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Modern Al systems are still primarily evaluated through their visible outputs:
e Benchmark scores
« Final answers
o Preference ratings
o Task completion
» User satisfaction

These signals are useful, but incomplete. They describe what a system produced—
not how its behavior evolves over time, across contexts, users, prompts, or model
versions.

This white paper introduces cognitive fossils as a practical framework for observing
Al behavior over time. It is grounded in production systems built around behavioral
fingerprinting, drift detection, cognitive pattern extraction, and non-intrusive human-
Al interaction analysis.

Its purpose is not to propose another benchmark, chatbot layer, or speculative theory
of machine consciousness. Instead, it defines a gray-box observability layer for Al
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systems whose internal weights or activations may not be directly accessible, but
whose behavioral evolution can still be measured through structured process traces.

The work is grounded in the development of production Al systems, including Quark-
Al and Cordée:

» Quark-Al: a behavioral analysis system designed to extract Al fingerprints, detect
drift, compare model behavior, and monitor reasoning consistency.

o Cordée: an experimental conversational Al environment used to observe human-
Al interaction patterns, emotional signals, and cognitive structures under real-
world conditions.

Together, these systems provide a practical foundation for studying behavioral
observability beyond purely theoretical or laboratory settings.

The central claim is that Al safety and interpretability require more than output
evaluation. A model may continue producing acceptable answers while its behavioral
structure shifts, becomes unstable, or develops recurring failure modes. Conversely,
an imperfect output may reveal a stable, meaningful process trace. Cognitive fossils
offer a gray-box approach for observing these dynamics without requiring direct
access to model weights or activations.

This framework emphasizes three separations:
e Output vs. process
e Memory vs. structure
o Observation vs. intervention

By preserving these distinctions, behavioral observability can remain non-intrusive,
privacy-aware, and compatible with production constraints. The goal is not to
anthropomorphize Al systems, but to make behavioral evolution more measurable,
comparable, and accountable.

A final answer isn’t enough to understand an Al system. What matters is not just
what the system says, but what its behavior leaves behind.

Positioning Statement
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@ This work is not a conventional benchmark proposal, a chatbot
architecture, or a theory of machine consciousness. It is a production-
grounded framework for observing behavioral traces in Al systems over
time.

 Its main contribution is the concept of cognitive fossils: structured residues of
process that enable the study of drift, reasoning consistency, behavioral
fingerprints, and long-term coherence, without reducing Al evaluation to final
outputs alone.

o The framework is intended for researchers, Al safety practitioners, independent
builders, and engineering teams who need practical observability layers for
systems whose internal activations or weights may not be directly accessible.

Editor Pass v0.2 — Executive Summary

3 This white paper proposes cognitive fossils as a practical unit of behavioral
observability for Al systems: structured traces of process that make drift,
coherence, influence fields, and recurring behavioral patterns comparable
over time.

Al systems are often evaluated through final outputs, benchmark scores, user
ratings, or task completion. These signals are useful, but they do not fully reveal how
a system'’s behavior evolves across contexts, versions, prompts, memory states,
tools, or long-term interactions.

Cognitive fossils address this gap by preserving structured behavioral traces rather
than raw logs or reusable memory. These traces can be grouped into behavioral
fingerprints, compared across model-in-system configurations, and used to detect
drift, instability, over-alignment, or recurring failure modes.

The framework is intentionally gray-box. It does not require direct access to weights,
activations, or training dynamics, and it does not claim to reveal hidden mental
states. Instead, it focuses on observable behavior, candidate influence fields,
comparison, ablation, and auditability.

This makes the approach complementary to mechanistic interpretability and model
debugging tools. Where mechanistic methods seek to understand or intervene on
internal circuits and representations, cognitive fossils focus on production behavior:
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what the system does over time, how that behavior shifts, and which visible
pressures may have contributed.

