceptual
move became necessary or productive.

The relational term R; similarly extends beyond interpersonal networks. A field of scholarship is
structured by relations among disciplines, methods, evidence standards, institutions, archives, funding ar-
rangements, instruments, and conceptual languages. Mature scholarship can involve sensitivity to those
relations even when the scholar remains highly specialized in substantive expertise. A physicist need not
become a political economist, historian, philosopher, educator, and mathematician simultaneously in or-
der to understand that a scientific problem may interact with mathematical representation, institutional
incentives, historical development, educational transmission, and normative consequences. Relational
breadth concerns the capacity to recognize such interfaces while maintaining the differences that make
the participating fields distinct.

The language-system term L, is intentionally broader than natural language. A scholarly language
system can include conceptual categories, legitimate forms of evidence, inferential habits, canonical
examples, preferred metaphors, disciplinary distinctions, standards of explanation, and historically in-
herited problem formulations. Two scholars speaking the same natural language can therefore operate
within substantially different scholarly language systems. Conversely, scholars using different natural
languages can share enough formal, disciplinary, or practical structure to sustain productive translation.
Sections 10 and 11 use this broader notion to distinguish translation of manifestations from generative
translation, in which the receiving system is supplied with conditions from which an intelligible counter-
part can be generated internally.

The normative term N; allows the framework to distinguish intellectual evaluation from research
priority. A problem can be aesthetically compelling because of its depth, elegance, structural fertility,
or ability to reorganize a field. The same problem can occupy a different position within the normative
and political-economic conditions of a specific historical situation. Resource constraints, ecological
consequences, public risk, distributive effects, institutional responsibilities, and opportunity costs can all
affect whether large-scale investment is appropriate. The framework therefore treats aesthetic judgment
and normative judgment as related capacities with different analytical roles.

Finally, the term C; denotes the operative capacity structure. Capacity is relationally conditioned.
A scholar’s effective historical reach depends partly on archives and languages; translational capacity
depends partly on interlocutors and shared interfaces; judgment can depend on communities of criticism;
experimental capability depends on instruments and institutions. Human—AI coupling makes this depen-
dence especially visible because some capacities can be extended through external systems while others
may require active assimilation, repeated practice, or institutional support. The later formal development
will therefore avoid identifying capacity with an internal property of an isolated individual unless a local
analysis justifies that simplification.

Equation 1 also provides the provisional setting for the manuscript’s use of generativity. Scholarly
generativity refers to the configuration’s capacity to produce and reorganize future inquiry under chang-
ing conditions. It can include generating problems, reconstructing concepts, establishing relations, revis-
ing explanations, translating between systems, identifying limitations, and opening viable continuations
for further study. This use of generativity concerns the production of structured continuations rather
than a simple count of outputs. A prolific configuration can therefore exhibit weak generativity in one
dimension, while a less prolific configuration can sustain strong historical, translational, or conceptual
continuations. The paper will treat these as empirical possibilities rather than axioms.

1.4 Capacity Architecture of Scholarly Formation

The manuscript develops eight capacity families that emerged from the motivating observations and from
their interfaces with scholarship on expertise, judgment, translation, and intellectual practice. Table 1
provides the initial architecture. The categories are provisional and partially overlapping. Their analyti-



Table 1: Provisional capacity families in the GR account of scholarly formation.

Capacity family Analytical role

Historical consciousness Reconstructs concepts, methods, and problems through their
historical conditions, prior limitations, institutional relations, and
downstream transformations.

Relational breadth and Identifies relations among heterogeneous fields, scales, methods, and

systemic understanding conceptual systems while preserving relevant disciplinary differences.

Generative attention and Recognizes contingent, ordinary, weak, or unexpected encounters as

problem formation possible origins of inquiry and articulates candidate problem framings
without conflating salience with later intellectual worth.

Aesthetic judgment Evaluates intellectual fertility, elegance, depth, structural significance,
and long-horizon problem worth within a scholarly situation.

Normative judgment Evaluates research direction and priority in relation to social,
ecological, institutional, political-economic, and other normative
conditions.

Scholarly translation Re-expresses a concept through the categories, evidence practices,
examples, and inferential conventions of another scholarly language
system.

Generative translation Alters the receiving system’s conditions of inquiry so that an

intelligible counterpart can be generated within that system rather
than supplied only as a finished manifestation.
Epistemic-relational Regulates premature projection of one language system’s judgments
humility onto another and supports contextual understanding before external
evaluation, including under asymmetric interpretive power.

cal value lies in separating functions that can otherwise be compressed into broad terms such as expertise,
intelligence, interdisciplinarity, or wisdom.

Historical consciousness is developed first because concepts become more intelligible when their
functions are situated within the problems and relations through which they emerged. The capacity
includes the ability to identify why a concept became salient at a particular historical moment, which
earlier methods or categories had become insufficient for the relevant problem, and how the concept
subsequently altered the available problem space. Historical consciousness therefore differs from pos-
sessing many historical facts. Its analytical focus is generative reconstruction of conceptual emergence
and transformation.

Relational breadth and systemic understanding concern the organization of knowledge across fields.
The relevant distinction is between encyclopedic breadth and relational breadth. Encyclopedic breadth
can be approximated by the number of domains, facts, or literatures a scholar can access. Relational
breadth concerns the ability to identify dependencies, analogies, historical influences, methodological
borrowings, conflicts, shared formal structures, and differences of scale among those domains. The
capacity is compatible with disciplinary specialization. Its mature form can support movement across
fields while preserving awareness of where translation fails or where concepts change meaning under
transfer.

Generative attention and problem formation concern an earlier threshold in inquiry: how something
becomes recognizable as a possible question at all. A scholar can encounter an anomaly, an ordinary
recurrence, a failed method, a weak signal, a chance exposure, or a conceptual friction and recognize
that the encounter can open a new problem space. The same phenomenon can remain background for
another configuration. Section 6 therefore treats problem formation as a relational capacity of a history-
bearing configuration rather than as an intrinsic property of an event or as a synonym for later aesthetic
evaluation.



Section 7 places this capacity beside a different transformation of contingency: incipient-change
judgment. Drawing on selected passages from the Zhouyi, it compares the scholarly transformation
of an encounter into a problem with the classical sage ideal of detecting minute change as an early
manifestation of a developing tendency. The comparison is intentionally non-binary. A proficient scholar
can generate questions from contingency while also sensing that the relational conditions surrounding
those questions are changing. The resulting higher-order coordination is treated as mediating judgment
rather than as a ninth capacity family.

Aesthetic judgment concerns the selection of intellectually worthwhile problems within an expanding
candidate space. Scientific and mathematical history contains many cases in which difficulty alone did
not determine long-term significance. The present manuscript does not assume a universal definition
of intellectual beauty. It treats aesthetic judgment as a historically and disciplinarily situated capacity
through which scholars evaluate properties such as elegance, depth, explanatory compression, structural
fertility, and the potential of a problem to reorganize further inquiry. Al-assisted problem generation
increases the practical importance of examining this capacity because the number of technically plausible
or difficult candidate problems can grow faster than the time available for sustained investigation.

Normative judgment is separated from aesthetic judgment because intellectual attractiveness and re-
search priority can diverge. A line of inquiry may be conceptually beautiful while raising substantial
questions about resource allocation, ecological cost, social risk, institutional responsibility, or distribu-
tive consequence. Conversely, an urgent research programme can carry high normative priority despite
limited aesthetic appeal. The distinction permits scholarship to evaluate the worth of a problem within an
intellectual language and its priority within a broader relational order without collapsing one evaluation
into the other.

Scholarly translation concerns movement between language systems. A conceptual system includes
more than terminology, so translation can require reconstruction of examples, evidence standards, in-
ferential habits, disciplinary histories, and the problem that gives a concept its role. A direct verbal
substitution can therefore be linguistically accurate while remaining scholastically weak. Mature trans-
lation aims at intelligibility within the receiving system while retaining enough of the source structure to
make the transformation accountable.

Generative translation extends the translational problem. A scholar can sometimes facilitate under-
standing by presenting a question, counterexample, analogy, distinction, or problem configuration from
which an interlocutor generates the relevant insight within the interlocutor’s own language system. The
resulting concept need not be a replica of the source manifestation. Its relation to the source can depend
on functional, structural, historical, or problem-level correspondences specified through task-indexed cri-
teria in Sections 10 and 11. Generative translation is therefore closely related to non-substitutive teaching:
the scholarly act modifies generative conditions rather than merely delivering a completed answer.

Epistemic-relational humility concerns the regulation of interpretation across heterogeneous systems.
A scholar operating within a powerful disciplinary, institutional, or linguistic system can possess substan-
tial authority to classify another system from the outside. The present framework treats humility partly as
the capacity to restrain premature use of that authority long enough to reconstruct how the other system
organizes reasons, evidence, concepts, and problems internally. Such restraint does not preclude later
criticism. It changes the sequence and informational basis of criticism. The relation between humility
and interpretive power will become important when the paper connects scholarly formation with earlier
GR work on relational power.

The eight capacity families are analytically distinct, yet their mature operation is likely to be coupled.
Historical consciousness can improve relational comparison by revealing how disciplinary boundaries
were generated. Historical consciousness and relational breadth can also prepare the configuration to
notice why a weak or ordinary encounter is problem-generating or potentially trajectory-indicative. Gen-
erative attention can then enlarge or reorganize the candidate problem space on which aesthetic judgment
operates, while incipient-change sensitivity can alter the temporal and practical context in which those
problems are evaluated. Relational breadth can enrich aesthetic judgment by exposing structures that
remain invisible inside one field. Normative judgment can revise the priority assigned to aesthetically



attractive projects. Translation depends on historical and relational understanding when a term carries
different conceptual genealogies across fields. Generative translation can require humility because the
translator must work through the interlocutor’s generative conditions rather than impose a finished for-
mulation. These couplings motivate a later section devoted to the relational architecture of the capacities
as a system rather than a checklist.

The framework also remains open to additional capacities. Experimental craftsmanship, mathemati-
cal intuition, archival skill, empirical design, pedagogical care, collaborative reliability, and institutional
navigation can be central to scholarship in particular fields. The eight families in Table 1 were selected
because they address the paper’s immediate question concerning mature scholarly formation under con-
ditions of abundant informational and generative assistance. They should therefore be understood as a
bounded theoretical selection rather than an exhaustive taxonomy of scholarly excellence.

1.5 Human-AI Configurations and Analytical Scope

The paper’s use of the term scholarly formation does not reserve scholarship to an isolated human in-
dividual. Contemporary research already depends on distributed infrastructures: collaborators, editors,
archives, databases, instruments, software, laboratories, institutions, and disciplinary communities. Al
systems add new forms of participation to this distributed environment. A researcher can use Al for
retrieval, candidate generation, coding, translation, critique, simulation, or organizational support; an Al
system can in turn depend on human problem formulation, data curation, tool access, evaluation, and
institutional context. The analytically relevant unit can therefore vary by research question.

This distributed perspective avoids two premature conclusions. One conclusion would treat any Al
contribution as external to scholarly capacity because the human individual did not perform the operation
unaided. Such a position would ignore the long history of scholarship as technologically and institution-
ally mediated practice. Another conclusion would infer scholarly formation directly from the presence
of sophisticated Al-generated outputs. Such an inference would ignore differences among access, assim-
ilation, historical understanding, judgment, and capacity for continuation. The GR approach represents
these possibilities by asking where a capacity is located, how it is relationally supported, how it persists
across time, and what happens when a component is removed or changed.

Naturalistic Decision Making provides one important literature interface for this distributed and sit-
uated emphasis. Research in that tradition studies expert practitioners making consequential decisions
under conditions such as uncertainty, time pressure, ill-structured problems, shifting goals, and action-
feedback loops [4]. The present paper does not equate scholarship with NDM settings, many of which
involve operational professions with temporal and practical demands different from academic inquiry.
The interface is methodological: expertise can be studied through situated patterns of perception, recog-
nition, action, and experience rather than only through explicit rule possession. Section 2 examines
that connection together with adaptive expertise, tacit knowledge, hermeneutics, intellectual history, and
intellectual humility.

The Human—AI question is therefore framed as a question about configuration and development. A
coupled system can extend historical access without securing historical consciousness; it can also support
historical reconstruction through iterative dialogue and source comparison. It can increase cross-domain
exposure without creating adequate relational structure; it can also help a scholar discover interfaces that
become integrated through further study. It can generate candidate questions without demonstrating that
it can preserve unexpected encounters, notice weak signals, or reorganize a problem space around a con-
tingent phenomenon; it can also support those functions through recurrent observation, memory, retrieval,
and comparison. It can produce many candidate problems without supplying stable aesthetic judgment;
it can also participate in repeated comparison through which a research community’s evaluative criteria
become more explicit. The framework leaves these pathways open to empirical investigation.

The same openness applies to future Al capacities. The paper does not rely on the claim that gener-
ative attention, aesthetic judgment, normative judgment, generative translation, or humility are perma-
nently unavailable to artificial systems. Their current implementation, attribution, and evaluation are
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complex and technology-dependent. The theoretical task is to define the relevant capacities indepen-
dently enough that changes in implementation do not erase the distinction among them. If an Al system
or coupled configuration later satisfies a defensible account of one capacity, the framework should be
able to represent that development without conceptual contradiction.

This technology-neutrality also protects the paper from a common analytical compression in Al de-
bates. Discussions framed entirely around replacement can treat scholarship as a bundle of tasks and
ask which tasks AI can perform. The present account focuses on the development and organization of
capacities across histories and relations. Task performance remains relevant evidence, but the inferential
path from task success to scholarly formation requires additional information about historical integration,
transfer, judgment, translation, robustness, and continuation. The capacity architecture developed below
organizes that additional information.

1.6 Manuscript Architecture

The manuscript develops the account in five analytical movements. Sections 2 and 3 position the proposal
relative to existing expertise literatures and establish the minimum GR representation of history-bearing
scholarly configurations, relational support, language systems, manifestations, assimilation, and gener-
ative continuation. Sections 4-9 then develop historical, relational, problem-formative, aesthetic, and
normative capacities. Section 7 interrupts a purely linear sequence by comparing problem formation
with incipient-change judgment and by locating mediating judgment at the boundary between scholarly
inquiry and wisdom-like practical orientation.

Sections 10—13 develop the cross-system dimension of scholarship. Scholarly translation concerns
task-indexed intelligibility across heterogeneous language systems; generative translation concerns in-
terventions that reorganize target-side conditions of inquiry; epistemic-relational humility regulates pro-
jection, confidence, and revisability; and interpretive power concerns the conditions under which classi-
fications and translations become consequential for another configuration.

Section 14 integrates these capacities through typed couplings and contextual conditions. Sections 15
and 16 then stress-test the architecture across Human—AI configurations and examine developmental
mechanisms including historical study, apprenticeship, interdisciplinary encounter, dialogue, genera-
tive teaching, and reflective judgment. Section 17 states the principal descriptive, normative, disci-
plinary, cultural, technological, and formal boundaries; Section 18 consolidates the resulting research
programme.

This structure places Al within a broader theory of scholarly formation. AI changes the practical
conditions under which scholarly manifestations are generated, retrieved, translated, and evaluated. The
manuscript’s deeper object is the evolving capacity architecture through which a scholarly configuration
can reconstruct, relate, notice inquiry-generating encounters, discriminate, translate, revise, and continue
inquiry across changing historical and relational conditions.

2 Scholarly Expertise and Situated Practice

This section positions the proposed account of scholarly formation relative to established research and
philosophical traditions that already explain important features of expert practice. Its role is delimitative
as well as constructive: it identifies which parts of the present problem are already supported by work on
Naturalistic Decision Making, recognition-based expertise, adaptive expertise, tacit knowledge, histori-
cal contextualism, philosophical hermeneutics, and intellectual humility, and it identifies the additional
relational architecture developed in the present paper. The discussion is comparative and interpretive.
It does not treat these literatures as a single unified theory, because their objects, methods, and eviden-
tial bases differ substantially. The common interface is narrower: mature scholarly practice frequently
depends on capacities that emerge through situated experience, historical participation, interpretive ex-
posure, and repeated judgment, and these capacities are only partially captured by explicit propositional
knowledge.
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Table 2:

Literature interfaces for the account of scholarly formation

Literature interface

Contribution to the present inquiry

GR development in the present
account

Naturalistic Decision
Making

Recognition-primed
decision research

Adaptive expertise

Tacit knowledge

Historical contextualism

Situated expert judgment under
uncertainty, time pressure, shifting
goals, incomplete information, and
action—feedback conditions

Experience-based situation assessment,
pattern recognition, and mental
simulation in expert action

High-level performance in novel or
changing situations; importance of
knowledge representation, analogical
problem solving, prior experience, and
learning orientation

Limits of reducing knowledgeable
practice to fully explicit propositions or
rules; role of inherited practice and
background judgment

Historical-linguistic situatedness of

Extension from operational decision
episodes to long-horizon scholarly
formation, conceptual history, and
relations among heterogeneous
knowledge systems

Analysis of how scholarly recognition
itself is historically formed, revised,
translated, and normatively evaluated
Relational organization among
historical, systemic, evaluative,
translational, and humility-related
capacities

Specification of which tacit capacities
are relevant to scholarship and how
they may be distributed across persons,
institutions, archives, and Al-mediated
systems

Formal separation of language systems,

and hermeneutics meaning and the role of historically

conditioned horizons in understanding

interpretive power, generative
translation, and history-bearing
scholarly configurations

Extension toward epistemic-relational
humility as restraint in projecting one
language system’s judgment onto
another under unequal interpretive
power

Intellectual humility Empirically tractable recognition of
possible error, openness, ambiguity

tolerance, and reduced dogmatism

Table 2 summarizes the principal interfaces used in this section. The table is intentionally asymmetric.
The second column records what each literature contributes to the present inquiry; the third states the
boundary beyond which the Generative Relational (GR) account still requires additional construction.
The boundary claims are analytical judgments of this paper rather than claims made by the cited authors.

2.1 Naturalistic Decision Making

Naturalistic Decision Making (NDM) provides a useful starting interface because it studies competent
judgment in environments whose structure differs from simplified laboratory choice tasks. Mosier, Fis-
cher, Hoffman, and Klein characterize NDM research around professional judgment under conditions
that can include uncertainty, time pressure, ill-structured problems, shifting goals, and consequential
action with feedback [4]. Klein’s broader account similarly develops a naturalistic approach from stud-
ies of experienced practitioners working under real-world constraints such as high stakes, incomplete
information, changing conditions, and personal responsibility [5]. These settings are not equivalent to
scholarship. Long-horizon inquiry may permit extended reflection, archival return, formal derivation,
peer criticism, and revision over years or decades. The interface lies in the treatment of expertise as
situated performance formed through experience rather than as possession of a decontextualized rule set.

This interface matters for the present paper because several observations motivating the account of
scholarly formation concern capacities visible in practice before they are easily articulated as rules. An
experienced scholar may recognize that a proposed analogy crosses incompatible scales, that a concept
carries a historical remainder that a contemporary definition suppresses, or that a technically difficult
problem lacks sufficient intellectual fertility for sustained investigation. Such judgments can later be
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reconstructed in explicit prose, but their initial availability may depend on an accumulated repertoire of
cases, failures, disciplinary encounters, and prior conceptual transformations. NDM research supplies a
methodological precedent for taking these forms of experienced discrimination seriously as objects of
inquiry.

The transfer from NDM to scholarship requires scope discipline. Operational expertise often centers
on decisions that culminate in immediate action, whereas scholarship frequently reorganizes the problem
representation itself before action becomes well-defined. A scholar may spend substantial effort deciding
what the object is, which distinctions matter, which historical comparison is legitimate, and whether the
available conceptual language is adequate. The present paper therefore uses NDM as an interface to
situated expertise while retaining problem formation, historical reconstruction, cross-system translation,
and normative evaluation as separate scholarly objects.

2.2 Recognition and Experienced Situation Assessment

Recognition-based accounts sharpen the role of accumulated experience. Klein’s Recognition-Primed
Decision model describes experienced decision makers as using situation assessment to recognize a plau-
sible course of action and mental simulation to evaluate how that course may unfold, thereby reducing the
need for exhaustive option comparison in familiar but demanding settings [5]. The analytical value for
scholarship lies less in importing a decision algorithm than in recognizing that expert performance can
depend on structured familiarity with situations, cues, expectations, anomalies, and likely developments.

A scholarly analogue can be stated cautiously. Experienced researchers often encounter a new ar-
gument through historically and disciplinarily organized patterns: a proof strategy resembles a known
family while violating one of its enabling assumptions; a policy proposal reproduces an older institu-
tional logic under a new vocabulary; a philosophical distinction has analogues in another tradition while
serving a different local problem. The relevant expertise therefore includes the capacity to recognize both
resemblance and non-equivalence. This dual sensitivity is important for a GR account because relational
thinking becomes weak when analogy erases historical or structural difference.

Recognition also helps explain why the visible speed of expert judgment can be misleading. A con-
cise judgment may be the manifested endpoint of a long history of exposure and correction. The tem-
poral economy of the final response can conceal the developmental cost of constructing the repertoire
that made the response possible. In scholarly settings, this point cautions against equating rapid answer
production with mature formation. A system may generate a plausible classification quickly while lack-
ing the history through which exceptions, counterexamples, and contextual limits became integrated into
an expert’s repertoire. The manuscript therefore distinguishes the manifestation of a judgment from the
history-bearing capacity that supports its reliable revision and transfer.

The recognition interface also provides a bridge to AI without fixing the answer in advance. Contem-
porary Al systems can identify patterns, retrieve analogues, and generate plausible continuations at high
speed. The theoretical question is consequently not whether recognition-like performance is uniquely
human. The relevant question is which histories, relations, feedback processes, and correction mecha-
nisms allow recognition to become part of a scholarly configuration whose outputs remain revisable and
context-sensitive. That question exceeds the scope of recognition-primed decision theory and becomes
part of the GR construction developed in Section 3.

2.3 Adaptive Expertise and Transfer

Adaptive expertise provides a second major interface because scholarly maturity is tested especially
strongly when familiar procedures lose adequacy. Bohle Carbonell and colleagues review adaptive ex-
pertise as high-level performance in the face of changing tasks and work methods and distinguish it from
forms of routine expertise optimized for recurrent conditions [6]. Their review identifies differences
associated with knowledge representation, cognitive and analogical problem-solving abilities, prior ex-
perience, and environments that support continued learning [6]. The literature is therefore directly rele-
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vant to the paper’s concern with capacities that support inquiry beyond stored answers or well-practiced
routines.

For scholarly formation, adaptation has at least three analytically distinct forms. A researcher may
need to adapt within a discipline when a familiar method meets a new object. A researcher may need
to adapt across disciplines when a problem requires translation between different evidential standards or
mathematical representations. A researcher may also need to adapt historically when concepts that once
organized inquiry cease to fit transformed social, technological, or material conditions. These forms
share a requirement for reorganization, yet their mechanisms and constraints can differ substantially.

The GR extension proposed in this paper concerns the relational organization of adaptation. Transfer
is rarely a movement of an unchanged competence into an unchanged destination. The target context may
alter what counts as an adequate explanation, acceptable evidence, legitimate abstraction, or responsible
intervention. A mature scholarly configuration therefore requires sensitivity to transformations in both
the object and the evaluative environment. This motivates later separation among historical conscious-
ness, relational breadth, aesthetic judgment, normative judgment, translation, generative translation, and
epistemic-relational humility.

Adaptive expertise also places pressure on educational models centered on answer reproduction. En-
vironments that reward efficient repetition can produce strong performance within a stable task family
while leaving weaker resources for novelty. Section 16 develops this implication through the paper’s
account of generative translation and scholarly development. The central educational question becomes
how scholarly formation acquires the capacity to reorganize its own problem representation and concep-
tual resources when the inherited solution space becomes inadequate.

2.4 Tacit Knowledge and Professional Judgment

Polanyi’s account of tacit knowing supplies a philosophical interface to the limits of full explicitness. The
Tacit Dimension develops the thesis that human knowledge includes dimensions that exceed what can
be completely stated propositionally and emphasizes the importance of inherited practice, background
commitments, and skilled integration in scientific knowing [7]. This tradition is relevant to scholarly for-
mation because many high-level scholarly capacities are expressed through selection, emphasis, timing,
comparison, and sensitivity to significance before they are reducible to a complete list of rules.

The present inquiry treats tacitness as a warning against premature formal closure rather than as an
exemption from analysis. Aesthetic judgment may contain tacit dimensions, yet examples, comparative
cases, training histories, and disagreement patterns can still be studied. Historical consciousness may
depend on an acquired feel for anachronism or conceptual displacement, yet historians can articulate
methodological constraints that make those judgments more accountable. Translation across language
systems may rely on situated sensitivity to audience and conceptual background, yet the relations being
translated can still be reconstructed and criticized.

This treatment is especially important in an Al context. Describing a scholarly capacity as tacit does
not establish that it is permanently inaccessible to computational systems, nor does successful computa-
tional performance establish that the relevant capacity has been exhaustively formalized. Both inferences
would exceed the evidence. The safer analytical task is to identify the observable practices, developmen-
tal histories, transfer conditions, and correction processes through which a capacity becomes reliable
enough to matter for scholarship.

Tacit knowledge also directs attention to social inheritance. Scholarly practice is learned within lab-
oratories, seminars, archives, disciplines, schools of interpretation, professional networks, and informal
relations of mentorship. The history-bearing scholarly configuration introduced later therefore includes
institutional and relational support rather than locating every relevant capacity inside an isolated indi-
vidual. Some scholarly capacities may be distributed across people and artifacts; others may depend on
repeated participation in communities whose evaluative norms are only partly codified.
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2.5 Hermeneutic and Historical Interfaces

The historical dimension of scholarly formation has two important interfaces in intellectual history and
philosophical hermeneutics. Skinner’s methodological intervention in the history of ideas criticizes read-
ings that detach texts from the linguistic and historical contexts within which authors could intelligibly
act and argues for attention to what authors were doing in making particular utterances in particular con-
texts [8]. The relevance to this paper is structural: a concept’s meaning and intellectual role can depend
on the problems, conventions, available vocabularies, and interventions that made its use possible at a
given historical moment.

This contextualist interface supports the paper’s distinction between historical information and his-
torical consciousness. Knowing that a concept appeared in a particular year, text, or school provides
useful information. Historical consciousness demands a richer reconstruction of the local problem field:
which alternatives were available, which distinctions carried practical force, which conventions were be-
ing preserved or contested, and which subsequent developments altered the concept’s function. Section 4
develops this capacity without assuming that a single contextualist methodology exhausts legitimate in-
tellectual history.

Gadamer’s philosophical hermeneutics provides a complementary interface. Truth and Method treats
understanding as historically conditioned and places language, tradition, and historically effected con-
sciousness at the center of hermeneutic experience [9]. Within the present paper, this orientation helps
resist the fiction of a view from nowhere in scholarly interpretation. A scholar approaches another text,
discipline, or conceptual system through an already formed horizon that shapes which distinctions are
initially visible and which questions appear natural.

The GR development begins where historical and hermeneutic situatedness meets explicit relational
heterogeneity. Two language systems may organize evidence, analogy, abstraction, normativity, and
disciplinary legitimacy differently. Understanding across them therefore involves more than recovering
lexical meaning. It can require reconstruction of the generative conditions that make a proposition intel-
ligible within each system. Sections 10-13 distinguish scholarly translation from generative translation
and examine how unequal interpretive power affects which system acquires authority to define the other.

Historical contextualism and hermeneutics also introduce a productive tension. Contextual recon-
struction protects against anachronistic assimilation, while dialogue with historical or foreign conceptual
systems can generate new questions that exceed original intentions. The present framework preserves
both possibilities by separating reconstruction from subsequent evaluation and transformation. A scholar
can seek faithful contextual understanding first and later use the reconstructed material within a different
inquiry, provided the transition remains explicit.

2.6 Intellectual Humility and Epistemic Practice

Empirical research on intellectual humility provides a further interface for the paper’s treatment of schol-
arly restraint. Leary and colleagues operationalize intellectual humility around recognition that one’s be-
liefs may be wrong and report associations with openness, curiosity, tolerance of ambiguity, and reduced
dogmatism across their studies [10]. This work supplies an empirically tractable account of fallibility
recognition and belief-related openness. It also helps distinguish humility from lack of commitment: a
person can hold substantive beliefs while maintaining sensitivity to the possibility of error.

The present paper retains that fallibilist component and extends the object in a relational direction.
Scholarly encounters frequently occur across language systems whose categories, evidence rules, his-
torical memories, and institutional authority differ. Epistemic-relational humility therefore concerns the
capacity to delay premature projection of one system’s evaluative operators onto another long enough to
reconstruct the other system’s internal relations and historical formation. The delay is methodological
rather than absolute. External criticism remains available after contextual understanding, and some cases
may require rapid normative response when material harm or safety constraints are present.

This extension also connects humility to power. Interpretive authority is unevenly distributed across
languages, journals, universities, funding systems, legal institutions, technical platforms, and globally
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dominant disciplines. A scholar located within a powerful system can possess the practical ability to
classify another system before understanding it on its own terms. Humility under these conditions in-
cludes restraint in the exercise of interpretive power. Section 13 examines that problem directly.

The distinction between psychological humility and epistemic-relational humility should remain visi-
ble. A person can display low interpersonal arrogance while still imposing a dominant conceptual system
on another tradition. Conversely, a forceful critic can undertake careful contextual reconstruction before
disagreement. The paper therefore treats intellectual-humility research as an important interface rather
than a complete model of the scholarly capacity under investigation.

2.7 Positioning of the GR Account

The literature considered in this section supports several elements of the paper’s motivation. Expertise
can be situated and experience-dependent; expert recognition can compress long histories of exposure
into rapid judgments; adaptive expertise concerns competent response to novelty; knowing can contain
tacit dimensions; understanding is historically and linguistically conditioned; and fallibility recognition
can support more open epistemic practice. These insights significantly reduce the amount of conceptual
territory that a GR account needs to claim as novel.

The remaining problem concerns architecture. The present paper asks how eight capacity families
can be represented as distinct yet mutually conditioning elements within a history-bearing scholarly con-
figuration: historical consciousness, relational breadth, generative attention and problem formation, aes-
thetic judgment, normative judgment, translation, generative translation, and epistemic-relational humil-
ity. It also asks how those capacities are distributed across persons, institutions, archives, communi-
ties, and Al-mediated tools; how power affects translation and interpretation; and how the configuration
changes over time. Table 2 records these residual tasks while preserving the heterogeneity of the con-
tributing literatures.

This positioning establishes a methodological constraint for the remainder of the paper. GR formal-
ization should organize relations among the capacities while preserving the differences among psycholog-
ical evidence, historical interpretation, philosophical argument, educational practice, and computational
implementation. An empirical association measured in intellectual-humility research has a different
evidential status from a hermeneutic argument about historically conditioned understanding; a field ob-
servation in NDM has a different inferential structure from a conceptual claim about translation. The
framework gains coherence by relating these objects without collapsing their methods.

Section 3 therefore develops a minimal formal architecture rather than a synthetic theory of expertise.
It specifies the history-bearing scholarly configuration, its relational and institutional supports, its knowl-
edge resources and language systems, the distinction between scholarly manifestations and generative
capacities, and the temporal status of its development. That construction will provide the common re-
lational vocabulary through which the later capacity-specific sections can communicate while retaining
their local disciplinary constraints.

3 Generative Relational Foundations of Scholarly Formation

This section develops the minimum Generative Relational (GR) architecture required for the later anal-
yses of individual scholarly capacities. Its foundational role is to identify the analytical objects through
which historical consciousness, relational breadth, judgment, translation, and humility can be discussed
within a common vocabulary while preserving their distinct functions. The section proceeds through
six steps. It first refines the notion of a history-bearing scholarly configuration introduced in Section 1.
It then distinguishes relational and institutional support from internal possession, separates knowledge
resources from language systems, formalizes the difference between scholarly manifestations and genera-
tive capacity, represents temporal development and assimilation, and states the ontological and empirical
limits of the formalism. The method is structural and conceptual. The notation is intended to organize
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relations among objects and possible transformations; it is not an empirically parameterized dynamics
and does not establish an ultimate ontology of scholarship.

3.1 History-Bearing Scholarly Configurations

Equation 1 introduced a scholarly configuration at analytical time ¢ as E;Ch = (Hy, R, Ko, L, Ny, Cr).
The present section treats the components of that tuple as analytical projections of one history-bearing
configuration. They are separated because different questions require different projections, yet their
empirical realization can overlap. A journal archive, for example, can be represented as part of the
accessible knowledge resources /s, as an institutional relation within R, and as a source of disciplinary
conventions that participate in £;. The tuple therefore records six analytical functions whose empirical
realizations can overlap.

The history term H; requires particular care. A history-bearing configuration is not defined merely
by attaching a chronological record to an otherwise static state. The analytical claim is stronger and more
specific: some present capacities can depend on the path through which the configuration was formed.
A scholar who has repeatedly encountered failed analogies between two fields can possess a different
sensitivity to scale and domain boundaries from a scholar who has access to the same final literature
but has not undergone comparable cycles of comparison and correction. Likewise, a research group can
preserve an institutional memory of experimental failures through protocols, notebooks, oral instruction,
and review practices even when no single member remembers the complete sequence.

For the purposes of this paper, H; therefore denotes the relevant prior trajectory of transformations
through which the current configuration became available. The word relevant prevents the history term
from becoming an unrestricted biography of every participating person or institution. Relevance is in-
dexed to the scholarly question under investigation. An analysis of historical consciousness may re-
quire intellectual genealogy, archival encounters, and disciplinary training. An analysis of experimental
craftsmanship may require laboratory apprenticeship and instrument history. An analysis of Human—AlI
scholarship may require interaction history, prompting practices, model changes, correction episodes,
and provenance records. The contents of H; are consequently selected by an explicit research question
rather than assumed to be exhaustive.

This representation supports a path-dependence distinction without presuming that every scholarly
capacity is path-dependent to the same degree. Two configurations can have similar presently accessible
resources while differing in the histories through which those resources have been interpreted and incor-
porated. The resulting difference may matter for transfer, error recognition, explanation, or continuation.
In other cases, a resource can be used effectively with little dependence on a prior personal trajectory
because the relevant knowledge is stabilized in external procedures, software, institutions, or documen-
tation. The framework leaves both possibilities open and treats a static resource inventory as only one
projection of scholarly formation.

Definition 3.1 (History-bearing scholarly configuration). A history-bearing scholarly configuration is
an analytically specified configuration ¥$" whose present capacities and relations are evaluated together
with the subset of prior transformations H; that is relevant to the scholarly function under investigation.
The definition permits those transformations to be distributed across persons, communities, artifacts,
institutions, and computational systems.

Definition 3.1 makes the unit of analysis intentionally flexible. An individual researcher can be the
local unit when the question concerns personal conceptual development. A laboratory can be the unit
when experimental competence depends on shared instruments, routines, and records. A Human—AlI
workflow can be the unit when a capacity emerges through repeated interaction and tool use. A scholarly
tradition can be the unit when the object is the historical persistence and transformation of a conceptual
language. The choice of unit should therefore follow the scholarly function being explained rather than
an a priori commitment to methodological individualism or technological holism.
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3.2 Relational and Institutional Support

The relational component R, records how scholarly capacities are supported, constrained, and distributed.
The term includes interpersonal relations, yet its intended scope is wider. Access to archives, laboratory
instruments, editorial institutions, funding, disciplinary communities, computational infrastructure, legal
permissions, educational systems, and communication platforms can alter what a scholarly configuration
is able to do. A capacity attributed to a person can consequently depend on relations that are external to
the person’s body while remaining stable enough to function as part of ordinary scholarly practice.

This point motivates a distinction between local possession and relational availability. Local posses-
sion concerns capacities that remain available under a specified reduction of external support. Relational
availability concerns capacities that can be reliably realized within a recurring configuration of supports.
The distinction serves a diagnostic function and carries no intrinsic evaluative ordering. Relationally
available capacity is not thereby inferior to locally possessed capacity. Contemporary scholarship rou-
tinely depends on libraries, notation systems, instruments, peer criticism, and software. The distinction
becomes analytically important when support conditions change or when a scholarly output is used as
evidence about an individual actor.

A minimal support representation can be introduced without specifying a complete network model.
Let S¢(c) denote the set of supports treated as materially relevant to the realization of capacity ¢ € C;
under the local task definition. The word relevant is deliberate: the representation does not claim that
every listed support is causally necessary, jointly sufficient, or minimal. Those stronger dependency
claims require domain-specific evidence. The support representation is stated in Equation 2.

Si(c) C {persons, communities, artifacts, institutions, instruments, computational systems};.  (2)

Equation 2 is a typing device rather than a numerical model. It allows an investigator to ask which sup-
ports are constitutive for a particular realization of a capacity, which are substitutable, and which failures
materially change the capacity profile. Historical consciousness can depend on access to archives and
secondary scholarship; normative judgment can depend on communities capable of articulating affected
interests; experimental competence can depend on instruments and technicians; generative translation
can depend on an interlocutor whose responses expose whether a proposed conceptual bridge is actually
generative.

The support relation also clarifies why institutional conditions belong inside the analysis of scholarly
formation. Institutions do more than provide resources. They stabilize categories, authorize evidence
practices, allocate time, create incentives, define legitimate outputs, and distribute interpretive author-
ity. A researcher trained within one disciplinary institution can therefore inherit a language system and
evaluative repertoire through relations that are only partly explicit. Institutional support can enlarge
generativity by preserving archives, sustaining criticism, and funding long-horizon inquiry. It can also
narrow generativity by rewarding standardized manifestations, constraining admissible questions, or ex-
cluding alternative conceptual systems. The GR representation keeps these possibilities visible without
assuming a single normative direction.

Power enters the support relation whenever actors or institutions can alter another configuration’s
options, classifications, resources, or interpretive standing. The present section uses one bounded impli-
cation of the paper series’ broader theory of relational power. Scholarly capacities are exercised within
support structures whose accessibility and authority can be asymmetrically distributed. Section 13 de-
velops this implication through language systems and interpretive authority.

3.3 Knowledge Resources and Language Systems

The distinction between K; and £; is necessary because access to information and the organization of
intelligibility perform different analytical functions. The knowledge-resource component X; contains
materials currently available for use: texts, datasets, remembered propositions, proofs, examples, mod-
els, empirical observations, databases, generated candidates, and other resources that can enter inquiry.
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Table 3: Foundational objects in the GR representation of scholarly formation

Object Analytical role Ilustrative diagnostic question

H; Relevant prior transformations ~ Which encounters, revisions, failures, inheritances, or
through which the present interactions materially affect the present scholarly
configuration was formed function?

R+ Relations and supports among  Which relations enable, constrain, stabilize, or
persons, institutions, artifacts,  distribute the capacity being attributed?
instruments, communities,
and computational systems

Ks Knowledge and informational =~ Which materials can the configuration retrieve, recall,
resources currently accessible  inspect, or manipulate for the task?
to the configuration

Ly Conceptual, linguistic, Which distinctions, evidence rules, problem framings,

evidential, and inferential

and standards of explanation organize interpretation?

structures through which
resources become intelligible
N, Normative and institutional
conditions relevant to
scholarly choice and priority

Which obligations, risks, resource constraints,
responsibilities, and affected relations condition
research direction?

Cy Operative scholarly capacities =~ Which scholarly functions can be reliably realized,
available within the revised, transferred, or reconstructed under specified
configuration conditions?

The language-system component £; concerns the structures through which those resources become in-
terpretable and actionable: concepts, distinctions, admissible inferential moves, evidence conventions,
problem framings, metaphors, standards of explanation, and historically stabilized categories.

The distinction can be illustrated by a simple case. Two configurations can access the same archive
while asking different questions of it because their conceptual distinctions differ. Conversely, two con-
figurations can share a conceptual language while possessing unequal archives, linguistic access, or com-
putational retrieval. The first difference is primarily represented through £;; the second through K; and
the relevant support relations in R;. In practice, the components interact. New resources can induce
changes in a language system, and a changed language system can make previously available resources
newly salient.

