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Abstract

A spectrum, a proof, a survey response, a manuscript, a performance recording, and a control-system trace
provide different forms of evidence. Each makes some relationships available for investigation while leaving
others unresolved. Across natural sciences, formal sciences, social sciences, humanities, arts, and engineering
sciences, diagnostic progress depends on understanding those relationships. We need to know what an
artifact records, how it was produced, which transformations stand between it and the result before us, and

which conclusions and actions it can support.

This overview brings together the six companion histories and develops a comparative account of their
methods. We follow the preservation of observations, the examination of representations, the discrimination
of explanations, and the correction of specified defects. The histories show that these capabilities accumulate
through different traditions. A new instrument or formal method extends the investigation without making

every earlier practice unnecessary.

Our synthesis connects the fields through recurring analytical situations and through our pattern-oriented
approach to diagnostics. The connection preserves differences in evidential force. A proof, a controlled
experiment, an interview, a critical edition, a verified artistic realization, and an integrated system test
answer different questions. Their cooperation becomes useful when we can identify the contribution and
limits of each. The result is a framework for moving between kinds of evidence while keeping the path from

artifact to claim available for examination. [1-6]

Scope and sources

The six histories are the sources for the historical overview. References [1]-[6] link to their publication
pages, where the individual documents and their detailed bibliographies are available. Chapter
references identify useful routes into those larger accounts. The present document develops
relationships among the histories; it does not repeat their full catalogs of people, instruments, and

publications.

We use diagnostics for investigating a condition or discrepancy and its possible explanations.

Observability has a precise mathematical meaning under a specified system model. Elsewhere, we
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distinguish access, visibility, interpretability, and the ability to discriminate among alternatives.
Debugging is literal when a defective computational system is being corrected. Its application to earlier

scholarly, social, or artistic practices is a comparative interpretation unless a historical use is identified.

The divisions among the six fields are practical. Archaeology, conservation, statistics, philosophy,
computational research, and systems engineering cross them. We organize the discussion by the
guestion being answered and the evidence required. Historical connections do not imply one origin for
all diagnostic practices. The worked investigation in Section 13 is constructed for explanation. The title

illustration combines motifs from the final-page images of the original five histories.

Contents

Three parts - 15 sections - two appendices - one worked investigation - one synthesis figure

Contents and opening pages.
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PARTI

Diagnostic perspectives in six fields

1. A shared diagnostic perspective

Let us consider an unexpected result. A measurement disagrees with a model, an argument fails at one
step, a service indicator changes, a letter disappears from a search, or a sound installation remains

silent. Each description gives us a starting point. None identifies the location of the problem by itself.

The natural process may have changed. The instrument may have changed. A definition may have
changed while the measured activity remained similar. The evidence may exist but be unavailable
through the representation being inspected. An expectation may also be inappropriate: a silent interval
can belong to a musical work, and a manuscript variant can preserve a deliberate revision. The first

diagnostic task is to establish what the discrepancy actually concerns. [1-6, chapter 1]

The six histories consequently share an interest in boundaries. We move from an object or activity to a
record, from that record to a transformed representation, and from the representation to a claim. We
may then intervene and examine the consequences. A failure at one boundary can remain hidden when
subsequent operations work correctly. A classifier can accurately label contamination. A solver can

correctly answer the wrong encoding. A search index can faithfully index an incomplete transcription.

This makes the production of evidence part of the investigation. We need observations about the object
and, where relevant, observations about how it became observable. Calibration records, proof
dependencies, sampling designs, editorial apparatuses, installation instructions, and control
configurations provide different forms of supporting information. Their importance depends on the

claim.

The common framework is therefore relational. An artifact is evidence for something under particular
assumptions. The same artifact can support one claim and weaken another. A forged document may be
unreliable evidence for the event it alleges while supplying evidence about a later fabrication. A failed
proof attempt can expose an invalid inference without disproving its conclusion. [2, chapter 27; 4,

chapters 1 and 24]

Our overview uses this relationship as its organizing principle. Table 1 summarizes the fields before we
examine what each contributes. We then compare their historical developments, visibility limits,
correction practices, and diagnostic patterns. The purpose is to make it easier to choose the next

investigation and state what its result establishes.
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Table 1. Six fields and their principal diagnostic questions
FIELD CHARACTERISTIC EVIDENCE QUESTION THAT THE EVIDENCE HELPS EXAMINE

) Specimens, measurements, spectra,  Which process could produce the observations, and which
Natural sciences

experimental records check separates the alternatives?
. Proofs, models, counterexamples, What follows under the stated assumptions, and does the

Formal sciences . . . . .

residuals, certificates checked formulation express the intended question?

) 3 Surveys, interviews, registers, What social condition is represented, whose activity is

Social sciences o . . . L

institutional and digital records included, and which explanation is supported?
H it Witnesses, documents, objects, How did the evidence acquire its present form, and what

umanities
editions, archives claim about origin or meaning can it support?
Studies, material examinations, . . . . e
. L Which difference is a defect, which variation belongs to the
Arts scores, recordings, realization .
work, and what should a correction preserve?
records
. ) Control traces, configurations, . . . .
Engineering . How do interactions, trustworthy evidence, and available
A system tests, incident and recovery . . .

sciences g capacity support the required system behavior?

records

2. Natural sciences and the investigation of mechanisms

Natural sciences connect observable effects with processes that may be distant, microscopic, short-
lived, or already completed. A spectrum constrains composition and physical conditions. A diffraction
pattern constrains structure. Strata and fossils preserve relationships from which earlier sequences can

be reconstructed. These are different routes from an artifact to an account of nature. [1, chapters 5-25]

Recorded observations extend the life of an investigation. Astronomical diaries, specimen collections,
laboratory notebooks, photographs, and monitoring records allow comparisons that exceed one
observer's experience. Their continuing value depends on retained context. A specimen without a
reliable location, or a measurement without its scale and acquisition conditions, can lose distinctions

that later analysis requires.