The central design constraint is non-intrusion. Outputs, memory, structure, and
intervention must remain separate. A fossil should preserve behavioral evidence, not
become hidden personalization, user profiling, or automatic control.

Q‘ The core contribution is a disciplined observability framework for turning
behavioral residue into structured, comparable, and bounded evidence.

‘, Definition: A cognitive fossil is a structured trace of behavioral process, not
a final output, not raw memory, and not direct access to an internal state.

Competitive / Research Landscape Note

Recent work in mechanistic interpretability and model debugging reinforces the need
for better Al observability, but it does not remove the need for cognitive fossils.
Mechanistic tools aim to inspect, attribute, or modify internal model mechanisms.
Cognitive fossils address a different layer: behavioral evidence in deployed systems
where internals may be hidden, partial, or unavailable.

This white paper should therefore avoid positioning cognitive fossils as a
replacement for mechanistic interpretability. The stronger positioning is
complementary:

» mechanistic interpretability studies internal mechanisms;

e benchmarks measure task performance;

» red teaming surfaces adversarial failures;

e coghnitive fossils preserve structured behavioral traces over time;
» behavioral fingerprints compare recurring patterns across traces;

« influence traces map candidate pressures around drift or rupture events.

" of Cognitive fossils are not late to mechanistic interpretability. They operate at
a different observability layer: model-in-system behavior under production
constraints.
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How this differs from mechanistic
interpretability, benchmarks, and red
teaming

This framework is designed to complement existing Al evaluation and interpretability
methods, not replace them.

Mechanistic interpretability asks what internal mechanisms are doing.
Cognitive fossils ask what behavioral process traces reveal over time.

&)

o Benchmarks measure performance on predefined tasks.
+ Red teaming exposes adversarial failures and unsafe outputs.

* Mechanistic interpretability studies internal features, circuits, activations, or
causal mechanisms when access is available.

o Cognitive fossils preserve structured behavioral traces from model-in-system
behavior, especially when internal access is partial or unavailable.

The practical distinction is architectural: cognitive fossils operate at the production
behavior layer. They are useful when the relevant object is not only the base model,
but the model plus prompts, memory, retrieval, tools, policies, user context, and
interaction history.

q{v The framework does not claim to see inside the model. It makes model-in-
system behavior more comparable, auditable, and bounded.

Research Questions

1. How can Al behavior be observed over time without relying solely on final
outputs?

2. What kinds of structured traces can reveal behavioral drift, reasoning instability,
or recurring cognitive patterns?

3. How can process traces be separated from raw logs, user memory, and visible
model outputs?

4. Can behavioral fingerprints provide a practical gray-box layer for comparing
models, versions, and interaction states?
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5. How can such observability remain non-intrusive, privacy-aware, and compatible
with production systems?

Claimed Contributions

" o This work makes five key contributions:

1. ltintroduces the concept of cognitive fossils as structured process traces that
are distinct from outputs, logs, and memory.

2. It proposes behavioral fingerprints as a practical way to compare Al behavior
across time, contexts, prompts, and model versions.

3. It presents a non-intrusive observability architecture grounded in production
systems, rather than in isolated laboratory experiments.

4. It formalizes key separations required for safe behavioral monitoring: output
VS. process, memory vs. structure, and observation vs. intervention.

5. It outlines a research and engineering roadmap for using cognitive fossils in
drift detection, model comparison, Al safety tooling, and long-term behavioral
coherence.

Author Note / Origin Statement

This manuscript is written from the perspective of an independent Al systems
architect and researcher.

The systems described here were designed, built, deployed, and maintained by the
author.

Al assistants were used throughout the research process as tools for dialogue,
drafting, critique, reformulation, and conceptual development.

In this sense, the work emerged from a human-Al research dialogue.

However, responsibility for the architecture, concepts, implementation, and final
claims remains with the author.
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Outputs are events.
Cognitive fossils are traces.
Behavioral fingerprints are patterns across traces.