Table 3 summarizes the analytical roles of the principal objects used in this section. The table also
states a diagnostic question for each object so that later empirical or historical work can operationalize
the formalism without treating the notation as self-validating.

Two further separations prevent circularity in the tuple. The normative-condition component N;
records the obligations, risks, institutional rules, affected relations, and other normative circumstances
represented as relevant to the inquiry; it does not itself perform normative judgment. Normative judgment
is an operative capacity within C; that interprets and evaluates research choices in relation to such con-
ditions together with evidence, alternatives, uncertainty, and responsibility. Likewise, C; is a container
for task-relevant scholarly capacities rather than a duplicate of the other five components: a capacity
can depend on history, relations, resources, language systems, and normative conditions without being
reducible to any one of them.

The distinction between knowledge resources and language systems is particularly important in Al-
mediated scholarship. A model can enlarge /C; by retrieving literature, proposing examples, summariz-
ing debates, or generating candidate derivations. The same interaction may or may not modify £;. A
researcher can copy a generated explanation without incorporating its conceptual distinctions, or can use
repeated dialogue to reorganize how a problem is represented. The framework therefore keeps increased
access analytically separate from equivalent formation. The relevant empirical question is how resources
become assimilated into the configuration and how that assimilation changes subsequent interpretation
and generation.
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Language systems can themselves be plural within one scholarly configuration. A researcher can
move among mathematical, legal, historical, philosophical, and policy vocabularies without reducing
them to a common metalanguage. The framework therefore permits £, to contain partially overlapping
systems whose translations are incomplete. This plurality matters because one function of mature schol-
arship can be the preservation of difference while building enough relational structure for comparison or
dialogue. Sections 10 and 11 develop this problem through scholarly translation and generative transla-
tion.

3.4 Scholarly Manifestation and Generative Capacity

The central analytical distinction of the paper concerns the relation between what a scholarly configu-
ration produces and what it is able to continue generating. A scholarly manifestation is an observable
or recordable product through which some part of scholarly activity becomes available to others: a pa-
per, proof, explanation, model, translation, review, lecture, dataset, design, or documented judgment. A
manifestation is important evidence. It can be compared, criticized, archived, cited, and evaluated. It
nevertheless provides only a projection of the configuration that produced it.

Let ¢ denote a specified scholarly task and ¢ the local conditions under which the task is performed.
The set of manifestations that a configuration can produce for that task is represented in Equation 3.

M, e(Z5M) = {m : m is an admissible scholarly manifestation produced under (¢, ¢)}. 3)

Equation 3 does not require manifestations to be deterministic. Multiple outputs can be compatible
with the same configuration and task, and stochastic or collaborative systems can generate different
manifestations across repetitions. The representation is useful because it distinguishes performance at a
specified interface from the broader capacity structure that supports future inquiry.

Generative capacity is represented at a different level. Let & (") denote the set of scholarly trans-
formations or continuations that the configuration can sustain under a stated domain and support con-
dition. Examples include reconstructing the origin of a concept, revising an argument after criticism,
transferring a method to a new domain, identifying a failed analogy, generating a new problem from
a contradiction, translating a concept across language systems, or reorganizing research priorities after
normative conditions change. The continuation representation is stated in Equation 4.

&(X5M) = {5 : ~is a viable scholarly continuation from :"}. (4)

The term viable is intentionally local. A continuation can be viable relative to a field, task fam-
ily, timescale, institutional setting, support envelope, or evidential standard. These scope indices are
suppressed in the notation because the continuation object is meant to contain multiple possible next
scholarly tasks rather than one fixed interface task of the kind indexed in 901, .. Any empirical use of
® must therefore declare the domain and support conditions under which viability is being assessed.
Equation 4 does not define a universal scalar quantity of generativity. Its purpose is to make continu-
ation space available as an object of comparison. Future empirical work could operationalize parts of
this set through transfer tasks, longitudinal problem development, error correction, explanation under
perturbation, or demonstrated capacity to regenerate an argument after support is removed.

The distinction between Equations 3 and 4 yields a central claim of the paper.

Claim 3.2 (Manifestation equivalence and generative non-equivalence). Similarity or equivalence be-
tween scholarly manifestations under a specified task does not, by itself, establish similarity or equiva-
lence between the history-bearing generative capacities of the configurations that produced them.

Claim 3.2 states an epistemic constraint on inference; its status is not a theorem about every pair of
scholarly systems. Equivalent manifestations can sometimes be strong evidence of equivalent capacity,
especially when the task probes transfer, explanation, revision, and robustness across varied conditions.
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The claim concerns the insufficiency of output similarity alone. Two configurations can produce the
same answer through different histories, supports, language systems, or degrees of assimilation. Their
future continuation spaces can therefore differ even when one local manifestation is indistinguishable.

The converse relation also requires caution. Different manifestations need not imply different schol-
arly capacities. Two scholars can express the same underlying distinction through different disciplinary
vocabularies; two language systems can generate different surface formulations that preserve relevant
structure; a Human—AI configuration can produce a manifestation unlike that of an unaided human while
sustaining comparable continuation functions. The preservation and equivalence questions developed
elsewhere in the broader GR programme therefore remain typed: the relevant level, relation, task, and
retained characteristic must be specified before equivalence is inferred.

This manifestation—generativity distinction also clarifies why authorship, provenance, and explana-
tion matter without reducing scholarship to any one of them. Provenance can reveal which supports and
transformations participated in an output. Explanation can probe whether a configuration can reconstruct
relations that the output compresses. Revision after perturbation can test whether the underlying capacity
survives changes in wording or task structure. None of these procedures provides a complete measure
of scholarly formation, yet each can supply evidence about the configuration behind the manifestation.

3.5 Temporal Development and Assimilation

Scholarly formation is developmental because the configuration changes through encounters, study, crit-
icism, tool use, institutional transitions, successful and failed inquiries, and transformations in the sur-
rounding language and normative environment. The paper therefore represents development as an update
of the whole configuration, with accumulation inside /C; as one possible component of that update. A
minimal update rule is stated in Equation 5.

i = F (S5 A), (5)

where A; denotes the bundle of task-relevant encounters and changes occurring between the two
analytical times. Depending on the inquiry, A; can include reading, experiment, dialogue, criticism,
institutional change, migration across disciplines, Al interaction, archival discovery, failure, or a change
in material and normative conditions. The map F; is not specified as a deterministic learning law. It
indicates that formation can alter several components simultaneously and that the transformation rule
itself may vary historically.

This update representation allows the paper to distinguish acquisition from assimilation. Acquisition
occurs when a new resource becomes accessible within ;1. Assimilation concerns a broader transfor-
mation in which the new resource changes how the configuration can interpret, relate, judge, translate,
reconstruct, or continue inquiry. Assimilation can therefore involve changes in Hy, Ry, L, N, or C; as
well as changes in ;.

Definition 3.3 (Scholarly assimilation). A newly acquired resource is scholarly assimilated relative to
a specified inquiry when its incorporation produces a relevant and sufficiently stable change in the con-
figuration’s interpretive, relational, evaluative, translational, or generative organization. Mere external
retrievability of a manifestation or record is insufficient for this attribution.

Definition 3.3 is deliberately graded. Assimilation need not be complete, permanent, or internally
located. A mathematical technique can be assimilated well enough to support transfer within one problem
class while remaining weakly understood historically. A historical narrative can reorganize conceptual
interpretation without changing experimental skill. An AI system can function as part of an assimilated
workflow when repeated interaction, provenance practices, correction routines, and task decomposition
become stable features of the scholarly configuration. Conversely, generated text can remain weakly
assimilated when the user cannot reconstruct, revise, or appropriately transfer its central distinctions.

The distinction between acquisition and assimilation provides a precise way to formulate one chal-
lenge of Al-mediated scholarship while keeping the evaluative status of Al use open. Generative systems
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can accelerate acquisition by expanding the volume and speed of accessible material. They can also sup-
port assimilation through dialogue, comparison, simulation, critique, and repeated reformulation. The
developmental question is which transformations actually occur in ¥ and whether the resulting changes
persist across tasks and contexts. That question is empirical and can produce different answers for dif-
ferent scholars, systems, disciplines, and stages of training.

Temporal development also permits loss, narrowing, and reorganization. A configuration can gain
one capacity while weakening another; institutional specialization can deepen local competence while
reducing cross-domain translation; automation can preserve output quality while eroding a skill that
was previously maintained through repeated practice; new conceptual languages can reveal possibilities
while making older distinctions less salient. Equation 5 therefore represents formation as transformation
whose direction can include growth, loss, narrowing, and reorganization. This openness is retained in
the later analyses of scholarly development and Human—AlI coupling.

3.6 Representation Status and Ontological Suspension

The formalism in this section is intentionally modest. The tuple X5, the task-relative support set Sy (c),
the manifestation set 9, ¢, the locally scoped continuation set &, and the update map F; are analytical
representations. They identify distinctions that later historical, interpretive, educational, computational,
or empirical studies can investigate. They do not establish that scholarship possesses a unique state
space, that the listed components are ontologically fundamental, or that scholarly development follows
a Markovian or deterministic dynamics.

Several limitations follow from this status. First, the decomposition can be refined differently for
different domains. Laboratory science may require explicit representation of instruments, experimental
organisms, and material infrastructures. Mathematics may require greater attention to proof practices,
notation, and problem traditions. Historical scholarship may require richer treatment of archives, source
criticism, and historiographical languages. Second, the present formalism does not provide numerical
measures of the eight capacity families. Any operationalization would require domain-specific tasks, va-
lidity arguments, and evidence that the measurement procedure captures the intended scholarly function
rather than a convenient proxy.

Third, the representation maintains ontological suspension. GR language about configurations, re-
lations, histories, capacities, and transformations is used because it supports analysis of how scholarly
functions are generated and sustained. The framework does not infer an ultimate metaphysics of mind,
agency, knowledge, or artificial systems from the usefulness of that representation. A capacity can be
attributed at the level of a coupled configuration without deciding whether the relevant causal or phenom-
enal properties belong ultimately to a person, an institution, an Al system, or some deeper ontological
substrate.

Fourth, formal separation does not imply causal independence. Historical consciousness can alter
aesthetic judgment; institutional power can shape language systems; translation can reorganize knowl-
edge resources; normative conflict can transform research priorities; Al-assisted retrieval can change the
relational organization of a project. The manuscript analyzes these couplings selectively. The present
section supplies the shared vocabulary required to state these couplings while preserving distinctions
among forms of scholarly maturity.

The resulting foundation can be summarized as a sequence of analytical commitments. Scholarly
formation is represented through a history-bearing configuration rather than a static inventory. Capacity
can be relationally available and institutionally supported. Knowledge resources and language systems
are distinguished because access and intelligibility perform different functions. Manifestations provide
evidence of scholarship while leaving generative capacity partially underdetermined. Development con-
cerns transformation and assimilation across time rather than accumulation alone. Formal notation re-
mains a revisable representation under ontological suspension. These commitments provide the common
structure for Section 4, which examines the first capacity family in detail: historical consciousness and
the reconstruction of conceptual genesis.
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4 Historical Consciousness and Conceptual Genesis

This section develops historical consciousness as the first substantive capacity in the proposed architec-
ture of scholarly formation. Its role is to specify what exceeds historical retrieval when a scholar explains
how a concept, method, or problem became intelligible within a particular historical and relational config-
uration. The objective is therefore narrower than a general philosophy of history and broader than factual
recall. The discussion proceeds through the historical locus of a concept, the problem constellation and
conceptual repertoire available within that locus, the intervention performed by a new formulation, its
subsequent uptake and transformation, and the implications of Al-mediated historical retrieval. The
method is interpretive and structural. Historical contextualism and conceptual history provide important
methodological interfaces, while the Generative Relational (GR) contribution lies in representing histor-
ical consciousness as a capacity of a history-bearing scholarly configuration rather than as possession of
historical information alone.

4.1 Historical Consciousness as Generative Reconstruction

Historical information and historical consciousness perform different functions within the framework
established in Section 3. Dates, quotations, bibliographic records, archival documents, biographies, and
chronologies can enter the accessible resource set /C;. Historical consciousness concerns what a scholarly
configuration can do with such resources. It includes the capacity to reconstruct how an object of inquiry
became possible, salient, contestable, or authoritative within a particular historical field and how that
object’s meaning and function changed through subsequent relations.

The distinction matters because a concept can be known propositionally while remaining histori-
cally flattened. A contemporary definition may state how a term is used in a present discipline while
suppressing the problem situation within which earlier formulations acquired their force. Conversely, a
historian can accumulate many facts about a concept while leaving unclear why those facts belong to
one explanatory sequence. Historical consciousness therefore requires organization of evidence into a
revisable account of conceptual genesis, intervention, uptake, and transformation.

Skinner’s methodological intervention in intellectual history supplies one important interface. His
critique of decontextualized histories of ideas emphasizes the danger of attributing timeless questions or
later conceptual categories to historical actors whose linguistic conventions and available descriptions
differed from those of the interpreter [8]. Koselleck’s conceptual history provides a complementary
interface by examining semantic change, historical temporality, and the relations between conceptual
vocabularies and changing social-historical conditions [11]. The present paper does not combine these
approaches into a single historiographical method. It uses them to support a narrower scholarly require-
ment: mature historical understanding attends to the conditions under which concepts were usable and
to the transformations through which their later meanings became possible.

Definition 4.1 (Historical consciousness in scholarly formation). Within the present framework, histori-
cal consciousness is the capacity of a scholarly configuration to construct, criticize, and revise evidence-
sensitive accounts of how a concept, problem, method, or practice emerged within a historically situated
relational field, how it intervened in an available repertoire, and how its subsequent uptake altered later
possibilities of inquiry.

Definition 4.1 treats historical consciousness as generative because the reconstruction changes the
present space of intelligibility. Recovering why an earlier distinction mattered can reveal assumptions
hidden by contemporary usage, reopen alternatives that later standardization suppressed, and clarify
which parts of a concept can travel into a new domain without carrying its original function unchanged.
Historical inquiry therefore contributes to present scholarly generativity when it enlarges or reorganizes
the set of questions, comparisons, and conceptual continuations that a configuration can responsibly
entertain.
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Table 4: Provisional dimensions of generative historical reconstruction

Dimension

Analytical object

Scholarly function

Historical locus

Problem constellation

Available repertoire

Tensions and limits

Conceptual
intervention

Relevant temporal, spatial, linguistic,
institutional, material, and relational
conditions

Questions, conflicts, anomalies,
practical pressures, or newly salient
distinctions identified in the historical
record

Concepts, methods, metaphors,
classifications, evidence practices, and
inherited alternatives available to
relevant actors

Documented difficulties, contested
assumptions, failed applications,
exclusions, or perceived inadequacies in
the available repertoire

New distinctions, redescriptions,
methods, recombinations, or problem

Locates the concept within the field in
which it became intelligible and usable

Clarifies what the formulation was
responsive to without assuming that one
problem had one necessary solution

Establishes the historically available
space of formulation and comparison

Identifies pressures for revision while
preserving the difference between
contemporaneous evidence and
retrospective judgment

Specifies what changed in the local
language or practice

formulations introduced by the object
under study

Adoption, rejection, institutionalization,
translation, controversy, or selective
reuse

Later reinterpretations, descendants,
abandoned branches, and changes in
problem space

Tracks how relational environments
conditioned the intervention’s practical
and intellectual effects

Connects genesis to subsequent
transformation without treating later
outcomes as predetermined

Historical uptake

Conceptual afterlife

4.2 Historical Locus and Relational Conditions

A concept’s historical locus is more than a date and geographic coordinate. The relevant locus can include
linguistic conventions, institutions, material infrastructures, political conflicts, disciplinary boundaries,
technologies of inscription, educational arrangements, and relations of authority. Which elements mat-
ter depends on the object and the historical question. A mathematical notation may require attention to
proof practices and communication networks; a political concept may require legal institutions, rhetori-
cal conventions, and conflicts over authority; a scientific method may require instruments, laboratories,
measurement practices, and prior theoretical commitments.

This relational specification prevents historical context from becoming an unlimited background
category. Context is analytically useful when the historian can state how a selected relation bears on
the interpretation or genesis under investigation. The GR representation therefore treats historical re-
construction as question-indexed in the same sense that Section 3 treats the history component H; as
relevant rather than exhaustive. A historical account need not reconstruct an entire society in order to ex-
plain one conceptual transformation; it should identify the relations whose inclusion materially changes
the interpretation.

Table 4 provides a provisional profile for such reconstruction. The dimensions are analytical prompts
rather than mandatory stages. Their ordering is also non-causal: several can develop recursively, and
evidence discovered at a later stage can require revision of the proposed historical locus or problem
constellation.

The table makes historical consciousness structurally different from a chronology. Chronology is
indispensable evidence, yet temporal ordering alone does not identify the relations among a problem, an
available repertoire, a conceptual intervention, and later uptake. The historian must justify those relations
through sources and remain open to alternative reconstructions. In this sense, historical consciousness
contains both a synthetic capacity and a discipline of evidential restraint.
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4.3 Problem Constellations and Available Repertoires

The motivating observation for this paper concerns scholars who can explain why a concept emerged
in a particular historical situation, which problems it addressed, and why preceding resources did not
settle those problems. This description captures an important scholarly capacity, yet the phrase “preced-
ing resources were insufficient” requires methodological qualification. Historical actors may experience
a conceptual repertoire as inadequate, inconsistent, politically constrained, or unable to address newly
salient phenomena. Later interpreters may identify additional limitations that were unavailable or unim-
portant to the actors themselves. These two forms of judgment have different evidential status.

Historical consciousness therefore reconstructs a problem constellation rather than assuming an ob-
jective problem waiting for a uniquely correct concept. A problem constellation can contain practical
pressures, intellectual anomalies, normative conflicts, institutional changes, new measurements, new
populations of cases, or tensions among inherited commitments. The historical question asks which of
these were actually salient to relevant actors and which are retrospective analytical categories introduced
by the present scholar.

The corresponding available repertoire is the set of concepts, methods, classifications, metaphors,
and inferential practices that can be shown to have been available within the selected historical field.
Skinner’s contextualist argument is particularly important here because it directs attention to historically
available linguistic conventions and guards against making an earlier author answer a question formu-
lated only by later vocabularies [8]. The GR vocabulary adds a relational emphasis: availability itself can
be uneven. A concept may exist somewhere in the archive while remaining inaccessible across linguistic,
institutional, class, geographic, or disciplinary boundaries. What matters for a local historical reconstruc-
tion is therefore relational availability within the configuration being studied, not bare existence in the
total historical record.

Caution 4.2 (Retrospective necessity). A successful later concept should not be treated as the historically
necessary answer to an earlier problem merely because later scholarship organizes the sequence around
that concept. Historical reconstruction should distinguish contemporaneously documented tensions and
perceived inadequacies from retrospective judgments about what earlier actors should have recognized.

Caution 4.2 protects the generative character of history from teleology. If a later formulation is
presented as the inevitable solution latent in an earlier problem, alternative historical branches disap-
pear from view. A more generative reconstruction can preserve unrealized alternatives, rejected propos-
als, competing vocabularies, and paths that became unavailable through institutional or political change.
These branches matter because they reveal that present conceptual order is one historically stabilized
configuration among several possibilities that may once have been live.

This point also affects interdisciplinary learning. When a contemporary scholar imports a concept
from another field, knowing the original problem constellation can indicate which features were func-
tional responses to that field and which may survive translation. Historical consciousness thereby sup-
ports relational breadth without licensing superficial analogy. It supplies information about the condi-
tions under which a concept’s internal relations were generated.

4.4 Conceptual Intervention and Historical Uptake

A concept becomes historically significant through more than its first articulation. Historical conscious-
ness also asks what the formulation did within its local field and what relations enabled or constrained
its uptake. A conceptual intervention may create a distinction, redescribe an existing object, unify pre-
viously separate cases, reorganize evidence, establish a new problem, or make an older question less
salient. These functions should be inferred from historical evidence rather than from the later fame of
the concept.

The same formulation can also have different functions across communities. Institutional adoption
can standardize one meaning while controversy preserves another. Translation into a new language or
discipline can change the concept’s extension, normative force, or evidential requirements. Educational
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systems can detach a concept from the controversy that generated it and transmit a compressed textbook
manifestation. Such stabilization can be useful for cumulative work, yet it can also conceal historical
alternatives and produce the impression that present categories were always available in their current
form.

Koselleck’s conceptual history is useful at this point because it treats concepts as historically chang-
ing semantic structures embedded in transformations of social and temporal experience rather than as
fixed labels attached to unchanged objects [11]. The present GR account extends this insight into the
architecture of scholarly formation. A scholar with historical consciousness can track a concept through
multiple relational configurations and ask which properties were preserved, which were reinterpreted,
and which new functions emerged. The resulting analysis interfaces directly with the equivalence and
preservation problems developed elsewhere in the broader GR programme, although the present paper
does not require a formal equivalence classification for each historical case.

Historical uptake also introduces power. Institutions differ in their ability to stabilize terminology,
authorize archives, define curricula, fund research programmes, and determine which interpretations
become canonical. Consequently, the historical afterlife of a concept can reflect both intellectual fertility
and asymmetries of dissemination or interpretive authority. A mature reconstruction therefore avoids
inferring intrinsic intellectual superiority directly from historical dominance. Section 4 treats this point
as an epistemic requirement; Section 13 returns to interpretive power as a distinct scholarly and normative
problem.

4.5 Conceptual Afterlives and Path-Dependent Understanding

The historical consciousness proposed here extends in both temporal directions. Reconstruction moves
backward from a present concept toward its conditions of emergence and forward from its early articu-
lation toward later descendants, reinterpretations, and abandoned branches. These directions are linked
because later use often changes what earlier formulations appear to mean. Gadamer’s account of his-
torically effected understanding provides a philosophical interface for this point: interpretation occurs
from within historically conditioned horizons, and the interpreter’s own historical position participates
in the encounter with a text or tradition [9]. The present paper treats this as a reminder that historical
reconstruction is itself situated rather than a view from outside history.

Path dependence enters scholarly formation when the route through a concept’s history changes
present discrimination. A scholar who has encountered only a current textbook definition may possess a
useful local resource. A scholar who has also studied competing earlier formulations, failed applications,
later appropriations, and disciplinary translations may be able to distinguish cases that the compressed
definition merges. The two configurations can therefore contain overlapping propositional knowledge
while supporting different continuation spaces.

This difference should not be romanticized. Historical depth can become ornamental erudition when
it does not alter interpretation, comparison, judgment, or inquiry. The relevant criterion within the present
framework is assimilation. Historical material becomes part of scholarly formation when its incorpora-
tion changes the configuration’s capacity to reconstruct, discriminate, revise, translate, or generate ques-
tions. Section 3 defined this process as scholarly assimilation. Historical consciousness is one domain
in which the distinction between acquisition and assimilation becomes especially visible.

The relation to generativity is consequently conditional. Historical reconstruction can increase gener-
ativity by reopening suppressed alternatives, exposing contingent assumptions, and identifying relations
that a contemporary abstraction hides. It can also constrain irresponsible novelty by showing that a
supposedly new proposal repeats an older structure whose limitations are already documented. Both
functions enlarge the quality of the continuation space even when one expands possibilities and the other
removes poorly supported ones. Generativity in this paper therefore concerns viable continuation rather
than sheer proliferation of candidate ideas.
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4.6 Al-Mediated Historical Retrieval and Scholarly Assimilation

Al systems alter the practical environment of historical scholarship by making retrieval, summarization,
comparison, translation, and candidate narrative generation increasingly accessible. The present frame-
work does not infer from this change that historical consciousness remains exclusively human. It instead
separates several functions that can be distributed differently across Human—AI configurations.

A system can retrieve a date, locate references, summarize a debate, or generate a plausible genealogy.
These manifestations can materially improve inquiry. Historical consciousness, however, is attributed at
the level of a scholarly configuration only when the relevant configuration can also maintain evidential
provenance, distinguish contemporary evidence from retrospective synthesis, compare competing recon-
structions, expose uncertainty, revise the historical locus when new evidence appears, and connect the
reconstruction to later conceptual judgment or inquiry. The distinction is functional rather than species-
based.

This formulation yields an Al-era asymmetry between access and assimilation. Al can greatly lower
the cost of accessing historical manifestations while leaving open whether the resulting material changes
the scholar’s operative language system and generative capacities. A researcher can receive a fluent
historical narrative without being able to identify which claims rest on primary evidence, which are
interpretive synthesis, which alternatives were excluded, or which present categories have been projected
backward. Conversely, iterative Human—AI work can support historical assimilation when it enables
source comparison, counterexample search, alternative periodization, multilingual access, and repeated
correction within a provenance-aware workflow.

The practical consequence is that historical retrieval should be evaluated through continuation rather
than fluency alone. A historically informed scholarly configuration should be able to use the reconstruc-
tion to answer further questions: which part of a concept depended on its original institution; which
distinction survived later translation; which apparent predecessor was named retrospectively; which al-
ternative branch remained possible; and what evidence would force the current genealogy to change.
These tasks probe the generative organization behind a historical manifestation.

4.7 Methodological Boundaries and Interface with Relational Breadth

Historical consciousness is not a single transferable method that can be applied identically across dis-
ciplines. Intellectual history, history of science, legal history, economic history, mathematical history,
and histories grounded in oral or material traditions employ different sources and standards of inference.
The present framework therefore specifies a capacity architecture rather than a universal historiograph-
ical protocol. Domain-specific historians remain necessary for determining what counts as adequate
evidence and responsible contextualization in each field.

The archive itself also has a relational history. Preservation, destruction, classification, translation,
colonial extraction, institutional privilege, and unequal literacy can shape which voices remain avail-
able for reconstruction. Absence from an archive does not by itself establish historical absence, while
surviving documentation does not guarantee representative importance. Historical consciousness conse-
quently includes sensitivity to the conditions under which evidence became preservable and retrievable.
This problem will later connect historical understanding to interpretive power and epistemic-relational
humility.

The capacity developed in this section can now be stated in compact form. Historical consciousness
reconstructs conceptual genesis through a selected historical locus, identifies problem constellations and
relationally available repertoires, distinguishes contemporaneous tensions from retrospective judgments,
traces intervention and uptake, follows later transformation, and keeps the reconstruction revisable under
new evidence. Its value for scholarly formation lies in how these operations reorganize present under-
standing and future inquiry.

Historical consciousness and relational breadth are coupled but distinct. Historical reconstruction can
clarify why contemporary fields stand in particular conceptual, methodological, or institutional relations;
relational breadth adds the capacity to work with those structured relations while preserving differences
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of scale, method, and language.

5 Relational Breadth and Systemic Understanding

This section develops relational breadth and systemic understanding as the second substantive capacity
in the proposed architecture of scholarly formation. Its role is to specify what distinguishes mature cross-
domain understanding from the accumulation of information drawn from many fields. The objective is
to identify the operations through which a scholarly configuration can preserve disciplinary differences,
recognize warranted relations among heterogeneous domains, and use those relations to reorganize in-
quiry without flattening local methods or concepts. The discussion proceeds through knowledge domains
as relationally situated structures, typed cross-domain relations, methodological and scale differences,
historical borrowing and transformation, analogical correspondence, and practical criteria for relational
breadth. The method is conceptual and comparative. Research on interdisciplinarity supplies an im-
portant interface because it emphasizes integration across bodies of specialized knowledge, while the
Generative Relational (GR) contribution lies in representing breadth as a capacity to construct and revise
typed relations whose validity remains conditional on domain, scale, language, and evidential warrant.

5.1 Knowledge Domains as Relational Structures

The motivating observation for this paper concerns scholars whose intellectual movement across fields
appears unusually fluid. A conversation may pass from physics to political economy, mathematics, phi-
losophy, or education without treating those fields as isolated repositories. Such movement does not by
itself establish mature breadth. Rapid switching can remain superficial when a speaker transfers vocab-
ulary without understanding the evidential standards, objects, scales, or historical conditions that give
the vocabulary local meaning. Relational breadth therefore concerns the organization of relations among
domains rather than the number of domains from which terms can be retrieved.

Interdisciplinary research provides a useful established interface. The National Academies defined
interdisciplinary research in terms of integrating information, data, techniques, tools, perspectives, con-
cepts, or theories from multiple disciplines or bodies of specialized knowledge in order to advance un-
derstanding or address problems whose solutions exceed one field [12]. A later instructional synthesis
similarly treats integration of disciplinary insights as a defining feature of interdisciplinarity and empha-
sizes the difficulty created by different disciplinary modes of thinking and research practice [13]. These
accounts already move beyond juxtaposition. The present framework addresses a related but somewhat
different analytical object: the formation of a scholar or scholarly configuration capable of recognizing
what kinds of relations can responsibly connect domains before, during, and after any particular interdis-
ciplinary project.

Within the GR representation introduced in Section 3, a knowledge domain can be treated provision-
ally as a structured scholarly region rather than as a fixed natural kind. A domain may contain character-
istic objects, questions, methods, evidence practices, vocabularies, institutions, historical lineages, and
normative commitments. Its boundaries can be porous, contested, and historically changing. The repre-
sentation therefore avoids assuming that disciplines are timeless or mutually exclusive compartments.

For a question ¢ at time ¢, the relevant cross-domain configuration is represented in Equation 6.

ng) - (ng)a gt(q) s Tty wt)a (6)
()

where D;™ is the set of domains made relevant by the inquiry, St(q) is the set of proposed relations among
them, 7; assigns each relation a type, and w; records the evidential or interpretive warrant presently
available for that relation. Equation 6 is a structural representation rather than an empirical model. Its
purpose is to make explicit that cross-domain understanding requires more than the declaration that two
fields are connected.

The question index ¢ matters. The same pair of domains may be related differently under different
inquiries. Mathematics and physics may be connected through formal modeling in one problem, through
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the history of instrumentation in another, and through philosophy of explanation in a third. A relation
that is useful for one problem should therefore not be generalized automatically into a global identity
between disciplines.

Definition 5.1 (Relational breadth). Within the present framework, relational breadth is the capacity of
a scholarly configuration to identify, type, justify, compare, and revise relations among heterogeneous
domains while preserving the domain-specific distinctions required for responsible interpretation and
inquiry.

Definition 5.1 makes breadth a relational capacity. It includes the ability to move across domains,
yet it also includes the discipline to stop a transfer when the relevant relation is weak, unverified, scale-
inappropriate, or dependent on a metaphor that has ceased to preserve the source structure.

5.2 Disciplinary Difference and Cross-Domain Relation

Cross-domain understanding requires simultaneous attention to relation and difference. A field boundary
can be institutionally contingent while still marking real differences in method, evidence, scale, or object
of inquiry. Conversely, two fields with distinct institutional identities may share mathematical structures,
historical sources, measurement practices, or normative problems. Relational breadth therefore treats
disciplinary identity as neither absolute separation nor automatic commensurability.

A useful scholarly operation is to ask what is being related. The relation may concern objects, meth-
ods, formal structures, explanatory aims, data, institutions, values, or historical inheritance. Two domains
can be closely related along one dimension and distant along another. For example, an optimization
method may transfer from operations research to public policy while the normative meaning of an objec-
tive function changes substantially. A dynamical-system metaphor may illuminate path dependence in
a social process while leaving the interpretation of state variables and causal mechanisms unresolved. A
historical analogy may organize comparison while remaining too weak to support prediction.

Table 5 gives a provisional taxonomy of cross-domain relations relevant to scholarly formation. The
categories can overlap, and their purpose is diagnostic rather than exhaustive.

The table helps distinguish relational breadth from undifferentiated interdisciplinarity. A scholar
who says that economics and ecology are connected has specified little. A more mature account might
identify a material constraint relation between ecological processes and production, a measurement inter-
face between environmental and economic indicators, a normative tension concerning intergenerational
distribution, and a historical relation through the evolution of industrial institutions. Each relation can
then be evaluated on its own evidence and assumptions.

This typed approach also preserves negative results. A proposed relation may fail. A concept im-
ported from one field may prove incommensurate with the receiving field’s measurement practice; a
formal analogy may break at the point where interpretation becomes essential; an apparent historical
influence may lack documentary support. Relational breadth includes the ability to retain such failed
translations as information about domain boundaries rather than treating them as obstacles to be rhetori-
cally erased.

5.3 Methodological and Scale Relations

Systemic understanding frequently requires movement among methods and scales. Such movement is
especially vulnerable to category errors because the same word can refer to different analytical objects
at different levels. A “state” in a dynamical model, a “state” in political theory, and a “state” in ordi-
nary language do not acquire equivalence through lexical identity. Likewise, a statistical association
at a population level does not automatically specify a mechanism at an individual level, and a micro-
scopic physical model does not automatically provide a normative account of institutions that depend on
interpretation and law.

Relational breadth therefore requires explicit bridge conditions. When a scholar transfers a method,
the relevant questions include what inputs the method presupposes, what output it licenses, what error
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Table 5: Provisional types of cross-domain relation in relational scholarly breadth

Relation type

Analytical content

Primary caution

Historical influence

Method transfer

Formal
correspondence

Scale relation

Conceptual translation
Analogical relation
Constraint or
dependence

Normative tension

Documented transmission, inheritance,
reaction, or institutional co-development
across domains

Movement of a technique, instrument,
protocol, or inferential procedure into a
new domain

Shared mathematical, logical,
computational, or structural
representation

Connection among phenomena
investigated at different temporal,
spatial, organizational, or analytical
scales

Reconstruction of a concept in another
disciplinary language or problem space
Partial correspondence used to generate
hypotheses, explanations, or questions

One domain supplies boundary
conditions, feasibility constraints, or
explanatory dependencies for another
Different domains encode competing
values, priorities, responsibilities, or

Later similarity does not establish
historical influence

Performance and validity conditions can
change after transfer

Formal similarity does not establish
equivalence of interpretation or
mechanism

Micro-macro or local-global transitions
require explicit bridge assumptions

Terminological similarity can conceal
different inferential roles

Analogy supports exploration only to
the extent that relevant relations are
preserved

Dependence can be asymmetric and
need not imply reduction

Technical integration does not resolve
normative disagreement

standards of acceptable action

model accompanies it, and whether the receiving domain supplies objects that satisfy those assumptions.
When a scholar connects scales, the questions include which variables are preserved, aggregated, emer-
gent, or lost and whether the relation is explanatory, predictive, constitutive, or merely heuristic.

This requirement is consistent with the methodological pluralism established in the writing principles
of the broader GR programme. Historical, interpretive, qualitative, quantitative, formal, and computa-
tional methods provide partially irreducible forms of access. Relational breadth does not assign one
method universal priority. It asks how methods can constrain or inform one another under a particular
inquiry while preserving the limits of each mode of access.

A compact criterion can be stated without introducing a universal metric. A cross-domain relation
becomes stronger when the scholarly configuration can specify the source object, target object, relation
type, preserved structure, lost structure, bridge assumptions, and available evidence. The relation re-
mains weaker when these elements are left implicit. This criterion is deliberately procedural: the present
paper does not propose a scalar score for interdisciplinarity or breadth.

5.4 Historical Influence and Conceptual Borrowing

The historical consciousness developed in Section 4 is one enabling condition for relational breadth
because many contemporary relations among fields were generated through earlier episodes of borrow-
ing, institutional reorganization, or shared problem formation. The National Academies report notes
that techniques can migrate across fields and become sufficiently assimilated that their foreign origin
is no longer salient [12]. This observation is important for the present framework because it shows that
cross-domain relations can become historical components of a receiving discipline rather than remaining
external bridges.

Borrowing, however, can transform both the imported object and the receiving domain. A technique
can be reparameterized, a concept can change inferential role, and a metaphor can become formalized.
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Historical influence is therefore better represented as a generative relation than as transport of an un-
changed object. The relevant scholarly question is not only where an idea came from but what was
altered through uptake and what new continuations became possible after assimilation.

This historical perspective also restrains retrospective simplification. Contemporary disciplinary
maps can make earlier relations appear obvious even when the relevant boundaries were organized dif-
ferently. Conversely, a field that appears autonomous today may depend on concepts, instruments, or
institutions inherited from multiple predecessors. Relational breadth benefits from reconstructing these
genealogies because doing so reveals that disciplinary identity itself can be a historical outcome of earlier
cross-domain relations.

5.5 Analogy, Structural Correspondence, and Limits

Analogy is one of the most productive and most hazardous mechanisms of cross-domain thought. It
can expose a relation that would remain invisible within a single vocabulary, generate a new question, or
suggest a formal representation. Adaptive-expertise research identifies analogical and cognitive problem-
solving processes among the resources through which experts respond to novel situations [6]. For schol-
arly formation, the important issue is how analogy is disciplined after it has generated attention.

A useful analogy preserves selected relations while leaving other relations unmatched. The receiving
scholar should therefore be able to state which correspondence is intended. If an economic process
is compared with an attractor, for example, the analogy becomes analytically stronger only when the
relevant state space, evolution rule, basin structure, and interpretation of stability are specified. If these
elements remain unavailable, “attractor” may still function as a heuristic metaphor, but its epistemic
status should remain visibly heuristic.

Caution 5.2 (Analogy and cross-domain equivalence). A productive analogy can justify further com-
parison or model construction without establishing equivalence between the source and target domains.
Formal correspondence, historical influence, causal dependence, and conceptual identity are distinct re-
lations and require distinct warrants.

Caution 5.2 connects relational breadth with the equivalence taxonomy developed earlier in the GR
programme. Similar manifestations or shared structures can support a locally useful comparison while
leaving substantial domain-specific remainders. Mature breadth therefore depends partly on the ability
to preserve those remainders rather than forcing them into a common vocabulary.

The same principle applies to systems language. Calling a set of interacting objects a “system” can
direct attention toward relations, feedback, constraints, and multiple scales, but the label does not itself
identify those relations. In this paper, systemic understanding refers to the capacity to organize mutually
relevant relations and their higher-order consequences for a question. It does not require commitment to
one universal systems theory.

Definition 5.3 (Systemic understanding). Within the present framework, systemic understanding is the
capacity to reconstruct how multiple typed relations jointly condition an object, problem, or inquiry,
including interactions among domains, scales, methods, institutions, histories, and normative structures
where those relations are evidentially or interpretively warranted.

Definition 5.3 makes systemic understanding a question-relative achievement. In the eight-family
architecture used later in the paper, systemic understanding is treated as an integrative mode of relational
breadth rather than as a ninth independent capacity family: it becomes relevant when several typed re-
lations must be considered jointly for the inquiry. Some inquiries can be responsibly answered within
one specialized field; others require a broader relational configuration. Breadth is therefore not automat-
ically superior to depth. Mature scholarly formation includes judgment about when a wider relation set
improves the inquiry and when it introduces noise, unsupported analogy, or unnecessary coupling.
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5.6 Relational Breadth in Scholarly Practice

Relational breadth becomes visible in practice through a sequence of operations. A scholarly configu-
ration first identifies which domains are materially relevant to a problem. It then reconstructs the local
standards and language systems of those domains sufficiently to avoid superficial transfer. Proposed
relations are typed and supported; mismatches in scale, method, or interpretation are retained; and the
resulting relation structure is used to generate further questions, comparisons, or constraints. The process
is recursive because a newly identified relation can change which domains or historical pathways appear
relevant.

The distinction between encyclopedic and relational breadth can now be stated precisely. Encyclope-
dic breadth expands the quantity and diversity of accessible material in /C;. Relational breadth changes
the organization of R, £, and C; by creating or revising warranted relations among previously separate
resources and practices. A scholar can therefore possess extensive cross-domain information while re-
taining weak relational breadth, just as a scholar with narrower factual coverage can sometimes display
strong relational breadth within a well-defined problem space.

Al systems sharpen this distinction. Retrieval and synthesis tools can rapidly place materials from
distant disciplines next to one another, lowering the practical cost of cross-domain search. Such juxtapo-

sition can increase the candidate edge set St(q) in Equation 6. The scholarly challenge then shifts toward
relation typing, warrant assessment, preservation of domain-specific assumptions, and discrimination be-
tween generative analogy and spurious similarity. This is another instance of the acquisition—assimilation
distinction developed in Section 3: access to cross-domain material becomes scholarly formation when
it reorganizes future inquiry in ways that remain answerable to the relevant domains.