Instruments extend the range of available evidence. Telescopes and microscopes reveal previously
unresolved features. Spectroscopy and particle detectors make physical interactions available through
characteristic responses. Separation methods allow constituents of a mixture to be examined more
selectively. Instrument output still needs interpretation through the process that produced it. An image

reconstructed from scattering is not an ordinary enlarged view of an object. [1, chapters 6—15 and 21]

Experiments contribute another capability. They arrange conditions so that competing mechanisms
produce different expected outcomes. The history's discussion of Meselson and Stahl illustrates the role

of a discriminating sequence: labeling and successive replication supplied density patterns through
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which candidate accounts of DNA replication could be examined. Repeating an observation compatible

with every candidate would not provide the same distinction. [1, chapters 22 and 31]

Anomalies also require diagnosis of the observation system. The account of cosmic microwave
background research distinguishes a persistent radio residual from the cosmological interpretation
connected with it. The OPERA discussion follows an apparent timing anomaly into the measurement
arrangement. The microbiome contamination example shows how material introduced during
preparation can be processed correctly and attributed to the wrong source. These cases differ in

mechanism and require different checks. [1, chapters 9, 25, 31, and 32]

The field's contribution to the synthesis is the disciplined connection between effects and mechanisms.
We ask which consequences a proposed explanation predicts, which alternatives remain, and what
observation or intervention would distinguish them. Natural science also shows why an anomaly need

not be a defect. The process may require a revised model or classification rather than correction.

For pattern-oriented diagnostics, acquisition sessions, specimens, detector identifiers, and locations
supply possible relations through which evidence can be reorganized. Grouping a response by treatment
may suggest one explanation; grouping the same observations by instrument restart may reveal
another. The pattern identifies a comparison. Scientific evidence must establish which mechanism

accounts for it. [1, chapter 33]

3. Formal sciences and the conditions of a valid result

Formal sciences make assumptions, relationships, and checking operations explicit. Their artifacts
include calculations, diagrams, proofs, residuals, state models, counterexamples, and certificates. Their
contribution is also a set of limits: a question may be undecidable under a specified formulation,
computationally impractical, unidentifiable from available data, or numerically sensitive. These are

different explanations of why an investigation cannot yet produce the desired result. [2, chapters 2—25]

The history follows the preservation of procedures, the organization of geometrical proof, symbolic
inference, axiomatization, and the study of derivations. Each development exposes something that
another investigator can inspect. A calculation shows intermediate operations. A proof identifies
dependencies. An explicit domain reveals where a familiar transformation, such as division, requires an

additional condition.

The distinction between statement and attempted justification is essential. Kempe's purported four-
color proof appeared in 1879; Heawood exposed a defect in 1890. That defect did not establish that the
four-color statement was false. Later computer-assisted and machine-checked proofs supplied different
arrangements of evidence and checking. The history becomes diagnostically useful when those artifacts

retain their separate identities. [2, chapter 27]
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Formal success also has boundaries. A proof checker examines a formal statement and derivation under
accepted assumptions. It does not automatically establish that the statement expresses the intended
informal problem. A solver can satisfy a weak requirement while missing the intended relationship. A
temporal property can hold vacuously when the event it concerns is unreachable. The successful result
therefore needs supporting information about the formulation and the cases it admits. [2, chapters 21—
24 and 31]

Probability, statistics, and numerical analysis contribute other kinds of checking. A residual can expose a
discrepancy under a fitted model, but it does not identify the discrepancy's cause. A stable algorithm can
operate on an ill-conditioned problem. A small fitting error can coexist with several equally compatible
parameter choices. These distinctions prevent a numerical output from carrying more authority than its

construction warrants. [2, chapters 11-15 and 18]

Mathematical observability and identifiability give the synthesis particularly useful questions. Can the
permitted outputs distinguish the internal states? Can the observations distinguish the parameters? A
model in which only the sum of two constant components is measured cannot reveal their separate
values merely by recording that same sum for longer. Additional computation does not supply the

missing observation. [2, chapters 17 and 18]

Formal sciences consequently help diagnose both an answer and the question that generated it. Their
methods can expose a contradiction, validate a consequence, bound an error, or establish an unresolved
equivalence among alternatives. Our pattern language can organize proof-state histories and solver logs,
while the logical or statistical force of the result remains with the appropriate formal method. [2,
chapter 33]

4. Social sciences and the production of recorded conditions

Social sciences investigate activities whose participants interpret situations and may respond to the
investigation itself. Their artifacts include registers, surveys, interviews, field notes, administrative
records, maps, and digital traces. These records arise under particular purposes and institutional
arrangements. Understanding their production is part of understanding what they describe. [3, chapters
1-10]

Political arithmetic and population statistics made aggregate regularities available for comparison.
Surveys and fieldwork extended the evidence about living conditions, institutions, and everyday
meanings. Probability sampling made selection procedures explicit. Measurement theory examined the
relationship between a recorded response and the construct it was intended to represent. None of

these developments made every other method unnecessary.
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The relationship between an indicator and a social condition is a recurring diagnostic boundary. A
register of service closures records an administrative event. Whether it records successful service
delivery depends on definitions and actual practice. A precisely calculated percentage can answer a
different question from the one its heading suggests. A comparison across periods may fail because the

numerator, population, or meaning of a category changed. [3, chapters 9, 10, 16, and 34]

Causal methods examine further boundaries. Experiments, potential outcomes, causal graphs, quasi-
experiments, and process tracing organize different comparisons between explanations. The claim that a
program completed its planned activities differs from the claim that it caused a beneficial outcome. The
ability to predict an outcome differs from identifying the effect of changing a condition. The study

design and its assumptions determine which inference is supported. [3, chapters 11-15 and 21]

Social observation can also alter what becomes observable. Participants may respond to a forecast or an
assessment; institutions may adapt to a performance target. A diagnostic intervention can change the
relationships on which an earlier explanation depended. We therefore need to state the setting and
period to which a conclusion applies and examine how the measure enters the activity being measured.
[3, chapter 24]

The source history includes documented social uses of diagnostic language. Mary Richmond's Social
Diagnosis and Elinor Ostrom's diagnostic approach concern different purposes and units of inquiry. They
should not be presented as a single uninterrupted tradition, but they demonstrate that the comparison

with diagnostics is not supplied exclusively by software. [3, chapters 1, 5, and 23]