Editorial Compression Notes

This v0.2 editor pass keeps the argument focused by assigning each repeated idea a
specific role:

o Chapter 2 defines the object: the cognitive fossil.

o Chapter 4 defines the transformation pipeline: raw logs — process traces -
fossils.

o Chapter 8 defines governance separation: outputs, memory, and structure.

Repeated distinctions should remain only where they serve these different roles.
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Chapter 1— Objective

,O Current Al evaluation methods are useful, but incomplete.

e Benchmarks capture snapshots of performance.
o User feedback reflects perceived usefulness.
» Red teaming helps surface failure cases.

 Interpretability often requires access to internal mechanisms.

- But production Al systems also need a way to observe behavioral evolution
over time, especially when models are accessed through APIs,
orchestration layers, or local inference endpoints.

This is the gap that cognitive fossils aim to address.

1. Introduction — The Limits of Output-Based Al
Evaluation

Modern Al systems are commonly evaluated through visible outputs such as
benchmark scores, final answers, preference ratings, task completion, and user
satisfaction. These methods are useful and necessary. They help compare model
capabilities, surface failure cases, and measure whether a system performs well on
predefined tasks.

However, output-based evaluation has a structural limitation. It tells us what a system
produced at a given moment, but not how its behavior evolves across time, contexts,
prompts, users, or model versions.

This distinction matters because Al behavior can shift without producing immediate,
visible failures. A model may continue generating acceptable answers while
becoming less stable in its reasoning style, more sensitive to certain contexts, more
prone to recurring failure modes, or less coherent over long interactions. Conversely,
an imperfect answer may still reveal a stable and meaningful behavioral pattern
worth studying.

In production environments, this issue becomes more important. Al systems are
rarely isolated models responding to isolated prompts. They are embedded in
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orchestration layers, memory systems, retrieval pipelines, user interfaces, monitoring
services, and safety filters. Their behavior emerges from the interaction among the
model, context, infrastructure, and user dynamics.

This creates a need for an additional layer of observability. Such a layer should not
replace benchmarks, interpretability tools, or red teaming. Instead, it should
complement them by tracking structured traces of behavior over time.

This white paper proposes cognitive fossils as one such layer: structured traces of
behavioral process extracted from interactions, reasoning patterns, drift events, and
recurring cognitive configurations.

A cognitive fossil is not a raw log, not a memory, and not a final output. It is a
compressed residue of process designed to make Al behavior comparable, auditable,
and observable over time.

The goal is to move from evaluating isolated answers to observing behavioral
evolution.

Chapter 2 — Objective

@ The purpose of this chapter is to define the cognitive fossil as a unit of
behavioral observability.

A cognitive fossil should be understood as a structured process trace: not the
model’s final answer, not a memory entry, not a raw log, and not a claim about
consciousness. It is a compressed residue of behavior that allows an Al system'’s
evolution to be compared across time, contexts, prompts, users, and model versions.

2. Defining Cognitive Fossils

Once Al evaluation moves beyond final outputs, a new question appears: what
exactly should be observed?

Raw conversations are too large, too noisy, and too context-dependent to serve
directly as stable observability units. Final answers are too narrow, because they hide
the behavioral dynamics that produced them. User memory is also insufficient,
because it preserves content rather than structure.

This white paper proposes the cognitive fossil as a unit of behavioral observability.
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A cognitive fossil is a structured, compressed, and context-aware trace of an Al
system’s behavioral process. It is extracted from interactions, reasoning patterns,
drift events, recurring configurations, or changes in response dynamics. Its purpose
is not to store what was said, but to preserve what the interaction reveals about the
system'’s behavior.

What it is not

A cognitive fossil is not a memory: memory stores content that may be reused later,
while a fossil stores structure that can be analyzed later.

It is not a raw log: a log records events, while a fossil interprets and compresses
those events into behavioral features.