Human—AI collaboration may support this capacity rather than merely threaten it. An Al system
can assist with finding distant literatures, generating candidate analogies, comparing terminologies, or
exposing possible scale connections. A human or distributed scholarly configuration can contribute
historical placement, local disciplinary judgment, source criticism, tacit familiarity, and responsibility
for deciding which relations should guide action. The allocation is contingent rather than essential. What
matters analytically is whether the coupled configuration can construct, test, revise, and sometimes reject
cross-domain relations with adequate warrant.

The capacity developed in this section therefore has two complementary dimensions. Breadth con-
cerns the reach of a scholarly configuration across heterogeneous domains. Systemic understanding
concerns the organization of relations among those domains and the consequences of their interaction.
Mature scholarly formation joins these dimensions while preserving local depth, methodological plural-
ity, and the possibility that some translations fail.

Relational breadth can inform aesthetic judgment because intellectual fertility often depends on rec-
ognizing a problem’s structural position across fields, historical lineages, and possible continuations.
Aesthetic judgment remains distinct: it concerns selection among possible inquiries according to quali-
ties such as depth, elegance, explanatory compression, and generative potential.

6 Generative Attention and Problem Formation

This section develops generative attention and problem formation as the third capacity family in the pro-
posed account of scholarly formation. Its role is to explain how a phenomenon, encounter, weak signal,
anomaly, failure, ordinary recurrence, or accidental exposure becomes available as a possible object of
inquiry before aesthetic or normative judgment can evaluate it. The objective is narrower than a com-
plete psychology of creativity and broader than an account of anomaly-driven discovery. The discussion
distinguishes problem recognition from problem evaluation, relates the proposal to work on problem
formulation and serendipity, introduces a GR representation of encounter-sensitive problem formation,
and examines the relation between prepared scholarly configurations and contingent phenomena. The
method is conceptual and relational. Existing research on problem recognition and discovery supplies
empirical and philosophical interfaces, while the GR contribution concerns the relational conditions un-
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der which an encounter becomes generative for a history-bearing scholarly configuration.

6.1 Encounter, Salience, and the Genesis of Inquiry

Scholarly inquiry does not begin only after a well-formed problem has been supplied. Many research
trajectories begin earlier, when a configuration encounters something that becomes salient enough to
deserve articulation as a question. The encounter can involve an unexpected experimental result, a re-
current natural phenomenon, an apparently ordinary institutional practice, a difficult textual passage, a
mismatch between theories, an anomalous data point, a failed translation, a social interaction, or a chance
exposure to an unfamiliar body of work. In such cases, the relevant scholarly capacity concerns whether
the encounter becomes a generative occasion for inquiry.

Psychological work on problem solving has long distinguished problem recognition, definition, and
representation from later solution procedures. Pretz, Naples, and Sternberg emphasize that many prob-
lems must first be recognized in the environment and then defined and represented before they can be
solved [42]. Earlier work by Csikszentmihalyi and Getzels similarly examined discovery-oriented behav-
ior during problem formulation and reported a positive relation between such behavior and the originality
of the resulting creative products in their art-school study [41]. These literatures establish useful inter-
faces for the present argument: problem formation is analytically distinguishable from solving a problem
that is already given.

The capacity developed here extends that distinction in a relational direction. The same phenomenon
can be present to several scholarly configurations while becoming generative for only some of them. A
recurring observation can remain background noise for one configuration, become a technical nuisance
for another, and become the origin of a research programme for a third. The difference does not need
to reside solely in the intrinsic properties of the phenomenon. It can arise from the relation between
the encounter and the configuration’s accumulated history, unresolved problems, disciplinary repertoire,
cross-domain relations, tacit experience, and evaluative dispositions.

For present purposes, let e; denote a task-relevant encounter available to a scholarly configuration
¥5<h at analytical time ¢, and let 2, ¢ denote the context-relative space of candidate problem framings
that the configuration could in principle articulate in context £. The generative-attention correspondence
is stated in Equation 7.

Ve (et Z§Ch) C D (7)

In Equation 7, membership means that the encounter makes a candidate problem framing sufficiently
salient to become available for articulation, investigation, or preservation as an inquiry seed. The cor-
respondence can be empty. It need not produce one unique question, and it does not imply that any
generated question is valuable, feasible, or normatively appropriate. The notation therefore represents
a pre-evaluative stage of scholarly formation: it concerns what can become a question before the later
capacities of aesthetic and normative judgment determine whether the question merits sustained commit-
ment.

Definition 6.1 (Generative attention). Within the present framework, generative attention is the revis-
able capacity of a scholarly configuration to recognize an encounter as potentially inquiry-generating,
articulate one or more problem framings from that encounter, and preserve enough of the encounter’s
relational structure for subsequent investigation rather than reducing it prematurely to an already familiar
category.

Definition 6.1 separates generative attention from generalized curiosity. Curiosity can motivate ex-
ploration without yielding a tractable or conceptually structured problem. Generative attention concerns
the transformation of an encounter into a scholarly problem space that can later be reconstructed, com-
pared, tested, translated, or judged.
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Table 6: Encounter types relevant to generative attention and problem formation.

Encounter type

Potential scholarly function

Primary caution

Unexpected anomaly

Ordinary recurrence

Failure or resistance

Cross-domain

coincidence

Conceptual friction

Chance exposure

Weak or peripheral
signal

Reveals mismatch between expectation
and observation and can motivate
explanatory reconstruction.

Makes a stable but neglected relation
available for conceptualization or
comparative inquiry.

Exposes a boundary condition, hidden
assumption, or limitation in a method
or concept.

Suggests a possible structural,
historical, or methodological relation
across fields.

Reveals that a term, distinction, or
inferential move does not travel
smoothly across language systems.
Introduces an unsought source,
phenomenon, or relation that redirects
inquiry.

Preserves observations that dominant
classifications would normally discard
or aggregate away.

Surprise alone does not establish
explanatory importance.

Familiarity can be mistaken for
universality or depth.

Local failure does not establish failure
of the broader framework.

Co-occurrence or resemblance can
generate analogy without warranting
equivalence.

Translation difficulty can arise from
missing background rather than deep
incommensurability.

Retrospective success can exaggerate
the role of chance and obscure prior
preparation.

Noise, measurement error, and
selective attention remain alternative
explanations.

6.2 Problem Finding, Serendipity, and Adjacent Discovery Accounts

The proposed capacity has important neighbors in the literatures on problem finding, scientific discovery,
and serendipity. The problem-recognition literature emphasizes that creative problem solving often de-
pends on how a problem is identified and represented before a solution is sought [42]. Csikszentmihalyi
and Getzels provide an empirical precedent for studying behavior during the problem-formulation stage
rather than treating the supplied problem statement as fixed [41]. These interfaces support a distinction
between the generation of a problem and the evaluation or solution of an already specified one.

Serendipity introduces a different emphasis. Copeland characterizes serendipity in science through
the intersection of chance and wisdom and treats recognition of the unexpected as part of a discovery
process whose outcome stands in an oblique relation to the investigator’s prior intentions [43]. This is
relevant because scholarly formation can depend on the ability to notice significance in events that were
not sought for the purpose they eventually serve. The role of chance, however, does not exhaust the
present concept. Generative attention also includes cases in which the initiating phenomenon is ordinary,
recurrent, or deliberately observed rather than accidental.

The distinction matters because a phenomenon need not be anomalous to become generative. A
scholar can notice a relation that is visible to many observers yet rarely treated as a research object.
A routine bureaucratic practice can become a question about institutional power. A common weather
pattern can become a question about measurement, scale, or urban adaptation. A recurring difficulty
in explaining a concept can become a question about the conceptual architecture of a field. A familiar
mathematical object can become newly generative when placed in relation to a different structure. In such
cases, the scholarly act lies partly in making a previously backgrounded relation available for inquiry.

The present framework therefore treats problem finding, serendipity, and anomaly recognition as par-
tially overlapping interfaces rather than synonyms for generative attention. Table 6 summarizes several
encounter types and the analytical caution associated with each.

Table 6 is not a taxonomy of discovery mechanisms. Its role is to show that generative attention can
be triggered by heterogeneous encounters and that each trigger requires a different form of epistemic dis-
cipline. The capacity is therefore not equivalent to a standing preference for novelty or anomaly. Mature
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operation includes knowing when an apparently interesting deviation should remain a low-priority trace
rather than being promoted prematurely into a major research claim.

6.3 Yuangi-Sensitive Problem Formation

The motivating observation for this section can be expressed through the Chinese term yuangi (Z;t2) in
a limited scholarly sense: the contingent or relational occasion through which an inquiry begins to take
form. The term is used here heuristically and does not import a complete Buddhist doctrine of dependent
origination. Its analytical purpose is to emphasize that the origin of inquiry can lie in the relation between
a phenomenon and a prepared scholarly configuration, rather than in a pre-existing problem statement
waiting to be solved.

Yuangi sensitivity therefore names a particular orientation within generative attention. A scholar can
encounter an event and ask not only whether it is surprising, but whether it reveals a relation, distinction,
tension, or generative condition that deserves further articulation. The encounter becomes a scholarly
origin when it alters the problem space available to the configuration. This can involve creating a new
problem, reformulating an inherited one, identifying a hidden boundary condition, or connecting a local
observation to a wider relational structure.

This formulation avoids treating the initiating phenomenon as though it contained a research question
intrinsically. The same encounter can have different scholarly consequences for different histories. For-
mally, two configurations ¥3" and X/ iCh can encounter the same e; while generating different problem
sets. The relational dependence is stated in Equation 8.

Ve (e T5") # Vi (e E’;Ch) can hold even for the same encounter e;. (8)

Equation 8 is a possibility statement, not a universal law. Its purpose is to encode the claim that schol-
arly salience can be path-dependent and configuration-relative. Different histories can make different
differences perceptible.

This point also clarifies why expert scholars can sometimes appear able to derive questions from phe-
nomena that others regard as trivial. The difference need not be mystical intuition. Years of conceptual
work can create a dense set of unresolved relations, failed analogies, historical contrasts, methodologi-
cal sensitivities, and tacit expectations. A small perturbation can then intersect with that structure and
become generative. Expertise changes not only what a scholar knows, but potentially what can become
noticeable as a problem.

Claim 6.2 (Relational realization of inquiry origins). Within the present framework, the scholarly gen-
erativity of an encounter is realized through the relation between the encounter and a history-bearing
configuration. An event can therefore become inquiry-generating without being intrinsically anomalous,
important, or theoretically loaded independently of the configuration that encounters it.

Claim 6.2 leaves room for strongly structured external phenomena. Some events are objectively
unusual relative to a defined model or measurement regime. The claim concerns the transition from
occurrence to scholarly problem formation: whether and how the occurrence becomes a research object
depends on additional historical, conceptual, relational, and methodological conditions.

6.4 Prepared Relational Configurations

Serendipity is often associated with the idea of the prepared mind. The GR framework reframes that
intuition as a prepared relational configuration. Preparation can be distributed across a scholar’s prior
study, collaborators, archives, instruments, disciplinary languages, datasets, institutions, and unresolved
research histories. The relevant capacity can therefore be relationally supported even when no isolated
individual contains the complete background needed to recognize the encounter’s significance.
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Historical consciousness and relational breadth play especially important roles in this preparation.
Historical consciousness can make a present phenomenon salient because it resembles a previously un-
resolved transformation, failed category, or abandoned alternative. Relational breadth can make an en-
counter generative because it activates a relation to another field, scale, method, or institutional structure.
Tacit expertise can contribute by making a deviation perceptually salient before the scholar can fully
articulate why it matters. The generative-attention capacity is therefore upstream of aesthetic judgment
while simultaneously depending on capacities developed elsewhere in the architecture.

This coupling also explains why narrow expertise can have both advantages and risks. Deep special-
ization can sharpen sensitivity to small deviations that a generalist would miss. The same specialization
can stabilize a salience structure that filters out phenomena defined as external to the field. Relational
breadth can widen the interfaces through which such phenomena become intelligible, while historical
consciousness can reveal that current disciplinary boundaries were themselves generated and can there-
fore be questioned.

Preparedness should not be romanticized. Retrospective narratives of discovery can make successful
observations look inevitable once the later theory is known. Selection bias favors memorable cases in
which an unusual encounter produced an important result, while innumerable noticed anomalies lead
nowhere. Mature generative attention therefore includes preservation and triage as well as enthusiasm. A
scholar may record a weak signal without escalating it, retain an unresolved question for later comparison,
or deliberately seek disconfirming explanations before treating the encounter as fertile.

Caution 6.3 (Retrospective inflation of inquiry origins). Accounts of discovery should avoid reconstruct-
ing a successful research trajectory as though the initiating encounter already contained the later problem,
theory, or significance. The evidential record may support only that an encounter became salient and was
subsequently elaborated through additional historical, relational, experimental, or interpretive work.

Caution 6.3 aligns the section with the historical restraint developed in Section 4. The point of
identifying an inquiry origin is to reconstruct how a trajectory became possible, not to turn contingency
into inevitability after the fact.

6.5 Problem Formation and Aesthetic Selection

Generative attention and aesthetic judgment answer different questions. Generative attention concerns
which possible questions become visible enough to enter inquiry. Aesthetic judgment concerns how al-
ready recognizable candidates are evaluated for depth, elegance, structural fertility, explanatory compres-
sion, or long-horizon promise. The distinction can be represented by restricting the domain of aesthetic
judgment to candidate problems made available through one or more inquiry-generating processes.

For an encounter e;, a candidate p can enter later aesthetic evaluation when it belongs to Q) ¢ (e;; Zﬁd’).
The relation is stated in Equation 9.

p € Dieles; EiCh) = pis available for evaluation by Ji¢". €))

Equation 9 does not assert that every aesthetically evaluated problem originated from one identifi-
able encounter. Some problems are inherited from a field, assigned institutionally, or generated through
explicit combinatorial search. The equation specifies the interface for encounter-generated candidates.
It also prevents one common compression in Al-era discussion: producing many candidate questions
and discriminating which of them deserve long-term inquiry are distinct operations.

The distinction creates two different failure modes. A configuration can possess strong aesthetic
judgment over a narrow supplied problem set while missing important phenomena that never enter that
set. Conversely, a configuration can generate questions from almost every encounter while lacking dis-
crimination about which questions are deep, tractable, or worth sustained attention. Mature scholarly
formation requires some coordination between problem formation and problem selection without requir-
ing either capacity to be maximized independently.
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This coordination also makes generative attention relevant to the continuation-space framework. An
encounter can matter because it opens a new branch of inquiry, but it can also matter because it reor-
ganizes the existing problem space. A seemingly minor phenomenon can reveal that two previously
separate questions share a hidden relation, that an accepted distinction is unstable, or that an ignored
variable changes the interpretation of a larger literature. Generativity therefore concerns transformation
of the inquiry structure, not the raw number of new questions produced.

6.6 Human-AI Configurations and Weak-Signal Preservation

Al systems intensify the distinction between candidate generation and generative attention. Large models
and automated research systems can generate large numbers of questions, hypotheses, analogies, and re-
search directions. Such throughput can be valuable, yet it does not by itself establish encounter-sensitive
problem formation. The stronger question is whether a Human—AlI configuration can preserve and learn
from weak, unexpected, or ordinary phenomena whose significance is not already encoded in the prompt
or dominant classification scheme.

A Human—AI configuration can support generative attention in several ways. Sensors and computa-
tional pipelines can preserve observations that exceed unaided human attention. Retrieval systems can
connect a local anomaly to distant literatures. Long interaction histories can make recurring difficulties
visible across projects. Models can generate alternative framings of an observation and help test whether
a weak signal survives changes in representation. Conversely, summarization, ranking, denoising, bench-
mark optimization, and dominant training categories can suppress precisely the peripheral observations
from which new questions might emerge.

The relevant evaluation therefore concerns the whole configuration. Useful evidence would include
whether unexpected observations are retained with provenance; whether the system can distinguish mea-
surement error from theoretically relevant deviation; whether alternative explanations are generated be-
fore escalation; whether a previously neglected signal changes later problem formulation; and whether
the configuration learns which kinds of earlier overlooked phenomena later proved generative. These
are longitudinal properties. A single surprising output provides weak evidence for the capacity.

The Al case also clarifies that generative attention should not be defined as intrinsically human. A
recurrent Human—AlI—-sensor—archive configuration can in principle satisfy the functional and relational
conditions of Definition 6.1. The attribution should follow the evidence about the configuration’s re-
tained history, salience structure, correction procedures, and later problem formation rather than species
membership.

6.7 Evidential Boundaries of Generative Attention

The present proposal is deliberately preliminary. Problem recognition, problem formulation, serendipity,
curiosity, creativity, anomaly detection, and exploratory observation each have established literatures
with partially overlapping objects. The term generative attention is introduced to organize a GR-specific
relation among encounter, history-bearing configuration, problem formation, and continuation; it does
not replace those traditions.

The capacity also resists direct measurement through output counts. A high number of questions can
reflect indiscriminate generation. A low number can reflect deep selectivity. Retrospective interviews
can overstate the clarity of an initiating insight, while archival traces can underrecord tacit noticing
or abandoned possibilities. Empirical investigation would therefore benefit from longitudinal designs
that preserve notebooks, prompts, failed experiments, conversational records, weak signals, delayed
reinterpretations, and subsequent changes in problem formulation.

The most important boundary concerns value. Recognizing that an encounter can generate a ques-
tion does not establish that the question is intellectually beautiful, normatively important, empirically
tractable, or socially desirable. Those evaluations belong to later or differently coupled capacities. Gen-
erative attention therefore expands the architecture upstream of aesthetic judgment while preserving the
distinction between making a question available and deciding what the question is worth.
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The resulting addition changes the paper’s account of mature scholarship in one important respect.
A proficient scholar is not characterized only by the capacity to reconstruct, relate, judge, translate, and
revise. Scholarly formation can also include a capacity to allow the world, an archive, an experiment,
an interlocutor, or an apparently minor contingency to become the origin of a new inquiry trajectory.
Within a GR account, the origin is neither located wholly in the phenomenon nor wholly in the observer.
It is realized through their history-bearing relation. Section 7 extends this upstream sensitivity compara-
tively by asking how the same kind of weak or contingent encounter can also be interpreted as an early
manifestation of a developing trajectory, without collapsing problem formation into prognosis.

7 Comparative Structures of Contingency Sensitivity

This section develops a comparative analysis of two ways in which a history-bearing configuration can
transform a minor, contingent, or weakly salient encounter into an intellectually or practically significant
object. The first is the problem-formative orientation developed in Section 6: an encounter becomes
the origin of one or more questions that can organize subsequent inquiry. The second is an incipient-
change orientation exemplified by the classical sage ideal associated with the Zhouyi: a small change
is interpreted as an early manifestation of a developing tendency whose significance lies partly in what
it may become. The objective is comparative rather than genealogical. The section does not identify
modern scholarship with classical sagehood, validate divinatory prediction, or treat either orientation as a
universal cognitive type. It asks instead which attentional and judgmental transformations are structurally
shared, where they differ, and how mature scholarship can sometimes coordinate both without reducing
one to the other.

7.1 A Shared Upstream Sensitivity to Contingency

Generative attention begins from the possibility that an encounter becomes more than background. A
failed experiment, an ordinary recurrence, a slight institutional change, an unexpected phrase, a weak
signal in a dataset, or an accidental observation can become sufficiently salient to reorganize inquiry.
The defining operation in Section 6 is problem formation: the encounter expands the set of questions
that the scholarly configuration can articulate and preserve.

A different but neighboring transformation is possible. The same encounter can be treated as a pos-
sible early indication of a process that is already unfolding. The observer does not primarily ask which
research question the encounter generates. The observer asks what developing relation, tendency, or
trajectory the encounter may disclose. This orientation is particularly visible in classical Chinese dis-
cussions of ji (%), commonly associated with minute or incipient movement. In the Xici II, the Zhouyi
states, “%%&¥, B2, H2 i REM” and then “F -1 HA&MAE, AR H” [44]. The first phrase
identifies ji with the minute beginning of movement and an early manifestation relevant to later fortune
or misfortune; the second connects recognition of such incipience with timely action.

The comparison therefore begins from a shared upstream capacity: sensitivity to differences whose
significance is not exhausted by their immediate magnitude. The two orientations diverge in what is gen-
erated from that sensitivity. Problem-formative attention makes a question available. Incipient-change
attention makes a provisional trajectory interpretation available. Both can fail. A weak signal can be
noise; an apparent anomaly can reflect measurement error; an inferred tendency can disappear; a gen-
erated problem can prove trivial. The shared capacity is consequently better described as contingency
sensitivity than as privileged access to hidden truth.

Definition 7.1 (Contingency sensitivity). Within the present comparative analysis, contingency sensi-
tivity is the revisable capacity of a history-bearing configuration to preserve and differentiate minor,
unexpected, weak, ordinary, or initially peripheral encounters when they may alter problem formation,
trajectory interpretation, or practical judgment.
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Definition 7.1 is intentionally broader than the third scholarly capacity family. Generative attention
is one scholarly transformation of contingency sensitivity. Incipient-change judgment is another possible
transformation. The broader term therefore identifies a shared upstream structure without implying that
the downstream interpretations have the same epistemic status.

7.2 The Classical Sage Ideal of Knowing Incipient Change

The Zhouyi provides a particularly clear classical vocabulary for sensitivity to the early stages of change.
The Xici II links ji to minute movement and timely response, while the same passage associates the
exemplary person with knowing what is still subtle and what has become manifest [44]. The ideal is
consequently not limited to passive observation. Minute change matters because the observer seeks to
understand its place within a developing configuration and to respond before the trajectory becomes
difficult to alter.

The initial line of Kun supplies a compact image of such trajectory sensitivity: “JE 7, EXyKZ”
[45]. The associated Xiang commentary describes frost as the beginning of freezing and hard ice as the
result of gradual development [45]. Structurally, the passage moves from a small present manifestation
to a later condition by treating the present observation as part of a process rather than as an isolated
point. The present paper uses this image comparatively. It does not assume that every small sign reliably
determines its later outcome. Its relevance lies in the attentional form: an apparently modest condition
can become significant when interpreted as an early phase of a trajectory.

A related passage in the Bi Tuan states, “BF- K3, PAZLIR:ES; B A, PAMEAR R [46].
The passage links observation of patterned phenomena with discernment of temporal change and relates
human patterning to social transformation. Tze-Ki Hon’s account of the Yijing emphasizes the text’s
long development into a philosophy of change concerned with human finitude, ceaseless transforma-
tion, pattern discernment, and decision under uncertainty [47]. The present comparison draws on that
philosophical structure while keeping the historical diversity of Yijing interpretation visible. The classi-
cal text and its later traditions include divinatory, cosmological, moral, political, and reflective uses; a
single modern formalization should not collapse those uses into one homogeneous doctrine.

The sage ideal therefore contributes a different attentional question from the research creator’s initial
question. A problem-formative orientation asks what inquiry becomes possible because of an encounter.
An incipient-change orientation asks what developing configuration the encounter may belong to. The
first expands a problem space; the second attempts to situate the encounter within a temporal structure.

7.3 Problem Formation and Incipient-Change Judgment

The distinction can be stated through two outputs of the same encounter. Section 6 already represents
the candidate problem framings made salient by an encounter through 2); ¢ (e; >5¢h). For the present
comparison, let the provisional trajectory interpretations made salient by the same encounter be written
as a family {7k }rek (e,)» where each 7 is a revisable trajectory hypothesis rather than a prediction
guaranteed by the encounter. The comparative pair is stated in Equation 10.

ngfjgm(eﬁxim) = (@t,g (et;ZszCh),{ﬁk}keK(et)) : (10)

Equation 10 is a diagnostic representation rather than a claim that the two outputs are always present
or generated by one psychological mechanism. Either component can be empty. A scholar can generate
a worthwhile question without possessing a credible trajectory judgment. A practitioner can recognize
a developing tendency without converting it into a research programme. The representation only makes
explicit that the same encounter can support distinct forms of salience.

The difference also changes how uncertainty is handled. Problem formation can rationally preserve
uncertainty by proliferating hypotheses, comparisons, and research designs. A trajectory judgment of-
ten has a more immediate practical horizon: whether to wait, investigate, allocate attention, intervene,
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Table 7: Two transformations of contingency and their possible coordination.

Analytical feature

Problem-formative
orientation

Incipient-change
orientation

Coordinated mature
practice

Primary
transformation

Temporal emphasis

Typical uncertainty

treatment

Relation to evaluation

Characteristic risk

Encounter becomes a
question or problem
family.

Future investigation and

conceptual development.

Preserves or expands
alternatives for
investigation.

Aesthetic and normative
judgment evaluate
generated problems.

Trivial problem
proliferation or
novelty-seeking.

Encounter becomes a
provisional sign of a
developing trajectory.
Early-stage change and
possible later
configuration.

Compresses some
uncertainty for orientation
or timely response.

Practical and normative
judgment evaluate
responses to possible
change.

Pattern over-detection,
retrospective fitting, or
premature prognosis.

Encounter can generate
both inquiry and
trajectory hypotheses.
Inquiry is selected with
attention to historical
timing and changing
conditions.

Keeps trajectory
judgments revisable while
protecting inquiry
options.

Multiple judgment modes
constrain one another.

Overconfidence can arise
when problem quality and
trajectory confidence

reinforce each other.

preserve optionality, or prepare for a possible transition. The latter can therefore require some com-
pression of uncertainty even when the available evidence remains incomplete. This helps explain why
incipient-change judgment can resemble the time-sensitive pattern recognition studied in naturalistic
decision making while extending the relevant object from immediate operational situations to longer
historical, institutional, disciplinary, or political trajectories.

Table 7 summarizes the comparison without turning the two orientations into mutually exclusive
types of person.

The third column of Table 7 should therefore be read as an idealized orientation, not as a claim
that classical sage traditions operate through one uniform method. Likewise, the first column does not
characterize every scholar. The comparison concerns transformations of encounters, not fixed social
identities.

7.4 Scholarship, Sagehood, and the Avoidance of a Binary Typology

The comparison becomes most useful when the scholar and the sage are not treated as opposite types. A
proficient scholar can detect that an apparently minor event is both question-generating and trajectory-
indicative. A change in citation behavior can become a research problem about scholarly communication
while also suggesting that a disciplinary centre of gravity is moving. A subtle institutional rule change
can motivate inquiry into governance while simultaneously indicating that the practical option space of a
field is narrowing. An unexpected Al behavior can generate a technical or philosophical problem while
also revealing that the evidential meaning of scholarly manifestations is changing.

This combined sensitivity can be especially important for senior scholars because long participation
can supply a larger archive of partially comparable trajectories. The relevant advantage is not age or pres-
tige by itself. It is the possibility that the configuration has retained histories of how earlier weak signals
developed, disappeared, reversed, or became structurally consequential. Such histories can make some
present differences salient that would otherwise appear negligible. The same mechanism can also create
bias: a scholar can over-project familiar past trajectories onto a genuinely novel situation. Historical
depth therefore supports trajectory sensitivity only when coupled to humility and revision.

The classical sage ideal and scholarly creation can consequently be treated as overlapping orienta-
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tions within a larger space of contingency-sensitive judgment. The comparison suggests at least three
operations: a generative orientation that converts an encounter into questions, an incipient-change ori-
entation that converts it into provisional trajectory interpretations, and a coordinating orientation that
considers how those questions and trajectories should shape commitment. These operations can coexist
within one history-bearing configuration.

Claim 7.2 (Non-binary contingency orientations). Within the present framework, problem-formative
and incipient-change orientations should be treated as potentially co-occurring transformations of con-
tingency sensitivity rather than as mutually exclusive types of scholar or sage.

Claim 7.2 prevents the comparison from becoming a civilizational or disciplinary dichotomy. Classi-
cal Chinese sources can illuminate one historically important articulation of incipient-change sensitivity
without implying that such sensitivity belongs only to classical Chinese thought. Modern researchers,
political practitioners, physicians, engineers, diplomats, and organizational leaders can also form trajec-
tory judgments from weak change. Conversely, classical thinkers also generated questions, concepts,
and arguments rather than merely reading omens. The comparison concerns emphasis and structure, not
exclusive cultural ownership.

7.5 Mediating Judgment under Changing Conditions

Once problem formation and trajectory sensing are both available, the relation between aesthetic and
normative judgment becomes more complex. A problem can be intellectually beautiful and structurally
fertile while the developing situation makes immediate large-scale investment unwise. Another prob-
lem can appear aesthetically modest yet become normatively urgent because a trajectory is approaching
a difficult-to-reverse transition. A mature scholarly configuration can therefore require coordination
among problem quality, normative priority, historical timing, trajectory uncertainty, and the available
action space.

The present paper uses mediating judgment for this higher-order coordination. It is not added as
a ninth capacity family. Its operation depends on the capacities already developed: historical con-
sciousness supplies temporal comparison; relational breadth reconstructs interacting structures; genera-
tive attention supplies problem candidates; aesthetic judgment evaluates intellectual fertility; normative
judgment evaluates priority and consequences; humility calibrates confidence; and translation capaci-
ties make the judgment discussable across language systems. Incipient-change sensitivity contributes a
provisional account of how the relevant configuration may be changing.

Definition 7.3 (Mediating judgment). Mediating judgment coordinates problem formation, trajectory
interpretation, aesthetic evaluation, normative evaluation, historical context, relational structure, and re-
visability when a scholarly configuration must decide what deserves inquiry, commitment, delay, preser-
vation, or practical response under changing conditions.

Definition 7.3 keeps mediation distinct from compromise. The objective is not to average incom-
patible judgments. Aesthetic judgment and normative judgment can remain genuinely in tension. A
trajectory hypothesis can remain too uncertain to guide intervention. A normatively urgent condition
can justify attention to a problem that is not aesthetically preferred. Mediation concerns making these
differences jointly available to action without erasing their distinct evaluative roles.

This higher-order coordination also clarifies the relation between scholarship and wisdom. The
present paper does not define wisdom comprehensively. It identifies one boundary condition: schol-
arly maturity begins to approach a wisdom-like mode when the configuration can generate worthwhile
questions while also locating them within changing historical relations and calibrating commitment to the
situation’s normative and practical structure. The relation is gradual and revisable rather than categorical.

7.6 Epistemic Boundaries of Sign, Pattern, and Prognosis

The comparison requires a strict epistemic boundary. The attentional value of a classical passage does
not establish the empirical truth of any cosmological, divinatory, or omen-based theory historically asso-
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ciated with it. A configuration can be exceptionally sensitive to weak changes while interpreting them
through an unreliable causal model. Conversely, a modern researcher can possess sophisticated statisti-
cal tools while discarding a weak but important phenomenon because a dominant classification system
treats it as noise. Attention and interpretation therefore require separate evaluation.

The same caution applies to modern trajectory sensing. Weak-signal interpretation is vulnerable to
confirmation bias, selective memory, retrospective fitting, narrative compression, and excessive analogy
with past trajectories. A successful outcome can make its early indicators appear more obvious than they
were prospectively. The Zhouyi image of frost and hard ice is analytically valuable as a representation of
gradual development, yet real social, scientific, and political processes can branch, reverse, accelerate,
or dissolve. The inference from an early manifestation to a later state must therefore remain a trajectory
hypothesis rather than a deterministic law.

Hon’s discussion of the Yijing is useful precisely because it presents the text as historically layered and
philosophically concerned with change, human finitude, pattern discernment, uncertainty, and practical
response rather than reducing it to one simple predictive doctrine [47]. This provides an appropriate
boundary for the comparison: the present section studies a mode of attention and judgment that can be
reconstructed from the text while suspending stronger claims about supernatural prediction or universal
cosmological correspondence.

Caution 7.4 (Attentional sensitivity and predictive validity). Sensitivity to subtle change does not by
itself establish the validity of the interpretive system through which that change is explained or predicted.
The capacity to preserve weak signals and the warrant for a particular trajectory inference should be
assessed separately.

Caution 7.4 applies symmetrically. It protects classical material from being dismissed merely because
some historical uses were divinatory, while also preventing classical symbolism from being treated as
empirical validation. It protects modern scholarship from assuming that methodological sophistication
eliminates pattern over-detection. Both forms of inquiry require provenance, alternative explanations,
revision, and retrospective checking of which weak signals were ignored, overinterpreted, or correctly
preserved.

7.7 Implications for the Architecture of Scholarly Formation

The comparative result modifies the interpretation of the eight-capacity architecture without adding an-
other checklist item. Generative attention remains the third scholarly capacity family because the paper’s
central object is scholarly formation. Incipient-change sensitivity is treated as a possible higher-order use
of historical consciousness, relational breadth, generative attention, and situated pattern recognition. Me-
diating judgment is likewise treated as coordination among existing capacities rather than an independent
score.

The resulting architecture is therefore recursive. Historical consciousness and relational breadth can
prepare a configuration to notice a small difference. The encounter can generate a question, a trajectory
hypothesis, or both. Aesthetic judgment can evaluate the question’s intellectual fertility. Normative
judgment can evaluate whether commitment is appropriate under current relations. Humility regulates
confidence in both the question and the trajectory interpretation. Later evidence then feeds back into the
configuration’s historical archive, changing what future encounters can become salient.

This comparative structure strengthens the paper’s account of mature scholarship. A proficient
scholar can do more than produce and evaluate questions. In some contexts, the scholar can also perceive
that the relational environment in which those questions matter is itself changing. Scholarly formation
then includes the possibility of coordinating inquiry with temporal sensitivity without converting schol-
arship into prognosis and without treating every contingent event as a sign. The boundary between
scholarship and wisdom becomes a problem of relational coordination: how a configuration remains ca-
pable of asking what deserves to be known while also discerning when the conditions of knowing, acting,
and prioritizing are themselves in motion.
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8 Aesthetic Judgment and Intellectual Worth

This section develops aesthetic judgment as the fourth substantive capacity in the proposed architec-
ture of scholarly formation. Section 6 distinguished how encounters become candidate problems; the
present section specifies how a scholarly configuration discriminates among recognizable questions, the-
ories, proofs, explanations, and research programmes when logical admissibility, factual correctness, or
technical difficulty alone leave many candidates available. The objective is not to provide a universal def-
inition of intellectual beauty. The discussion instead identifies a family of historically and disciplinarily
variable evaluative operations through which scholars recognize elegance, depth, compression, struc-
tural fertility, unexpected connection, and long-horizon generative promise. The method is conceptual
and comparative. Existing work on aesthetic evaluation in science and mathematics provides an impor-
tant interface, while the Generative Relational (GR) contribution lies in treating aesthetic judgment as a
situated capacity of a history-bearing scholarly configuration whose criteria can be learned, revised, and
transformed through disciplinary and historical relations.

8.1 Candidate Problem Spaces and Scholarly Selection

Scholarly inquiry rarely proceeds by solving every problem that can be formulated. A field can contain far
more mathematically consistent questions, empirically testable hypotheses, formally definable objects,
or textually generable interpretations than a scholarly community can pursue. Artificial intelligence can
enlarge this excess by accelerating recombination, conjecture production, literature retrieval, simulation,
coding, proof search, and linguistic formulation. The resulting condition increases the importance of
selection without implying that selection is uniquely human or that earlier scholarship lacked abundant
possibility.

For a scholarly configuration ¥3°" and inquiry context &, let Py ¢ denote a task-relative set of candidate
problems or lines of inquiry that are presently recognizable to the configuration, including but not limited
to encounter-generated candidates from Equation 7. The notation is stated in Equation 11.

,Ptf:{php%'”vpn)"'}) (11)

where membership records recognizability rather than intrinsic worth. Equation 11 is deliberately
permissive: a candidate can be trivial, malformed, inaccessible with available methods, aesthetically
unpromising, normatively undesirable, or extraordinarily fertile. The capacity at issue in this section
concerns how some candidates acquire greater intellectual salience within a scholarly configuration.
The history of science provides substantial evidence that aesthetic evaluation participates in scientific
practice. McAllister’s analysis treats scientists’ aesthetic evaluations of theories as historically conse-
quential and examines properties such as symmetry and simplicity as components of changing aesthetic
canons in theory assessment [14]. Chandrasekhar’s lectures likewise document the place of beauty and
aesthetic motivation in scientific inquiry, including explicit discussion of the quest for beauty and the
aesthetic basis attributed to general relativity [15]. These sources do not establish a universal aesthetic
criterion. They support the narrower claim that scientific actors themselves have repeatedly used aes-
thetic language and aesthetic considerations in describing research motivation and evaluation.
Mathematical practice makes the selective function particularly visible because formal correctness
leaves open many choices concerning which objects to define, which lemmas to pursue, which proof
strategy to prefer, which representation to adopt, and which problem deserves sustained attention. Fiori
and Selling characterize aesthetically guided choice as a form of discernment in mathematical work and
distinguish acts of nominating, combining, and balancing ideas [16]. Their educational argument is
not adopted here as a general theory of scholarly aesthetics. It supplies a useful example of selection
occurring within mathematical activity rather than only after a finished theorem has been produced.
Within the present framework, aesthetic judgment therefore operates before, during, and after mani-
festation production. It can guide problem nomination, method choice, representational preference, proof
architecture, explanatory organization, and decisions about whether a line of inquiry warrants continued
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attention. Aesthetic judgment is consequently related to scholarly generativity because it shapes which
branches of the continuation space & (") receive attention and resources.

8.2 Difficulty, Novelty, and Intellectual Fertility

Difficulty is one source of scholarly challenge, yet difficulty alone provides weak guidance about intel-
lectual worth. A problem can be difficult because it exposes a deep structural obstruction, because the
available notation is poor, because computation is expensive, because the problem is badly posed, or
because it has been deliberately constructed to resist solution. These forms of difficulty have different
scholarly implications. The capacity to generate difficult problems therefore does not by itself generate
a mature research agenda.

Novelty has a similar ambiguity. A candidate can be unprecedented while remaining weakly con-
nected to important structures, existing problems, or future lines of inquiry. Conversely, an old problem
can become newly generative when a changed language, method, instrument, or historical situation re-
veals relations that were previously inaccessible. The evaluative task is therefore richer than a binary
distinction between new and known objects.

The paper uses intellectual fertility as a provisional term for the capacity of a problem, concept,
method, or result to support further worthwhile inquiry relative to a scholarly configuration and context.
Fertility can arise through several mechanisms: exposing a hidden structure, linking previously separated
domains, generating new techniques, clarifying a family of cases, reorganizing an existing problem space,
or creating questions whose investigation changes what later scholars can recognize. The term remains
relational because the same object can be fertile for one configuration and comparatively inert for another
whose language, methods, or historical situation differs.

Definition 8.1 (Aesthetic judgment in scholarly formation). Within the present framework, aesthetic
judgment is the situated capacity of a scholarly configuration to discriminate among candidate scholarly
objects according to perceived forms of intellectual worth, including such qualities as elegance, depth,
compression, structural fertility, unexpected connection, and generative promise, while remaining open
to revision through historical experience, disciplinary transformation, and criticism.

Definition 8.1 is intentionally plural. It does not assert that the listed qualities are exhaustive, com-
mensurable, or universally shared. A field may prize constructive explicitness where another prizes
abstraction; a research school may value symmetry while a later generation treats the same preference
as restrictive; a scholar may prefer a concept because it opens an unexpected bridge even when it is for-
mally less economical than an alternative. Aesthetic judgment is thus represented as historically formed
discrimination rather than a timeless metric.

This framing also distinguishes aesthetic judgment from raw preference. A mature judgment is or-
dinarily accountable to some combination of disciplinary exemplars, historical experience, technical
understanding, comparative alternatives, and anticipated consequences for future inquiry. Its warrant
can remain partly tacit, as the discussion of Polanyi in Section 2 suggests, while still being open to artic-
ulation, criticism, and revision. The possibility of tacit components does not exempt aesthetic judgment
from scholarly responsibility.