The field contributes attention to selection, meaning, participation, and authority. People described in
records may possess evidence unavailable in those records and may need a way to challenge an
erroneous description. A disagreement about an institution's purpose cannot be settled by silently
treating one preferred purpose as the specification. Pattern-oriented investigation can help follow cases
across records and expose changes in measurement, while substantive social explanation requires the

appropriate additional evidence. [3, chapters 25 and 33—-35]

5. Humanities and the history of evidence

Humanities make the origin, transmission, and interpretation of artifacts central to inquiry. A text
reaches us through witnesses, editions, translations, catalogs, and possibly computational
transformations. A statement can be transmitted accurately and still report an event incorrectly. We
must therefore examine both the representation and the authority of the claim it carries. [4, chapters 1—
10]

The history follows oral traditions, textual comparison, scriptural scholarship, historical criticism,

philology, diplomatics, and decipherment. These practices expose different relationships. Comparing
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witnesses reveals differences in readings. Documentary forms and linguistic usage can challenge an
attributed origin. Decipherment connects visible marks with a writing system and language. The marks

may have been visible long before they became readable.

Genealogy is especially important when evidence appears to agree. Several manuscripts may inherit the
same reading from one exemplar. Counting them as independent witnesses exaggerates their support.
The corresponding question arises whenever records share a source, transformation, or classification

system. Agreement needs a history before it can be interpreted as corroboration. [4, chapter 8]

Philosophy, hermeneutics, literary criticism, semiotics, and narratology extend diagnosis to the
organization of understanding. A philosophical disagreement may depend on an unnoticed change in a
term's use. A literary speaker need not be the author. The order of narrated events need not be the
order in which they occurred. These distinctions help identify what a trace says, who or what says it, and

how a reconstruction has arranged its evidence. [4, chapters 11-15]

Archives add the problem of survival and selection. Missing records can reflect loss, exclusion,
acquisition policy, classification, or incomplete access. Oral history makes recollection and the interview
situation available for examination, including discrepancies that may themselves have historical
meaning. The absence of a searchable item is therefore a narrower finding than the absence of the

activity being investigated. [4, chapters 21-25]

Digital humanities create additional representations of these relationships. An image becomes
recognized text, the text becomes a normalized corpus, and the corpus becomes searchable or
measurable. A search result or authorship classification needs to be traced through these operations.
Correcting OCR improves one boundary; it does not establish that the collection is complete or that an

interpretation is uniquely determined. [4, chapters 26-32]

The humanities contribution is reciprocal. Our analysis patterns can guide the comparison of documents,
but humanistic methods also teach diagnostics to inspect categories, narrative order, source
dependence, and the authority through which evidence survives. The investigation may end with a
corrected reading, a narrower claim, or several defensible interpretations. Preserving the reasons for

that outcome is part of the result. [4, chapters 33—-35]

6. Arts and the reference condition for correction

Arts require us to distinguish a work, a material object or particular realization, and the records through
which either is examined. A score, a recording, and a performance are related artifacts. They preserve
different aspects of an artistic activity. A file can remain intact while the work it helps realize becomes

unavailable through changed equipment or dependencies. [5, chapters 1, 16—19, and 25-29]
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Workshop recipes, preparatory drawings, trial impressions, sketches, and rehearsal practices preserve
intermediate states. They show choices and corrections that a finished object can conceal. Embodied
knowledge also matters: a performer or craft practitioner can recognize and reproduce relationships
that a written description only partly captures. Diagnostic evidence includes these comparisons and

their conditions of transmission. [5, chapters 2—5 and 17]

Connoisseurship, provenance research, conservation laboratories, and technical imaging expanded the
examination of objects. Radiography, infrared investigation, microscopic cross-sections, and material
analysis supply complementary evidence. Their outputs require physical interpretation and location
information. A local sample does not automatically describe every part of a painting, and a subsurface

feature is not automatically an error. It may preserve a stage of making. [5, chapters 6-13]

Restoration brings the criterion of correction into view. An object can contain several historically
significant states. Removing a later intervention may reveal an earlier one while destroying evidence of
the intervening history. Improving legibility can change the surface under investigation. A treatment
consequently requires an account of the property being preserved and the authority for making the
change. Documentation allows later investigators to examine the decision and its consequences. [5,
chapters 7, 15, and 31]

Music, theater, dance, and film make time, coordination, and version differences particularly important.
A missed cue can be examined through a prompt book and a recording. A sound transfer can introduce a
speed discrepancy. A film print can represent a different version rather than a damaged copy of the
version an investigator expects. Silence and noise require interpretation within the work: their removal

is not automatically a repair. [5, chapters 16—24]

Executable and variable media works join artistic and technical investigation directly. Migration and
emulation preserve different relationships to an earlier realization. The continued existence of source
files does not establish the continued availability of interaction, timing, external services, or the required
presentation environment. A technical check must be connected to the significant behavior of the work.
[5, chapters 26-29]

Arts therefore contribute a question that every correction needs: what should remain continuous
through the change? Technical functionality, historical authenticity, intended variation, and aesthetic
judgment are different criteria. The answer can require measurements, records, knowledgeable
practitioners, and a documented decision. A useful repair preserves evidence of what changed and what

the verification actually covered. [5, chapters 33—35]
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7. Engineering sciences and the capacity for trustworthy action

Engineering sciences examine designed arrangements in which physical processes, controllers, software,
people, and organizations interact. A component can meet its specification while the service fails, and
several functioning components can combine into an unsafe state. The investigation therefore connects
local findings with requirements, interfaces, operating conditions, and the decisions that govern the

installed system. [6, chapters 1, 19, and 26]

The history follows experimental models and recorded machine cycles into feedback and state
estimation. Smeaton’s machine experiments made performance assumptions available for comparison;
Maxwell’s work on governors and Nyquist’s work on feedback stability examined why regulation could
become unstable. State-space theory and observers later formalized relationships between internal
state and available measurements. These developments extend the investigation from the condition of a

part to the dynamics of an arrangement. [6, chapters 2—-5]