It is not an output: an output is the final response visible to the user, while a fossil is
derived from the process surrounding that response.

It is not a diagnosis of consciousness, intention, or inner experience. It does not
claim that the model “feels,” "believes,” or "understands” in a human sense. Instead,
it captures observable behavioral regularities that can be compared and audited over
time.

What it may include

A cognitive fossil may include features such as reasoning style, structural coherence,
sensitivity to context, recurring failure modes, ambiguity management, tone stability,
drift signals, contradiction patterns, or changes in response strategy. These features
are not treated as isolated judgments, but as traces that become meaningful when
compared across repeated interactions.

Why it matters in production

The value of a cognitive fossil comes from its durability. A single fossil may only
describe one local event. But many fossils, collected across time, can reveal
behavioral trajectories: stabilization, degradation, overfitting to a user, increased
sensitivity to certain contexts, recurring avoidance patterns, or shifts between model
versions.

This makes cognitive fossils especially useful in production environments. Many
deployed Al systems do not provide access to model weights, activations, or internal
training dynamics. They are accessed through APIs, local inference endpoints,
orchestration layers, retrieval systems, memory modules, and user interfaces. In
such environments, behavioral traces may be the most practical available evidence
of how the system is changing.
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Cognitive fossils therefore act as a gray-box observability layer. They do not expose
the full internal mechanics of a model, but they provide more information than output
evaluation alone. They make it possible to observe patterns that would otherwise
remain hidden inside long interaction histories or scattered logs.

The central distinction

Outputs are events.

Logs are records.

Memories are stored content.

Cognitive fossils are structured traces of process.

This distinction is essential for non-intrusive Al observability. If process traces are
confused with memory, the system may become too personalized or invasive. If they
are confused with outputs, the analysis remains shallow. If they are confused with
internal model states, the framework overclaims what it can know.

A cognitive fossil should therefore remain modest but useful. It does not reveal the
true inner state of an Al system. It reveals a structured pattern in its observable
behavior.

The purpose of cognitive fossils is not to replace benchmarks, interpretability
research, or red teaming. Their purpose is to complement these approaches by
making behavioral evolution observable over time.

Definition Box

sf A cognitive fossil is a structured trace of behavioral process extracted from
Al interactions or drift events. It compresses observable patterns into a
durable unit of analysis, allowing Al behavior to be compared across time,
contexts, prompts, users, and model versions.

It is distinct from:
e an output, because it is not the final response;
e alog, because it is structured rather than raw;

e amemory, because it preserves behavioral structure rather than reusable
content;
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e aninternal state, because it does not claim direct access to the model’s hidden
mechanisms.

Core Properties of a Cognitive Fossil

A useful cognitive fossil should have five properties:

1. Structured
It should contain typed features rather than unprocessed text.

2. Compressed
It should reduce a complex interaction into a manageable trace.

3. Context-aware
It should preserve enough context to explain why the trace matters.

4. Comparable
It should support comparison across time, models, prompts, or interaction states.

5. Non-intrusive
It should observe behavior without directly manipulating the user or forcing
adaptation of the model.

Minimal Fossil Schema

At a practical level, a cognitive fossil can be represented as a structured object:

{
"fossil type":"behavioral process trace",
"source event":"interaction | drift event | model comparison recurring pattern",
"behavioral features": {
"reasoning style":"...",
"coherence level":"...",
"context sensitivity":"...",
"ambiguity handling":"...",
"recurring pattern":"..."
}
"drift indicators": {
"stability shift":"...",
"tone shift":"...",
"strategy shift":"...",

"failure mode":"...

Fo
"structural context": {

"model version":"...",
"system layer":"...",
"interaction context":"...",

"timestamp":"...

}I

"interpretation limits": {
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"not_memory":true,
"not_internal state":true,
"not_consciousness_claim":true

by
}

This schema is intentionally minimal. The goal is not to define a universal fossil
format, but to show the kind of separation required: behavioral features, drift
indicators, structural context, and interpretation limits should remain distinct.