8.3 Elegance, Compression, and Explanatory Organization

Elegance is among the most recurrent aesthetic terms in mathematics and theoretical science, yet the
term can refer to several different structures. A proof can be elegant because it is short, because it
uses a surprising invariant, because one idea resolves many cases, because the argument exposes why
a result holds, or because its notation makes a hidden relation visible. A theory can appear elegant
because it unifies phenomena, displays symmetry, reduces free parameters, or organizes heterogeneous
observations through a compact structure. Treating elegance as mere brevity would therefore erase much
of its scholarly function.
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McAllister’s historical analysis is useful precisely because it treats aesthetic properties as historically
variable components of scientific evaluation rather than as self-evident signs of truth [14]. His account
of changing aesthetic canons also cautions against projecting current preferences backward as univer-
sal standards. Chandrasekhar’s reflections provide a complementary practitioner perspective in which
beauty operates as a motivation and evaluative orientation in scientific work [15]. The present paper uses
these sources as evidence that aesthetic evaluation can be epistemically and motivationally significant
without inferring that beauty guarantees empirical adequacy.

For the GR framework, explanatory compression is relevant when a representation allows a config-
uration to preserve or recover a larger relational structure with fewer independent commitments. Com-
pression in this sense need not be syntactic minimality. A longer argument can be more intellectually
economical when it reveals dependencies that a short calculation leaves opaque. Similarly, a diagram,
theorem, historical reconstruction, or conceptual distinction can be aesthetically powerful because it re-
organizes many observations into a smaller number of intelligible relations.

The relation between compression and generativity is contingent. Excessive compression can hide
assumptions, erase historical difference, or make a framework difficult to adapt outside its original do-
main. A highly unified theory can also become aesthetically dominant in ways that discourage attention
to anomalies or heterogeneous cases. Mature aesthetic judgment therefore includes sensitivity to the cost
of an elegant representation as well as to its organizing power.

Caution 8.2 (Aesthetic attraction and epistemic warrant). Aesthetic attraction can guide attention, com-
parison, and research commitment, but it does not by itself establish truth, empirical adequacy, explana-
tory superiority, or historical inevitability. Within this paper, aesthetic evaluation remains one scholarly
judgment family whose evidential and normative consequences require separate argument.

Caution 8.2 preserves a boundary needed throughout the framework. A beautiful explanation can
be false; an awkward model can be empirically indispensable; an aesthetically compelling research pro-
gramme can impose unacceptable social costs. Normative priority therefore remains analytically separate
from intellectual attractiveness.

8.4 Depth and Structural Generativity

Scholars often use deep to distinguish an inquiry that reorganizes understanding from one that merely
resolves a local task. The term is difficult to formalize because depth can refer to different relations:
dependence on fundamental structures, breadth of consequences, distance from surface formulation, ex-
planatory reach, resistance to local techniques, or capacity to alter the vocabulary in which later problems
are posed. The paper therefore does not identify depth with one measurable property.

A GR interpretation emphasizes structural generativity. A scholarly object has structural genera-
tivity when engagement with it can reorganize the relations through which a configuration produces
later questions, comparisons, methods, or explanations. This notion connects aesthetic judgment to the
continuation-space formalism introduced in Section 3. Let & (3$) denote the set of viable continuations
before sustained engagement with candidate p, and let Zﬁ‘l (p) denote a later configuration in which rel-
evant consequences of that engagement have been assimilated. The comparison of continuation spaces
is represented schematically in Equation 12.

B and 6(i () (12)

Equation 12 does not prescribe a cardinality comparison. A deep problem need not increase the
number of conceivable future questions. It can narrow a confused problem space, eliminate unproduc-
tive branches, reveal a stronger invariant, or transform the language in which later questions become
formulable. Structural generativity therefore concerns qualitative reorganization as well as expansion.

Aesthetic judgment and structural generativity should nevertheless remain distinct. J;%St is a sit-
uated evaluative practice that can prospectively attribute generative promise to a candidate before its
consequences are known. A later comparison of continuation spaces supplies different, retrospective or
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Table 8: Provisional distinctions in aesthetic evaluation of scholarly inquiry

Evaluative term Primary analytical question Relevant caution

Difficulty What makes the object resistant to Difficulty may result from poor
available methods or understanding? formulation, computational burden, or

artificial complication.

Novelty Which aspects are historically or locally = Novelty can be weakly connected to
unprecedented? significant structures or future inquiry.

Elegance Which relations are organized with Elegance is multidimensional and
economy, coherence, or illuminating historically variable.
form?

Compression How much structure becomes Compression can conceal assumptions,
recoverable through a reduced set of exclusions, or domain-specific
relations or commitments? remainder.

Depth How extensively does the inquiry alter Depth has multiple disciplinary
explanatory, conceptual, or meanings and lacks a universal metric.

methodological organization?

Structural generativity = How does engagement reorganize viable  Generativity can involve pruning,
future inquiry and the relations among redirection, or re-description as well as
possible continuations? expansion.

longitudinal evidence about what engagement with the candidate actually reorganized. An aesthetically
compelling judgment can therefore overestimate future generativity, while an initially unremarkable ob-
ject can later prove structurally generative. The framework uses generativity as one possible object of
aesthetic appraisal without defining aesthetic warrant by eventual success.

This distinction is especially important in an Al-mediated environment. A generative system can
produce many variations around a prompt, and those variations can be useful for exploration. Yet an
increase in the number of candidates does not establish an increase in structural generativity. A config-
uration may face more options while gaining little ability to discriminate among them, connect them to
historical problems, or identify which branch would transform subsequent inquiry. The aesthetically ma-
ture function lies partly in recognizing which candidate has the potential to reorganize a problem space
and which merely adds another manifestation.

Table 8 summarizes several distinctions used in this section. The table does not rank the properties
or imply that one candidate should maximize them simultaneously.

The distinctions in Table 8 also explain why aesthetic expertise can improve with history and breadth.
Historical consciousness supplies exemplars whose significance became visible through later transfor-
mations. Relational breadth reveals structural correspondences and tensions that can make a candidate
fertile across several domains. The aesthetic capacity developed here is therefore coupled to earlier
capacities rather than functioning as an isolated taste faculty.

8.5 Long-Horizon Research Commitment

Some scholarly problems demand years or decades of sustained attention. The decision to enter such
a trajectory cannot be fully justified by immediate output metrics because many of the relevant conse-
quences are unknown at the point of commitment. Aesthetic judgment can therefore have a prospective
function: it supports commitment under uncertainty by identifying problems whose structure appears
sufficiently rich, coherent, or generative to warrant prolonged engagement.

This prospective role should be described with epistemic humility. Aesthetic conviction can be mis-
taken, and historical survivorship can exaggerate the apparent reliability of celebrated scholars’ intu-
itions. Famous examples are disproportionately drawn from programmes that later became consequen-
tial, whereas abandoned beautiful ideas, failed research schools, and aesthetically motivated dead ends
are less visible. The present framework therefore treats long-horizon aesthetic commitment as a fallible
scholarly practice rather than an oracle of future significance.
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The role of formation becomes visible precisely in this uncertainty. A mature scholar can draw on
historical cases, disciplinary exemplars, relational breadth, tacit experience, and ongoing dialogue to de-
cide that one difficult problem possesses a kind of intellectual fertility absent from many equally difficult
alternatives. Such judgments may be difficult to reduce to explicit rules, yet they can be examined ret-
rospectively through reasons, comparisons, trajectories of revision, and the consequences of sustained
inquiry. This makes aesthetic judgment compatible with the paper’s broader commitment to accountable
but partially tacit expertise.

Al changes the environment of this commitment in at least two ways. First, systems that cheaply gen-
erate candidate questions, conjectures, formulations, or connections can enlarge 7; ¢. Second, Al can
participate in aesthetic discrimination by comparing structures, surfacing precedents, simulating conse-
quences, proposing unifications, or learning preference patterns from expert feedback. Neither change
settles whether a given Human—AI configuration possesses mature aesthetic judgment. The relevant
evidence concerns whether the coupled configuration can make stable, revisable, context-sensitive dis-
criminations whose consequences improve the organization of inquiry over time.

This framing avoids making aesthetic judgment a protected human essence. A future Al system might
acquire capabilities that support some or many of the functions described here. Conversely, a human
researcher can exhibit weak aesthetic judgment despite extensive factual knowledge. The analytical unit
remains the scholarly configuration and its demonstrated capacity across histories, tasks, and contexts.

8.6 Limits of Formalizing Aesthetic Judgment

Aesthetic judgment is especially vulnerable to premature formalization. It is tempting to write a scalar
function that maps a candidate problem to a numerical value and then treat scholarly selection as opti-
mization. Such a representation could be useful in a tightly specified empirical study, but the present
paper does not assume that elegance, depth, fertility, surprise, and explanatory organization share a sta-
ble common scale. Their relative importance can change across disciplines, research schools, historical
moments, and problem types.

A limited notation can nevertheless clarify the analytical role of judgment. Let J;%St denote the

aesthetic-evaluative practice available to scholarly configuration ¥ in context ¢. Its application to
candidate p can produce a structured evaluation profile rather than a scalar score. Equation 13 states this
representation.

Jie' (p) = ae(p), (13)

where a; ¢(p) denotes a context-sensitive profile whose components can include locally relevant judg-
ments of elegance, depth, compression, fertility, coherence, or other aesthetic properties. Equation 13 is
a formal representation of differentiated judgment, not a claim that the components can be objectively
measured or aggregated.

This representation preserves three properties important to the GR account. First, aesthetic judg-
ment is situated: the index ¢, £ records historical and contextual dependence. Second, it is relational:
the evaluation depends on the language, exemplars, methods, and problem structures available to the
configuration. Third, it is revisable: later inquiry can alter both the profile assigned to p and the eval-
uative practice Jf’e;t itself. McAllister’s historical treatment of changing aesthetic canons in science is
especially relevant to this revisability [14].

Aesthetic judgment therefore occupies a specific place within scholarly formation. It mediates be-
tween an expanding candidate space and selective research commitment; it can identify elegance, depth,
and prospective generative promise without reducing them to difficulty or novelty; and it can guide
long-horizon inquiry while remaining fallible and historically formed. Normative judgment remains a
distinct evaluative capacity because an intellectually beautiful and structurally fertile problem can still
receive low priority under particular social, ecological, political, or resource conditions. Preserving this
distinction is necessary for the broader account of scholarly maturity developed here.
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9 Normative Judgment and Research Priority

This section develops normative judgment as the fifth substantive capacity in the proposed architecture
of scholarly formation. Its role is to distinguish the intellectual evaluation of a research direction from the
practical judgment concerning whether, when, at what scale, and under which conditions that direction
should receive attention, resources, institutional support, or accelerated development. The objective is to
specify the relational information that enters research-priority judgment without reducing heterogeneous
normative considerations to a single metric. The discussion is conceptual and comparative. Work in
philosophy of science, research-priority setting, and the economics of scientific practice provides external
interfaces, while the Generative Relational (GR) contribution lies in treating normative priority as a
situated judgment formed within a history-bearing configuration whose available resources, institutions,
affected relations, and future continuation possibilities can change through the research process itself.

9.1 Normative Situation of Research Choice

Scientific and scholarly inquiry is selective. Even where many questions are answerable in principle,
communities and institutions face finite time, attention, equipment, labor, funding, ecological capacity,
and opportunities for implementation. Kitcher develops this selectivity as a central problem of scientific
significance and argues that the importance assigned to research questions cannot be settled by truth-
seeking alone; his ideal of well-ordered science relates scientific significance to informed deliberation
about human interests [17]. The present framework does not adopt Kitcher’s democratic ideal as the
unique procedure for priority setting. It uses the underlying selectivity problem as evidence that research
significance and research organization contain an evaluative dimension beyond epistemic correctness.

Douglas provides a complementary interface by arguing that values can legitimately enter scientific
reasoning in conditions where choices under uncertainty have morally significant consequences, while
also distinguishing roles for values that preserve standards of evidential integrity [18]. Her account
is particularly useful for the present paper because it prevents two simplifications: treating science as
wholly insulated from values, and treating the presence of values as permission for unrestricted political
or moral substitution for evidence. Normative judgment in scholarly formation requires attention to both
evidential adequacy and the consequences of research choices.

The relevant unit of analysis is therefore a research choice situated within a relational context. The
normative conditions recorded in N; supply part of that context; they do not determine the judgment
by themselves. Normative judgment belongs to the operative capacity component C; and evaluates a
choice through an evidentially and historically situated interpretation of those conditions, alternatives,
uncertainties, and responsibilities. Let p denote a candidate research direction, ¢ the historical time of
judgment, and ¢ the local inquiry context. The paper represents the normative evaluation of p through
the profile in Equation 14.

re () = mye(p), (14)

where n ¢ (p) is a structured profile of normatively relevant considerations rather than a scalar score.
The profile can include expected social consequences, ecological effects, resource requirements, dis-
tributional effects, risk and reversibility, institutional obligations, opportunity costs, and the effects of
research on future inquiry conditions. The components need not be mutually commensurable, and their
relevance can vary across research domains and historical situations.

Definition 9.1 (Normative judgment in scholarly formation). Within the present framework, normative
judgment is the situated capacity of a scholarly configuration to evaluate the practical priority, permissible
scale, timing, conditions, and responsibilities associated with a research direction in relation to affected
beings, institutions, resources, environments, alternative uses, and future possibilities of inquiry.

Definition 9.1 makes priority action-relative. A judgment that a problem deserves intellectual atten-
tion is different from a judgment that it should receive a major laboratory, a national programme, rapid
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Table 9: Provisional dimensions of normative research-priority judgment.

Dimension

Analytical question

Priority relevance

Social consequence

Ecological
consequence
Resource demand

Distribution

Risk and reversibility

Institutional
responsibility

Future inquiry
conditions

Which persons, communities,
institutions, or practices may be
affected, and through which
pathways?

Which material, energetic,
biological, or environmental
conditions may be altered?

Which scarce forms of funding,
labor, time, infrastructure, data, land,
energy, or attention are required?
Who is positioned to receive
benefits, bear risks, supply labor, or
lose options?

Which adverse outcomes are
plausible, how uncertain are they,
and how readily can the intervention
be revised or withdrawn?

Which duties arise from the role,
authority, mandate, expertise, or
public position of the relevant
institution or researcher?

How might present investment
expand, narrow, lock in, or destroy
later research possibilities?

Connects research choice to
foreseeable benefits, burdens,
vulnerabilities, and forms of
dependence.

Makes ecological cost and
persistence relevant to research
scale and implementation.

Relates a research programme to
alternative uses of finite capacities.

Makes unequal allocation of
consequences visible within the
priority judgment.

Relates uncertainty to pacing,
safeguards, monitoring, and
permissible commitment.

Connects research freedom to
role-specific responsibility and
accountability.

Extends priority judgment to the
generative consequences of present
allocation.

deployment, unrestricted dissemination, or decades of concentrated public investment. The same re-
search object can therefore receive different priority judgments at different action scales. A preliminary
theoretical investigation may be normatively acceptable under conditions where large-scale implemen-
tation would require further evidence, institutional safeguards, or public deliberation.

Table 9 summarizes a provisional set of dimensions that can enter the normative profile. The table
is a scaffolding device rather than a universal checklist. Domain-specific inquiry can add, remove, or
refine dimensions when justified by the relevant normative and empirical setting.

The dimensions in Table 9 do not produce an automatic decision. They identify relations that a mature
judgment may need to reconstruct. Priority can remain underdetermined after the relevant considerations
have been identified because different normative frameworks can weight them differently and because
empirical uncertainty can remain substantial. Scholarly formation therefore includes the capacity to
expose the structure of a normative disagreement rather than prematurely converting it into apparent
consensus.

9.2 Social and Ecological Consequences

Research choices can transform relations beyond the immediate community producing the research. A
new technique can alter labor organization, informational asymmetries, access to services, environmental
burdens, security conditions, or the distribution of decision authority. A theoretical development can
also acquire practical consequences after a delay or through applications that were not central to the
original inquiry. Normative judgment therefore requires a temporal and relational horizon broad enough
to consider plausible pathways from inquiry to use while preserving uncertainty about effects that cannot
yet be known.
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The present framework distinguishes consequence awareness from deterministic impact prediction.
Scholars rarely possess complete causal knowledge of downstream applications. Mature normative judg-
ment can nevertheless identify classes of foreseeable consequence, specify relevant uncertainties, distin-
guish reversible from difficult-to-reverse commitments, and revise priority as evidence changes. This
orientation fits the broader GR commitment to history-bearing judgment: the normative profile at time
t can be updated as the relational configuration changes.

Ecological considerations make the scale dependence of research priority especially visible. Com-
putational research can require energy-intensive infrastructure; field research can place pressure on vul-
nerable sites or populations; experimental programmes can consume scarce materials; engineering pro-
grammes can create long-lived physical commitments. These effects do not supply a universal reason to
reject resource-intensive inquiry. They become part of the relational situation within which scale, timing,
alternatives, and expected contribution are judged.

The same reasoning applies to socially beneficial research. A programme expected to produce sub-
stantial public benefit can acquire high normative priority even when its aesthetic profile is modest.
Conversely, an intellectually elegant programme can receive lower practical priority under conditions
where its resource demands crowd out urgent obligations or where foreseeable harms are inadequately
governed. The framework therefore preserves the independence of the aesthetic and normative profiles
while allowing them to interact in actual research choice.

Caution 9.2 (Forecasting discipline). Normative priority should not be justified by speculative conse-
quence narratives presented with greater confidence than the available evidence supports. Where down-
stream effects remain uncertain, the judgment should record the uncertainty, the causal assumptions, the
reversibility of present commitments, and the conditions under which the priority assessment should be
revised.

Caution 9.2 is especially important in emerging technological domains, where both optimistic and
catastrophic narratives can outrun empirical support. Scholarly maturity includes the ability to treat
uncertainty as part of the normative structure rather than as an inconvenience to be hidden by rhetorical
confidence.

9.3 Resource Allocation and Opportunity Cost

Research priority acquires practical meaning when attention, time, infrastructure, labor, and funding are
allocated among competing possibilities. Opportunity cost therefore belongs to the structure of normative
judgment. Allocating a scarce telescope, supercomputer, archive budget, laboratory, field site, or cohort
of trained researchers to one programme changes the continuation spaces available to other programmes.
The relevant comparison is consequently wider than the expected value of the focal project considered
in isolation.

Research-priority literature in health provides a useful domain-specific example. Viergever and col-
leagues, drawing on a literature review and World Health Organization-related priority-setting exercises,
emphasize context, available resources, stakeholder participation, information gathering, explicit criteria,
implementation, evaluation, and transparency as recurring elements of good-practice priority setting [19].
Their checklist is designed for health research and cannot be transferred wholesale to every scholarly do-
main. Its relevance here lies in showing that mature priority setting is commonly treated as a structured
process involving context, affected parties, criteria, and implementation rather than as a ranking derived
from scientific merit alone.

Within GR, opportunity cost can be represented through changes in continuation space. Let & (X5)
denote the viable scholarly continuation space introduced in Section 3. A large commitment to p can
expand some future trajectories while reducing the viability of others. The allocation effect is represented
schematically in Equation 15.

At(p)

(S —= &(Z5), (15)
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where A;(p) denotes a concrete allocation associated with the research direction p. Equation 15 does
not specify whether the resulting continuation space is larger or smaller. An allocation can create new
instruments, datasets, communities, and methods; it can also concentrate resources, create infrastructure
lock-in, or weaken alternative traditions. The normative question concerns the structure and distribution
of these changes.

This perspective also makes preservation relevant. A research community may sometimes have rea-
son to preserve a low-throughput, minority, or temporarily unfashionable line of inquiry because main-
taining the capacity for future regeneration has value even when current output is limited. Conversely,
indefinite preservation of every research trajectory would itself consume resources and can obstruct new
inquiry. Normative judgment therefore concerns selective maintenance of plural continuation possibili-
ties rather than maximal preservation.

9.4 Political-Economic Conditions

Research priorities are formed within institutions whose incentives, funding structures, labor arrange-
ments, prestige systems, and markets shape which questions become practically available. Stephan’s
economic analysis of science documents how costs, funding mechanisms, employment structures, repu-
tational incentives, and competition for resources can influence topic choice, risk-taking, collaboration,
and the organization of public research [20]. The present paper uses this work as an empirical and insti-
tutional interface rather than as a complete theory of scholarly motivation.

A GR analysis distinguishes the intellectual attractiveness of a research direction from its institutional
legibility. Some projects fit established funding categories, publication genres, datasets, evaluation met-
rics, or commercial pathways more readily than others. This difference can alter the probability that a
project acquires laboratories, trainees, visibility, and follow-on resources. Repeated allocation can then
change the research landscape itself, producing a feedback relation between institutional recognition and
future scholarly availability.

The same feedback can affect normative judgment. A field with abundant funding and institutional
prestige can appear socially inevitable or intrinsically important because its manifestations are numer-
ous and visible. A field with weak institutional support can appear marginal partly because the relations
required for its development were never built. Mature scholarly judgment therefore asks whether ob-
served prominence reflects intellectual and normative priority, institutional path dependence, accumu-
lated power, or some combination of these factors.

This analysis also applies to Al-mediated research. Systems that reduce the cost of producing pro-
posals, code, literature syntheses, or manuscript drafts can alter the competitive environment without
equalizing access to compute, proprietary data, laboratory infrastructure, expert communities, or institu-
tional legitimacy. Generative abundance at the manifestation layer can coexist with concentrated control
over enabling conditions. Normative judgment about Al-enabled research should therefore consider the
distribution of generative conditions alongside the volume of produced outputs.

The political-economic perspective remains analytically distinct from a claim that institutional in-
centives fully determine research content. Scholars can resist incentives, communities can maintain un-
fashionable programmes, and new concepts can reorganize institutions. The GR interest lies in mutual
conditioning: scholarly trajectories act within funding and prestige relations, while successful trajecto-
ries can subsequently transform those relations.

9.5 Institutional Responsibility

Normative judgment changes with institutional role. A private researcher deciding how to spend personal
study time occupies a different responsibility structure from a public funding agency allocating a national
research budget, a university governing human-subject research, a laboratory controlling hazardous in-
frastructure, or a journal deciding which kinds of evidence receive disciplinary visibility. Authority,
resources, expertise, and capacity to impose consequences can generate role-specific obligations.
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Douglas’s analysis of scientific responsibility is relevant here because it treats moral responsibility
as compatible with rigorous attention to evidence and distinguishes appropriate roles for values within
scientific reasoning [18]. Kitcher’s account likewise connects the organization of inquiry to questions of
significance and the responsibilities of scientific communities within society [17]. These works differ in
their philosophical architecture. The present framework draws from their shared recognition that research
organization involves responsibility without treating either account as the final normative foundation for
GR.

Institutional responsibility can be analyzed through at least four relations. First, an institution can
owe duties to those exposed to risks created by its research. Second, it can owe stewardship duties con-
cerning public, charitable, or collectively maintained resources. Third, it can hold epistemic responsibil-
ities concerning transparency, methodological quality, and communication of uncertainty. Fourth, it can
have generative responsibilities concerning the maintenance of research capacities, training structures,
archives, and plural intellectual traditions on which future inquiry depends.

The fourth relation extends the usual discussion of immediate harms and benefits. A funding or
educational institution can alter the composition of future scholarship by deciding which methods are
taught, which languages are preserved, which archives remain accessible, which young researchers re-
ceive stable development time, and which long-horizon programmes survive periods of low immediate
return. These decisions affect future continuation space even where their short-term outputs are difficult
to quantify.

Remark 9.3 (Role-sensitive responsibility). The framework does not infer one universal duty from the
existence of scholarly capacity. Responsibility is indexed to relational position, authority, foreseeable
effect, available alternatives, and institutional mandate. Greater capacity or power can enlarge some
responsibilities without implying that every capable actor bears identical obligations.

Remark 9.3 also protects the account from converting scholarly maturity into unlimited moral burden.
Normative judgment includes recognition of the boundaries of one’s role, competence, and authority as
well as recognition of obligations.

9.6 Intellectual Worth and Normative Priority

The relation between aesthetic judgment and normative judgment can now be stated more precisely.
Section 8 introduced an aesthetic profile a; ¢ (p) that records forms of perceived intellectual worth. Equa-
tion 14 introduced a normative profile n; ¢(p) concerning the situated consequences and responsibilities
associated with pursuit. A mature research decision can require both profiles while preserving their
distinct analytical functions.

The joint evaluative representation is stated in Equation 16.

Tre(p) = (ae(p), me(p)). (16)

Equation 16 does not define a ranking function. It records that intellectual worth and normative
priority can supply different information about the same research direction. A project can be aesthetically
compelling and normatively low-priority at a particular historical moment; another can be aesthetically
ordinary yet normatively urgent because it addresses a severe practical need with available methods. A
third can be strong on both dimensions, while a fourth can warrant little commitment on either. The
framework preserves these possibilities without requiring a universal conversion rate between them.

The distinction is especially important in an Al-rich research environment. As candidate generation
becomes cheaper, communities can encounter a larger supply of technically interesting and aesthetically
attractive directions. Normative capacity concerns the additional question of which trajectories should re-
ceive scarce collective commitment. Al can assist consequence modelling, literature synthesis, scenario
generation, stakeholder mapping, and resource estimation, but increased analytical throughput does not
by itself settle conflicts among values, distributions, institutional roles, or acceptable risk. Human—AI
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scholarly configurations should therefore be evaluated by the quality and revisability of their normative
reasoning rather than by whether the final priority judgment originated from an unaided human process.

Normative judgment also feeds back into scholarly formation. Repeated priority decisions shape
which histories are accumulated, which relations are built, which methods become routine, which com-
munities survive, and which future candidates become recognizable. A normative judgment is therefore
not only a response to an existing research landscape. At institutional scale, it can participate in generat-
ing the landscape within which later scholarly judgment occurs.

The capacity developed in this section can be summarized as disciplined research-priority judgment
under relational constraint. Mature scholarship can recognize intellectual beauty without treating beauty
as sufficient priority, acknowledge social need without permitting urgency to erase evidential standards,
identify economic and institutional conditioning without reducing inquiry to incentives, and make pro-
visional commitments while preserving the possibility of revision. This evaluative capacity remains
distinct from scholarly translation, which concerns movement among heterogeneous conceptual and lin-
guistic systems whose standards of evidence, inference, and intelligibility can themselves differ.

10 Language Systems and Scholarly Translation

This section develops scholarly translation as the sixth capacity family in the proposed account of schol-
arly formation. Its role is to specify what is required when a concept, problem, argument, method, or evi-
dential claim must become intelligible within a language system whose distinctions and inferential prac-
tices differ from those in which the scholarly object was initially formulated. The objective is narrower
than a general theory of translation. The section focuses on translation across scholarly, disciplinary,
intercultural, and institutional settings in which meaning depends on more than lexical substitution. The
discussion proceeds through six steps. It first refines the concept of a scholarly language system, then
identifies the evidential and inferential organization that makes such systems operative, develops a task-
indexed relation of cross-system intelligibility, examines interdisciplinary and intercultural translation,
and closes by specifying partiality, remainder, and failure as analytically important features of transla-
tion. The method is conceptual and comparative. Existing work on hermeneutics, incommensurability,
trading zones, and boundary objects provides interfaces for the analysis, while the GR contribution con-
cerns the relation among language systems, retained scholarly functions, history-bearing configurations,
and future generative capacity.

10.1 Conceptual Language Systems

Section 3.3 introduced £; as the component of a scholarly configuration through which available re-
sources become interpretable and actionable. The present section gives that object a more explicit internal
structure. A scholarly language system contains natural-language expressions, yet it also includes con-
cepts, distinctions, examples, notational practices, inferential permissions, evidence conventions, stan-
dards of explanation, problem framings, and historically stabilized expectations concerning what counts
as a relevant question or a satisfactory answer. The term language system is therefore analytical rather
than purely linguistic.

For a specified scholarly question ¢ and local context &, the relevant projection of a language system
is represented in Equation 17.

r@f) — (Con(q’f), Inf(@8) Evd(@8) Prb(a:£) Exm(28) Std(q,é))' (17)

In Equation 17, Con denotes the relevant conceptual distinctions, Inf the locally admissible inferential
moves, Evd the evidential conventions, Prb the problem framings, Exm the exemplary and representa-
tional resources through which the system is learned or used, and Std the standards by which explanations,
arguments, or solutions are assessed. These components are analytical projections and can overlap em-
pirically. A canonical example can function simultaneously as an exemplar, an evidential precedent, and
a source of disciplinary vocabulary. A mathematical notation can encode both a conceptual distinction
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Table 10: Components of a scholarly language system and translation diagnostics

Component Local scholarly function Translation diagnostic

Conceptual Organize categories, contrasts, Which distinctions remain necessary in the target

distinctions Con and objects of attention system, and which distinctions would be

collapsed by a fluent paraphrase?

Inferential practices  Specify locally licensed Does the translated formulation preserve the

Inf transitions among claims or inferences that the source argument actually
representations licenses?

Evidence Organize what can count as What kind of evidence would make the claim

conventions Evd support, counterevidence, or intelligible and assessable within the target
warrant practice?

Problem framings Determine what is treated as the Has the target formulation preserved the problem

Prb problem, boundary condition, or ~ being addressed, or silently substituted another
relevant unknown problem?

Exemplary Supply cases, metaphors, models, ~Which examples or representations carry the

resources Exm diagrams, precedents, and operative intuition, and do they travel across the
notational anchors boundary?

Assessment Organize adequacy, rigor, Under which target-side standards can the

standards Std explanation, elegance, relevance, translated object be evaluated without disguising
or legitimacy a change of criterion?

and a permitted transformation. A legal category can carry an evidential rule, an institutional history,
and a normative consequence.

The question index prevents the representation from expanding into a complete theory of an entire
discipline or culture. A physicist and a political theorist can share ordinary language while relying on
sharply different local systems for a particular problem. Two subfields within physics can likewise differ
in accepted idealizations, evidential practices, or preferred representations. Conversely, two scholars
working in different natural languages can share a technical mathematical system sufficiently well to
coordinate inquiry. The relevant translation problem is therefore determined by the differences that
matter for the scholarly task rather than by linguistic identity alone.

The historical dimension developed in Section 4 remains active inside £(%¢), Concepts and inferen-
tial practices carry histories of use, correction, institutionalization, and contest. Gadamer’s philosophi-
cal hermeneutics provides one important interface because understanding is situated within historically
formed horizons and language rather than treated as access to a context-free semantic object [9]. Kuhn’s
later work on communicability and incommensurability likewise emphasizes that scientific comparison
can involve lexically and conceptually structured differences without making communication impossi-
ble [21]. The present framework uses these interfaces cautiously. It does not infer that disciplines are
internally homogeneous paradigms or that translation across them requires total conceptual conversion.

Table 10 summarizes the components used in Equation 17 and the corresponding translation ques-
tions. The table is diagnostic: it indicates where a surface-level paraphrase can remain inadequate even
when the words appear fluent.

The representation makes one feature of mature scholarship visible. Entering another language sys-
tem requires more than learning its vocabulary. A scholar must often reconstruct how distinctions, evi-
dence, inference, exemplars, and standards work together. This reconstruction can remain partial. The
capacity at issue is the ability to identify the parts that matter for the local inquiry and to revise one’s
translation when target-side use reveals that a supposedly equivalent expression performs a different
scholarly function.

10.2 Evidence, Inference, and Disciplinary Convention

Scholarly translation becomes difficult when two systems assign different functions to apparently sim-
ilar claims. A statement that operates as a model assumption in one field can be read as an empirical
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assertion in another. A stylized example in economics can be interpreted as a historical description by
a reader who does not share the modeling convention. A legal proposition can depend on institutional
authority and precedent in ways that differ from the evidential structure of an empirical social-science
claim. Mathematical similarity can therefore coexist with evidential or inferential non-equivalence.
The distinction can be expressed through the relation between a proposition and the local practices

that surround it. Let ﬁl(f’f) and 6"](3‘,1’5) denote the scholarly-object spaces made available by the source

and target language systems for the local inquiry. Let z 4 € ﬁﬁf’g) denote a source-side scholarly object

and xp € ﬁg’g) a proposed target-side rendering. Let 3 denote a task-specified retention specification:
the characteristics whose preservation matters for the translation. A provisional translation relation is
stated in Equation 18.

7;5(1_751125) C ﬁg},f) % ﬁg]7£)7 (18)
where (z4,2B) € 7;&:’5]’35 ) records a proposed translation relation under the stated task, context,

and retained characteristics. Equation 18 is deliberately relational rather than functional. One source
object can admit several adequate target renderings, and one target rendering can integrate materials
from several source expressions. The relation can also remain undefined for parts of the source object
when the target system lacks an adequate local counterpart.

The parameter 3 requires explicit specification. In one task, preservation of inferential role can be
central. In another, historical connotation, legal effect, operational definition, or mathematical structure
can matter more. Translation quality therefore cannot be inferred from lexical closeness alone. A for-
mally similar expression can fail when it alters evidential status, while a visibly different expression can
preserve the function relevant to the inquiry.

Definition 10.1 (Scholarly translation). A scholarly translation from L 4 to Lp is a task-indexed con-
struction that makes a source scholarly object intelligible and assessable within £z. The construction
states which characteristics it intends to retain and records materially relevant remainder.

Definition 10.1 makes translation a scholarly activity because the translator must exercise judgment
about what the source object is doing. The task can require source-side competence, target-side compe-
tence, and sensitivity to the relation between them. An interpreter who understands the source concept
but lacks familiarity with target-side evidence rules may produce an accurate paraphrase that remains un-
usable in the target field. An interpreter fluent in the target vocabulary can also produce a locally elegant
rendering that changes the source problem or inferential commitment. Scholarly translation therefore de-
pends on relational breadth from Section 5, while adding the stronger requirement that an object become
usable inside another language system.

Disciplinary conventions matter because they often remain only partly explicit. Polanyi’s account of
tacit knowing is relevant here: competent participation in a scholarly practice can depend on background
judgment and inherited practice that exceeds a list of formal rules [7]. Translation consequently benefits
from interaction with practitioners, examples, corrections, and situated use. A glossary can support entry
into a field, yet it rarely supplies the full pattern of evidential and inferential expectations through which
the terms acquire scholarly force.

10.3 Cross-System Intelligibility

Cross-system intelligibility is the practical condition under which a target configuration can recognize
what scholarly work a source object is intended to perform. The relevant achievement is stronger than sur-
face comprehensibility and weaker than full conceptual identity. The target configuration needs enough
structure to identify the source problem, follow the important distinctions, understand the evidential sta-
tus, reconstruct relevant inferences, and recognize where the target formulation changes or leaves open
part of the source object.
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This intermediate status is important because complete unification is often unnecessary for scholarly
cooperation. Kuhn’s discussions of comparability and communicability are useful precisely because con-
ceptual difference need not entail the absence of rational comparison or communication [21]. Galison’s
historical analysis of experimental microphysics develops a complementary case: heterogeneous subcul-
tures can coordinate in local “trading zones” through partial languages and shared practices even when
their broader conceptual commitments remain different [22]. Star and Griesemer’s analysis of boundary
objects similarly shows how heterogeneous actors can cooperate through objects that remain adaptable
to different viewpoints while preserving enough common structure for coordinated work [23].

These literatures suggest several modes of cross-system coordination that should remain analytically
distinct. One mode seeks a relatively direct conceptual translation. A second constructs a local interac-
tion language sufficient for a bounded task. A third relies on shared objects, standardized forms, datasets,
diagrams, or procedures whose use can be coordinated despite differing interpretations. A fourth pre-
serves disagreement while making the disagreement sufficiently explicit for criticism or joint decision.
Mature scholarship can move among these modes without treating one as the universal solution.

The present framework therefore treats cross-system intelligibility as a relation with degrees and
dimensions rather than as a binary property. A translation can preserve terminology while weakening
inferential fidelity; another can preserve causal structure while changing metaphor and notation; a bound-
ary object can enable coordination without generating strong semantic convergence. The investigator
should identify which type of intelligibility is relevant to the task and which residual differences remain
consequential.

This point also clarifies the relation between translation and assimilation. A target configuration
can understand a translated manifestation for one task without incorporating the source distinctions into
its own language system. Stronger assimilation occurs when the encounter changes later interpretation,
comparison, or problem formation within ¥3". Translation can therefore be episodic, while scholarly
formation concerns whether the translated material becomes part of a stable or revisable continuation
capacity.

10.4 Interdisciplinary Translation

Interdisciplinary translation provides a particularly visible case because the participating systems can
share ordinary language while assigning different technical roles to the same terms. Section 5 treated
interdisciplinary competence as the construction of typed and warranted relations among domains. Schol-
arly translation adds a complementary task: a concept or method must be reformulated so that participants
in another domain can use, criticize, or appropriately limit it within their own evidential and inferential
practice.

Three translation operations are especially important. The first is role reconstruction: identifying
whether a source item functions as an empirical claim, a mathematical representation, a heuristic, a
normative principle, a legal category, an analogy, or another kind of scholarly object. The second is target-
side anchoring: locating examples, distinctions, or practices in the target field that can carry the relevant
structure. The third is remainder marking: identifying assumptions, scales, background knowledge, or
evaluative criteria that do not travel with the translation.

These operations help explain why mature interdisciplinary scholars can move rapidly among fields
without treating the boundaries as meaningless. Their mobility can depend on stronger boundary aware-
ness. A physicist borrowing a concept from information theory, a political economist using a dynamical-
systems analogy, or an education researcher drawing on cognitive science needs to know which rela-
tions are structural, which are heuristic, and which remain unsupported. The translation succeeds when
it increases target-side intelligibility while preserving the ability to identify where the source and target
systems diverge.

The existing interdisciplinarity literature reviewed in Section 5 already emphasizes integration rather
than juxtaposition [12, 13]. Galison and Star—Griesemer add a useful qualification: productive collabora-
tion can also proceed through local coordination mechanisms that fall short of comprehensive integration
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[22, 23]. The GR account therefore permits several successful endpoints, including conceptual transla-
tion, local trading languages, boundary objects, and explicit preservation of unresolved difference. The
appropriate endpoint depends on the scholarly task.

Al systems can accelerate interdisciplinary translation by proposing definitions, analogies, equiv-
alent terminology, examples, and explanatory variants. The same capability can increase the rate of
unsupported transfer. Generated fluency can hide a change in evidential status, scale, or inferential
role. For this reason, Al-assisted translation should be evaluated through target-side use and correction
rather than by linguistic smoothness alone. A Human—AlI configuration demonstrates stronger scholarly
translation when it can expose assumptions, preserve domain labels, identify uncertainty, recover source
provenance, and revise the translation after target-field criticism.

10.5 Intercultural and Institutional Translation

Scholarly language systems also differ across cultural and institutional settings. A concept can move
among academic traditions, legal systems, policy organizations, professional communities, public in-
stitutions, and local knowledge practices. In such cases, translation can involve different histories of
classification, legitimacy, evidence, authority, and normative salience. Natural-language translation re-
mains important, yet the harder problem often concerns the institutional or conceptual work performed
by a term.

A policy category, for example, can carry administrative consequences that are absent from its closest
academic analogue. A legal concept can depend on jurisdiction-specific doctrine and procedure. A
philosophical term can be embedded in an intellectual genealogy that gives it a different range of contrasts
from a superficially similar term in another tradition. Historical consciousness from Section 4 therefore
becomes part of translation: the translator needs to know which historical relations are constitutive for
the present use and which can be bracketed for the local task.

Gadamer’s account of historically situated understanding supports caution toward a purely transport
model of meaning [9]. The present framework adds a GR emphasis on configuration and relation. Trans-
lation occurs between history-bearing scholarly configurations whose language systems are supported
by institutions, archives, communities, and differential authority. The translator’s task includes recon-
structing enough of those relations for the target formulation to remain responsible to the source while
becoming intelligible locally.

The institutional dimension also connects to the power analysis in Section 13. A dominant institution
can possess greater capacity to standardize terminology, certify translations, or impose classifications on
another system. The present section does not yet evaluate those asymmetries normatively. It records a
narrower analytical requirement: translation should identify when a target-side rendering acquires institu-
tional consequences or interpretive authority that were absent from the source context. This requirement
helps prevent apparently neutral translation from concealing a change in the social function of the con-
cept.