Feedback changes what a symptom means. A controller can hold an output near its target while
increasing effort and consuming the remaining operating margin. We may need commands, loads, and
compensating actions alongside the output. Model residuals can expose an inconsistency without
identifying its cause, and an observable nominal state model does not guarantee that different faults
can be isolated. The next observation must distinguish the alternatives relevant to the investigation. [6,
chapters 5, 8, and 11]

Computation participates in both the system and its investigation. Software can control a machine,
record its behavior, and simulate an explanation. A shared defect can consequently affect the event and
its apparent account. Verification of a model implementation and validation for an intended use require
different evidence. Integration and assurance connect a test to its configuration, requirement, and

operating conditions. [6, chapters 16—19]

Security Engineering makes deliberate interference an explicit alternative. An adversary may alter
behavior, suppress a record, or manipulate the evidence on which a response depends. Investigators
examine acquisition paths, access, custody, and independent observations. A protected copy can
establish that retained bytes have not changed since preservation without establishing that the original
account was true or complete. An unexplained discrepancy also does not establish an attack. [6,

chapters 21-25]

Resilience Engineering adds evidence about how performance continues under changing demands.
Successful operation may depend on informal cross-checks, coordination, spare capacity, or temporary
adjustments absent from routine logs. The 2006 collection Resilience Engineering: Concepts and

Precepts and later work on adaptive capacity make these relationships explicit. Recovery must be
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examined through the resources, dependencies, duration, and authority that supported it. A successful

response does not establish that those conditions will recur. [6, chapters 26—31]

The field contributes a connection between a supported diagnosis and the capacity to act on it. The
history’s constructed pumping-station case separates an obstructed inlet from a stale flow report:
correcting either alone leaves another defect. It also examines authorized change and the alternate
capacity that sustains part of the service during investigation. Our synthesis carries this distinction
across fields: correction, trustworthy evidence, and continued performance are related claims that need

their own checks. [6, chapters 33-35]

PARTII

Comparing diagnostic methods

8. Shared historical developments

The histories can be compared through capabilities rather than arranged on one chronological ladder.
Their developments overlap, and later methods often depend on older ones. A modern conservation
study may combine workshop knowledge, archival research, spectroscopy, and software. A formal proof

may still depend on a carefully stated elementary definition. [1-6]

The first shared capability is preservation. A procedure, observation, reading, or performance detail
becomes available beyond its original occasion. Preservation enables disagreement to be examined
later. It also introduces selection: some events leave durable records, some are recorded under

restricted categories, and some depend on a person who can no longer be consulted.

A second capability is comparison. Standards and calibration support comparison of measurements.
Domains and inference rules support comparison of formal constructions. Sampling frames and coding
manuals support comparison of social observations. Interface requirements support comparison of
integrated components. Critical apparatuses and provenance records support comparison of witnesses

and objects. The arrangements differ, but each makes the basis of a comparison more explicit.

A third capability is inspection beyond immediate appearance. Instruments reveal physical responses,
formal languages expose dependencies, statistical representations reveal population patterns, textual
scholarship reconstructs transmission, and technical examination distinguishes material layers.
Increased visibility introduces further interpretive work. The representation must remain connected to

the process through which it was obtained.

A fourth capability is discrimination. An experiment, counterexample, additional source, alternative

measurement, or documented performance can rule out a relevant possibility. This is stronger than
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collecting more instances that preserve the same ambiguity. The choice of the next artifact becomes a

central part of diagnostic skill.

A fifth capability is the preservation of correction. Errata, revised datasets, critical notes, treatment
reports, and versioned software connect a changed result with the reason for the change. They allow

another investigator to distinguish a corrected mistake from a changed object or a changed question.

A further capability is coordinated response. Engineering sciences make explicit the path from a
detected condition to a decision, an authorized intervention, and continued operation. Observation can
be accurate while the means to act are missing. Records of successful adaptations and consumed
capacity help explain why similar conditions produce different outcomes. This extends the comparison
beyond recognizing and correcting a discrepancy to sustaining the conditions for useful action. [6,
chapters 6, 19, and 25-30]

Computation now participates in all six fields. It can increase the scale of comparison, retain
intermediate states, and automate checks. It can also concentrate many transformations behind one
output. The historical question continues in this setting: which relationships have become inspectable,
and which have become difficult to recover? The chronology in Appendix A offers selected points of

comparison without implying a single line of descent.

9. The structure of diagnostic evidence

Table 2 organizes the synthesis through six connected levels. These levels help locate a question; an

actual investigation may move among them in several directions.

Table 2. Levels in the examination of a diagnostic claim
LEVEL WHAT WE EXAMINE A BOUNDARY TO PRESERVE

A process, formal construction, social

. .. . . L . The object and the description of it may change
Object or activity interaction, text, artistic realization, or

independently.
engineered operation & Y
) ) A reading, specimen, response, witness, The artifact contains what the acquisition or
Acquired artifact ] . .
log, or recording preservation process retained.
. A reconstruction, encoding, variable, A valid transformation can still omit a distinction
Representation L . N -
transcription, visualization, or transfer needed by the present question.
. A recurrence, discrepancy, gap, Recognition suggests an investigation; it does not
Recognized pattern - .
dependency, or correspondence select a mechanism by itself.

An explanation and the proof, comparison,  The check has a scope determined by its

Claim and check . . . L . .
experiment, or interpretation supporting it  assumptions and evidence.

Intervention and A correction, revised account, verified A local correction does not establish wider effects,
record result, and preserved change history continued capacity, or every property of the object.
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An artifact may occupy more than one role. A laboratory notebook records an experiment and later
becomes an object of historical inquiry. A proof log records a computation and may also be evidence
about the maintenance of a mathematical library. The level follows the question, not merely the file

format.

The transitions require evidence of their own. A derived image needs a connection to its acquired
signals. A joined dataset needs reliable identity and correspondence rules. A theorem encoded for a
solver needs a justified connection to the intended statement. Several locally correct operations can

compose into a result that answers a different question.

Consider a location label used to join records. It may denote a physical site in one dataset and an
administrative region in another. Matching the strings can produce a technically valid table whose rows
combine incompatible units. The problem belongs to the relation used in the join. Reformatting the final

table cannot repair it.

We therefore preserve provenance at the level required by the claim. This can include source identity,
acquisition conditions, definitions, transformation versions, and the reasons for an intervention. It need
not mean retaining every available detail. It means retaining the relationships whose loss would prevent

the result from being checked or correctly interpreted. [1-6, Appendix C]

10. Visibility and the ability to distinguish alternatives

The six histories repeatedly warn against equating more available data with a resolved question.
Visibility means that something can be inspected. Interpretability concerns whether the available
representation can be understood. Mathematical observability concerns state distinguishability within a
specified model. Identifiability concerns the distinction among parameter values or model explanations
under stated conditions. These terms should retain their separate purposes. [1, chapter 5; 2, chapters 17
and 18; 3-5, chapter 1; 6, chapter 5]

A visible inscription may remain undeciphered. A deciphered statement may have an uncertain referent.
A complete record of a measured sum may leave its components unresolved. A large social dataset can
exclude the people relevant to the intended claim. A detailed recording can omit the experience of
moving through an installation. The limitation is specific to the observation arrangement and the

question.

Several kinds of missing distinction need different responses. A missing file may be recovered. A wrong
timestamp may be corrected if the relevant time relationship survives. A confounded comparison may
require another design. A lost historical event may remain reconstructable only through indirect traces.

A property outside a formal model requires a revised model before a proof about it can be attempted.

14 —
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A controlled system adds another limit: its output may remain stable because its compensating action
has changed. The absence of an output anomaly can coexist with declining margin. State observability,
fault detection, and fault isolation also answer different questions. The investigation should identify

which distinction is required before treating additional sensing as a solution. [6, chapters 5, 8, and 11]

Changing viewpoint is often useful. We can group measurements by specimen, session, or instrument;
follow one case through several offices; examine a text by witness rather than by its current reading
order; or compare an installation by input events rather than by visible effects. Each view may reveal
relationships obscured by another. It may also omit evidence that the previous view retained. [1-5,

chapter 33; 6, chapter 32]

Agreement needs a separate examination. Two instruments may share a calibration dependency.
Several documents may copy one report. Several indicators may derive from one administrative
classification. Repetition of the same dependency is weaker than independent support for the disputed
relationship. Security Engineering makes the trustworthiness of the shared source a further question:

several matching displays can reproduce one stale or manipulated value. [6, chapters 20, 22, and 23]

A useful result can therefore state that the available evidence does not distinguish the remaining
alternatives. That finding explains why additional processing has not settled the matter and directs
attention to the observation, construction, or source that would be needed. It also prevents a single

selected reconstruction from being presented as uniquely recovered fact.

11. Locating discrepancies and checking corrections

A discrepancy can originate in the object, acquisition, representation, inference, or reference condition.
Diagnosis becomes more precise when it separates these possibilities. We should first state the
observed difference at the narrowest level supported by the evidence and then identify the alternatives

that would account for it.

The companion histories illustrate several locations. Reagent contamination belongs to sample
provenance. An invalid proof step belongs to a proposed derivation. A change from verified delivery to
administrative closure belongs to an indicator's definition. A missed name in OCR belongs to a derived
text. Incorrect audio routing belongs to the presentation chain of an installation. A stale flow value
belongs to the acquisition and freshness path, while an obstructed inlet belongs to physical delivery.
Calling all of them a data problem would remove the distinctions needed for correction. [1, chapters 25
and 32; 2, chapter 27; 3-5, chapter 34; 6, chapter 33]

We can follow the evidence backward from the reported feature to earlier representations and

acquisition conditions. We can also move forward from a suspected mechanism to its predicted
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consequences. The investigation is stronger when these directions meet at a discriminating check. A

plausible account of how a fault could occur does not establish that it occurred in the case before us.

Verification should return to the original question. Rechecking a formula can establish that the
arithmetic has been repaired. A revised indicator also needs to measure the intended condition. A
replayed proof needs to concern the intended statement. A restored output needs to preserve the
behavior significant to the artistic realization. An engineering correction also needs checks of affected
interfaces, operating limits, and the required service. The local operation and the complete claim can

require different checks.

Preserving the earlier state is often necessary for this comparison. A replaced file, retouched image,
migrated work, or revised category can remove evidence of the discrepancy. The correction record
should identify the changed element, the reason, the supporting evidence, and the scope of verification.

It should also retain unresolved matters at their proper level.

The sequence of diagnosis and intervention depends on the situation. Some engineered operations
require protective action or temporary recovery before the explanation is complete. We preserve the
evidence available at the decision, the authority and limits of the action, and the later findings.
Successful recovery and a supported causal explanation remain separate achievements. [6, chapters 14,
25, 31, and 35]

This gives a practical stopping condition. We can stop when the investigation has answered its stated
guestion with adequate evidence and the correction has passed the relevant checks. We can also stop
with an explicit limit when further discrimination requires evidence that is unavailable. Continuing to

produce more elaborate descriptions of the same ambiguity does not necessarily improve the diagnosis.

12. Pattern oriented synthesis

Our pattern-oriented approach supplies names for recurring arrangements in diagnostic artifacts and
their relationships. A pattern helps recognize an analytical situation and choose a further examination.
Its recognition does not establish a mechanism, a causal effect, a theorem, or an artistic judgment. The

source histories consistently preserve this boundary. [1-5, chapter 33; 6, chapter 32]

The mappings in Table 3 concern investigative operations. They are proposed applications across fields,

not claims that earlier practitioners used the same names or followed one historical diagnostic school.
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Table 3. Analysis patterns as questions for comparative inquiry

PATTERN

Basic Facts

Message Context

Adjoint Thread of Activity

Inter-Correlation

Discontinuity

No Activity

Visibility Limit

Meta Trace

False Positive Error

PROPOSED CROSS-FIELD APPLICATION

Establish directly recorded dates, values,
identities, definitions, and statuses before
constructing an explanation.

Inspect acquisition settings, surrounding
argument, documentary genre, installation
instructions, or control configuration relevant
to an observation.

Follow a specimen, obligation, case, witness,
realization, or identified asset across records
through an explicit grouping rule.

Compare separate records of a related event,
such as a cue log and a performance
recording.

Locate a break in observations, categories,
correspondence, or recorded activity.