Intercultural translation also reveals why humility and translation are connected but distinct capac-
ities. Translation requires target-side reconstruction. Humility concerns the regulation of one’s own
evaluative projection while performing that reconstruction. A scholar can possess substantial transla-
tional technique while remaining overly confident that the target system is fully captured. Section 12
treats epistemic-relational humility as a separate constraint on how translation, judgment, and criticism
are exercised.

10.6 Translation Boundaries and Remainders

Scholarly translation becomes more reliable when its limits are represented explicitly. A translation can
preserve some characteristics while losing others; a local coordination language can work for one task
and fail for another; an apparently equivalent concept can depend on a historical distinction that has no
stable target counterpart. These outcomes are not merely defects. They provide information about the
relation between language systems.
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Let p(2:£) (x 4) denote the source-side characteristics judged relevant to = 4 under the current inquiry,

and let Ret(ﬁq’g) (x4, xp) denote the characteristics actually retained by the proposed translation under
retention specification 5. The translation remainder is represented in Equation 19.

%Efﬁ)B(xA,xB) = p(q’é) (z4) \Retg}’g) (xa,zB). (19)

Equation 19 is schematic. It does not assume that conceptual characteristics form a simple set in
every empirical application. Its analytical role is to require a place for what the translation leaves behind:
historical connotation, inferential permission, evidential status, normative force, scale, ambiguity, or
another feature relevant to the source object. A translation with a small remainder for one task can have
a large remainder for another.

Caution 10.2 (Translation without forced equivalence). Cross-system intelligibility, coordinated use, or
successful local translation provides evidence of a workable relation between language systems. These
achievements do not by themselves establish identity, full equivalence, or universal commensurability
between the systems.

Caution 10.2 extends the manuscript’s earlier discipline concerning analogy and equivalence. Failed
translation can be analytically productive when it identifies a distinction that the target language cannot
currently express without substantial reconstruction. Partial translation can reveal which functions travel
and which depend on local history. Competing translations can expose ambiguity in the source itself.
Translation therefore becomes a method for studying boundaries as well as crossing them.

The distinction is especially important in an Al environment. Contemporary language models can
produce rapid, fluent renderings across natural languages and disciplinary registers. Fluency supplies
evidence of manifestation-level competence, while scholarly translation requires additional evidence
concerning inferential role, evidential status, provenance, target-side uptake, and remainder recognition.
A model or Human—AI configuration that can say “there is no exact counterpart” and explain the con-
sequential difference can, for some tasks, demonstrate stronger translation capacity than a system that
produces seamless lexical substitution.

These results establish the transition to Section 11. Scholarly translation concerns responsible target-
side intelligibility under explicitly stated retention criteria and remainder. Generative translation asks a
further question: whether an intervention changes the target configuration’s later capacity to reconstruct,
test, extend, or independently regenerate the relevant scholarly object.

11 Generative Translation

This section develops generative translation as the seventh capacity family in the proposed account of
scholarly formation. Its role is to distinguish the provision of a target-side scholarly manifestation from
an intervention that changes the conditions under which an interlocutor can generate, reconstruct, test, or
extend a corresponding concept within the interlocutor’s own language system. The objective is to spec-
ify this distinction without presuming that mature understanding requires solitary discovery or that direct
explanation is educationally inferior. The discussion proceeds through six steps. It first identifies the
manifestation-oriented structure of ordinary scholarly translation, then represents generative translation
as a configuration update, classifies several forms of generative intervention, examines evidence of target-
side concept generation, relates the proposal to tutoring and conceptual-change research, and closes with
heterogeneous-system cases and limits. The method is structural and comparative. Section 10 supplies
the translation relation and remainder; Section 3 supplies the history-bearing configuration, update map,
assimilation criterion, and continuation space used here.

11.1 Translation of Manifestations

Scholarly translation commonly aims to produce a target-side manifestation that makes a source object
intelligible in another language system. Let x 4 denote a source-side scholarly object and let x5 denote
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Table 11: Manifestation-oriented translation and generative translation as distinct scholarly functions

Analytical dimension Manifestation-oriented translation Generative translation

Primary object Target-side rendering of a source Conditions under which the target
concept, claim, method, or problem configuration can generate, reconstruct,
test, or extend a corresponding object
Immediate evidence Accuracy, intelligibility, preservation =~ Change in later interpretation,
of task-relevant function, and explicit ~ reconstruction, transfer, criticism, or
remainder continuation
Typical means Definition, paraphrase, notation, Sequenced questions, examples, contrasts,
example, diagram, comparative counterexamples, partial representations,
explanation structured encounters, and direct
explanation used within a developmental
sequence
Temporal horizon Can be evaluated at the moment of Requires evidence from subsequent
reception target-side activity
Relation to Can supply a resource for later Aims directly at a configuration change
assimilation assimilation that supports assimilation
Characteristic risk Fluent rendering can conceal lost Intervention can over-steer the target
inferential or historical structure system, create dependence, or mistake

temporary performance for formation

a target-side rendering. Section 10 represented the relation between them through 7;&‘1_’5;? ), where the

task ¢, context £, and retained characteristics S specify what the translation is intended to preserve. This
representation already exceeds lexical substitution because the relevant object can include inferential
role, evidential status, historical connotation, problem framing, or institutional function.

A manifestation-oriented translation can be highly sophisticated. It can reconstruct examples, intro-
duce a new notation, explain background assumptions, or provide several target formulations for different
audiences. Its immediate product nevertheless remains a target-side object supplied to the receiving con-
figuration. The receiving scholar can then use, criticize, assimilate, or ignore that object. Translation
quality at this level is therefore evaluated primarily through the adequacy of the supplied rendering and
the explicit treatment of its remainder.

Generative translation shifts the analytical focus from the supplied rendering to the subsequent or-
ganization of the receiving configuration. The translator can still provide words, examples, diagrams,
partial formulations, and explicit claims. The distinctive feature is that these manifestations are selected
for their capacity to reorganize the target-side conditions of inquiry. A question can make a previously
unnoticed distinction salient. A counterexample can destabilize an inherited classification. A sequence
of examples can allow an interlocutor to infer a relation before a formal definition is supplied. A partial
formalism can expose which part of a concept is structurally important and which part belongs to the
source tradition’s local vocabulary.

The distinction therefore concerns scholarly function rather than surface form. The same sentence
can operate as an ordinary translation in one interaction and as part of a generative translation in another.
A direct definition can become generative when the receiving scholar integrates it into a larger pattern,
reconstructs its limits, and begins producing target-side consequences that were unavailable before. Con-
versely, a deliberately indirect prompt can remain weakly generative if it produces only transient guess-
ing. Generative translation is consequently identified through the relation between an intervention and
a change in subsequent scholarly capacity.

Table 11 summarizes the distinction. The table treats the two modes as analytically separable func-
tions that can coexist within one episode.

The distinction in Table 11 also clarifies why generative translation should not be equated with in-
directness. A scholar can state the source concept explicitly and still organize the interaction so that
the interlocutor must connect it to local evidence, reformulate it through local distinctions, and test its
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limits. The generative function resides in the transformation of the target-side configuration rather than
in withholding information.

11.2 Generative Conditions of Understanding

The formal architecture introduced in Section 3 permits generative translation to be represented without

introducing a separate ontology of “generative meaning.” Let Eght denote the target scholarly configu-

ration at analytical time ¢, and let Aifl g, denote an intervention bundle selected in relation to source
object x4 and target language system L ;. The target-side update is represented in Equation 20.

S = Fea(ZE A% 5 ) (20)

Equation 20 reuses the general scholarly update map F; from Equation 5. The intervention bundle
can include questions, examples, conceptual contrasts, source fragments, diagrams, partial derivations,
criticism, prompts for reconstruction, or access to relevant experiences and records. The superscript gen
marks the intended scholarly function of the intervention; it does not guarantee successful generation.

The target configuration can count as having generated a target-side counterpart when a manifesta-
tion produced after the update stands in the task-relevant translation relation to the source. A minimal
manifestation condition is stated in Equation 21.

'y € M. (Esglft+1), (xa,7'5) € Té(f]’gﬁ). (21)

Equation 21 supplies only a minimal condition. A single successful restatement can result from
imitation, short-term memory, or strong local cueing. Stronger evidence concerns the configuration’s
subsequent capacity to reconstruct the concept after support changes, identify where the translation ceases
to hold, vary examples, respond to counterexamples, transfer the distinction to an adjacent problem,
or generate a novel consequence within the target language system. These behaviors link generative
translation to the assimilation criterion in Definition 3.3 and to the continuation space & (%),

Definition 11.1 (Generative translation). A translation episode is generative relative to a specified source
object, target configuration, task, and context when its intervention contributes to a sufficiently stable
target-side reorganization that supports the generation, reconstruction, testing, transfer, or extension of
a corresponding scholarly object within the target language system. The attribution is stronger when the
resulting capacity persists across variation in wording, examples, support, or local problem conditions.

Definition 11.1 is intentionally relational. It also imposes a boundary on the concept. A target-
side capacity change counts here as generative translation only when the intervention is organized in
relation to a source scholarly object and a source—target language-system relation, and when the later
target-side capacity concerns a corresponding object under stated translation criteria. Generic learning,
maturation, or conceptual change caused by an unrelated intervention remains scholarly development but
is not thereby translation. Because the present formalism is not a causal identification model, empirical
applications must state what evidence supports attributing the observed reorganization to the translation
episode rather than to concurrent influences.

The same intervention can be generative for one configuration and unproductive for another because
histories, examples, prior distinctions, and available supports differ. A highly explicit explanation can
be generative for a scholar whose language system already contains the relevant neighboring concepts.
A carefully designed analogy can fail when the target field lacks the background distinction that gives
the analogy its intended role. The object of assessment is therefore the relation among source object,
intervention, target history, target language system, and subsequent activity.

This formulation also preserves the paper’s distinction between relational availability and local pos-
session. A target configuration can develop target-side scholarly capacity through recurrent generative-
translation episodes involving collaborators, archives, instruments, or Al systems. The capacity can
remain distributed across the coupled configuration. The relevant question is whether the configuration
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can reliably reproduce the scholarly function under the support conditions being attributed, not whether
every component can do so independently.

11.3 Questions, Examples, and Conceptual Perturbations

Generative translation often works through interventions that alter what the target configuration notices,
contrasts, or attempts to explain. The term conceptual perturbation is used here for a deliberately intro-
duced difference that makes an existing organization of the problem locally unstable or incomplete. The
term is a structural metaphor rather than a claim that conceptual change follows a physical perturbation
law. Its analytical value lies in identifying interventions that modify the problem conditions without
supplying a complete target-side solution.

Several intervention forms can perform this function. A question can expose a missing distinction
or require the interlocutor to make an implicit assumption explicit. An example sequence can vary one
relation while holding others sufficiently stable for a pattern to become visible. A counterexample can
show that an apparently general concept depends on a hidden condition. A contrast pair can clarify which
differences the source system treats as consequential. An analogy can transfer a provisional relational
structure while leaving the target configuration responsible for identifying the remainder. A partial
representation can provide enough formal or diagrammatic structure to organize inquiry while leaving a
consequential component open for target-side reconstruction.

These interventions differ from random difficulty. Productive perturbation is calibrated to the target
configuration’s available distinctions and continuation space. An example that is too close to existing
practice can produce no reorganization; an example that depends on unavailable background knowledge
can appear arbitrary. Mature generative translation therefore requires a model of what the interlocutor
can currently distinguish and which neighboring resources are relationally available. This requirement
connects generative translation to historical consciousness and relational breadth: the translator needs
some reconstruction of how the target system arrived at its present organization and what adjacent con-
ceptual resources it can plausibly assimilate.

The ordering of interventions also matters. Generative translation can be sequential. An initial ques-
tion can reveal how the target system frames a problem. A second intervention can then be selected in
response to that framing. The translator can alternate between elicitation, explicit explanation, compari-
son, and reconstruction. This adaptive sequence resembles Naturalistic Decision Making in one limited
respect: the translator acts in an evolving situation where target-side responses provide feedback for
the next move. The analogy remains methodological; the section does not equate tutoring or scholarly
dialogue with operational decision making.

A further implication concerns meta-level translation. The translator need not begin from the source
concept’s most local terminology. In some cases, a more abstract relation can travel more effectively.
If the source concept depends on a distinction between state and transition, for example, the translator
can first establish why the target problem requires separating persistence from change, then allow the
local vocabulary to emerge within the target field. The resulting manifestation can differ substantially
from the source expression while retaining the function specified by . This is the central sense in which
generative translation can precede direct conceptual equivalence.

Caution 11.2 (Perturbation and steering). Changing another configuration’s generative conditions can
support understanding, yet the same structural capacity can also be used to steer attention, suppress al-
ternatives, or engineer agreement. Generative success therefore does not by itself establish epistemic or
normative legitimacy. Sections 12 and 13 provide the corresponding constraints of humility and inter-
pretive power.

Caution 11.2 is important because generative translation has greater formative reach than a single
paraphrase. A translator who controls examples, problem framings, and admissible distinctions can
influence which concepts become available to the interlocutor. The capacity is therefore analytically
separable from the normative evaluation of its use.
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11.4 Interlocutor-Internal Concept Generation

The phrase interlocutor-internal refers here to generation within the selected target scholarly configura-
tion rather than to a claim about private mental location. A target configuration can include a person,
group, institution, archive, or recurrent Human—AI workflow. The defining feature is that the result-
ing concept becomes organized through the target configuration’s own distinctions, examples, evidence
practices, and inferential relations.

This target-side generation can be observed through several forms of evidence. The interlocutor can
reformulate the concept using locally meaningful examples without losing the source-side function rele-
vant to the task. The interlocutor can identify a case where the concept should not apply. The interlocutor
can derive a consequence that the translator did not explicitly provide. The interlocutor can compare the
concept with a neighboring target-side distinction and explain the difference. The interlocutor can re-
construct the concept after the original phrasing is unavailable. These performances probe assimilation
more strongly than verbatim repetition.

Generative translation can therefore produce a target manifestation that is less lexically similar to
the source while being more deeply integrated into the target system. This possibility is especially im-
portant across disciplinary or cultural boundaries. A source concept whose force depends on one field’s
canonical examples can become more usable when the receiving field reconstructs an analogue from its
own practice. Section 10 already allows several target-side renderings. The present section adds a devel-
opmental criterion: the target configuration should be able to participate in the production and revision
of that rendering.

The relation to translation remainder remains essential. Target-side generation can transform the
concept as it is assimilated. Some source characteristics can be lost; new target-side consequences can
appear; the target system can expose ambiguity or hidden assumptions in the source. Generative trans-
lation therefore need not reproduce the source object’s entire historical trajectory. Responsible practice
records which functions were retained, which remainders remain, and which target-side transformations
arose during assimilation.

This feature makes generative translation potentially reciprocal. Once the target configuration gener-
ates iL‘/B, the source-side scholar can encounter a formulation that reveals new distinctions or weaknesses
in z4. The interaction can then update both configurations. A mature scholarly dialogue can conse-
quently alternate the roles of source and target. The language of translation remains useful because the
systems differ, while the generative process becomes co-formative rather than unidirectional.

The reciprocal case also provides a bridge to later analyses of humility. A translator who expects the
target system merely to reproduce the source concept treats the source language as the fixed criterion of
success. Generative translation allows the target response to modify the translator’s own understanding.
This does not eliminate standards of accuracy or evidence. It changes the interaction from one-way
delivery toward a revisable relation in which both systems can acquire new distinctions.

11.5 Non-Substitutive Education

Education provides a particularly clear application because teaching can either supply a solution at the
level of manifestation or reorganize the learner’s capacity to produce and test solutions. The present
account uses the term non-substitutive education for educational activity whose success includes the
learner’s later capacity to perform relevant scholarly operations without reproducing the teacher’s inter-
vention in the same form. The term identifies a functional objective and does not imply that teachers
should avoid direct instruction.

Wood, Bruner, and Ross’s study of tutoring in problem solving provides an important educational
interface because it analyzes how tutoring can structure a learner’s activity during problem solving rather
than treating instruction as simple transmission [24]. Research on conceptual change provides a second
interface. Posner and colleagues analyze learning situations in which existing conceptions are reorga-
nized in response to problems, alternatives, and intelligibility conditions [25]. These literatures are not
equivalent to the GR concept of generative translation. They are narrower empirical and theoretical tra-
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ditions concerned with learning and conceptual change. Their relevance lies in showing that educational
support can operate through the organization of problem conditions and conceptual reconstruction rather
than through answer delivery alone.

The GR extension concerns translation across heterogeneous language systems. A teacher can un-
derstand a concept in £ 4 while the learner organizes the problem through £p. Directly supplying the
mature source formulation can leave the learner with a manifestation whose inferential role remains
weakly assimilated. A generative sequence can instead begin from distinctions and examples already
available in £p, introduce a problem that makes a missing distinction consequential, and then coordi-
nate the learner’s emerging formulation with the source concept. The educational objective is target-side
generativity under preserved scholarly constraints.

Several diagnostics follow. First, success should be tested across variation: new examples, altered
wording, changed surface features, and neighboring problems. Second, the learner should be able to
explain why a tempting alternative fails under the relevant conditions. Third, the learner should be
able to reconnect the generated concept to formal definitions, historical provenance, and disciplinary
standards after local understanding has emerged. Fourth, the learner should eventually distinguish the
support structure from the concept itself. A scaffold that remains permanently necessary can represent
relationally available capacity, yet claims about independent mastery require additional evidence.

This framework is especially relevant in Al-mediated education. AI can rapidly provide direct an-
swers, explanations, examples, counterexamples, hints, and adaptive dialogue. The present account asks
which interaction sequence changes the learner’s subsequent continuation space. A system that supplies
a correct explanation can be useful at the manifestation level. A stronger educational configuration uses
explanation, questioning, comparison, and feedback in ways that support later reconstruction and trans-
fer. The paper therefore avoids a simple opposition between answer delivery and generative teaching.
The relevant distinction concerns what the interaction leaves the learner able to do next.

11.6 Generative Translation across Heterogeneous Systems

Generative translation is intended to apply beyond teacher—learner relations. Scholarly configurations
can differ by discipline, culture, institution, professional practice, technological embodiment, or Human—
Al composition. The degree of heterogeneity changes which interventions are possible and what counts
as evidence of target-side generation.

Across disciplines, generative translation can begin from a shared problem while allowing each field
to generate a locally valid representation. A mathematical model can be introduced through a target
field’s own empirical regularities before its source notation is taught. A philosophical distinction can be
reconstructed through a policy or legal case before the source genealogy is supplied. Across institutional
systems, a concept can be generated through local procedures or precedents that make its function visi-
ble even when no direct lexical counterpart exists. Galison’s trading-zone analysis and Star and Griese-
mer’s boundary-object account remain relevant interfaces because coordination can emerge through local
shared practices while substantial conceptual differences persist [22, 23].

Across cultural language systems, the generative approach can reduce pressure to force a source
concept into an apparently equivalent target term. The translator can identify the problem relations that
made the source concept necessary and ask whether the target tradition contains, or can generate, a dif-
ferent conceptual response. Historical consciousness is crucial here because the target system’s apparent
absence of a source category can reflect a different problem history rather than conceptual deficiency.
Generative translation therefore supports comparison among independently generated responses without
requiring premature semantic convergence.

Human—AI interaction supplies another important case. A Human—AI configuration can use the
Al system to propose perturbations, counterexamples, analogies, and sequences of explanation. The
human interlocutor can also generatively translate toward the AI by reformulating a problem in ways that
expose relevant structure rather than supplying only the final desired wording. Attribution should remain
configuration-relative. If the successful interaction depends on repeated prompting, external verification,
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memory tools, and human correction, the generative capacity belongs to that coupled arrangement under
the stated support conditions.

The heterogeneous cases also clarify a boundary of the concept. Generative translation requires
some evidence that the target configuration’s future scholarly activity has changed in a task-relevant way.
Immediate agreement, emotional resonance, stylistic imitation, or successful completion of one heavily
cued task provide weaker evidence. Longitudinal transfer, independent reconstruction, error correction,
and reciprocal refinement provide stronger evidence. The required evidential threshold will vary across
domains and should be specified rather than presumed.

Claim 11.3 (Generative translation as capacity-oriented translation). Within the present framework, the
distinctive object of generative translation is a change in target-side scholarly capacity relative to a
source—target relation, rather than the production of a particular target-side formulation. Manifestations
remain necessary evidence, while the stronger attribution depends on what subsequent inquiry becomes
available to the target configuration.

Claim 11.3 states the central proposal of the section. It remains a conceptual claim whose empiri-
cal operationalization will differ across education, interdisciplinary collaboration, intercultural dialogue,
and Human—AI interaction. The proposal can be tested through longitudinal tasks that compare direct
translation, guided reconstruction, adaptive prompting, and other intervention forms while measuring
reconstruction, transfer, revision, and dependence on support.

Generative translation therefore extends translation from target-side rendering to target-side reorga-
nization. Its stronger evidence lies in reconstruction, transfer, revision, and locally meaningful conse-
quence generation across later tasks. Because interventions that reorganize generative conditions can
also steer attention and interpretation, their responsible use depends on regulation of judgment, uncer-
tainty, projection, and interpretive power across heterogeneous language systems.

12 Epistemic-Relational Humility

This section develops epistemic-relational humility as the eighth capacity family in the proposed account
of scholarly formation. Its role is to regulate scholarly judgment when inquiry crosses language systems,
historical formations, disciplines, institutions, or other configurations whose standards of intelligibility
differ. The objective is to distinguish humility from deference, indecision, generalized scepticism, and
unrestricted relativism. The discussion proceeds through seven steps. It first relates the present proposal
to philosophical and psychological work on intellectual humility, then develops restraint of premature
projection, target-internal reconstruction, separation of understanding from endorsement, reciprocal re-
visability, uncertainty-sensitive judgment, and Human—AI configurations. The method is conceptual and
relational. Existing work on intellectual humility and hermeneutic understanding supplies important in-
terfaces, while the GR contribution concerns how limitation-awareness, translation, judgment, historical
reconstruction, and power are organized within a history-bearing scholarly configuration.

12.1 Intellectual Limitation and Scholarly Regulation

Contemporary philosophical and psychological accounts commonly associate intellectual humility with
an appropriate relation to one’s epistemic limitations. Whitcomb and colleagues develop a philosophical
account centered on owning intellectual limitations, while Porter and colleagues identify recognition
of the limitations of one’s beliefs and knowledge as a common element across empirical approaches
to intellectual humility [26, 27]. Leary and colleagues likewise distinguish intellectual humility from
simple low confidence by examining how people respond to the possibility that their beliefs may be
fallible [10]. These traditions provide a useful starting point because they make fallibility recognition an
active epistemic capacity rather than a declaration of modesty.

The present paper extends that starting point into cross-system scholarly relations. A scholar can
recognize the possibility of personal error while still interpreting another field entirely through the cat-
egories of the scholar’s own field. Likewise, a scholar can acknowledge uncertainty while preserving
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a strong assumption that the source language supplies the proper terms in which another system should
be described. Epistemic-relational humility therefore concerns both the scholar’s relation to personal
limitation and the scholar’s relation to configurations whose conceptual organization can differ from the
scholar’s own.

Definition 12.1 (Epistemic-relational humility). Within the present framework, epistemic-relational hu-
mility is a revisable scholarly capacity to recognize relevant limits in one’s own knowledge and evalua-
tive repertoire, reconstruct another scholarly configuration through its own historically and relationally
situated distinctions where feasible, delay externally imposed evaluation until that reconstruction is suf-
ficiently developed for the task, preserve uncertainty and translation remainder, and permit the encounter
to revise one’s own subsequent judgment.

Definition 12.1 is procedural and capacity-oriented. It does not assign intrinsic virtue to low confi-
dence, agreement, or self-effacement. A scholar can hold a strongly supported conclusion while remain-
ing humble about its scope, transferability, or interpretation outside the domain in which its warrant was
established. Conversely, a scholar can express uncertainty while remaining relationally unresponsive if
the uncertainty never changes how another language system is reconstructed or how criticism is received.

The distinction matters for scholarly formation because confidence and humility answer different
questions. Confidence concerns the degree of commitment warranted by available evidence under a
stated model or language system. Humility concerns how that commitment is situated relative to limi-
tations, alternative systems, uncertainty, and possible revision. Strong evidence can therefore support
high confidence and high humility simultaneously.

12.2 Restraint of Premature Projection

Cross-system inquiry creates a recurrent risk of projection. Let £4 and £p denote two scholarly lan-
guage systems in the sense developed in Section 10. A configuration working primarily through £ 4
possesses distinctions, evidence conventions, inferential practices, and assessment standards that make
some questions easy to formulate and some answers easy to recognize. When that configuration encoun-
ters £ p, those same resources can become a source of premature closure if they are applied before the
local organization of £p has been reconstructed.

The relevant restraint concerns timing and scope rather than abandonment of judgment. A mathemat-
ical framework, for example, can eventually provide a rigorous external analysis of a legal or historical
object. Mature scholarship first identifies which features of the object the formalization retains, which
features it omits, and whether the target field treats those omitted features as constitutive. A legal concept
can illuminate institutional responsibility in another domain while still carrying doctrinal assumptions
that cannot simply be transferred. A philosophical vocabulary can expose implicit commitments in a
scientific discourse while remaining answerable to the empirical practices that give that discourse local
meaning.

This sequencing can be represented through two analytically distinct operations. Let Recg’g) denote
a task-indexed reconstruction of the target configuration’s relevant distinctions and inferential relations,

and let EvaI(Aq’g) denote an external evaluation conducted through a source-side evaluative repertoire.

(9,6)
B

Epistemic-relational humility gives procedural priority to developing Rec to a level adequate for the

task before treating Evalff’g) as a well-grounded judgment about the target system. The representation

does not require reconstruction to be complete, which is often impossible. It requires the incompleteness
to remain visible in the scope of the later evaluation.

Caution 12.2 (Interpretive restraint and epistemic passivity). Interpretive restraint does not require ac-
cepting a target system’s self-description as correct, coherent, or normatively legitimate. Internal recon-
struction establishes a stronger basis for criticism by clarifying the object being criticized, the standards
internal to it, the translation remainders involved, and the location of disagreement.
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Caution 12.2 prevents humility from becoming a prohibition on external critique. The object is disci-
plined sequencing: understanding sufficient for the local task precedes stronger claims about incoherence,
error, inferiority, or legitimacy. Where urgent safety, legal, or ethical conditions require immediate ac-
tion, complete reconstruction may be unavailable. Humility then appears through explicit uncertainty,
reversible measures where feasible, preservation of evidence, and openness to later correction rather than
through indefinite delay.

12.3 Target-Internal Reconstruction

Target-internal reconstruction is the constructive component of epistemic-relational humility. It asks
how a claim, practice, concept, or disagreement becomes intelligible within the target configuration’s
own historical and relational organization. Gadamer’s philosophical hermeneutics provides an important
interface because understanding is treated as historically situated and dialogical rather than as neutral
recovery from outside a tradition [9]. The present account uses this interface cautiously. It does not adopt
a complete hermeneutic theory. It extracts the methodological significance of allowing an encounter with
another interpretive horizon to alter the interpreter’s own framing.

The reconstruction can draw on the capacities developed in earlier sections. Historical conscious-
ness identifies the problem constellation within which a target distinction emerged. Relational breadth
identifies how the target field is coupled to neighboring fields without erasing local differences. Schol-
arly translation records which source-side concepts possess adequate target-side counterparts and which
produce remainder. Generative translation can then test whether a proposed reconstruction enables the
target configuration to generate consequences that make sense within its own language system.

A useful diagnostic is whether the reconstruction can survive correction from competent participants
in the target system. This criterion does not make local consensus infallible. It asks whether the ex-
ternal scholar has reached a level at which disagreements concern substantive interpretation rather than
elementary misrecognition of the target vocabulary. Where multiple internal traditions disagree, humil-
ity requires preserving that plurality rather than selecting one convenient representative as the target
system’s singular voice.

The same requirement applies to historical reconstruction. A later scholar can possess broader
archives or conceptual resources than historical actors possessed, but retrospective interpretation should
distinguish the later explanatory vocabulary from categories available to the historical participants. Sec-
tion 4 developed this distinction in relation to conceptual genesis. Epistemic-relational humility turns
it into a general discipline of interpretation: explanatory gain from a later framework does not by itself
authorize replacing the historical object’s own problem structure with the later one.

12.4 Contextual Coherence and External Evaluation

Understanding another language system does not imply that the system is true, just, complete, or nor-
matively acceptable. A configuration can be internally coherent under its operative assumptions while
producing claims that fail when confronted with stronger evidence, broader populations, changed ma-
terial conditions, or external normative constraints. Epistemic-relational humility therefore preserves a
distinction between contextual coherence and external endorsement.

Contextual coherence concerns whether a claim or practice can be reconstructed as intelligible rela-
tive to the target system’s history, concepts, evidence rules, and purposes. External evaluation concerns
how that claim or practice fares under additional evidential, comparative, aesthetic, normative, legal,
or practical standards. The first operation reduces the risk of criticizing an object that has been poorly
reconstructed. The second preserves the possibility of cross-system judgment.

This distinction is especially important where language systems possess different forms of evidence.
A philosophical argument, an ethnographic interpretation, a statistical model, and a legal judgment can
each possess disciplined standards without sharing one universal evidential grammar. Methodologi-
cal pluralism therefore requires local evaluation of adequacy before cross-domain comparison. Cross-
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domain criticism can remain rigorous by stating which standard is being introduced, why it is relevant
to the target object, and which parts of the target claim are being evaluated under it.

The distinction also protects against an easy form of relativism. The fact that a claim is intelligible
within £p establishes a relation between the claim and that language system. It does not establish that
every consequence of the claim is acceptable outside that relation. Likewise, the existence of several
coherent language systems does not imply equal evidential support for all their claims. Humility regulates
the path by which judgment is formed; it does not predetermine the judgment’s outcome.

12.5 Reciprocal Revisability

A stronger form of scholarly humility allows the act of understanding another system to revise the in-
terpreter’s own configuration. The relevant change can concern factual beliefs, conceptual distinctions,
standards of explanation, perceived relevance, research priorities, or the boundaries of a discipline. This
feature connects humility to the assimilation process developed in Section 3. An encounter counts as for-
mative when it produces sufficiently stable changes in what the configuration can subsequently interpret,
relate, judge, translate, or generate.

The source-side configuration can therefore be updated after a cross-system encounter. The general
development map from Equation 5 already represents such change. Epistemic-relational humility adds a
constraint on the interpretation of the update: information from the target system should remain capable
of modifying the source-side language system and evaluative repertoire when the evidence or argument
warrants modification. A dialogue in which the source framework can only classify the target and can
never itself be revised exhibits weaker reciprocity.

This revisability gives humility a temporal structure. A scholar may initially judge that a concept
lacks explanatory value, later encounter historical or empirical evidence that changes the relevant prob-
lem representation, and subsequently revise the judgment. Mature scholarship records the revision rather
than reconstructing the earlier position as though the later understanding had always been available. In-
tellectual development therefore includes a history of corrected interpretation.

The scientific literature offers a related institutional interface. Hoekstra and Vazire argue that scien-
tific credibility benefits when researchers foreground limitations and uncertainty rather than allowing in-
centive structures to reward overstatement [28]. Their proposal concerns scientific practice and reporting,
whereas the present framework is broader. The common point is that limitations become epistemically
productive when they are made available for criticism and future correction.

12.6 Uncertainty, Asymmetry, and the Limits of Humility

Humility operates under asymmetric information and asymmetric consequences. The scholar entering
another field may possess little knowledge of its internal history while retaining institutional author-
ity to classify it. A reviewer may possess strong gatekeeping power over a manuscript outside the re-
viewer’s deepest competence. A dominant disciplinary language may define what counts as evidence
for a smaller field. In such cases, acknowledgement of limitation has practical consequences because a
weakly grounded judgment can still alter funding, publication, reputation, or the survival of a research
programime.

Epistemic-relational humility supplies one regulatory capacity relevant to interpretive power. The
stronger the asymmetry between the interpreter’s authority and the interpreter’s understanding of the tar-
get system, the more important it becomes to expose uncertainty, seek target-side correction, distinguish
reconstruction from evaluation, and preserve routes for appeal or revision.

Humility also has limits. Some claims can be evaluated with high confidence despite disagreement.
Some practices impose harms that require timely intervention. Some language systems deliberately ob-
scure evidence or insulate themselves from criticism. A demand for unlimited contextual understanding
can itself become a mechanism for delaying justified action. The framework therefore treats humility as
one capacity within the larger architecture of scholarly formation, coupled to historical consciousness,
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relational breadth, generative attention, aesthetic judgment, normative judgment, translation, and power
analysis. It does not function as a supreme principle that overrides those capacities.

Claim 12.3 (Humility as regulation of cross-system judgment). Within the present framework, epistemic-
relational humility strengthens cross-system scholarly judgment when it improves reconstruction of the
target configuration, preserves uncertainty and translation remainder, exposes the scope of source-side
limitations, and keeps both source- and target-side interpretations open to warranted revision. Its epis-
temic value therefore lies in the quality of regulated inquiry rather than in agreement, lowered confidence,
or permanent suspension of evaluation.

Claim 12.3 states the section’s principal proposal. It is conceptual rather than a validated measure-
ment model. Empirical investigation could operationalize parts of the proposal through correction uptake,
calibration, explicit uncertainty, quality of target-system reconstruction, responsiveness to counterevi-
dence, and transfer across heterogeneous contexts.

12.7 Human-AlI Configurations and Delegated Confidence

Al-mediated scholarship makes epistemic-relational humility especially visible because fluent output
can conceal uncertainty in provenance, model limitations, target-system competence, or evidential sup-
port. The relevant issue is broader than whether an Al system can display linguistically modest phrases.
A Human-AlI configuration exhibits stronger humility when it can identify the limits of the evidence
available to it, distinguish retrieved support from generated inference, expose unresolved translation re-
mainder, seek correction from domain-appropriate sources, and revise subsequent outputs after criticism.

The configuration perspective avoids attributing humility solely to an isolated model. A workflow
can be epistemically humble because retrieval tools preserve provenance, the human operator checks
scope conditions, external experts correct target-side reconstruction, and the model maintains explicit
uncertainty across revisions. The same model in a different workflow can contribute to overconfident
scholarship when generated fluency substitutes for verification or when user preferences are reinforced
without adversarial checking. Humility is therefore evaluated relative to the support relations and update
procedures of the coupled configuration.

Delegated confidence creates a further problem. A scholar can outsource search, synthesis, trans-
lation, or formal manipulation to Al while retaining public responsibility for the resulting claim. The
scholar’s own uncertainty about the delegated process should therefore remain distinguishable from the
confidence expressed in the final manifestation. A polished output supported by an opaque or weakly ver-
ified intermediate process may justify less confidence than its surface form suggests. Section 3 already
separated manifestations from generative capacity; epistemic-relational humility adds the requirement
that uncertainty about the generative path should be reflected in evaluation of the manifestation.

The AI case also clarifies that humility need not be intrinsically human. A recurrent Human—AlI
configuration may develop procedures that reliably surface uncertainty, request disconfirming evidence,
distinguish language systems, preserve competing interpretations, and update after correction. Whether
an artificial system independently possesses a virtue-like psychological state is outside the scope of the
present paper. The relevant scholarly question is whether the configuration exhibits the functional and
relational capacities required for responsible inquiry.

Epistemic-relational humility thus regulates cross-system inquiry through awareness of limitations,
target-side reconstruction, confidence calibration, and reciprocal revisability. Its importance increases
when an interpreter can make consequential classifications despite limited target-side understanding. Sec-
tion 13 therefore examines the authority and infrastructures through which interpretations acquire effects
beyond the immediate act of understanding.

13 Interpretive Power across Language Systems

This section examines a structural consequence of the translational and humility capacities developed in
Sections 10—12: language systems do not encounter one another under equal conditions of interpretation.
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Its role is to distinguish interpretive competence from interpretive authority and to identify conditions
under which authority becomes a consequential power relation. The objective is therefore narrower than
a general sociology of knowledge. The discussion focuses on scholarly configurations whose classifi-
cations, translations, evaluations, or visibility decisions can alter the conditions under which another
configuration is understood, circulated, funded, taught, or continued. The method is relational and in-
stitutional. It combines the GR requirement that power have directional consequences for generative
possibilities with interfaces from sociology of language, social epistemology, empirical work on linguis-
tic inequality, and recent research on platformized scholarly communication.

13.1 Unequal Interpretive Authority

Interpretation and authority should be kept analytically distinct. A scholar may understand a language
system well while possessing little institutional authority to define it for others. Another scholar may un-
derstand it poorly while occupying a position from which a review, classification, translation, syllabus,
funding decision, or editorial judgment becomes consequential. The second configuration therefore pos-
sesses a form of interpretive authority even when its interpretive competence is weak.

Bourdieu’s account of language and symbolic power provides an important interface for this distinc-
tion. Linguistic practice is situated in social relations in which some speakers and forms of expression
possess greater recognized authority than others; language functions as a medium of power as well as
communication [29]. The present framework uses this insight without importing Bourdieu’s complete
theory of field, habitus, or symbolic capital. Its narrower concern is the relation between the capacity to
interpret and the capacity to make an interpretation consequential for another scholarly configuration.

Let A and B denote history-bearing scholarly configurations interacting in context £. The present
section records six consequence dimensions in the interpretive consequence profile stated in Equation 22.

QEEE\VB — (ched7 chass’ Qvis, Qadm’ Qres7 Qcont) fLB (22)

The components represent consequences for credibility, classification, visibility, admissibility within
a scholarly venue or practice, access to resources, and future continuation possibilities. Equation 22 is a
bookkeeping device rather than a metric. Its components need not be scalar, commensurable, or equally
important across contexts.

Definition 13.1 (Interpretive power). Within the present framework, a history-bearing scholarly con-
figuration A possesses interpretive power with respect to configuration B in context £ when A has a
relationally supported capacity to produce or stabilize interpretations, classifications, translations, or
evaluations whose uptake has directionally consequential effects on at least one component of Qflx B
and when those effects can alter the conditions under which B’s claims, practices, or future scholarly
continuations become intelligible, credible, visible, admissible, resourced, or reproducible.

Definition 13.1 deliberately requires consequence and relational support. Prestige alone does not
establish interpretive power. Persuasive success in one conversation does not establish it either. Nor
does the definition require an intention to dominate: a classification can become power-bearing through
routine institutional uptake even when no participant aims to constrain the target configuration. The rel-
evant relation becomes power-bearing when an interpretation can modify another configuration’s effec-
tive scholarly possibilities through institutional, linguistic, infrastructural, or recurrent relational support.
This construction is continuous with the broader GR account of power as directionally consequential de-
formation of generative possibilities while remaining specialized to interpretation.

Miranda Fricker’s distinction between testimonial and hermeneutical injustice supplies a comple-
mentary epistemic interface. Testimonial injustice concerns credibility deficits produced by prejudice,
whereas hermeneutical injustice concerns disadvantages arising from defects in shared resources for so-
cial interpretation [30]. The present analysis is neither a replacement nor a restatement of that framework.
It asks more generally how interpretive authority becomes embedded in scholarly relations, including
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Table 12: Tllustrative supports of interpretive power and their possible scholarly consequences. The
entries identify analytical mechanisms rather than exhaustive empirical categories.

Relational support

Interpretive operation

Possible consequence for scholarly
formation

Editorial and review
authority

Funding and
institutional
authority
Disciplinary
vocabulary

Dominant scholarly
language

Platform and
indexing

infrastructure
Al-mediated
interpretation

Classification of relevance, rigor,
novelty, or disciplinary fit

Definition of legitimate problems,
methods, beneficiaries, or evaluation
categories

Imposition of established concepts and
standards on a less institutionally
powerful field

Requirement that claims be manifested
through a linguistically privileged
medium

Ranking, recommendation, metric
production, inclusion, or exclusion

Summarization, retrieval, translation,
classification, and synthesis at scale

Publication access, credibility,
subsequent visibility, and continuation of
a research programme

Resource access, staffing, infrastructure,
temporal horizon, and survival of
alternative trajectories

Increased legibility together with
possible loss of local distinctions or
translation remainder

Unequal translation burden, altered
expression, and differential participation
in international scholarly communication
Differential discoverability, reputational
feedback, audience formation, and future
citation or collaboration opportunities
Amplification of selected categories and
sources, compression of minority

distinctions, or expansion of
cross-system access depending on
configuration design

cases involving disciplines, institutions, languages, platforms, and Human—AlI infrastructures rather than
only person-to-person testimony.

Table 12 emphasizes that interpretive power is frequently distributed. A reviewer can possess gate-
keeping authority because a journal delegates it; a language can be dominant because institutions, training
systems, and publication practices reinforce it; a platform can affect visibility because scholars and in-
stitutions rely on its infrastructure. The relevant unit of analysis is therefore the relational configuration
that supports the consequence, not an isolated individual’s intention.

13.2 Institutional and Disciplinary Power

Scholarly institutions organize interpretation before any particular claim is accepted or rejected. Journals
define scopes and article genres. Funding agencies specify eligible problems and categories. Universities
stabilize curricula and disciplinary boundaries. Professional associations establish vocabularies of rec-
ognized expertise. Indexing and evaluation systems determine which manifestations become countable,
searchable, or comparable. These arrangements are necessary for large-scale scholarly coordination, yet
they also create recurrent sites at which interpretations become consequential.

A disciplinary classification can enable inquiry by making a problem legible to a community with
relevant methods. The same classification can narrow inquiry when it excludes distinctions that the
target configuration treats as constitutive. The evaluative question is therefore not whether classification
occurs. Scholarly life requires classification. The relevant question is how classifications are generated,
which relations give them force, how much remainder they discard, and whether affected configurations
retain routes for correction or reclassification.

The translation framework of Section 10 is useful here. If an institution maps an object x5 into an
institutional category c4, the mapping may preserve only a declared characteristic set 5. Translation
remainder then records relevant characteristics that the institutional category fails to carry. A power-
sensitive analysis adds a further question: what happens when the institution can make c 4 authoritative
even where the remainder is large? The problem is not merely semantic loss. The imposed category can
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change funding eligibility, peer-review expectations, hiring categories, archival practices, or the future
questions that can be asked about the object.

This point also clarifies why disciplinary expertise and interpretive power can diverge. A highly
specialized field may possess deep target-side understanding while lacking the institutional resources
required to make its classifications authoritative outside the field. A larger or more prestigious discipline
may supply the categories through which the smaller field is evaluated. Relational breadth, developed
in Section 5, becomes responsible scholarship partly because it can recognize such asymmetries rather
than treating cross-domain movement as a neutral exchange of concepts.

Claim 13.2 (Interpretive authority and disciplinary translation). When a source configuration can make
its translation or classification institutionally consequential for a target configuration, the quality of schol-
arly translation should be assessed together with the power relation that governs uptake. A formally
intelligible translation can remain epistemically or normatively defective when the target configuration
has weak capacity to contest substantial translation remainder or externally imposed categories.

Claim 13.2 links Sections 10—12 without turning every translation into domination. Many transla-
tions occur under cooperative conditions and increase the target configuration’s effective possibilities.
Power analysis becomes especially important when the translator also controls admission, resources,
certification, visibility, or the recognized vocabulary of evaluation.

13.3 Linguistic and Platform Dominance

Natural-language difference supplies a concrete case in which interpretive burden is unequally distributed.
Scientific publishing is strongly concentrated in English, and this concentration can impose additional
monetary, temporal, cognitive, and participation costs on scholars working in other first languages.
Ramirez-Castafieda’s study of Colombian researchers in the biological sciences documents additional
costs in writing, reading, editing, conference participation, and publication associated with English-
language dominance [31]. The study is population- and field-specific, so it does not establish one uni-
versal magnitude of linguistic inequality. It does demonstrate that a common scholarly language can
simultaneously facilitate international coordination and distribute the costs of participation unevenly.

The GR relevance of this case extends beyond linguistic inconvenience. A dominant scholarly
language can influence which distinctions are easy to express, which references are widely recover-
able, which rhetorical forms appear professionally legitimate, and which scholars are able to enter high-
visibility channels with relatively low translation cost. The resulting relation may alter the manifestation
layer without eliminating underlying scholarly generativity. A sophisticated idea that requires substan-
tial translation labor can be less visible than a more easily manifested idea. This is another reason to
separate scholarly manifestation from scholarly formation.

Digital platforms introduce a related infrastructural layer. Kéchling’s study of ResearchGate and
Academia.edu describes academic social networking sites as infrastructures and organizations that add
functions of collaboration, evaluation, promotion, and incorporation to scholarly communication while
relying on platform mechanisms such as network effects, commercialization, and control of data [32].
The study also identifies platform-controlled and partly opaque evaluative and visibility mechanisms.
The present paper uses this work as an empirical interface rather than generalizing its findings to every
scholarly platform.

Platform mediation matters for interpretation because visibility precedes many later acts of interpre-
tation. A paper that is not retrieved, recommended, indexed, translated, or surfaced to a relevant audience
cannot easily enter the audience’s continuation space. Platform power therefore can operate without is-
suing an explicit judgment about truth. Ranking and recommendation can change which objects become
available for judgment in the first place.

Al-mediated scholarly systems intensify this issue by combining retrieval, ranking, summarization,
translation, and synthesis. A model-assisted search interface can expand access across language systems
while simultaneously compressing distinctions through summarization or privileging sources that are
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more visible in its retrieval environment. The present framework does not infer systematic bias from
this possibility alone. It treats source selection, training and retrieval coverage, ranking, provenance,
and correction procedures as empirical properties of specific Human—AI configurations that should be
investigated rather than assumed.

13.4 Classification and External Definition

Interpretive power is especially visible when one language system acquires the capacity to define another
externally. External definition occurs when a source configuration supplies the categories through which
a target configuration is publicly described, compared, evaluated, or administered. Such definition can
be useful. External categories enable coordination, legal recognition, cross-disciplinary comparison,
and institutional decision. The problem arises when the category’s authority outruns its preservation of
target-side distinctions and the target has limited capacity to revise the imposed representation.

Fricker’s account of hermeneutical injustice is relevant because collective interpretive resources can
be structured in ways that disadvantage some subjects in making experience intelligible [30]. At the level
of scholarly systems, a related problem can arise when dominant conceptual resources determine which
phenomena can be expressed in institutionally recognizable form. The analogy should remain bounded:
the present paper does not identify every failed interdisciplinary translation with hermeneutical injustice.
It uses the framework to highlight the relation among conceptual access, social power, and recognized
intelligibility.

External definition can also generate recursive effects. Once a category becomes administratively or
bibliometrically established, scholars may adapt projects, abstracts, keywords, methods, and professional
identities to fit it. The imposed interpretation then contributes to production of the very manifestations
used to justify the category. A static taxonomy can thereby become a generative condition of future
scholarship.

This recursive possibility can be represented through the general scholarly update map. Suppose an
external interpretation c4_, 5 becomes part of the intervention bundle acting on B. The later configura-
tion is stated in Equation 23.

S5 = Fpe (S5, Ape U {casp)). (23)

Equation 23 does not imply that B passively accepts the category. The update can include adoption,
strategic compliance, reinterpretation, rejection, counter-classification, or institutional resistance. Its
purpose is to show why interpretive power belongs to generative analysis: classifications can become
inputs into later scholarly formation rather than remaining descriptions of a fixed object.

Caution 13.3 (External classification and ontological inflation). An institutionally successful classifi-
cation should not be treated as evidence that the classified object possesses the imposed category as an
ultimate ontological property. Within GR’s ontological suspension, classificatory success establishes a
consequential relation among representations, institutions, and scholarly configurations. Stronger onto-
logical conclusions require independent argument.

Caution 13.3 is particularly important when high-status disciplines or Al systems can produce clas-
sifications at scale. Repetition, standardization, and institutional adoption can stabilize a category as
relationally real without settling whether the category captures the target’s ultimate nature.

13.5 Restraint in Interpretive Power

Epistemic-relational humility acquires a structural meaning once interpretive asymmetry is recognized.
For a configuration with substantial interpretive authority, humility includes restraint in the exercise of
that authority when target-side understanding is weak, translation remainder is large, or the consequences
of classification are difficult to reverse. Restraint does not require silence or withdrawal. It concerns the
design of procedures by which consequential interpretation remains corrigible.
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Several practices can instantiate such restraint. The interpreter can distinguish target-side reconstruc-
tion from source-side evaluation; preserve alternative target renderings rather than forcing premature
equivalence; record provenance and uncertainty; invite target-side criticism before an externally gener-
ated category is stabilized; state the institutional purpose and scope of a classification; preserve routes
for appeal or reclassification; and prefer reversible or revisable interventions when the evidential basis
is weak and the downstream consequences are large.

These practices can be expressed through the continuation-space perspective developed in Section 3.
An interpretation becomes especially consequential when it closes future scholarly paths. A funding
category can make some questions ineligible. An archival taxonomy can make materials difficult to
recover through alternative descriptions. A publication norm can eliminate a language or method from
recognized venues. Restraint therefore has a preservation dimension: it can preserve future capacity for
reinterpretation and counter-classification while still permitting present coordination.

Bourdieu’s analysis helps explain why such restraint cannot be reduced to polite interpersonal be-
havior. Linguistic authority is socially organized [29]. A respectful individual can still participate in an
infrastructure that systematically privileges one language or classificatory repertoire. Conversely, insti-
tutional procedures can partially correct asymmetry even when individual participants possess different
levels of humility. Scholarly formation should therefore be evaluated at both personal and configuration
levels.

Claim 13.4 (Revisability under interpretive asymmetry). For a consequential cross-system interpretation
produced under substantial asymmetry of authority, the present framework treats preservation of revision
pathways as a scholarly virtue when the interpretation remains epistemically uncertain and when irre-
versible stabilization would materially narrow the target configuration’s future interpretive or generative
possibilities.

Claim 13.4 is conditional. Some classifications require stability, and some decisions cannot remain
indefinitely open. The proposition identifies one reason to value revisability under uncertainty; it does
not establish a universal duty to preserve every classification or every continuation.

13.6 Power-Sensitive Scholarly Dialogue

A dialogue can be intellectually reciprocal even when institutional power is unequal, but such reciprocity
requires more than the formal opportunity to speak. The weaker configuration must possess some effec-
tive capacity to contest reconstruction, introduce distinctions, correct provenance, preserve unresolved
remainder, or alter the terms of subsequent inquiry. Power-sensitive dialogue therefore concerns the
generative consequences of participation as well as the visible exchange of statements.

Within the present framework, a stronger dialogue has at least five features. First, the relevant asym-
metries of authority are made identifiable rather than treated as background neutrality. Second, transla-
tion preserves significant target-side distinctions and records remainder. Third, consequential classifi-
cations are scoped to the purpose for which they were generated. Fourth, affected configurations have
usable routes for correction and counter-interpretation. Fifth, revisions can propagate into later manifes-
tations, institutional records, or decision procedures rather than remaining merely acknowledged at the
conversational level.

These features also clarify the relation between generative translation and power. Generative transla-
tion, developed in Section 11, changes another configuration’s conditions of generation. Such influence
can expand the interlocutor’s capacities, but it can also steer attention, problem framing, or conceptual
repertoire. Power-sensitive generative translation therefore requires scrutiny of who selects the perturba-
tions, which alternatives remain available, and whether the target configuration can reinterpret or reject
the resulting pathway.

Human—AI scholarly dialogue creates a particularly complex case because interpretive authority can
be distributed among model developers, retrieval systems, platform operators, institutions, users, and the
model-mediated manifestation itself. A fluent AI response can acquire practical authority even where
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its provenance is weak. Conversely, Al can lower barriers created by dominant scholarly languages by
supporting translation and access. The relevant evaluation therefore concerns the whole configuration:
which sources are available, how they are ranked, whose conceptual distinctions survive summarization,
how uncertainty is represented, and whether correction changes later behavior.

Claim 13.5 (Power-sensitive scholarly dialogue). Within the present framework, cross-system schol-
arly dialogue is stronger when it combines interpretive competence with explicit treatment of authority,
preserves consequential translation remainder, provides effective routes for counter-interpretation and
revision, and limits irreversible closure where understanding remains weak relative to the power of the
interpretation to shape future scholarly possibilities.

Claim 13.5 completes the movement from humility to power. Epistemic-relational humility regulates
the interpreter’s treatment of limitation; interpretive-power analysis examines the relational structures
that make some interpretations consequential for others. The distinction matters because mature scholar-
ship requires both capacities. A scholar may personally recognize uncertainty while still participating in
a powerful classificatory infrastructure, and an institution may create procedures for contestation even
among participants who differ in individual humility.

The section therefore adds a structural qualification to the paper’s account of scholarly formation.
Entering another language system responsibly requires more than understanding it. Mature scholarship
also requires awareness of the relations that determine whose interpretations travel, whose classifications
become authoritative, which manifestations remain visible, and which conceptual systems retain the ca-
pacity to reproduce and transform themselves. Section 14 integrates historical consciousness, relational
breadth, generative attention and problem formation, aesthetic and normative judgment, translation, gen-
erative translation, humility, and power-sensitive practice into one relational architecture of scholarly
capacities.

14 Relational Architecture of Scholarly Capacities

This section integrates the capacity families developed in Sections 4-13 into a common relational archi-
tecture. Its role is synthetic: the objective is to explain how historical consciousness, relational breadth,
generative attention and problem formation, aesthetic judgment, normative judgment, scholarly trans-
lation, generative translation, and epistemic-relational humility support, correct, constrain, and some-
times conflict with one another. The section proceeds in six steps. It first specifies the architectural
status of the eight capacity families. It then examines historical-relational coupling, evaluative coupling,
translational—generative coupling, the regulatory role of humility, and the developmental and contextual
variation of capacity profiles. The method is structural and comparative. The resulting architecture is
a structural representation of relations among capacities within a scholarly configuration. Psychometric
scaling, personal hierarchy, and exhaustive ontology of scholarly excellence remain outside its scope.

14.1 Capacity Families and Architectural Status

The eight capacity families were separated earlier because each performs a different analytical function
within the problem addressed by this paper. Section 7 adds two higher-order comparative constructs
without expanding the family count: incipient-change sensitivity describes a possible trajectory-oriented
transformation of contingency, and mediating judgment describes coordination among already defined
capacities when inquiry, timing, trajectory uncertainty, and practical response must be considered to-
gether. They are neither asserted to be collectively necessary for every scholarly task nor offered as
an exhaustive taxonomy of expertise. Historical consciousness reconstructs the genesis and transfor-
mation of concepts and problems. Relational breadth identifies typed and warranted relations across
fields while preserving relevant differences; the systemic understanding defined in Section 5 is treated
as an integrative mode within this family when several relations must be considered jointly. Generative
attention recognizes when an encounter can become an inquiry-generating problem and preserves its
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relational structure long enough for articulation and testing. Aesthetic judgment evaluates intellectual
fertility and long-horizon worth. Normative judgment evaluates priority, scale, timing, and consequence
within a situated relational order. Scholarly translation reconstructs intelligibility across language sys-
tems. Generative translation alters conditions under which another configuration can generate an intelli-
gible counterpart. Epistemic-relational humility regulates projection, confidence, and revisability across
heterogeneous systems.

Their analytical separation enables comparison of distinct functions. In mature scholarly practice,
one capacity often changes the conditions under which another can be exercised. Historical reconstruc-
tion can alter the meaning of a cross-domain analogy. Historical consciousness and relational breadth
can jointly prepare the salience structure through which an encounter becomes inquiry-generating. Gen-
erative attention can introduce candidate problems that later reshape aesthetic judgment, while aesthetic
judgment can recalibrate which kinds of encounter deserve sustained attention. Normative judgment can
constrain the scale at which an intellectually attractive programme is pursued. Translation can reveal
previously invisible historical assumptions. Generative translation can reorganize the receiving config-
uration’s later historical, relational, and evaluative capacities. Humility can change the sequence, scope,
and revisability of each of these operations.

For this reason, the operative capacity component C; of the scholarly configuration introduced in
Equation 1 can be represented more finely by a question- and context-indexed architecture. The repre-
sentation is stated in Equation 24.

ngq,f) — (ng,f)’ ng’o, QEQ»&)) (24)

In Equation 24, ng,g) denotes the subset of the eight family-level capacities that is operative for

scholarly question ¢ in context &; ng’é)

ties; and ng,g) denotes contextual conditions that affect their realization, including supports, institutions,

language systems, resource constraints, and relations of interpretive power. The architecture refines the
C; component of the scholarly configuration; it does not absorb Hy, Ry, Ky, L;, or Ny into the capacity
vector merely because those components condition capacity realization. The representation deliberately
avoids assigning one scalar value to scholarly maturity. Two configurations can exhibit different archi-
tectures while remaining strong for different scholarly purposes.

The coupling term ng,g) can contain several kinds of relation. Table 13 identifies six recurring types
used in the present section. The list has a bounded analytical purpose and leaves additional coupling
types open.

Table 13 makes an important distinction between a capacity and the relation through which it affects
another capacity. Historical consciousness, for example, is a capacity family; its role in a particular
episode can be enabling, corrective, or generative. Generative attention is a capacity family whose oper-
ation can be enabling when an encounter opens a new candidate problem space. Humility is a capacity
family whose operation often has a regulatory form. The architecture therefore concerns both what ca-
pacities are available and how they are coupled in the scholarly episode under study.

Incipient-change sensitivity and mediating judgment also occupy different positions from the eight
families. They are treated as higher-order configurations of historical consciousness, relational breadth,
generative attention, situated pattern recognition, aesthetic and normative judgment, and humility. Their
relevance depends on context: many scholarly tasks require no trajectory judgment at all, while some
strategic, institutional, or historically sensitive inquiries make temporal change central.

Interpretive power occupies a different position. Section 13 treated power as a relational condition
through which classifications, translations, visibility decisions, and evaluations become consequential
for another configuration. The present architecture locates interpretive power primarily within ng’f),
alongside the conditions that shape how the eight capacity families become consequential: it changes
the consequences of exercising translation, judgment, classification, and humility. Awareness of power
can itself become part of scholarly formation, yet the underlying asymmetry is a condition of the relation
rather than a personal trait.

denotes typed coupling relations among those operative capaci-
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Table 13: Recurring coupling relations within the scholarly-capacity architecture.

Coupling type Analytical function IMlustrative case

Enabling Makes another capacity Historical reconstruction supplies the
practically available or more contextual distinctions required for
effective. responsible translation.

Constraining Limits the scope, scale, or Normative judgment limits intensive
permissible use of another development of an aesthetically attractive
capacity. project under high foreseeable risk.

Corrective Exposes error, overreach, or Relational breadth reveals that a
missing remainder in another cross-domain analogy fails because the
capacity’s operation. compared structures operate at

incompatible scales.

Translational Reorganizes an object so that Scholarly translation reconstructs a concept
another capacity can operate so that target-side evaluative standards
across a language-system become applicable.
boundary.

Generative Changes later capacity or Generative translation enables the target
continuation structure beyond a  configuration to produce new distinctions,
present manifestation. questions, or reconstructions

independently.

Regulatory Calibrates confidence, Epistemic-relational humility delays strong

sequencing, revision, and use of
authority.

external evaluation until target-side
reconstruction is adequate.

Claim 14.1 (Architectural interpretation of capacity families). The eight capacity families should be
interpreted through their patterned relations within a scholarly configuration. Counting independently
described capacities provides an incomplete basis for evaluating a scholarly architecture; the relevant
question is whether the capacities are available, appropriately coupled, mutually corrective where neces-
sary, and responsive to the historical and relational conditions of the inquiry.

Claim 14.1 also prevents a simple deficit model. A configuration can rely on distributed supports
for one capacity and local expertise for another. It can be exceptionally strong in a narrow domain while
intentionally relying on collaborators for translation or normative analysis. Architectural strength con-
cerns the adequacy of the configuration for a scholarly function, including the reliability of the relations
through which complementary capacities become available.

14.2 Historical, Relational, and Problem-Formative Coupling

Historical consciousness, relational breadth, and generative attention are mutually informative because
disciplinary boundaries, concepts, methods, cross-domain relations, and patterns of scholarly salience
have histories. Generative attention is not an isolated faculty inserted between breadth and judgment. Its
operation depends partly on which distinctions a configuration has learned to notice and which relations
make a phenomenon intelligible as a possible problem.

Historical consciousness and relational breadth are mutually informative because disciplinary bound-
aries, concepts, methods, and cross-domain relations have histories. A present-day relation between two
fields can appear natural when its historical formation is hidden. Conversely, a historical reconstruction
confined to one field can miss the external relations through which its concepts, instruments, institutions,
or problems changed.

Historical consciousness contributes at least three functions to relational breadth. First, it identifies
whether an apparent similarity is inherited from a genuine historical interaction, independently developed
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under comparable problems, or retrospectively imposed by the present interpreter. Second, it reconstructs
the conditions under which a borrowed method or concept changed meaning as it entered another field.
Third, it reveals that current disciplinary boundaries can be historically contingent outcomes whose per-
sistence requires separate explanation.

Relational breadth contributes corresponding functions to historical consciousness. It can reveal
external institutions, material infrastructures, mathematical resources, political-economic conditions, or
neighboring conceptual traditions that a field-internal history leaves invisible. It can also expose multiple
genealogies for an apparently singular concept. A research object may have one lineage within a technical
discipline, another within policy practice, and another within public language. The relevant historical
reconstruction therefore depends on the question being asked and can preserve multiple origin narratives
where the evidence supports them.

Generative attention adds a forward-facing function to this coupling. Historical reconstruction can
make a weak present phenomenon salient because it resembles an unresolved earlier tension or aban-
doned branch. Relational breadth can make the same phenomenon salient because it activates a relation
to another field, scale, or method. Once a candidate problem is articulated, later aesthetic evaluation can
alter the configuration’s future salience structure. The coupling is therefore recursive: what a scholar
has learned to notice affects which questions become available, and the questions judged worth pursuing
reshape what later encounters can mean.

This architecture reframes the familiar idea of a prepared mind as a prepared relational configuration.
Preparation can be distributed across archives, collaborators, instruments, disciplinary languages, and re-
current Human—AlI supports. Generative attention becomes stronger when those relations preserve weak
or unexpected observations long enough for alternative problem framings to be tested, while correction
pathways prevent every deviation from being promoted into a research programme.

This coupling also disciplines analogy. Section 5 distinguished analogy from structural equivalence
and treated failed translation as informative. Historical reconstruction adds another test: the interpreter
can ask whether the proposed relation reflects a shared problem history, a documented transmission,
a later formal correspondence, or only a contemporary resemblance. None of these relation types is
automatically superior. Their distinction prevents historical influence, formal similarity, and heuristic
analogy from being treated as interchangeable evidence.

A useful failure pattern appears when the capacities are uncoupled. Relational breadth with weak
historical consciousness can produce rapid cross-domain association whose provenance and boundary
conditions remain unclear. Historical consciousness with weak relational breadth can produce detailed
genealogies that understate external dependencies or alternative conceptual lineages. The architecture
therefore permits unequal strength in the two capacities while treating their correction pathways as im-
portant when a scholarly claim depends on cross-domain historical reconstruction.

Claim 14.2 (Mutual correction of historical and relational analysis). When a scholarly claim depends
simultaneously on conceptual genealogy and cross-domain relation, the present framework treats his-
torical consciousness and relational breadth as mutually corrective capacities: historical analysis can
distinguish inherited, transferred, and retrospectively imposed relations, while relational analysis can
expose external conditions and alternative genealogies omitted by a field-internal history.

Claim 14.2 is intentionally conditional. A tightly bounded archival question can require little cross-
domain analysis, and a local formal comparison can require limited historical reconstruction. The cou-
pling becomes stronger when the research claim itself crosses historical or disciplinary boundaries.

14.3 Evaluative Coupling

Aesthetic and normative judgment were separated in Sections 8 and 9 because intellectual worth and
research priority can diverge. Their separation remains necessary inside the integrated architecture. Cou-
pling preserves the distinct metrics and allows each judgment to change the context in which the other
is interpreted and acted upon.
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Historical consciousness can alter aesthetic evaluation by revealing what a problem made possible
within its own period. An argument that appears conceptually ordinary after a century of assimilation
may have been structurally generative when it first reorganized a field’s problem space. Conversely,
historical reconstruction can reveal that a celebrated problem inherited prestige from institutional or po-
litical conditions that later aesthetic narratives obscure. Relational breadth can likewise change aesthetic
judgment by exposing connections whose fertility is invisible within one field, while also identifying
cases where apparent elegance depends on suppressing domain-specific remainder.

Normative judgment introduces a different coupling. A research direction can receive high aesthetic
evaluation while its large-scale pursuit is constrained by resource intensity, ecological consequence, fore-
seeable harm, institutional obligation, or opportunity cost. The inverse configuration is also possible: a
technically ordinary or aesthetically modest research programme can receive high normative priority be-
cause the problem is urgent, neglected, or closely tied to basic social needs. The architecture therefore
preserves both profiles.

The interaction becomes more complex when research decisions change future capacities. Section 9
treated resource allocation as a transformation of future inquiry conditions. Funding one programme
can create instruments, archives, training pathways, and communities that later alter which problems
appear aesthetically promising. Normative priority decisions can therefore influence future aesthetic
repertoires without establishing that the resulting aesthetic preferences were normatively correct. The
historical sequence matters: evaluation and institutional development can become recursively coupled.

Power also enters evaluative coupling. Institutional actors can convert one aesthetic or normative
judgment into funding priorities, publication standards, curricula, or classification regimes. A widely
adopted judgment can thereby shape the candidate problems visible to later scholars. The architecture
should consequently distinguish an evaluation’s content from the power through which the evaluation is
stabilized.

Caution 14.3 (Evaluative distinction under coupling). Relations among aesthetic judgment, normative
judgment, institutional priority, and later scholarly development preserve the analytical distinction among
these objects. Aesthetic value can inform normative deliberation, normative conditions can constrain
action on aesthetic judgments, and institutional decisions can reshape later evaluative repertoires while
the underlying evaluative dimensions remain analytically distinct.

Caution 14.3 preserves the paper’s earlier refusal of a universal conversion rate between intellectual
beauty and practical priority. It also prepares the Human—AlI analysis in Section 15: systems that generate
high-quality candidate evaluations still require analysis of which evaluative dimension is being approxi-
mated, whose criteria are represented, and how the resulting recommendation becomes consequential.

14.4 Translational and Generative Coupling

Scholarly translation and generative translation form the most direct pair of capacities in the architecture,
yet their relation is asymmetric. Scholarly translation reconstructs an object so that it becomes intelligi-
ble within another language system while preserving task-relevant structure and remainder. Generative
translation acts on the receiving configuration’s conditions of inquiry so that the configuration can later
generate, reconstruct, test, or extend an intelligible counterpart. A successful manifestation-oriented
translation can therefore support generative translation, while generative translation can also proceed
through questions, examples, counterexamples, or conceptual perturbations that do not initially produce
a complete target-side rendering.

Historical consciousness supports both capacities by recovering why source-side distinctions arose
and which functions they served. Relational breadth supports them by identifying structural correspon-
dences and boundaries across systems. Aesthetic judgment can influence the selection of examples,
analogies, or representations that expose a fertile structure, while normative judgment can constrain inter-
ventions that would be manipulative, disproportionately costly, or harmful. Humility regulates whether
the translator treats the target system as a passive container or as a configuration with its own history,
inferential standards, and capacity for counter-interpretation.
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Generative translation also creates feedback into the rest of the architecture. If the receiving configu-
ration assimilates the intervention, its later historical reconstruction can change because new genealogies
become visible. Its relational breadth can change because previously inaccessible correspondences be-
come available. Its aesthetic repertoire can change because new problem structures become salient. Its
normative judgment can change because the intervention exposes consequences or affected perspectives
that were previously absent. Generative translation is therefore capable, in principle, of transforming
several capacity families at once.

This breadth of effect is precisely why power-sensitive analysis is required. The same intervention
that expands one continuation space can narrow another by steering attention, standardizing terminology,
or making one conceptual pathway institutionally dominant. Section 13 therefore qualifies the genera-
tive success criterion. A target configuration’s later production of source-compatible concepts provides
only limited evidence of scholarly success when the pathway depends on coercive closure, concealed
alternatives, or asymmetry that prevents meaningful counter-interpretation.

The architecture consequently distinguishes generative efficacy from generative legitimacy. Efficacy
concerns whether an intervention changes what the target configuration can subsequently generate or
reconstruct. Legitimacy concerns the epistemic and normative conditions under which that change is
produced, including provenance, contestability, preservation of relevant alternatives, and the distribution
of interpretive authority. The two can interact without becoming identical.

Claim 14.4 (Generative translation as architectural transformation). Within the present framework, gen-
erative translation can count as an architectural transformation when its assimilation changes later opera-
tion of one or more scholarly capacities in the receiving configuration, including historical reconstruction,
relational comparison, judgment, translation, or the generation of viable continuations.

Claim 14.4 is stronger than defining generative translation by target-side restatement. It requires
evidence that the intervention changes subsequent scholarly practice. Section 16 examines educational
and developmental conditions under which such changes can become more stable.

14.5 Humility across the Capacity Architecture

Epistemic-relational humility has a distinctive position because it often regulates the operation of other
capacities without replacing them. Historical reconstruction requires humility when archival gaps, ret-
rospective categories, or competing genealogies limit confidence. Relational breadth requires humility
when analogies are attractive but their domains of validity remain uncertain. Generative attention re-
quires humility when a striking encounter can be overinterpreted, retrospectively mythologized, or pro-
moted before alternative explanations are considered. Aesthetic judgment requires humility when taste
is historically situated and vulnerable to prestige or survivorship effects. Normative judgment requires
humility when consequences, affected interests, or future conditions are incompletely known. Transla-
tion and generative translation require humility when the interpreter lacks full access to the target system
or possesses disproportionate authority to stabilize one rendering.

This regulatory role can be described through four recurrent operations: calibration, sequencing, ex-
posure, and revision. Calibration aligns confidence with evidential support and scope. Sequencing can
place target-side reconstruction before strong external evaluation when the latter depends on understand-
ing the target system. Exposure keeps relevant uncertainty, remainder, and alternative interpretations
visible. Revision preserves the possibility that later evidence or dialogue changes the interpreter’s own
categories.

Humility functions as calibrated regulation of judgment. Excessive suspension can prevent neces-
sary criticism, decision, or commitment, while strong conclusions remain appropriate when evidence
and argument support them. The architectural question is whether the route to that conclusion remains
sensitive to the limits and counterevidence relevant to the claim. Humility therefore calibrates the use of
other capacities rather than assigning them a permanently weak output.

Reciprocal revisability, developed in Section 12, gives the architecture a further developmental im-
plication. A cross-system encounter can modify the interpreter’s own language and evaluative repertoire.
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Humility is therefore generative when it keeps the configuration permeable to warranted correction. A
scholar who reconstructs another language system solely to classify it more efficiently can display in-
terpretive competence while exhibiting limited reciprocal revisability. The architecture treats these as
distinct profiles.

The relation to power is especially important. When interpretive authority is high, a small error in
translation or classification can have large downstream consequences. Humility can then interact with
institutional design through provenance requirements, appeal procedures, reversible classification, plural
representation, or target-side participation. The capacity and the procedures remain analytically distinct,
and their interaction illustrates the configuration-level character of scholarly formation.

Claim 14.5 (Humility as regulatory capacity). Within the present architecture, epistemic-relational hu-
mility functions primarily as a regulatory capacity when it calibrates confidence, sequences reconstruc-
tion and evaluation, exposes relevant uncertainty and remainder, and preserves warranted revision across
the exercise of historical, relational, evaluative, and translational capacities.

Claim 14.5 identifies a recurrent structural role while leaving additional roles open. Humility can
also motivate inquiry, improve collaboration, or support learning. The regulatory formulation is useful
because it explains why the same capacity can matter across otherwise heterogeneous scholarly practices.

14.6 Developmental and Contextual Profiles

A relational architecture supports the study of scholarly formation through profiles and trajectories in-
dexed to particular scholarly functions. Different tasks activate different subsets of the architecture.
Archival history can place exceptional demands on historical reconstruction and provenance. Mathe-
matical research can place stronger demands on formal depth and aesthetic discrimination. Diplomacy
or interdisciplinary policy research can place unusual weight on translation, normative judgment, and
power-sensitive interpretation. Experimental science can depend heavily on craftsmanship, instrumenta-
tion, and team coordination that the eight-family architecture does not attempt to exhaust.

For this reason, the architecture should be indexed to a scholarly question and context, as in Equa-
tion 24. A capacity that is weakly relevant to one task can become decisive in another. This contextuality
prevents a single profile from becoming a universal template of the ideal scholar. It also permits special-
ization: mature scholarship can include configurations in which some capacities are distributed across
collaborators or institutions rather than concentrated in one person.

Development can also be uneven and non-monotonic, with gains, losses, and reorganization occur-
ring across different capacity families. A scholar can deepen historical understanding while becoming
more specialized and less relationally broad. An institution can expand translation infrastructure while
narrowing the normative range of admissible research. AI assistance can enlarge retrieval and cross-
domain exposure while either strengthening or weakening assimilation, depending on how the workflow
is organized. Loss of mentors, archives, instruments, funding, language access, or community can reduce
capacities that were previously relationally available. Scholarly formation therefore has a trajectory, not
merely an accumulated stock.

The architecture also permits analysis of task-relative bottlenecks while preserving the strength of
capacities that remain effective elsewhere in the configuration. A configuration may possess strong
historical, relational, and aesthetic capacities while lacking adequate translation for a particular collab-
oration. The local bottleneck can prevent those other capacities from becoming effective across the in-
terface. In another task, the same translation limitation may be irrelevant. Bottlenecks are consequently
task-relative constraints on coupling rather than globally defining deficits.

A stronger architecture can be described through coordination and correction pathways. Coordi-
nation means that capacities become available to one another when the task requires them. Correction
means that overreach in one capacity can be detected and revised through another capacity, interlocu-
tor, or institutional procedure. Historical consciousness can correct anachronistic translation; relational
breadth can correct analogy inflation; generative attention can preserve a weak signal while aesthetic

80



judgment prevents indiscriminate escalation; normative judgment can constrain aesthetically attractive
but socially damaging commitments; humility can expose confidence beyond warrant. The presence of
such pathways can matter as much as the isolated strength of each capacity.

This perspective suggests a provisional distinction between architectural coherence and architectural
fragility. Architectural coherence refers to a configuration in which task-relevant capacities can be co-
ordinated, their boundaries remain intelligible, and correction pathways are available when one capacity
overreaches. Architectural fragility refers to a configuration in which strong manifestations depend on
narrow supports, hidden substitutions, uncorrected coupling failures, or authority that stabilizes an in-
terpretation despite weak reconstruction. These terms serve as analytical descriptions of configurations
and task-relative relations.

Definition 14.6 (Capacity-architecture profile). A capacity-architecture profile is a context-indexed de-
scription of which scholarly capacity families are operative in a configuration, how they are coupled,
which supports and power relations condition their realization, and which coordination or correction
pathways remain available for the scholarly function under investigation.

Definition 14.6 provides the bridge to the next stage of the manuscript. The Human—AlI analysis can
focus on how coupled configurations organize specific scholarly capacities. Section 15 examines how Al
changes particular capacity profiles: whether retrieval becomes assimilated into historical consciousness,
whether cross-domain synthesis acquires warranted relational structure, whether weak or contingent en-
counters become durable problem formations, whether candidate generation is coupled to aesthetic and
normative judgment, whether translation becomes generative, and whether delegated interpretation pre-
serves humility, provenance, and correction pathways.

The synthesis therefore supports the paper’s broader thesis. Scholarly formation can be approached
as an evolving architecture in which history, relation, generative attention, evaluation, translation, gen-
erativity, humility, support, and power condition what a scholarly configuration can notice, understand,
judge, communicate, revise, and continue to generate.

15 Scholarly Formation across Human—-AlI Configurations

This section uses Human—AT research configurations as a stress test of the capacity architecture developed
in Sections 4-14. Its role is analytical rather than comparative ranking. The objective is to determine
which distinctions remain necessary when retrieval, synthesis, candidate generation, writing, transla-
tion, coding, experimental execution, and review can be partly or extensively mediated by artificial-
intelligence systems. The section proceeds through capacity-specific and coordination-specific compar-
isons before examining coupled scholarly configurations as the appropriate unit of analysis. The method
combines conceptual reconstruction with bounded empirical interfaces from recent Al-and-science re-
search. The discussion does not presume that the capacities identified in this paper are intrinsically hu-
man, nor does successful automation of a scholarly manifestation by itself establish a complete scholarly-
formation architecture.

Recent research already makes a simple Human—AI opposition analytically inadequate. AI systems
have been integrated into hypothesis generation, experimental design, data analysis, scientific coding,
and generative design across scientific domains [1]. In a bounded machine-learning setting, Lu and
colleagues report an agentic pipeline that generates research ideas, implements and runs computational
experiments, analyses results, writes manuscripts, and performs automated review [35]. These develop-
ments make it increasingly important to distinguish the observable completion of research tasks from the
organization of the historical, relational, problem-formative, evaluative, translational, and self-corrective
capacities through which a scholarly configuration develops over time.

Table 14 summarizes the distinctions examined in this section. The table does not assign the listed
activity to a fixed agent type. Its purpose is to identify what additional evidence would be required before
an Al-supported activity can be interpreted as evidence for the corresponding scholarly capacity.
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Table 14: Human—AI stress tests for the scholarly-capacity architecture.

Al-supported
activity

Adjacent scholarly capacity

Additional evidence relevant to
capacity attribution

Literature retrieval
and summarization

Cross-domain
synthesis

Anomaly detection,
weak-signal surfacing,
or candidate-question
generation

Trend inference or
early-warning
synthesis

Research-idea
generation

Ranking or
recommending
research directions

Linguistic or
conceptual
reformulation

Perspective generation

or role simulation

End-to-end workflow
automation

Historical consciousness

Relational breadth and systemic
understanding

Generative attention and
problem formation

Incipient-change sensitivity and
mediating judgment

Aesthetic judgment

Normative judgment

Scholarly and generative

translation

Epistemic-relational humility

Coupled scholarly
configuration

Reconstruction of historical locus,
provenance, competing genealogies,
contemporaneous problem structures,
and later transformation.

Typed relations, scale discipline,
warrant assessment, preserved
remainders, and correction of attractive
but unsupported correspondences.
Retained provenance,
encounter-sensitive salience, alternative
framings, distinction of signal from
noise, and evidence that the encounter
changes later problem formulation.
Prospective calibration, alternative
trajectory hypotheses, branching and
reversal sensitivity, explicit action
horizon, and revision after later
evidence.

Stable and revisable discrimination
concerning depth, fertility, compression,
structural consequence, and
long-horizon intellectual worth.
Explicit treatment of consequences,
distribution, resource use, reversibility,
institutional obligations, affected
parties, and alternatives.

Preservation of inferential and
evidential function, target-side criticism,
assimilation, transfer, reconstruction,
and later independent use.

Accurate target-side reconstruction,
calibrated uncertainty, willingness to
expose limitations, and reciprocal
revisability under criticism.

Traceable history, recurrent assimilation,
correction pathways, provenance,
responsibility, and stable coordination
across tasks and episodes.

15.1 Retrieval and Historical Consciousness

Al-mediated retrieval can greatly enlarge the set of historical materials, references, summaries, and can-
didate connections available to a scholarly configuration. Within the formalism of Section 3, the most
immediate effect is often a change in the accessible knowledge resources K; and in the relations through
which those resources can be reached. Historical consciousness, as defined in Section 4, requires a
stronger transformation. The retrieved material must become organized through the historical locus,
problem constellation, available repertoire, intervention, uptake, and conceptual afterlife relevant to the

82



inquiry.