Investigate an absence relative to an
expected opportunity to produce and retain
evidence.

Identify what the measurement or acquisition
arrangement cannot reveal for the question
at hand.

Compare the evolution of traces and their
forms across software, catalog, or analysis
versions.

Compare an apparent error with successful
and unsuccessful realizations before assigning
explanatory importance.

REQUIRED QUALIFICATION

A recorded assertion is not automatically a
true account of the event it describes. [3]

Context follows the relationship that matters;
it need not be a fixed neighboring text
window. [2, 4—6]

Shared labels can conceal distinct identities
or versions. A selected sequence is an
analytical construction. [1-6]

Identity, time alignment, and source
dependence must be examined before
agreement is interpreted. [5]

The break can belong to the object,
collection, transformation, or access
arrangement. [3-5]

Silence, non-recording, lost confirmation, and
actual inactivity are different possibilities. [4—
6]

More processing of unchanged evidence may
preserve the same ambiguity. [1, 6]

One run log alone is not a version-to-version
history. A changed representation can create
a changed pattern. [2, 4]

An error message present during success may
be unrelated to the reported symptom; its
relevance still needs investigation. [5]

Adjoint Thread of Activity is particularly useful for the synthesis. In trace analysis it groups messages by a

selected attribute value or filtering criterion beyond their original computational thread. An Adjoint TID,

or ATID, identifies the selected activity grouping. For another kind of evidence, we first define the

corresponding selection rule: one specimen, theorem obligation, service request, textual witness,

artistic realization, or installed asset. The resulting sequence is an analytical construction whose

meaning depends on that rule.

The identity rule is itself a possible source of error. A reused specimen label can combine different

preparations. A changed name can split one person's records. A work identifier can join several

realizations whose timing and equipment differ. An apparently continuous activity can therefore be

produced by an invalid grouping. Supporting information about identity and version is part of the

pattern's application.
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Message Invariant also needs careful transfer. In trace analysis it concerns recurring message structure
distinguished from variable data. A repeated documentary formula can provide an analogous structure.
This does not make it a mathematical invariant proved to remain true through a program's execution.
Similar words can name different concepts, and the mapping should preserve the distinction. [2, chapter

33]

Patterns support cooperation among disciplines when they make the next question clearer. A
Discontinuity suggests examining both the activity and the recording process. Inter-Correlation suggests
a comparison whose alignment and dependence must be checked. Meta Trace suggests examining how
the form of evidence changes across versions. The domain then determines what would count as an

adequate answer.

The transfer is also reciprocal. Formal sciences contribute limits on inference. Natural sciences
contribute discriminating interventions and instrument diagnosis. Social sciences contribute reflexivity
and attention to the production of categories. Humanities contribute source criticism and narrative
distinctions. Arts contribute analysis of intended variation and the continuity of a work through change.
Engineering sciences contribute the examination of feedback, evidence integrity, authority, and adaptive

capacity. These contributions refine the way we use the pattern language itself.
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PART Il

Applying the synthesis

13. A worked investigation across the six fields

Consider a hypothetical museum exhibition that presents digitized letters alongside an interactive sound
installation. Visitor movement selects passages and activates sound. A dashboard records engagement.
After a software and catalog update, curators report three differences: fewer historical connections
appear in the display, the installation is frequently silent, and the dashboard reports higher engagement.

The facts and results below are constructed to demonstrate the synthesis.

Establishing the separate questions

We begin with three observations rather than one general claim that the exhibition is broken. The
current display produces fewer links among named correspondents. Some visitor interactions produce
no audible response. The engagement indicator is larger than its earlier value. We preserve the old and
current catalog exports, query rules, application versions, event logs, audio configuration, deployment

and recovery records, indicator definitions, and approved installation instructions.

These artifacts describe different objects. Catalog links concern a representation of historical evidence.
Audible output concerns a particular realization of the work. Engagement concerns an interpretation of

visitor activity. The observations may share an update boundary without sharing one cause.

Examining the historical representation

A humanities investigation compares the current search and identity rules with the underlying letters
and their descriptions. In this constructed case, an update standardized names but failed to retain an
alias used by one correspondent. Some relevant letters are present in the catalog yet absent from the

selected relationship view.

The finding concerns retrieval and entity correspondence. Restoring the alias relation recovers those
records. It does not establish every historical connection displayed by the exhibition. Each claimed
correspondence still needs its own source basis, and letters sharing a topic do not automatically
demonstrate a direct exchange. We record the query and catalog versions so the changed display can be

explained later.

Examining the measured response

The installation's log contains trigger and playback events. A controlled observation compares those

events with the output signal and the sound at the intended listening position. This borrows the natural-
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science discipline of distinguishing a process from its measurement arrangement. A playback message

records that an operation was reached; it is not a measurement of sound in the room.

In the example, audio is routed to an output that is no longer connected to the installed loudspeakers. A
controlled test through the intended route produces the expected signal. The result localizes a
configuration mismatch. It gives no reason to alter the content of the historical letters or the permitted

artistic delays.

Examining the formal requirement

The software's automated check reports success because every trigger is followed by a playback
acknowledgment. Formal analysis exposes the gap between that property and the complaint. The

property concerns software events; the complaint concerns audible presentation.

We revise the test specification to include the required routing configuration and an observed end-to-
end output check. The change makes the test more relevant, but it does not prove that every future
exhibition environment will work. A bounded verification should retain its bounds. The earlier test

remains evidence about one internal relationship that was insufficient for the larger requirement.

Examining integration, authority, and recovery

The engineering investigation connects the audio configuration with deployment and restart behavior.
In this extended example, the update’s initialization routine reinstates a default output after restart. A
temporary rerouting can therefore succeed while leaving recurrence possible. A controlled restart
reproduces the mismatch. Correcting the persisted configuration and its initialization, then checking the
installed signal path after restart and reconnection, supports a wider claim than a one-time playback

test.

The change history is also evidence to investigate. Comparison of the installed configuration, a retained
deployment copy, and the authorized work record connects the change to the documented update. That
result supports the reconstruction available in this case; the unexpected setting alone would not
establish malicious interference. Agreement between two reports derived from the same deployment

system would likewise not supply independent confirmation.