The distinction matters because abundance of historical text can coexist with weak historical recon-
struction. A system can retrieve an earlier use of a term while missing the institutional practice that gave
the term force, or can summarize a later canonical interpretation while obscuring how the earlier actors
described their own problem. It can also compress disagreement among competing genealogies into a
single fluent chronology. Section 4.6 therefore treated retrieval as a resource for historical consciousness
rather than as its sufficient condition.

Messeri and Crockett’s analysis of Al in scientific research is relevant to this distinction because
it identifies risks of illusions of understanding: researchers can become confident that they understand
more than the tool-supported epistemic process warrants, while the broader research system becomes
less able to see narrowed methodological or conceptual alternatives [33]. Their framework is not a
direct empirical measure of historical consciousness. It nevertheless supports the present paper’s caution
against inferring assimilated understanding from efficient access or fluent synthesis.

For a Human—AI configuration, historical consciousness can therefore be evaluated at the level of
the configuration. Relevant evidence includes whether the configuration can recover primary or near-
contemporary sources when available, distinguish contemporary descriptions from retrospective cate-
gories, represent competing reconstructions, preserve provenance, state uncertainty, revise a genealogy
after contrary evidence, and use the reconstructed history to alter later interpretation or problem forma-
tion. None of these functions requires that one human mind independently store the entire history. They
require reliable relations through which the configuration can reconstruct and revise it.

15.2 Cross-Domain Synthesis and Systemic Understanding

Al systems can generate large numbers of cross-domain associations with low marginal effort. This
capability is potentially valuable for relational breadth because it increases the number of candidate
relations that a scholarly configuration can inspect. The same abundance also raises the cost of discrim-
inating among historical influence, method transfer, formal correspondence, scale relation, conceptual
translation, analogy, causal constraint, and normative tension. Section 5 treated those relation types as
analytically distinct because a correspondence that is productive under one type can be misleading under
another.

The principal stress test is therefore whether synthesis preserves typed warrant. A Human—AI con-
figuration that proposes a relation between a concept in physics and a concept in political economy, for
example, should be able to specify whether the relation is historical, formal, analogical, methodological,
or merely heuristic. It should state which properties are being compared, which assumptions differ, and
which remainder prevents stronger equivalence. Systemic understanding additionally requires identify-
ing how several such relations jointly condition the problem rather than merely producing a broad list of
adjacent literatures.

This distinction becomes especially important when AI systems produce fluent interdisciplinary
prose. Linguistic coherence can make a weak analogy appear structurally established. Conversely, Al-
supported search can sometimes reveal a genuine relation that disciplinary specialization had hidden.
The relevant criterion is therefore neither distrust nor deference toward machine-generated synthesis. It
is whether the configuration contains correction pathways for relation typing, source verification, scale
checking, failed translation, and domain-expert criticism.

A useful implication follows for scholarly division of labor. A configuration can possess strong rela-
tional breadth even when no single participant has equal expertise in every connected field, provided that
the relations among specialists, archives, instruments, and Al systems make the required warrants and
corrections practically available. The configuration becomes fragile when cross-domain reach expands
faster than the relations through which proposed correspondences can be checked.
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15.3 Candidate Generation and Generative Attention

Al systems can generate candidate questions at a scale that makes problem production visibly distinct
from encounter-sensitive problem formation. Section 6 defined generative attention through the relation
among an encounter, a history-bearing configuration, and the candidate problem framings made salient
by that encounter. An Al system that produces thousands of plausible questions from a prompt can
expand the available candidate set without demonstrating that it can notice which weak, ordinary, or
unexpected phenomena should alter the problem space.

The comparative analysis in Section 7 adds a neighboring stress test. Forecasting, trend extrapolation,
and early-warning synthesis can generate plausible future trajectories without establishing the higher-
order coordination described there as mediating judgment. Stronger evidence would require prospective
records of which weak changes were treated as trajectory-relevant, representation of branching and re-
versal rather than one favored storyline, calibration against later developments, and explicit separation
between a trajectory hypothesis and the normative or practical decision made under it. A Human—AI
configuration can therefore contribute strongly to incipient-change sensitivity without the model itself
being treated as an oracle or autonomous sage.

The relevant stress test is therefore whether the Human—AI configuration preserves encounters whose
significance was not already encoded in the task. A configuration can become more generatively atten-
tive when sensors retain anomalies, retrieval connects a local observation to distant literatures, interaction
history reveals recurring friction, or a model proposes several alternative framings of an observation that
would otherwise be discarded. The same configuration can become less attentive when summarization,
denoising, benchmark optimization, or dominant classification schemes systematically suppress periph-
eral signals.

Capacity attribution requires longitudinal evidence. Useful indicators include whether unexpected
observations are retained with provenance, whether alternative explanations are considered before esca-
lation, whether the system learns from earlier overlooked signals, and whether a preserved encounter
later changes research questions or continuation paths. A single surprising output or novel question re-
mains weak evidence because novelty can arise from stochastic variation or recombination without stable
encounter-sensitive salience.

This distinction is particularly important for automated science. Instrumentation and models can
expand the perceptual and computational field beyond unaided human capacity, while human histories
and institutions can supply context needed to interpret the observation. Generative attention can therefore
be genuinely distributed. The empirical question is whether the coupled configuration can transform
encounter into revisable inquiry rather than merely maximize the volume of candidate questions.

15.4 Problem Generation and Aesthetic Judgment

Research-idea generation provides a particularly clear test of the distinction between candidate produc-
tion and aesthetic judgment. Sections 6 and 8.1 separated encounter-sensitive problem formation from
evaluation within a candidate problem space. Expansion of that space does not itself determine intel-
lectual worth. Recent empirical work supports keeping these functions separate. In a large-scale study
involving more than one hundred NLP researchers, Si, Yang, and Hashimoto report that ideas produced
by their LLM ideation agent were judged more novel than expert-human ideas in blind evaluation, while
receiving somewhat weaker feasibility judgments; the authors also identify limitations in LLM self-
evaluation and diversity of generation [34]. The study concerns a bounded NLP-ideation setting and
does not establish a general ordering of human and Al scientific creativity.

Its relevance to the present framework is narrower. High-quality candidate generation can occur with-
out settling how long-horizon intellectual worth is selected. Novelty is one dimension in the aesthetic
profile developed in Section 8; depth, structural fertility, explanatory compression, relation to existing
problem structures, and generative consequence remain analytically separate. A configuration that gen-
erates one thousand plausible problems therefore requires some process for deciding which few deserve
prolonged attention.
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AT can participate in that process as well. Models can critique candidates, compare them with liter-
ature, estimate feasibility, generate counterexamples, or simulate reviewer reactions. The question for
capacity attribution is whether the resulting evaluative practice displays stable, revisable discrimination
rather than merely reproducing a proxy such as predicted acceptance, lexical novelty, or similarity to
previously rewarded work. Aesthetic judgment becomes especially significant where the consequences
of a research direction cannot be known in advance and where the scholar or scholarly configuration
commits years of attention before validation is available.

The framework therefore does not reserve aesthetic judgment for biological humans. It places the
evidential burden on the organization of the evaluative process. A recurrent Human—AI configuration
could plausibly support aesthetic judgment if its selections remain sensitive to domain history, structural
consequence, alternative framings, later criticism, and the actual development of the research programme.
The same configuration would display architectural fragility if polished novelty scores replaced these
longer-horizon correction processes.

15.5 Recommendation and Normative Judgment

Al systems can recommend research directions by ranking expected impact, feasibility, novelty, funding
fit, citation potential, or other specified criteria. Such rankings can be valuable inputs to normative
judgment, yet the ranking function inherits the choice of criteria, the representation of consequences, and
the institutional objectives encoded in the decision environment. Section 9 therefore treated normative
priority as a situated evaluation of action, scale, timing, resource use, distribution, reversibility, and
responsibility rather than as a property contained in the research topic itself.

The distinction can be stated operationally. Recommendation answers a question defined by an eval-
uative specification: given a represented option set and stated criteria, which option scores better under
the procedure? Normative judgment can also revise the specification. It can ask whether the criteria omit
affected parties, whether foreseeable externalities are represented, whether the available option set was
itself shaped by institutional power, whether a high-impact pathway crowds out valuable alternatives,
and whether uncertainty warrants a more reversible commitment.

This capacity is therefore closely connected to the political-economic conditions examined in Sec-
tion 9.4. Hao and colleagues report, in the natural sciences, an association between Al-augmented re-
search and higher individual output and citation impact, alongside contraction in collective topical cov-
erage and reduced follow-on engagement among scientists [3]. Their observational design does not by
itself establish that AI causes a particular normative failure, and the operationalization is specific to their
dataset. The result nevertheless illustrates why an individually advantageous recommendation criterion
can diverge from a collective scholarly objective.

A Human—AI configuration can support normative judgment when it makes such conflicts visible and
revisable. It can help enumerate stakeholders, model scenarios, retrieve regulatory or historical prece-
dents, estimate resource demands, and surface alternative allocations. The normative capacity remains
underdetermined by these inputs because different relational orders can assign different weights or reject
common commensuration. The stronger configuration records the basis of the judgment and preserves
a route for later revision when consequences, values, or available alternatives change.

15.6 Linguistic and Generative Translation

Generative Al has made fluent reformulation across natural languages, disciplinary registers, and levels
of technicality increasingly accessible. This development directly increases the availability of translation-
like manifestations. Sections 10 and 11 nevertheless distinguished several stronger objects: preservation
of inferential and evidential function, explicit translation remainder, target-side criticism, and interven-
tions that alter the recipient’s capacity to generate and use the relevant concept independently.

For Human—AlI scholarship, the first stress test is whether fluency conceals structural loss. A tech-
nically elegant paraphrase can omit the source field’s evidence standard or import a target-side category
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that changes the claim. A useful Al-supported translation process therefore exposes provenance, alter-
native renderings, uncertain correspondences, and the characteristics that were intentionally preserved.
Target-side experts remain important sources of criticism because some remainders become visible only
inside the receiving practice.

The second stress test concerns generative translation. An Al system can generate questions, exam-
ples, analogies, counterexamples, diagrams, exercises, and staged explanations adapted to an interlocu-
tor. These outputs can become components of the generative intervention bundle defined in Equation 20.
Their scholarly value depends on what happens after the immediate interaction. Evidence for generative
translation lies in whether the receiving configuration can later reconstruct the concept, vary it, transfer
it to a new problem, identify its limits, and produce locally meaningful consequences.

This distinction also changes how Al-supported education can be evaluated. A system that effi-
ciently supplies correct final answers may improve short-run task completion while contributing little to
the learner’s future continuation space. Another interaction may use direct explanation extensively yet
still be generative because the explanation becomes assimilated into later independent reasoning. The
relevant contrast is therefore between manifestation delivery and durable reorganization of generative
capacity, rather than between direct and indirect teaching techniques.

15.7 Viewpoint Simulation and Epistemic Humility

Large language models can rapidly produce multiple perspectives on a disputed question, restate objec-
tions, or simulate the discourse associated with different scholarly positions. These abilities can support
the exposure function of epistemic-relational humility developed in Section 14.5: they can make alter-
native assumptions or vocabularies visible to a configuration that might otherwise remain inside one
interpretive frame. Viewpoint multiplicity, however, does not establish accurate target-side reconstruc-
tion.

A simulated perspective can be composed from dominant descriptions of a minority position, can
flatten internal disagreement, or can assign confidence where the underlying source base is weak. The
problem becomes especially serious under the interpretive-power conditions described in Section 13.
A system trained primarily on institutionally visible texts can reproduce an externally imposed classi-
fication with considerable fluency while leaving the target community’s own generative distinctions
underrepresented.

Epistemic-relational humility therefore requires more than generating an opposing paragraph. In a
Human—AI configuration it can be expressed through provenance checks, explicit uncertainty, target-
side source retrieval, preservation of competing reconstructions, requests for correction, and willingness
to revise both the Al-supported representation and the human interpreter’s prior framing. The configura-
tion should also distinguish simulation from participation: generating a plausible description of another
practice does not confer the experience, responsibilities, or authority associated with membership in that
practice.

Messeri and Crockett’s warning about illusions of understanding is again relevant here [33]. Al-
supported breadth can increase the number of perspectives a scholar can encounter while simultaneously
increasing confidence that those perspectives have been adequately understood. The GR account treats
humility as one correction mechanism for this divergence. The desired outcome is not permanent hesi-
tation, but confidence calibrated to the reconstructive and evidential relations that the configuration can
actually sustain.

15.8 Coupled Scholarly Configurations

The preceding comparisons motivate a configuration-level unit of analysis. When an Al system is used
recurrently for retrieval, interpretation, coding, candidate generation, criticism, translation, or experimen-
tation, the relevant scholarly process can no longer be represented adequately by assigning the visible
output entirely to an isolated human or isolated model. The scholarly configuration introduced in Equa-
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tion 1 can be indexed to the selected Human—AI boundary. The resulting representation is stated in
Equation 25.

sS4 = (HA, RIA KP4, .4, NHA 4. (25)

The superscript H A in Equation 25 indicates an analytical boundary selected for the research ques-
tion. It makes no claim that a Human—AI configuration forms a single metaphysical subject. The history
component records relevant interaction history and retained provenance; the relation component includes
dependencies among human participants, models, archives, tools, institutions, and other supports; the
knowledge and language components include resources and representational systems practically avail-
able through the coupling; the normative component records applicable standards and obligations; and
the capacity component records what the recurrent configuration can reliably do under the conditions
being studied.

A transient use of a chatbot need not be treated as a fully coupled scholarly configuration. Stronger
reasons for doing so arise when the relation is recurrent, when outputs become assimilated into later
inquiry, when feedback from later results changes subsequent use, when provenance and dependencies
matter for reconstruction, and when responsibility for verification or action is distributed across the ar-
rangement. This criterion keeps the analytical boundary task-sensitive. The same Al system can function
as an external instrument in one episode and as a recurrent component of a longer scholarly configuration
in another.

Lu and colleagues’ Al Scientist provides a useful contemporary boundary case [35]. Their system
automates ideation, literature search, experimental planning and implementation, analysis, manuscript
writing, and review in machine-learning research, and one generated manuscript reached the acceptance
threshold of a workshop peer-review process. The authors also report substantial limitations: the work
is confined to computational experiments, the submitted outputs were manually filtered for relevance,
correct implementation, and formatting, only one of three submitted papers cleared the workshop thresh-
old, and their own assessment found that none met the higher bar of a main ICLR conference publication
[35]. The case therefore demonstrates meaningful automation across a long research workflow without
settling whether the resulting system instantiates the full architecture of scholarly formation proposed
here.

Definition 15.1 (Coupled scholarly configuration). For a specified inquiry and context, a coupled schol-
arly configuration is a history-bearing arrangement of human participants, artificial-intelligence systems,
archives, instruments, institutions, and other supports whose recurrent relations make a set of scholarly
capacities practically available and whose outputs, corrections, and dependencies can affect subsequent
inquiry within the selected analytical boundary.

Definition 15.1 shifts the central question away from substitution. A useful empirical programme
can ask which capacities are locally supplied by people, models, communities, or infrastructures; which
are genuinely distributed; where correction occurs; how failures propagate; and which dependencies
become invisible in the final manifestation. Such an analysis can also represent configurations in which
Al improves scholarly formation, configurations in which it substitutes for a narrow task without altering
formation, and configurations in which polished outputs coexist with architectural fragility.

Caution 15.2 (Boundary transparency). The boundary of a Human—AI scholarly configuration should
be stated explicitly. Narrow boundaries can hide human curation, data labor, institutional infrastruc-
ture, model development, or target-side expertise on which the observed capability depends. Very broad
boundaries can make capacity attribution analytically uninformative. The appropriate boundary depends
on the question and should preserve the dependencies relevant to the claim being made.

Caution 15.2 is especially important when Al-generated manifestations are used to infer autonomy.
End-to-end task completion can be a significant technical achievement while still depending on human-
selected objectives, training data, evaluation rules, tool interfaces, or institutional standards. Conversely,
dependence on distributed support is not a defect unique to AI. Human scholarship is likewise constituted
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through libraries, collaborators, instruments, educational histories, and institutions. The GR account
therefore evaluates the organization and transparency of dependency rather than treating independence
as the default measure of maturity.

The Human—AI stress test ultimately reinforces the paper’s central distinction between scholarly
manifestations and scholarly formation. AI systems can increasingly participate in the production of
manifestations that resemble outputs historically associated with mature scholarship. This development
weakens the diagnostic value of the manifestation alone. The stronger analytical object is the history-
bearing configuration that can reconstruct, relate, notice inquiry-generating encounters, judge, translate,
revise, and continue inquiry across time. Whether that configuration is predominantly human, exten-
sively Al-mediated, or deeply coupled remains an empirical and developmental question rather than a
premise of the framework.

16 Formation, Education, and Scholarly Development

This section develops the developmental implications of the capacity architecture established in Sec-
tions 3—15. Its role is to examine how historical consciousness, relational breadth, generative attention
and problem formation, aesthetic and normative judgment, scholarly and generative translation, and
epistemic-relational humility can become more stable, mutually available, and revisable within a schol-
arly configuration. The objective is not to prescribe a universal curriculum for scholars. It is to identify
several recurrent formation mechanisms through which the capacities analyzed earlier can be cultivated,
coupled, corrected, and sometimes reorganized. The method is synthetic and developmental: established
literatures on situated learning, adaptive expertise, tutoring, conceptual change, reflective practice, and
interdisciplinary formation are used as interfaces, while the GR framework organizes their relation to the
history-bearing configuration and capacity architecture already defined.

The developmental problem follows directly from Equation 5. A scholarly configuration changes
through encounters, practices, institutions, tools, and interventions that alter its history, relations, acces-
sible resources, language systems, normative orientation, and operative capacities. Education therefore
concerns more than transferring propositions into ;. It can reorganize the relations through which re-
sources become usable, the distinctions through which problems become visible, the standards through
which claims are evaluated, and the correction pathways through which overreach becomes revisable.
The National Academies’ synthesis of learning research likewise emphasizes that learning is shaped
by prior knowledge, culture, motivation, context, and the environments in which activity occurs [38].
Within the present framework, those considerations support treating scholarly formation as a situated
process of assimilation and reorganization rather than as accumulation alone.

Table 15 summarizes the seven formation mechanisms developed in this section. The entries identify
their principal architectural contributions and characteristic failure modes. The table is heuristic: a single
educational episode can activate several mechanisms at once, and the effectiveness of each mechanism
depends on disciplinary, institutional, cultural, and individual conditions.

16.1 Intellectual-Historical Study

Historical consciousness is cultivated most directly when study reconstructs why a concept, method, or
problem became intelligible and consequential within a particular historical-relational field. Section 4
distinguished this capacity from the possession of historical information. The developmental implication
is that historical study should repeatedly exercise reconstruction of the relations among problem constel-
lations, available vocabularies, institutions, material conditions, competing proposals, uptake, and later
reinterpretation. Skinner’s contextualist method and Koselleck’s conceptual-historical attention to chang-
ing temporal and semantic structures provide established interfaces for such work [8, 11].

A formation-oriented historical exercise therefore differs from memorizing a canonical sequence.
The learner can be asked to reconstruct which alternatives were available to participants at a given mo-
ment, which descriptions were contemporaneously available, what pressures made a distinction salient,
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Table 15: Formation mechanisms and their principal contributions to the scholarly-capacity architecture.

Formation Principal architectural Characteristic risk when weakly
mechanism contribution organized
Intellectual- Reconstructs conceptual genesis, Chronological recall, retrospective

historical study

Apprenticeship and
immersion

Interdisciplinary
encounter

Encounter
journaling and
anomaly
preservation

Dialogue across
conceptual systems

Generative teaching

Reflective situated
judgment

changing problem fields, alternative
repertoires, and historical
contingency.

Makes tacit discrimination, situated
judgment, exemplars, feedback, and
responsibility relationally available
through practice.

Develops typed cross-domain
relations, boundary sensitivity, scale
discipline, and awareness of
irreducible remainder.

Develops generative attention by
retaining weak signals, failed
expectations, ordinary recurrences,
and later reinterpretations as possible
inquiry origins.

Exercises translation, target-side
reconstruction, reciprocal
revisability, and power-sensitive
interpretation.

Alters the learner’s conditions for
reconstruction, transfer, revision, and
subsequent inquiry.

Compares expectations, actions,
consequences, uncertainty, and
correction across repeated episodes.

inevitability, canon repetition, or
anachronistic projection.

Passive imitation, authority
dependence, local convention
mistaken for universal validity, or
exclusionary gatekeeping.

Analogy inflation, superficial
breadth, prestige-driven borrowing,
or premature synthesis.

Noise fixation, retrospective
mythology, indiscriminate question
proliferation, or premature
escalation.

Fluent paraphrase without
understanding, asymmetric
classification, or simulated
agreement that suppresses
disagreement.

Answer substitution, dependency,
unproductive withholding, or
manipulation of the learner’s
generative path.

Retrospective rationalization,
outcome bias, unstructured
self-report, or reflection
disconnected from later practice.

and which later categories would be anachronistic if projected backward without qualification. The
same concept can then be followed through later appropriations in order to examine how its function
changes when institutions, problems, or language systems change. Such exercises cultivate sensitivity
to historical contingency and to the gap between a concept’s origin, its later canonization, and its present
manifestation.

This method can also strengthen aesthetic and normative judgment. A problem that appears obvious
or important in the present can become less self-evident once its historical conditions are reconstructed.
Conversely, a concept that appears obsolete can reveal a still-productive distinction when its original
problem field is recovered. Historical study can therefore alter which research questions appear deep,
urgent, or overdetermined. The contribution is generative when the recovered history changes present
problem formation rather than remaining ornamental context.

Al-mediated study can support this mechanism by expanding access to primary texts, translations,
bibliographies, competing reconstructions, and chronology. The developmental criterion remains assim-
ilation. A learner who can retrieve more historical material without distinguishing contemporaneous
evidence from retrospective interpretation has expanded K; while only weakly altering historical con-
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sciousness. A stronger configuration uses Al-supported retrieval to compare genealogies, expose missing
provenance, identify conflicts among sources, and revise later inquiry. Educational design should there-
fore evaluate what historical reconstruction the learner can perform after support is removed, changed,
or challenged, rather than counting the amount of material surfaced during the interaction.

16.2 Apprenticeship and Long-Term Immersion

Some scholarly capacities depend on forms of participation that are difficult to acquire through explicit
instruction alone. Polanyi’s account of tacit knowing and the expertise literature reviewed in Section 2
already indicate that reliable discrimination can depend on histories of practice that exceed fully artic-
ulated rules [7, 4]. Lave and Wenger provide a complementary social account: learning can proceed
through changing participation in communities of practice, where newcomers gain access to activities,
artifacts, discourse, identities, and responsibilities through legitimate peripheral participation [36]. Their
account is particularly useful here because apprenticeship need not be reduced to a fixed dyad between
a single master and apprentice.

Within the GR framework, apprenticeship matters because it can make otherwise inaccessible sup-
ports relationally available. A novice may initially depend on a senior scholar, laboratory, archive, sem-
inar, instrument, or community to recognize what counts as an anomalous result, an elegant simplifica-
tion, an irresponsible inference, a historically implausible reading, or a promising question. Repeated
participation can gradually change the novice’s own £; and C;: distinctions that once required explicit
prompting become available earlier in the inquiry, and correction can occur before a weak manifestation
is finalized.

Long-term immersion should therefore be specified by developmental structure rather than duration
alone. Time in a field contributes to formation when it includes sufficiently varied cases, feedback,
responsibility, exposure to failure, comparison with stronger exemplars, and opportunities to revise pre-
vious judgment. Adaptive-expertise research likewise emphasizes learning conditions that support com-
petent response to novel situations rather than routine efficiency alone [6]. A decade of repeated routine
can stabilize narrow competence; a shorter period of deliberately varied participation can sometimes re-
organize the learner more substantially. The present paper consequently treats immersion as repeated
situated participation with changing responsibility and correction opportunities.

Apprenticeship also carries risks that belong inside the formation analysis. Seniority can transmit
local prejudices, prestige hierarchies, or historically contingent conventions along with genuine exper-
tise. A community can make some practices visible while rendering alternatives difficult to articulate.
Gatekeeping can restrict who gains access to the relations through which tacit knowledge is learned. The
educational value of apprenticeship therefore depends partly on the correction pathways surrounding
authority. Historical consciousness, relational breadth, and humility can help learners distinguish inher-
ited craft from universal warrant, while plural mentorship and cross-community encounter can expose
assumptions that one local practice leaves unchallenged.

16.3 Interdisciplinary Encounter

Relational breadth develops through encounters in which disciplinary difference remains strong enough
to matter. Section 5 argued that interdisciplinarity requires typed and warranted relations rather than
accumulation of adjacent vocabulary. The National Academies’ account of interdisciplinary research
similarly emphasizes integration across specialized bodies of knowledge while preserving the depth re-
quired to contribute responsibly to the participating fields [12]. Keestra and Menken further emphasize
that integration is difficult precisely because disciplines differ in practices, concepts, and standards [13].

A formation-oriented interdisciplinary encounter should therefore expose the learner to both connec-
tion and resistance. Productive activities can include reconstructing how two fields formulate the same
practical problem differently, tracing a method as it moves across domains, testing whether a formal
analogy survives changes of scale, or asking which evidential standards block a proposed translation.
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Failure to integrate can be as educational as successful synthesis when the failure reveals which local
assumptions, units, causal structures, or normative commitments remain irreducible.

This mechanism depends on sufficient local depth. A learner who encounters many fields only
through summaries can develop broad familiarity while remaining unable to judge whether a proposed
correspondence is admissible. Mature relational breadth requires access to target-side criticism from
participants who can identify where a borrowed concept has lost its disciplinary function. Trading-zone
and boundary-object literatures provide useful interfaces because they show that coordination can occur
without complete conceptual unification [22, 23]. Educational design can therefore value local coordi-
nation, partial translation, and explicit remainder rather than treating total synthesis as the measure of
success.

Interdisciplinary formation also changes the architecture of humility. Encounter with another field
can reveal that familiar concepts are local solutions rather than universal primitives. It can also reveal
asymmetries of prestige: a mathematically formal field may be granted interpretive authority over a
qualitative field, or a globally dominant discipline may define what counts as rigor for a smaller tradition.
Repeated cross-domain work can cultivate the capacity to distinguish transferable structure from prestige-
driven borrowing and to ask whether the receiving field retains authority to contest the translation.

16.4 Encounter Journaling and Problem-Formation Practice

Generative attention can be cultivated only indirectly because educational design cannot specify in ad-
vance which future encounter will become a significant inquiry origin. It can, however, strengthen the
configuration’s capacity to preserve and revisit encounters before their significance is known. Relevant
practices include recording anomalies, failed expectations, recurring frictions, surprising examples, or-
dinary phenomena that resist current explanation, and questions that arise during reading, experiment,
fieldwork, or dialogue.

The developmental value lies in delayed comparison. An encounter journal, laboratory notebook,
research diary, or provenance-preserving Al memory can allow a scholar to compare earlier observa-
tions with later conceptual resources. A trace that initially appears trivial can become intelligible after
historical study or cross-domain encounter changes the configuration. Conversely, later evidence can
show that an initially striking anomaly was measurement error or noise. Such revision trains attention
together with restraint.

Problem-formulation exercises provide a complementary mechanism. Learners can be given the
same phenomenon and asked to produce several problem representations, identify which assumptions
make each framing possible, and compare what each framing renders visible or invisible. The problem-
recognition literature reviewed in Section 6 provides an interface for treating these early stages of prob-
lem solving as legitimate objects of study rather than as invisible preliminaries to solution.

Al can support this formation mechanism when it preserves provenance, generates alternative fram-
ings, retrieves analogous cases, and helps revisit neglected observations across time. It can weaken
the mechanism when it immediately converts uncertainty into a polished answer and thereby closes the
encounter before the learner has articulated why it might matter. Formation-oriented use should there-
fore preserve some unresolved traces long enough for later reinterpretation while maintaining correction
procedures that prevent noise from becoming self-reinforcing theory.

The comparative structure in Section 7 suggests a second exercise: retrospective trajectory recon-
struction with prospective discipline. Learners can examine historical cases in which a minor early
change later became consequential, but they should also record cases in which similar weak signals
disappeared, reversed, or proved irrelevant. The purpose is to cultivate sensitivity to incipient change
without training hindsight bias. A stronger exercise asks the learner to state several plausible trajectories
and an action horizon before later outcomes are revealed, then compare the earlier judgment with what
actually followed.

An open educational problem remains. Text-centered study can provide indispensable historical and
conceptual depth while presenting inquiry through a problem space already filtered by earlier acts of
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problem formation, aesthetic and normative judgment, institutional selection, translation, publication,
canonization, and preservation; learners may consequently mistake inherited questions for the natural
boundaries of what can be asked. AI may intensify this risk by making established problem framings,
candidate questions, and polished answers unusually abundant. How education can cultivate sensitiv-
ity to contingencies that have not yet been problematized, together with the judgment needed to decide
which deserve pursuit, the capacity to sense changing trajectories, and the practical ability to respond
appropriately—without rewarding noise fixation, arbitrary intuition, retrospective myth-making, or in-
discriminate novelty seeking—remains an open problem for the present framework and likely requires
situated encounter and practice in addition to textual study.

16.5 Dialogue across Conceptual Systems

Dialogue is a developmental mechanism when it exposes a scholarly configuration to interpretations that
cannot be generated reliably from its own current language system. Gadamer’s hermeneutics is relevant
because understanding is treated as historically situated and dialogical rather than as extraction of context-
free meaning [9]. Sections 10 and 12 translated that insight into a GR architecture of language systems,
translation remainder, target-side reconstruction, and reciprocal revisability. The developmental question
is how repeated dialogue can stabilize those capacities.

A useful dialogue for scholarly formation does more than exchange conclusions. Participants can
be required to restate the other’s problem in target-side terms, identify what evidence the other side
would regard as relevant, mark which propositions remain untranslated, and specify which disagreement
arises from evidence, inference, value, scale, or language-system difference. These practices exercise
translation and humility together. They also create opportunities for the interpreter to discover that an
apparently irrational claim becomes coherent under a different problem framing, while preserving the
possibility of later criticism.

Reciprocal revisability is the stronger developmental outcome. The learner should sometimes leave
the dialogue with a modified distinction, revised confidence level, new question, or changed model of the
other system. Such modification does not require convergence. A dialogue can improve scholarly for-
mation by making disagreement more precisely locatable and by preventing one system from absorbing
the other through premature equivalence. This is especially important when participants occupy unequal
institutional positions, because the party with greater interpretive authority can stabilize a convenient
translation before the weaker party’s remainder becomes visible.

Human—AI dialogue can contribute to this mechanism when it broadens the range of formulations,
counterarguments, examples, or disciplinary vocabularies available for inspection. It becomes a weak
substitute when simulated perspectives are treated as evidence for the actual views of affected commu-
nities or traditions. Target-side interlocutors, texts, institutions, and practices remain important sources
of correction. The developmental use of Al is therefore strongest when it prepares, supplements, or
records dialogue while preserving provenance and the difference between model-generated perspective
simulation and evidence about real interlocutors.

16.6 Generative Teaching

Generative teaching provides the most direct educational application of the distinction developed in
Section 11. The objective is to change what a learner can subsequently reconstruct, vary, test, transfer,
and generate, rather than to maximize immediate production of correct manifestations. Wood, Bruner,
and Ross’s analysis of tutoring provides an established interface for structured assistance that recruits the
learner into problem solving, reduces unproductive complexity, and adjusts support to performance [24].
Posner and colleagues provide a complementary interface through conceptual-change research, where
learning can require reorganization of prior conceptions rather than addition of isolated propositions [25].

Generative teaching can therefore combine direct explanation with questions, examples, contrasts,
partial models, counterexamples, and carefully chosen perturbations. The decisive issue is the learner’s
later capacity architecture. A direct explanation is educationally generative when it becomes assimilated
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and supports reconstruction or transfer. Conversely, withholding an answer is not inherently generative;
it can waste time, preserve confusion, or convert instruction into an unnecessary test. The relevant
distinction concerns what the intervention leaves the learner able to do next.

The general scholarly update map in Equation 5 provides a compact representation of this devel-
opmental process. A teaching episode supplies part of A, while the resulting change depends on the
learner’s existing history and relations. Identical instruction can therefore produce different develop-
mental effects across learners. One student may acquire a useful formula, another may reorganize a
conceptual distinction, and a third may reject the instruction because it conflicts with a stronger existing
framework. Evaluation should consequently examine later reconstruction, transfer, error correction, and
problem generation in addition to immediate answer accuracy.

Generative teaching also creates a responsibility problem. An instructor who can shape another per-
son’s generative conditions possesses interpretive and developmental power. The distinction introduced
in Section 13 therefore applies to pedagogy: effective influence is not by itself evidence of legitimate
influence. Responsible generative teaching should preserve opportunities for contestation, disclose rel-
evant framing choices, distinguish evidence from interpretation, and avoid making dependency on the
instructor the hidden condition of continued success.

Al tutoring makes this issue especially salient. Adaptive systems can provide abundant explana-
tion, feedback, questioning, and examples at low marginal cost, yet high interaction volume does not
by itself establish formation. A learner can become efficient at eliciting completed manifestations while
losing practice in reconstruction, verification, or judgment. A stronger Human—AlI educational configu-
ration uses Al support to vary cases, surface assumptions, compare strategies, preserve provenance, and
gradually test whether the learner can perform the relevant scholarly operations under changed support
conditions.

16.7 Reflective and Situated Judgment

Reflection connects developmental episodes across time. Schon’s account of professional practice em-
phasizes knowing-in-action and reflection-in-action: professionals encounter situations whose uncer-
tainty and uniqueness cannot always be handled by applying explicit rules, and they can learn by re-
flecting within and on their practice [37]. This interface fits the present architecture because scholarly
judgment is already treated as situated, history-bearing, and revisable. Reflection makes earlier episodes
available as objects for later reconstruction rather than allowing successful or failed action to disappear
into unexamined habit.

A formation-oriented reflective practice can reconstruct four relations: what the scholar expected,
which cues or assumptions shaped the judgment, what action or interpretation followed, and what later
evidence changed the assessment. The aim is not exhaustive introspection. It is to create a usable history
of judgment that can support recalibration. Research notebooks, decision records, error logs, peer debrief-
ing, replication attempts, retrospective case comparison, and explicit records of abandoned hypotheses
can all serve this function when they preserve enough context to make later reconstruction possible.

Reflection is particularly important for aesthetic and normative judgment because both can be vul-
nerable to retrospective success. A successful research programme can make the original choice appear
obviously beautiful, while an unsuccessful programme can make an initially reasonable judgment appear
foolish. Reflective records created before outcomes are known help distinguish the reasons available at
the time from later narrative reconstruction. The same principle applies to normative decisions: doc-
umenting expected harms, benefits, uncertainty, alternatives, and affected parties makes later revision
more accountable than evaluating the decision solely by realized outcomes.

Situated reflection also supports humility. A scholar can compare confidence with later evidence,
identify recurring translation failures, observe when disciplinary prestige distorted relation typing, or
notice that a preferred aesthetic criterion systematically excluded certain problem classes. Repeated
reflection can therefore modify the coupling structure described in Section 14, strengthening correc-
tion pathways among capacities. Reflection contributes to formation when it changes later practice, not
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merely when it produces an articulate retrospective account.

Claim 16.1 (Evidence of capacity-architectural development). Within the present framework, an educa-
tional or practical episode provides stronger evidence of scholarly formation when its later effects extend
beyond resource access and include sufficiently stable changes in the relations, language systems, oper-
ative capacities, or correction pathways through which a configuration can reconstruct, judge, translate,
revise, or continue inquiry across changed contexts.

Claim 16.1 states an evidential criterion derived from the architecture without implying that one ed-
ucational pathway fits every discipline or learner or that change along every listed dimension is required.
Intellectual-historical study, apprenticeship, interdisciplinary encounter, dialogue, generative teaching,
and reflective judgment provide different routes through which the architecture can change. Their ef-
fects remain contingent on prior formation, institutional support, available time, power relations, and the
quality of feedback.

A final implication concerns educational assessment. If scholarly formation is history-bearing and
relational, a single polished output gives limited evidence about development. Stronger assessment can
sample performance across changed problems, require explanation and reconstruction, test transfer, in-
spect provenance, invite revision after criticism, and observe whether support can be reduced or reor-
ganized without collapse. Such assessment remains demanding and domain-specific, but it corresponds
more closely to the capacities this paper seeks to analyze than output quality alone.

These developmental claims remain bounded. The analysis has described plausible formation mech-
anisms and their relation to the proposed architecture; it does not establish that the eight capacity families
exhaust scholarly maturity, that the mechanisms operate identically across cultures and disciplines, or
that celebrated senior scholars provide an unbiased empirical sample of successful formation. Those
limits are part of the framework’s epistemic and normative boundary conditions.

17 Epistemic and Normative Boundaries

This section defines the principal boundaries of the account developed in Sections 2—16. Its role is
to separate the framework’s analytical proposals from stronger descriptive, evaluative, and predictive
claims that the present manuscript does not establish. The objective is threefold: to specify where the
eight-capacity architecture is intended as a heuristic representation rather than a completed taxonomy; to
identify disciplinary, cultural, institutional, and technological conditions under which its interpretation
may change; and to state the empirical work required before the framework can support broader claims
about scholarly maturity. The method is critical and scope-sensitive. Existing evidence is used to de-
limit rather than inflate the reach of the formalism, and the section treats disagreement about scholarly
excellence as part of the research object rather than as noise to be removed.

The boundaries are summarized in Table 16. Each row distinguishes a useful contribution of the
present framework from a stronger conclusion that would require additional evidence or argument. The
table is not an exhaustive inventory of limitations. It records the boundaries most likely to affect inter-
pretation of the manuscript’s central claim that scholarly formation can be studied as a history-bearing,
relationally organized generative capacity.
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Table 16: Principal epistemic and normative boundaries of the proposed scholarly-formation framework.

Boundary

Present framework supports

Additional evidence required for

Claim status

Disciplinary
variation

Cultural plurality

Senior-scholar
observations

Breadth/depth
Al capability
change
Definition power

Empirical/formal
status

A structured vocabulary for
analyzing capacities, couplings,
conditions, and development.
Task- and context-indexed capacity
profiles with room for different
evidential and methodological
practices.

Explicit preservation of
language-system difference,
translation remainder, and
historically situated judgment.
Heuristic hypotheses generated from
experienced scholarly practice.

Relational breadth can coexist with
disciplinary depth and boundary
preservation.

A configuration-based method for
evaluating capacities independently
of fixed human/AlI categories.
Analysis of how institutions and
dominant language systems shape
recognized scholarly maturity.

A preliminary representational
architecture and set of testable
distinctions.

A universal definition of good
scholarship or a complete account of
how scholars actually develop.

One invariant weighting of capacities
across mathematics, history,
engineering, philosophy, medicine, or
other fields.

Cross-cultural universality of the
proposed capacity architecture or of
any particular ideal of scholarly
maturity.

Representative empirical
generalization from eminent, visible,
or institutionally recognized scholars.
A general prescription that broader
scholarship is superior to specialized
scholarship.

Stable claims about which capacities
future AT systems will or will not
possess.

A politically neutral or
institution-independent criterion of
scholarly excellence.

Ontological proof, validated
measurement model, or empirically
calibrated theory of scholarly
formation.

17.1 Descriptive and Normative Status

The manuscript contains several kinds of claims whose epistemic status should remain distinct. Some
are definitional within the proposed framework, such as the distinction between scholarly manifestation
and generative capacity. Some are interpretive proposals, such as treating historical consciousness as
generative reconstruction rather than historical recall. Others are empirical hypotheses, including the
expectation that stronger scholarly formation will often support transfer, revision, reconstruction, and
longer-horizon continuation across changed contexts. Still others are normative claims, for example that
interpretive authority should be exercised with greater restraint when target-side understanding is weak
and consequences are difficult to reverse.

These claim types cannot be validated by the same method. A conceptual distinction can be assessed
for coherence, explanatory usefulness, and compatibility with the cases it is meant to organize. A de-
scriptive hypothesis requires comparative evidence. A developmental mechanism requires longitudinal,
educational, or ethnographic investigation. A normative proposal requires reasons concerning value, le-
gitimacy, responsibility, affected parties, and alternative institutional arrangements. The paper therefore
does not infer a normative duty directly from the fact that a capacity contributes to scholarly continuation.

This distinction is especially important for the eight capacity families. Historical consciousness, re-
lational breadth, generative attention and problem formation, aesthetic judgment, normative judgment,
scholarly translation, generative translation, and epistemic-relational humility are selected because they
illuminate the problem developed in this paper. The manuscript has not shown that every excellent
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scholar exhibits them to the same degree, that they are individually necessary, jointly sufficient, exhaus-
tive of scholarship, or deserving of equal institutional reward. The architecture is intended to make such
questions investigable without settling them in advance.

Caution 17.1 (Analytical importance and normative priority). A capacity can be analytically important
to the explanation of scholarly formation without thereby acquiring universal normative priority. Edu-
cational time, institutional resources, disciplinary purpose, and social responsibility can justify different
developmental emphases across contexts.

Caution 17.1 also applies to Al-mediated education. If a particular Human—AlI arrangement strength-
ens one capacity while weakening another, the framework can describe that trade-off. Whether the
arrangement should be adopted depends on the purposes of the institution, the reversibility of the effects,
available alternatives, and the distribution of benefits and burdens. A descriptive account of capacity
change is therefore only one input into normative judgment.

17.2 Disciplinary Variation

The capacity architecture is deliberately task- and context-indexed because scholarly excellence is eval-
uated through different disciplinary practices. Lamont’s study of fellowship and grant peer review docu-
ments substantial differences in evaluative cultures across humanities and social-science fields, including
differences in how originality, methodological rigor, significance, and appropriate evidence are recog-
nized [39]. The point relevant here is methodological: a framework for scholarly formation should allow
the same capacity label to be instantiated differently across disciplines.

Historical consciousness, for example, can be central to intellectual history while taking a different
form in experimental physics or molecular biology. Aesthetic judgment in mathematics can emphasize
proof structure or conceptual economy, while aesthetic judgment in historical scholarship may concern
explanatory fit, archival sensitivity, or the fertility of a reconstruction. Normative judgment can be un-
usually salient in medicine, climate research, military technology, or human-subject research, yet remain
present in less immediately interventionist fields through resource allocation, institutional responsibility,
and the choice of research priorities.

Relational breadth must therefore preserve disciplinary sovereignty in the limited analytical sense
developed in Section 5: cross-domain movement should remain accountable to the evidential, method-
ological, and scale conditions of the domains being related. The National Academies’ work on inter-
disciplinary research and Keestra and Menken’s account of integration already provide interfaces for
this tension between disciplinary depth and cross-domain integration [12, 13]. The present paper adds a
capacity architecture, but it does not establish a discipline-independent weighting rule.

One practical implication concerns assessment. A fixed rubric assigning the same numerical weight
to the eight capacities across fields would contradict the context-sensitive commitments of the framework.
More appropriate empirical work would compare how different disciplines instantiate, combine, and
correct the capacities under specific tasks. Such work could identify recurrent patterns without presuming
that convergence on one profile is desirable.

17.3 Cultural Plurality of Scholarly Ideals

The paper’s initial observations arose from encounters with experienced scholars and from literatures that
are themselves concentrated in particular academic traditions. This origin limits claims about cultural
universality. Scholarly ideals are historically shaped by institutions, languages, educational systems,
intellectual traditions, and relations of geopolitical and material power. Concepts such as originality,
rigor, independence, humility, elegance, or appropriate scholarly distance can therefore carry different
meanings and normative weight across settings.

A general methodological warning comes from cross-cultural behavioral science. Henrich, Heine,
and Norenzayan show that broad claims about human psychology have often been built from unusually
narrow populations and argue for greater caution about generalizing from such samples [40]. Their
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analysis does not establish how scholarly ideals vary across cultures, and the present paper does not use
it as evidence for a particular cross-cultural pattern. Its relevance is narrower: observations drawn from
a restricted scholarly population should not be treated as transparent evidence of universal human or
scholarly capacities.

The GR framework is designed to make plurality visible through language systems, historical loca-
tion, translation remainder, and power-sensitive interpretation. These devices, however, do not guarantee
cultural adequacy. A framework developed in one academic language can still redescribe other traditions
in its own categories while believing that it has preserved difference. Comparative work should therefore
include target-side scholarship, multilingual sources where relevant, and opportunities for participants
to challenge the categories through which they are represented.

Cultural plurality also places a boundary around the normative use of humility. The paper has treated
epistemic-relational humility as restraint of premature projection and openness to revision. This formu-
lation should not be converted into a culturally uniform behavioral style. Deference, direct disagreement,
silence, self-assertion, and public uncertainty can carry different meanings under different institutional
and cultural conditions. The underlying analytical interest is calibration and revisability, not conformity
to one interpersonal performance of modesty.

17.4 Senior-Scholar Selection Effects

Several motivating observations concern proficient, senior, or widely respected scholars. Such observa-
tions are valuable for hypothesis generation because mature practice can make otherwise hidden forms
of judgment, historical reconstruction, translation, and relational breadth visible. They are also subject
to strong selection effects. Publicly recognized scholars are selected through institutional histories, disci-
plinary prestige, language access, publication systems, networks, resources, and retrospective narratives
of success. Visibility is therefore an imperfect proxy for scholarly maturity.

Survivorship creates a second problem. Long-horizon aesthetic judgment appears especially im-
pressive when a research programme later becomes fruitful. Failed commitments made under similarly
reasonable conditions are less likely to become canonical examples. Section 8 therefore treated retro-
spective success as weak evidence for the quality of the original judgment unless the reasons available
at the time can be reconstructed. The same caution applies to accounts of mentors, intellectual breadth,
and interdisciplinary movement: biographies often preserve successful crossings more readily than un-
productive or misleading ones.

A third selection effect concerns institutional role. Senior scholars can possess greater freedom to
cross disciplinary boundaries because prior reputation, tenure, networks, and accumulated symbolic cap-
ital reduce the cost of boundary crossing. A junior researcher displaying the same breadth may be evalu-
ated as unfocused. The observed behavior of eminent scholars therefore cannot be translated directly into
advice for scholars in different structural positions. Section 13 provides the relevant corrective: capa-
bility, recognized authority, and the consequences of exercising a capability should remain analytically
distinct.

The appropriate empirical response is comparative sampling. Future work could examine scholars at
different career stages, across institutional positions, disciplines, linguistic communities, and recognition
levels. It could also include scholars whose trajectories were intellectually serious but institutionally
unsuccessful. Such comparison would help determine whether the capacities identified here characterize
mature scholarly formation, particular elite environments, or a mixture of both.

17.5 Breadth and Specialization

The emphasis on relational breadth creates an obvious risk of treating wide-ranging scholarship as intrin-
sically superior to specialization. The framework does not support that conclusion. Many scholarly ad-
vances depend on sustained attention to narrow objects, high technical competence, instrument-specific
skill, long data collection, or deep familiarity with a restricted archive. Specialization can create precisely
the local discriminations that make later relational work possible.
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The relevant contrast is therefore not breadth versus depth as mutually exclusive ideals. It is between
configurations whose specialization remains capable of locating its assumptions, interfaces, and conse-
quences when the task requires it, and configurations whose boundary becomes invisible even when
external relations are materially important. Conversely, breadth becomes weak when it accumulates
analogies without enough local competence to evaluate them. Section 5 described this risk as analogy
inflation and premature synthesis.

The balance is also career- and project-dependent. A research group can distribute breadth and spe-
cialization relationally: one participant may hold deep formal expertise, another historical knowledge,
another field-specific empirical competence, and another translation capacity. The relevant scholarly
configuration can therefore possess a broader architecture than any single individual. This is one rea-
son the GR account avoids identifying scholarly formation solely with an isolated person’s inventory of
skills.

A future empirical programme should investigate where relational breadth is best located. In some
contexts it may be an individual capacity; in others it may be produced through teams, institutions, edi-
torial structures, or Human—AlI configurations. The framework predicts only that the relevant relations
and correction pathways must become available somewhere in the configuration if cross-domain claims
are to be responsibly sustained.

17.6 AI Capability Change

Claims about Al are especially vulnerable to temporal obsolescence. The studies used in Section 15 doc-
ument particular systems, tasks, and evaluation conditions. They demonstrate that contemporary Al can
support substantial portions of scientific workflows, generate research candidates that receive favorable
expert evaluations in bounded settings, and create new risks of apparent understanding without corre-
sponding assimilation [35, 34, 33]. They do not establish fixed boundaries around future Al capabilities.

For this reason, the paper’s main distinctions are functional rather than species-based. Retrieval is
separated from historical consciousness because the two require different evidence; candidate genera-
tion is separated from aesthetic judgment because novelty alone does not establish stable discrimination;
fluent reformulation is separated from generative translation because target-side development requires
evidence beyond surface adequacy. If future systems demonstrate stronger reconstruction, transfer, cali-
bration, revision, historical continuity, or target-sensitive generativity, the attribution of capacities should
change accordingly.

The configuration-based approach also makes capability attribution dependent on system boundaries.
A model may lack persistent history in isolation while a recurrent Human—AlI research environment sup-
plies memory, provenance, archives, feedback, and institutional responsibility. Conversely, a nominally
persistent system may still produce weak scholarly formation if its history is inaccessible, uncorrectable,
or disconnected from later judgment. The relevant empirical question therefore concerns the architecture
actually instantiated by the selected configuration.

Claim 17.2 (Capability-revisability principle). Within the present framework, attributions of scholarly
capacity to Human—AlI configurations should remain revisable with changes in system capability, cou-
pling structure, retained history, evaluative evidence, and analytical boundary. No capacity distinction
developed in this paper entails an intrinsic human monopoly.

Claim 17.2 protects the manuscript from a common failure mode in Al-era scholarship: converting
a contingent limitation of current systems into a metaphysical claim about intelligence or scholarship. It
also prevents the opposite error of treating a successful manifestation as sufficient evidence that the full
capacity architecture has been instantiated.

17.7 Power in Defining Scholarly Maturity

Any account of scholarly maturity participates in a field of evaluation. Universities, journals, profes-
sional societies, funding agencies, ranking systems, languages, platforms, and disciplinary gatekeep-
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ers already influence which performances count as rigorous, original, relevant, or excellent. Lamont’s
study shows that evaluative criteria differ across disciplinary cultures and are negotiated in concrete
peer-review settings [39]. Bourdieu’s analysis of symbolic power and Fricker’s account of epistemic in-
justice provide broader interfaces for understanding how recognized authority and unequal interpretive
resources can shape whose claims become credible or intelligible [29, 30].

The present framework therefore cannot be treated as politically neutral merely because it uses formal
notation. Selecting historical consciousness, relational breadth, judgment, translation, and humility as
salient capacities already foregrounds a particular conception of scholarship. If institutions operational-
ize these capacities through hiring, promotion, funding, or automated assessment, the categories could
become performative: scholars may reorganize their work to satisfy the framework, and the framework
could then help produce the very pattern it claims to measure.

This risk is heightened when evaluation is asymmetric. A dominant institution can define another tra-
dition as insufficiently rigorous, insufficiently interdisciplinary, excessively local, or insufficiently hum-
ble while controlling the standards through which those judgments become consequential. Section 13
therefore applies reflexively to the current paper. Users of the framework should preserve the possibility
that target communities reject its categories, propose alternative scholarly virtues, or deny that a local
practice should be evaluated through the same architecture.

The most responsible use of the framework is consequently diagnostic and dialogical. It can help
make assumptions visible, compare capacity profiles, identify hidden substitutions, or design empirical
questions. It should not be treated as a ready-made ranking instrument. Where institutional consequences
are substantial, procedures for contestation, provenance, contextual interpretation, and revision become
part of the legitimacy of the evaluation itself.

17.8 Empirical and Formal Limits

The formal objects introduced throughout the manuscript are representational devices. The configuration
»5°P, continuation space, capacity architecture, translation relations, evaluative profiles, and interpretive-
consequence structures organize distinctions that would otherwise remain difficult to compare. They
have not been calibrated as measurement models, and the paper does not provide validated indicators
for their components. Their usefulness therefore depends on whether subsequent historical, qualitative,
educational, computational, and comparative studies can operationalize parts of the framework without
destroying the distinctions it was designed to preserve.

Several empirical programmes are possible. Longitudinal studies could examine how scholars’ re-
construction, transfer, and correction capacities change through apprenticeship or Al-assisted practice.
Comparative disciplinary studies could test whether the proposed capacity families recur with different
local manifestations. Ethnographic work could study how translation and interpretive power operate in
interdisciplinary teams. Educational experiments could compare answer-oriented and generative-support
conditions while evaluating delayed transfer and revision rather than immediate output alone. Human—AI
studies could examine whether recurrent configurations retain usable histories and improve calibration
across tasks.

Formal development also remains open. The relations among capacity families have been typed
qualitatively rather than assigned universal weights. Continuation spaces have been used to represent
possible future inquiry without a complete topology or probability measure. Evaluative profiles remain
multidimensional because the paper has not justified a common scale. Interpretive consequence pro-
files similarly resist scalar reduction because credibility, visibility, resource access, and continuation
can change in different directions. These are deliberate restraints at the present stage rather than missing
calculations that can be filled by arbitrary coefficients.

Claim 17.3 (Boundary-preserving use of the framework). The present GR account is most defensible
when used to formulate comparative questions, reconstruct scholarly histories, identify capacity cou-
plings and failure modes, and guide empirical inquiry while preserving disciplinary, cultural, institu-
tional, and technological variation. Stronger ranking, predictive, or universal claims require evidence
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beyond the conceptual architecture developed here.

Claim 17.3 summarizes the epistemic stance of the paper. The framework gains value by making
distinctions available for investigation, not by converting them prematurely into a universal metric of
scholarly worth. This stance is also consistent with the manuscript’s account of epistemic-relational
humility: the theory should remain capable of being revised by the scholarly configurations it seeks to
describe.

Under these boundaries, scholarly formation remains a provisional account of history-bearing re-
lational generativity. Its mature manifestations can involve historical reconstruction, relational breadth,
generative attention and problem formation, and aesthetic or normative judgment. They can also involve
translation, generative translation, humility, and correction under asymmetric interpretive power. The
framework remains intentionally non-exhaustive, culturally revisable, and technologically open.

17.9 Classical Comparison and Predictive Restraint

The comparison with the classical sage ideal in Section 7 has a deliberately limited evidential status.
The Zhouyi passages are used to reconstruct an historically important articulation of sensitivity to minute
change, temporal development, and timely action. They do not function as empirical validation of divina-
tion, omen interpretation, cosmological correspondence, or supernatural prediction. The formal analogy
concerns how a configuration transforms a minor encounter into a question, a trajectory hypothesis, or a
practical judgment.

The same restraint applies in the opposite direction. Modern forecasting, statistical early-warning
systems, and expert pattern recognition should not be treated as epistemically superior merely because
they use contemporary technical vocabularies. Their warrant depends on calibration, data quality, model
assumptions, domain stability, and prospective performance. The comparative section therefore supports
neither romanticization of classical wisdom nor technological triumphalism. It isolates a shared problem
of contingency-sensitive judgment and leaves the truth conditions of particular interpretive systems to
domain-specific evaluation.

18 Conclusion

This section consolidates the paper’s argument without adding new capacity families or external literature.
The central proposal is that scholarly formation can be investigated as a history-bearing, relationally
organized generative capacity whose quality depends on both the availability of particular capacities and
the relations through which they coordinate, correct, and constrain one another. The conclusion restates
that proposal, draws together the Human—AlI implications, and identifies the empirical interfaces required
to develop the framework beyond its present conceptual status.

18.1 Scholarly Formation as History-Bearing Generativity

Al-mediated scholarship makes a longstanding analytical distinction increasingly visible: a scholarly
manifestation and the capacity architecture that produced it are related but non-identical objects. Re-
trieval, synthesis, drafting, translation, coding, and candidate generation can now be distributed across
heterogeneous Human—AlI configurations. A polished paper, model, explanation, or problem proposal
therefore supplies evidence about scholarly capacity only when its provenance, support conditions, as-
similation, and later use are also considered.

Equation 1 represented a scholarly configuration through its relevant history, relational structure,
accessible knowledge resources, operative language systems, normative conditions, and capacities. The
history term records the path through which present discrimination and competence became available;
the relational terms record the persons, institutions, artifacts, infrastructures, and authority structures
that support or constrain inquiry; and the generative component concerns what forms of reconstruction,
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judgment, translation, revision, and continuation remain possible. Definition 3.3 further separated access
to a resource from its assimilation into later scholarly practice.

This representation supports the paper’s principal analytical shift. Scholarship is not exhausted by
the production or possession of knowledge manifestations. A configuration can retrieve extensive in-
formation while lacking historical reconstruction, generate many difficult problems while lacking stable
aesthetic discrimination, or produce fluent cross-domain language while preserving weak inferential fi-
delity. Conversely, generativity can increase when inquiry eliminates unproductive branches, exposes
hidden assumptions, improves correction pathways, or reorganizes the language in which later questions
become expressible. The continuation-space representation in Equation 4 was introduced to keep these
differences visible.

The proposal remains a research representation rather than an invariant essence of scholarship. Its
value lies in making visible differences among histories, support structures, assimilation, correction path-
ways, and future inquiry possibilities that may be obscured when evaluation focuses primarily on finished
artifacts.

18.2 Capacity Relations in Mature Scholarship

The eight capacity families perform distinct functions. Historical consciousness reconstructs conceptual
genesis and transformation. Relational breadth identifies typed and warranted relations across domains.
Generative attention recognizes when contingent, ordinary, weak, or unexpected encounters can become
inquiry-generating problem formations. Section 7 shows that the same upstream contingency sensitiv-
ity can also support provisional judgments about incipient change. That comparison does not add a
ninth family; it clarifies how mature configurations can coordinate problem formation with trajectory
sensitivity and, where action is required, with mediating judgment. Aesthetic judgment discriminates
intellectual fertility and long-horizon promise. Normative judgment evaluates priority, scale, timing,
consequence, and responsibility within a situated relational order. Scholarly translation reconstructs in-
telligibility across language systems. Generative translation reorganizes conditions under which another
configuration can later reconstruct or extend an object. Epistemic-relational humility calibrates confi-
dence, projection, and revisability across heterogeneous systems.

Section 14 integrated these capacities through Equation 24. The resulting architecture distinguishes
operative capacity families, typed couplings among them, and contextual conditions such as institutions,
resources, language systems, and interpretive power. This architecture explains why scholarly maturity
is poorly represented by a checklist or scalar score. Historical reconstruction can correct anachronistic
translation; relational breadth can expose analogy inflation or scale mismatch; generative attention can
preserve a weak signal while aesthetic judgment prevents indiscriminate escalation; normative judgment
can constrain intensive pursuit of an aesthetically attractive programme; translation remainder can reveal
apparently hidden disagreement; and humility can expose confidence that exceeds warrant. Architectural
coherence therefore concerns coordination and correction pathways as well as local strength.

Interpretive power occupies a related but different position. Section 13 treated power primarily as a
relational condition that changes the consequences of classification, translation, evaluation, and visibility.
Awareness and responsible handling of such asymmetry can become part of scholarly formation, while
the underlying authority relation remains a property of the configuration. This distinction matters because
the same interpretive error can have very different downstream effects depending on who can stabilize
it institutionally.

The architecture is intentionally task- and context-indexed. Different fields can require different
capacity profiles, and many capacities can be distributed across collaborators, archives, instruments,
institutions, or computational systems. Mature specialization is therefore compatible with the framework.
The relevant question is whether the configuration assembled for a scholarly function contains adequate
capacities, support relations, and correction mechanisms for that function.
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18.3 Human-AlI Scholarly Configurations

Human—AI scholarship served as a stress test because Al systems increasingly participate in activities
that once functioned as visible proxies for scholarly maturity. Section 15 therefore separated retrieval
from historical consciousness, cross-domain synthesis from systemic understanding, candidate genera-
tion from generative attention, problem generation from aesthetic judgment, recommendation from nor-
mative judgment, linguistic reformulation from generative translation, and viewpoint simulation from
epistemic-relational humility. These distinctions concern evidence and function; they do not reserve the
deeper capacities to human agents by definition.

Definition 15.1 provides a flexible unit for studying recurrent Human—AI arrangements. Capacity
attribution becomes stronger when interaction histories persist, generated materials are assimilated into
later inquiry, provenance is retained, feedback changes future behavior, and responsibilities for verifica-
tion or correction are identifiable. Boundary transparency remains essential because a narrow Human—AI
boundary can hide curators, infrastructure, communities, or target-side expertise, while an excessively
broad boundary can make attribution uninformative.

The framework therefore supports the capability-revisability principle in Claim 17.2. Attributions
should change when system capabilities, retained histories, coupling structures, or evidence change. Cur-
rent limitations are contingent evidence, and sophisticated manifestations are likewise insufficient by
themselves to establish deeper capacities. As Al makes polished manifestations less diagnostic of their
generative histories, evaluation can place greater weight on provenance, reconstruction, transfer, revision
after criticism, calibration, and continuation across changed tasks or support conditions.

18.4 Research Interfaces for Empirical and Educational Development

The framework requires empirical development. Historical and comparative studies can test how the
proposed capacities appear across disciplines and traditions, which capacities are locally embodied or
institutionally distributed, and how different histories alter their expression. Longitudinal expertise re-
search can examine assimilation through delayed reconstruction, transfer, correction, and persistence
after support changes. Ethnographic and organizational research can study how teams negotiate transla-
tion, authority, disagreement, and correction in actual scholarly practice.

Educational research can treat the mechanisms in Section 16 as hypotheses rather than established
prescriptions. Intellectual-historical study, apprenticeship, interdisciplinary encounter, encounter jour-
naling and problem-formation practice, comparative reconstruction of incipient change, generative teach-
ing, and reflective judgment may cultivate different parts of the architecture under different conditions.
Their effects should be assessed through later capabilities and correction pathways, not only immediate
task performance.

Human—AI research can compare configurations with different memory, provenance, feedback, re-
trieval, and tool structures. Relevant outcomes include historical reconstruction, relation typing, preser-
vation and reinterpretation of weak encounters, calibration after error, transfer across contexts, preserva-
tion of translation remainder, and robustness when support changes. Institutional research can ask how
funding systems, publication structures, archives, language regimes, platforms, and educational arrange-
ments preserve or narrow future scholarly possibilities.

The formal representations introduced here also remain provisional. Configuration tuples, continu-
ation spaces, translation relations, evaluative profiles, consequence profiles, and capacity architectures
organize distinctions; they are not calibrated universal metrics. Domain-specific operationalizations,
longitudinal models, graph representations, or computational simulations may become appropriate when
empirical questions warrant them.

The resulting research programme is intentionally revisable. Different disciplines, cultures, institu-
tions, and future Human—AlI configurations may reveal omitted capacities, different coupling structures,
or limits in the present categories. Such revision would test the framework on its own terms. A generative
account of scholarly formation should preserve the conditions under which its concepts can themselves
be reconstructed, translated, criticized, and transformed.

102



References

[1] Hanchen Wang, Tianfan Fu, Yuanqi Du, et al. Scientific discovery in the age of artificial
intelligence. Nature, 620:47-60, 2023. doi:10.1038/s41586-023-06221-2.

[2] Shakked Noy and Whitney Zhang. Experimental evidence on the productivity effects of
generative artificial intelligence. Science, 381(6654):187-192, 2023.
doi:10.1126/science.adh2586.

[3] Qianyue Hao, Fengli Xu, Yong Li, and James Evans. Artificial intelligence tools expand
scientists’ impact but contract science’s focus. Nature, 649(8099):1237-1243, 2026.
doi:10.1038/s41586-025-09922-y.

[4] Kathleen Mosier, Ute Fischer, Robert R. Hoffman, and Gary Klein. Expert professional
judgments and “Naturalistic Decision Making”. In K. Anders Ericsson, Robert R. Hoffman,
Aaron Kozbelt, and A. Mark Williams, editors, The Cambridge Handbook of Expertise and
Expert Performance, 2nd edition, pages 453—475. Cambridge University Press, 2018.
doi:10.1017/9781316480748.025.

[5] Gary Klein. Sources of Power: How People Make Decisions. 20th Anniversary edition. The MIT
Press, 2017. ISBN 9780262534291.

[6] Katerina Bohle Carbonell, Renée E. Stalmeijer, Karen D. Konings, Mien Segers, and Jeroen J. G.
van Merriénboer. How experts deal with novel situations: A review of adaptive expertise.
Educational Research Review, 12:14-29, 2014. doi:10.1016/j.edurev.2014.03.001.

[7] Michael Polanyi. The Tacit Dimension. University of Chicago Press, 2009. With a new foreword
by Amartya Sen; originally published 1966. ISBN 9780226672984.

[8] Quentin Skinner. Meaning and understanding in the history of ideas. History and Theory,
8(1):3-53, 1969. doi:10.2307/2504188.

[9] Hans-Georg Gadamer. Truth and Method. Translated by Joel Weinsheimer and Donald G.
Marshall. Bloomsbury Academic, 2013. ISBN 9781780936246.

[10] Mark R. Leary, Kate J. Diebels, Erin K. Davisson, Katrina P. Jongman-Sereno, Jennifer C.
Isherwood, Kaitlin T. Raimi, Samantha A. Deffler, and Rick H. Hoyle. Cognitive and
interpersonal features of intellectual humility. Personality and Social Psychology Bulletin,
43(6):793-813, 2017. doi:10.1177/0146167217697695.

[11] Reinhart Koselleck. Futures Past: On the Semantics of Historical Time. Translated by Keith
Tribe. Columbia University Press, 2004. ISBN 9780231127714.

[12] National Academy of Sciences, National Academy of Engineering, and Institute of Medicine.
Facilitating Interdisciplinary Research. The National Academies Press, Washington, DC, 2005.
doi:10.17226/11153.

[13] Machiel Keestra and Steph Menken, editors. An Introduction to Interdisciplinary Research:
Theory and Practice. Amsterdam University Press, 2016. doi:10.1017/9789048531615. ISBN
9789462981843.

[14] James W. McAllister. Beauty and Revolution in Science. Cornell University Press, 1996. ISBN
9780801432408.

[15] S. Chandrasekhar. Truth and Beauty: Aesthetics and Motivations in Science. University of
Chicago Press, 1987. doi:10.7208/chicago/9780226162775.001.0001. ISBN 9780226100876.

103



[16] Nicholas Fiori and Sarah Kate Selling. Truth isn’t everything: Promoting aesthetically guided
choice in mathematical work. The Journal of Mathematical Behavior, 41:219-234, 2016.
doi:10.1016/j.jmathb.2015.10.002.

[17] Philip Kitcher. Science, Truth, and Democracy. Oxford University Press, 2001.
doi:10.1093/0195145836.001.0001. ISBN 9780195145830.

[18] Heather E. Douglas. Science, Policy, and the Value-Free Ideal. University of Pittsburgh Press,
2009. ISBN 9780822960263.

[19] Roderik F. Viergever, Sylvie Olifson, Abdul Ghaffar, and Robert F. Terry. A checklist for health
research priority setting: Nine common themes of good practice. Health Research Policy and
Systems, 8:36, 2010. doi:10.1186/1478-4505-8-36.

[20] Paula Stephan. How Economics Shapes Science. Harvard University Press, 2012.
doi:10.4159/harvard.9780674062757. ISBN 9780674049710.

[21] Thomas S. Kuhn. The Road since Structure: Philosophical Essays, 1970-1993, with an
Autobiographical Interview. Edited by James Conant and John Haugeland. University of Chicago
Press, 2002.

[22] Peter Galison. Image and Logic: A Material Culture of Microphysics. University of Chicago
Press, 1997.

[23] Susan Leigh Star and James R. Griesemer. Institutional ecology, ‘translations’ and boundary
objects: Amateurs and professionals in Berkeley’s Museum of Vertebrate Zoology, 1907-39.
Social Studies of Science, 19(3):387-420, 1989. doi:10.1177/030631289019003001.

[24] David Wood, Jerome S. Bruner, and Gail Ross. The role of tutoring in problem solving. Journal of
Child Psychology and Psychiatry, 17(2):89-100, 1976. doi:10.1111/j.1469-7610.1976.tb00381.x.

[25] George J. Posner, Kenneth A. Strike, Peter W. Hewson, and William A. Gertzog. Accommodation
of a scientific conception: Toward a theory of conceptual change. Science Education,
66(2):211-227, 1982. doi:10.1002/sce.3730660207.

[26] Dennis Whitcomb, Heather Battaly, Jason Baehr, and Daniel Howard-Snyder. Intellectual
humility: Owning our limitations. Philosophy and Phenomenological Research, 94(3):509-539,
2017. doi:10.1111/phpr.12228.

[27] Tenelle Porter, Abdo Elnakouri, Ethan A. Meyers, Takuya Shibayama, Eranda Jayawickreme, and
Igor Grossmann. Predictors and consequences of intellectual humility. Nature Reviews
Psychology, 1:524-536, 2022. doi:10.1038/544159-022-00081-9.

[28] Rink Hoekstra and Simine Vazire. Aspiring to greater intellectual humility in science. Nature
Human Behaviour, 5:1602-1607, 2021. doi:10.1038/s41562-021-01203-8.

[29] Pierre Bourdieu. Language and Symbolic Power. Edited by John B. Thompson; translated by
Gino Raymond and Matthew Adamson. Harvard University Press, Cambridge, MA, 1991. ISBN
9780674510418.

[30] Miranda Fricker. Epistemic Injustice: Power and the Ethics of Knowing. Oxford University Press,
2007. doi:10.1093/acprof:0s0/9780198237907.001.0001. ISBN 9780198237907

[31] Valeria Ramirez-Castafieda. Disadvantages in preparing and publishing scientific papers caused
by the dominance of the English language in science: The case of Colombian researchers in
biological sciences. PLOS ONE, 15(9):e0238372, 2020. doi:10.1371/journal.pone.0238372.

104



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Stella Kochling. Platformization of scholarly communication: Academic social networking sites
as new infrastructures and organizations. Emerging Media, 3(2):318-342, 2025.
doi:10.1177/27523543251346565.

Lisa Messeri and M. J. Crockett. Artificial intelligence and illusions of understanding in scientific
research. Nature, 627:49-58, 2024. doi:10.1038/s41586-024-07146-0.

Chenglei Si, Diyi Yang, and Tatsunori Hashimoto. Can LLMs generate novel research ideas? A
large-scale human study with 100+ NLP researchers. In The Thirteenth International Conference
on Learning Representations, 2025. OpenReview:
https://openreview.net/forum?id=M23dTGWCZy.

Chris Lu, Cong Lu, Robert Tjarko Lange, Yutaro Yamada, Shengran Hu, Jakob Foerster, David
Ha, and Jeff Clune. Towards end-to-end automation of Al research. Nature, 651:914-919, 2026.
doi:10.1038/s41586-026-10265-5.

Jean Lave and Etienne Wenger. Situated Learning: Legitimate Peripheral Participation.
Cambridge University Press, 1991. doi:10.1017/CB09780511815355. ISBN 9780521423748.

Donald A. Schon. The Reflective Practitioner: How Professionals Think in Action. Basic Books,
New York, 1983.

National Academies of Sciences, Engineering, and Medicine. How People Learn II: Learners,
Contexts, and Cultures. The National Academies Press, Washington, DC, 2018.
doi:10.17226/24783.

Michele Lamont. How Professors Think: Inside the Curious World of Academic Judgment.
Harvard University Press, Cambridge, MA, 2009. doi:10.4159/9780674054158. ISBN
9780674032668.

Joseph Henrich, Steven J. Heine, and Ara Norenzayan. The weirdest people in the world?
Behavioral and Brain Sciences, 33(2—3):61-83, 2010. doi:10.1017/S0140525X0999152X.

Mihaly Csikszentmihalyi and Jacob W. Getzels. Discovery-oriented behavior and the originality
of creative products: A study with artists. Journal of Personality and Social Psychology,
19(1):47-52, 1971. doi:10.1037/h0031106.

Jean E. Pretz, Adam J. Naples, and Robert J. Sternberg. Recognizing, defining, and representing
problems. In Janet E. Davidson and Robert J. Sternberg, editors, The Psychology of Problem
Solving, pages 3—-30. Cambridge University Press, 2003. doi:10.1017/CB09780511615771.002.

Samantha Copeland. On serendipity in science: Discovery at the intersection of chance and
wisdom. Synthese, 196(6):2385-2406, 2019. do0i:10.1007/s11229-017-1544-3.

Zhouyi (Book of Changes), Xici II (Appended Statements II). Classical Chinese text consulted via
the Chinese Text Project, section containing “ji zhe, dong zhi wei” and “junzi jian ji er zuo, bu si
zhong ri.” https://ctext.org/text.pl?if=en&node=46969&remap=gb&show=parallel.
Accessed 2026-10-02.

Zhouyi (Book of Changes), Kun hexagram and Xiang commentary. Classical Chinese text
consulted via the Chinese Text Project, including “Iu shuang, jian bing zhi” and the Xiang
commentary on incipient freezing. https://ctext.org/book-of-changes/kun4/zh.
Accessed 2026-10-02.

Zhouyi (Book of Changes), Bi hexagram, Tuan commentary. Classical Chinese text consulted via
the Chinese Text Project, including “guan hu tian wen, yi cha shi bian; guan hu ren wen, yi hua
cheng tian xia.” https://ctext.org/book-of-changes/bi3/zhs. Accessed 2026-10-02.

105


https://openreview.net/forum?id=M23dTGWCZy
https://ctext.org/text.pl?if=en&node=46969&remap=gb&show=parallel
https://ctext.org/book-of-changes/kun4/zh
https://ctext.org/book-of-changes/bi3/zhs

[47] Tze-Ki Hon. Chinese Philosophy of Change (Yijing). In Edward N. Zalta and Uri Nodelman,

editors, The Stanford Encyclopedia of Philosophy, Summer 2024 edition. Metaphysics Research
Lab, Stanford University, 2024.

https://plato.stanford.edu/archives/sum2024/entries/chinese-change/.

106


https://plato.stanford.edu/archives/sum2024/entries/chinese-change/

	Introduction
	Scholarly Formation as an Analytical Object
	AI-Mediated Change in Scholarly Manifestations
	History-Bearing Relational Generativity
	Capacity Architecture of Scholarly Formation
	Human–AI Configurations and Analytical Scope
	Manuscript Architecture

	Scholarly Expertise and Situated Practice
	Naturalistic Decision Making
	Recognition and Experienced Situation Assessment
	Adaptive Expertise and Transfer
	Tacit Knowledge and Professional Judgment
	Hermeneutic and Historical Interfaces
	Intellectual Humility and Epistemic Practice
	Positioning of the GR Account

	Generative Relational Foundations of Scholarly Formation
	History-Bearing Scholarly Configurations
	Relational and Institutional Support
	Knowledge Resources and Language Systems
	Scholarly Manifestation and Generative Capacity
	Temporal Development and Assimilation
	Representation Status and Ontological Suspension

	Historical Consciousness and Conceptual Genesis
	Historical Consciousness as Generative Reconstruction
	Historical Locus and Relational Conditions
	Problem Constellations and Available Repertoires
	Conceptual Intervention and Historical Uptake
	Conceptual Afterlives and Path-Dependent Understanding
	AI-Mediated Historical Retrieval and Scholarly Assimilation
	Methodological Boundaries and Interface with Relational Breadth

	Relational Breadth and Systemic Understanding
	Knowledge Domains as Relational Structures
	Disciplinary Difference and Cross-Domain Relation
	Methodological and Scale Relations
	Historical Influence and Conceptual Borrowing
	Analogy, Structural Correspondence, and Limits
	Relational Breadth in Scholarly Practice

	Generative Attention and Problem Formation
	Encounter, Salience, and the Genesis of Inquiry
	Problem Finding, Serendipity, and Adjacent Discovery Accounts
	Yuanqi-Sensitive Problem Formation
	Prepared Relational Configurations
	Problem Formation and Aesthetic Selection
	Human–AI Configurations and Weak-Signal Preservation
	Evidential Boundaries of Generative Attention

	Comparative Structures of Contingency Sensitivity
	A Shared Upstream Sensitivity to Contingency
	The Classical Sage Ideal of Knowing Incipient Change
	Problem Formation and Incipient-Change Judgment
	Scholarship, Sagehood, and the Avoidance of a Binary Typology
	Mediating Judgment under Changing Conditions
	Epistemic Boundaries of Sign, Pattern, and Prognosis
	Implications for the Architecture of Scholarly Formation

	Aesthetic Judgment and Intellectual Worth
	Candidate Problem Spaces and Scholarly Selection
	Difficulty, Novelty, and Intellectual Fertility
	Elegance, Compression, and Explanatory Organization
	Depth and Structural Generativity
	Long-Horizon Research Commitment
	Limits of Formalizing Aesthetic Judgment

	Normative Judgment and Research Priority
	Normative Situation of Research Choice
	Social and Ecological Consequences
	Resource Allocation and Opportunity Cost
	Political-Economic Conditions
	Institutional Responsibility
	Intellectual Worth and Normative Priority

	Language Systems and Scholarly Translation
	Conceptual Language Systems
	Evidence, Inference, and Disciplinary Convention
	Cross-System Intelligibility
	Interdisciplinary Translation
	Intercultural and Institutional Translation
	Translation Boundaries and Remainders

	Generative Translation
	Translation of Manifestations
	Generative Conditions of Understanding
	Questions, Examples, and Conceptual Perturbations
	Interlocutor-Internal Concept Generation
	Non-Substitutive Education
	Generative Translation across Heterogeneous Systems

	Epistemic-Relational Humility
	Intellectual Limitation and Scholarly Regulation
	Restraint of Premature Projection
	Target-Internal Reconstruction
	Contextual Coherence and External Evaluation
	Reciprocal Revisability
	Uncertainty, Asymmetry, and the Limits of Humility
	Human–AI Configurations and Delegated Confidence

	Interpretive Power across Language Systems
	Unequal Interpretive Authority
	Institutional and Disciplinary Power
	Linguistic and Platform Dominance
	Classification and External Definition
	Restraint in Interpretive Power
	Power-Sensitive Scholarly Dialogue

	Relational Architecture of Scholarly Capacities
	Capacity Families and Architectural Status
	Historical, Relational, and Problem-Formative Coupling
	Evaluative Coupling
	Translational and Generative Coupling
	Humility across the Capacity Architecture
	Developmental and Contextual Profiles

	Scholarly Formation across Human–AI Configurations
	Retrieval and Historical Consciousness
	Cross-Domain Synthesis and Systemic Understanding
	Candidate Generation and Generative Attention
	Problem Generation and Aesthetic Judgment
	Recommendation and Normative Judgment
	Linguistic and Generative Translation
	Viewpoint Simulation and Epistemic Humility
	Coupled Scholarly Configurations

	Formation, Education, and Scholarly Development
	Intellectual-Historical Study
	Apprenticeship and Long-Term Immersion
	Interdisciplinary Encounter
	Encounter Journaling and Problem-Formation Practice
	Dialogue across Conceptual Systems
	Generative Teaching
	Reflective and Situated Judgment

	Epistemic and Normative Boundaries
	Descriptive and Normative Status
	Disciplinary Variation
	Cultural Plurality of Scholarly Ideals
	Senior-Scholar Selection Effects
	Breadth and Specialization
	AI Capability Change
	Power in Defining Scholarly Maturity
	Empirical and Formal Limits
	Classical Comparison and Predictive Restraint

	Conclusion
	Scholarly Formation as History-Bearing Generativity
	Capacity Relations in Mature Scholarship
	Human–AI Scholarly Configurations
	Research Interfaces for Empirical and Educational Development