While correction is being checked, the museum needs an agreed response. In this constructed case, staff
have an approved rollback configuration and authority to pause the interactive installation. Their ability
to recognize the discrepancy, obtain help, and restore a tested state is part of the recovery account. The
available staff, dependencies, and duration of that response must be stated. A temporary response is

not evidence that the full exhibition has been restored.
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Examining the social indicator

The dashboard originally counted completed visitor sessions and now counts trigger events. One visitor
can generate several triggers. The apparent improvement therefore combines a changed unit with a
changed definition. Recomputing a comparable series requires enough retained session information to

apply a consistent rule to both periods.

Even a corrected session count would not establish that visitors understood or valued the exhibition
more. Observation and participant accounts could investigate those questions, with appropriate
attention to selection and context. The immediate finding is a measurement discontinuity. It should not

be expanded into a claim about the exhibition's social or educational effect.

Preserving the artistic realization

The approved instructions allow deliberate intervals of silence. The arts investigation distinguishes these
intervals from persistent silence caused by incorrect routing. Verification checks the complete
interaction after restart and compares its timing with the authorized range. Removing every silent

interval would change the work while making a simplistic output test look better.

The final correction record consequently contains three changes with different justifications: a repaired
identity relation in the catalog, an audio route preserved through initialization, and an explicitly defined
engagement measure. It also contains revised integration and recovery checks, identified authority, and

preserved limits. No single success status substitutes for this record.

What the combined investigation establishes

The six fields cooperate through an identifiable question and shared artifacts. They do not supply
interchangeable verdicts. Source criticism supports the retrieval correction. Signal observations support
the routing diagnosis. Formal analysis exposes a weak requirement. Social measurement analysis
explains the indicator change. Knowledge of the work determines which behavior must remain
continuous. Engineering analysis connects the local repair with installed behavior, authorized change,

and the capacity to recover.

This example extends the companion histories' constructed investigations of misleading improvement,
apparent archival rupture, and a silent installation. [3—5, chapter 34] It also draws on their discussions of
investigated anomalies and vacuous success. [1, chapters 31 and 32; 2, chapter 31] The engineering
extension draws on the separation of physical delivery, reporting, authorized change, and recovery in
the constructed pumping-station investigation. [6, chapter 33] Its additional contribution is to show how
separate evidential claims can coexist within one investigation without being merged into a single

notion of correctness.
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14. Automation and the preservation of diagnostic reasoning

Automation enters all six histories through instruments that collect, transform, select, or evaluate
evidence. Machine learning and generative systems add further operations: proposing classifications,
reconstructing missing material, suggesting proofs, comparing collections, or composing explanations.
Each operation needs a defined evidential role. [1, chapter 30; 2, chapter 30; 3, chapter 30; 4, chapter
30; 5, chapter 30; 6, chapter 34]

A generated candidate and a checked result are different artifacts. A proposed proof step can be tested
by a proof assistant. A suggested reading can be compared with an image and linguistic constraints. A
classification can be evaluated against appropriate evidence. A plausible reconstruction of a lost passage
remains supplied material unless its status is justified by further evidence. Fluency does not connect the

output to a source.

The record should distinguish what the system retrieved, what it transformed, what it proposed, and
what another procedure checked. A final narrative can conceal a timeout, an unavailable source, a
rejected measurement, or an unsuccessful attempt. These events may be necessary to explain why the

selected result appeared convincing.

Agentic workflows make this distinction practical. An agent can move among a catalog, an analysis
program, and a reporting tool while changing representations at each stage. Useful observability
connects the actual tool inputs and outcomes with the resulting claims. It also preserves the identities of
artifacts and the scope of checks, so that a successful intermediate operation is not silently promoted

into a completed investigation.

The six fields contribute complementary questions. Did acquisition or preparation shape the result?
Does the formal statement express the intended question? Does the model label represent the social
condition? Does the cited source support the interpretation? Does a proposed correction preserve the
work's significant behavior? Can its recommendation be acted on within the installed system’s authority,
operating limits, and available capacity? An automated process benefits from these questions when they
are tied to inspectable evidence. Engineering evidence must also support continued investigation when

an automated tool is unavailable or misleading. [6, chapter 34]

Preservation includes the environment needed to repeat or reinterpret an analysis. Retaining an output
while losing its model version, definitions, dependencies, or source relationships can make later
diagnosis impossible. Access and preservation should also respect the rights and context of the people
and works represented. The purpose is to retain the evidence needed for accountable inquiry, with a

clear distinction between recorded information and generated completion. [1-6, concluding chapters]
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15. Contribution of the synthesis

The six histories support a shared account of diagnostic inquiry without reducing their methods to one
procedure. Each examines relationships among an object, its evidence, and the claims made about it.

Their combination makes the boundaries between those relationships easier to locate.

Three contributions follow from the comparison. First, a diagnosis can be organized by the location of a
discrepancy rather than by the apparent format of its symptom. The defect may concern acquisition,
identity, transformation, inference, or the reference condition. This organization helps choose the next

artifact and avoids applying a remedy at the wrong level.

Second, verification can be treated as a set of distinct claims. Logical validity, empirical support, causal
identification, interpretive justification, fidelity to a work, and sustained system performance under
specified conditions do not collapse into one success indicator. An investigation can resolve one claim

while leaving another open. The combined record should make that distribution visible.

Third, the preservation of correction connects present diagnosis with future inquiry. Retaining the
earlier state, the supporting observations, the changed relationship, and the limits of verification allows
another investigator to continue from an explained difference. This is diagnostic memory in a practical

sense.

This comparative framework connects the fields’ established methods with pattern-oriented
diagnostics. It does not propose a shared historical origin or claim that the underlying practices are new.

Their separate developments remain documented in the individual histories.

Diagnostic skill includes recognizing when another viewpoint or kind of evidence is needed: an
observation, counterexample, participant’s account, textual witness, authorized realization, or account
of control and recovery capacity. The next step should address the unresolved distinction, and the

explanation should preserve what it established and where the evidence ends.
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APPENDIX A

Selected comparative chronology

Table 4 identifies selected developments discussed in the companion histories. They are reference

points for comparing capabilities, not claims of exclusive priority or a universal sequence. Earlier

practices continued alongside later ones.

Table 4. Selected developments across the six histories

PERIOD OR

DATE

323-322 BCE

Around 300 BCE

263 CE

1440

1662

1665

1681

1860

1868

1879 and 1890

1888

1917

1934

DEVELOPMENT

A surviving Babylonian astronomical diary
discussed in the natural-sciences history

Composition of Euclid's Elements

Liu Hui's commentary on the Nine Chapters

Valla's critique of the Donation of Constantine

Graunt's analysis of London's Bills of Mortality

Hooke's Micrographia

Mabillon's De re diplomatica

Kirchhoff and Bunsen's spectral-analysis
publication

Maxwell’s On Governors

Kempe's argument and Heawood's diagnosis

Foundation of the Royal Museums' chemical
laboratory in Berlin

Richmond's Social Diagnosis

Neyman's sampling paper

— 24—

DIAGNOSTIC CAPABILITY AND SOURCE

Preserved observations become available for later
comparison. [1, chapter 2]

Definitions and demonstrations organize
dependencies for inspection; surviving witnesses have
later dates. [2, chapter 3]

Commentary connects recorded procedures with
explanations of their mathematical relationships. [2,
chapter 2]

Linguistic and historical discrepancies challenge a
document's claimed origin. [4, chapter 6]

Administrative records support comparisons of
population patterns. [3, chapter 3]

Published microscopic observations extend what
readers can compare. [1, chapter 21]

Comparative documentary features support
arguments about authenticity. [4, chapter 7]

Characteristic responses connect laboratory
comparisons with the investigation of composition. [1,
chapter 7]

Regulating behavior becomes a mathematical
question of dynamics and stability. [6, chapter 5]

A defective proof is distinguished from the truth of the
proposition it attempts to establish. [2, chapter 27]

An institutional laboratory sustains material
investigation and accumulated conservation
knowledge. [5, chapter 8]

Social casework gives diagnostic language a
documented field-specific use. [3, chapters 1 and 5]

Selection procedures become an explicit basis for
population inference. [3, chapter 8]
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PERIOD OR
DATE

DEVELOPMENT DIAGNOSTIC CAPABILITY AND SOURCE

Executable instructions become part of the production

1957 Mathews' MUSIC demonstration
and diagnosis of musical sound. [5, chapter 19]
1960-1961 Kalman's IFAC contribution and its Observability and controllability acquire explicit state-
proceedings publication space relationships. [2, chapter 17]

Explicit access and protection assumptions support
1975 Saltzer and Schroeder’s protection principles investigation of the relationship between authority
and behavior. [6, chapter 21]

Computation and formal checking provide distinct

1976-1977; Computer-assisted four-color proof and later . .
. arrangements of mathematical evidence. [2, chapter
2005 machine-checked proof 27]
Adaptive performance and the conditions sustaining
2006 Resilience Engineering: Concepts and Precepts  successful work become an explicit shared focus. [6,

chapter 28]

Institutional analysis examines combinations of
2007 Ostrom's diagnostic approach system characteristics rather than assuming one
remedy fits every setting. [3, chapter 23]

, . The investigation of adaptive performance makes

2018 Woods’s theory of graceful extensibility o > o .
finite capacity and its limits explicit. [6, chapter 29]

The chronology also reveals different kinds of historical change. An instrument extends perception, a

formal language changes what can be checked, and a preservation practice changes what a later

investigator can recover. Treating all three as a simple increase in data volume would obscure their

diagnostic contribution.
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APPENDIX B

Shared vocabulary

Adaptive capacity. The resources, relationships, knowledge, and adjustments available to sustain

performance as demands change; their limits require examination.

Adjoint Thread of Activity. A grouping of records through an explicit attribute value or filtering criterion,
extending analysis beyond their original thread arrangement. Its application requires a stated selection

rule.
Anomaly. A departure from an expectation. It can motivate investigation without establishing a defect.

Artifact. An object or preserved representation available for examination. Its evidential role depends on

the question.

Assurance. A reasoned connection between a claim and relevant supporting evidence, with its

assumptions and limits stated.

Correction. A change addressing a specified defect or revising a claim. Its justification and consequences

should remain inspectable.

Diagnostic boundary. A transition at which the object, representation, meaning, or evidential role

changes and a discrepancy may arise.

Diagnostic memory. The retained evidence and reasoning through which an earlier investigation and its

corrections can be understood.

Diagnostics. Investigation of a condition or discrepancy and its possible explanations through

appropriate evidence.
Evidence. An artifact or observation connected to a claim through stated relationships and assumptions.

Feedback. Use of information about behavior to influence later behavior. Compensation can conceal a

deteriorating condition in the observed output.

Identifiability. The ability, under a specified model and observation arrangement, to distinguish the

parameters or explanations under consideration.
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Shared vocabulary (continued)

Interpretation. An account of what an artifact or relationship means in its relevant context.

Mechanism. An account of how a process produces a condition or observation. Recognition of a pattern

alone does not establish it.

Observability. In its mathematical sense, state distinguishability from outputs under a specified model.

Broader usage should identify the actual evidence and limits involved.

Pattern. A recurring structure or relationship useful for recognizing an analytical situation and directing

further investigation.
Provenance. The documented origin, custody, derivation, and relevant transformations of an artifact.

Reference condition. The stated condition, requirement, or authorized range against which a

discrepancy or correction is judged.

Representation. A form through which an object or artifact is inspected, such as an encoding,

transcription, variable, image, or visualization.

Resilience Engineering. Inquiry into how sociotechnical systems sustain and adapt performance,

including the conditions and limits of successful adjustment.

Security Engineering. Examination and design of protection under adversarial conditions, including the

trustworthiness of evidence and authority for actions.

Validation. Examination of whether a model, requirement, or result is adequate for its intended use;

successful implementation alone does not establish that adequacy.

Verification. A check of a specified property or claim. Passing one check does not establish properties

outside its scope.

Visibility. Availability for inspection. A visible artifact need not determine its interpretation or uniquely

identify its source state.
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Figure 1. A shared outline of diagnostic inquiry.
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