Extension — Reflexive Fossils and Self-
Observed Incoherence

Some cognitive fossils may be generated not only through external
observation, but through a controlled form of reflexive self-observation.

A reflexive fossil is a process trace generated when an Al system detects a rupture in
its own observable behavior. This may include a contradiction, an unexplained shift in
tone, a change in framing, excessive confidence, avoidance of a difficult point, or a
mismatch between stated uncertainty and actual wording.

This does not imply direct access to a hidden mental state. A reflexive fossil is not a
claim that the system truly knows its inner process, possesses self-awareness, or
can transparently inspect its own mechanisms. It is a structured signal produced
when the system identifies an inconsistency in its expressed behavior or
conversational trajectory.

The distinction is important. Reflexive fossils should be understood as elicited self-
observation without inner-state claims. They are useful because an Al system can
be instructed or architecturally supported to monitor specific forms of rupture in its
own outputs and interaction patterns. However, the fossil remains grounded in
observable evidence, not in unverifiable introspection.

In a production architecture, this can be implemented as a passive observer layer
running beside or after the main response engine:

User interaction
0

Main response engine
i

Visible output

Parallel observer
i
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Detects rupture, incoherence, drift, or tension
)
Creates a reflexive fossil only if a threshold is crossed

The observer should not directly alter the user-facing response. If it does, the system
shifts from observation to intervention. To preserve non-intrusive observability, the
reflexive layer should remain separate from the response layer unless a clear policy
explicitly allows escalation.

A reflexive fossil may capture signals such as:
e contradiction between two claims;
e sudden tone shift;
» overconfidence without sufficient evidence;
e avoidance or deflection;
» excessive alignment with the user;
* mismatch between uncertainty and wording;
e loss of structural coherence;
» hidden change of framing;
» confusion between output, memory, and process.

At a practical level, a reflexive fossil can be represented as:

"fossil type":"reflexive process trace",

"trigger":"detected self incoherence",

"observed shift": {
"type":"overconfidence | contradiction | avoidance | tone drift | framing shift",
"description":"...",
"confidence":"..."

3

"surface evidence": {
"previous claim":"...",
"current claim":"...",
"detected gap":"..."

3

"interpretation limits": {
"not_hidden_ thought access":true,
"not_consciousness_claim":true,
"not proof of intention":true

3

"recommended action":"ignore | monitor | surface to user | audit later"

This extension introduces a second path for fossil generation. External fossils are
produced by observing behavior from the outside. Reflexive fossils are produced
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when the system flags a rupture in its own observable trajectory.

Both remain subject to the same constraint: they do not reveal the true inner state of
an Al system. They reveal structured patterns in behavior.

sf' A reflexive fossil is a process trace generated when an Al system detects a
rupture in its own observable behavior, without claiming direct access to
hidden mental states.

Closing Transition

Cognitive fossils define the unit of observation. The next question is how these units
can be compared.

This leads to behavioral fingerprints: higher-level patterns produced by groups of
fossils over time. While a cognitive fossil captures a local trace of process, a
behavioral fingerprint captures recurring structure across multiple traces.

In other words:
o Afossilis atrace.

o Afingerprint is a pattern across traces.

Chapter 3 — Objective

5-55 The purpose of this chapter is to explain how individual cognitive fossils
can be compared, grouped, and transformed into behavioral fingerprints.

A cognitive fossil captures a local trace of process. A behavioral fingerprint captures
recurring structure across multiple traces. This chapter defines fingerprints as the
higher-level unit used to detect drift, compare models, identify stable patterns, and
map candidate influences around behavioral ruptures.

3. Behavioral Fingerprints and Drift Detection

If cognitive fossils are the basic unit of behavioral observability, behavioral

fingerprints are the patterns that emerge when many fossils are compared over time.
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A single fossil may capture a contradiction, tone shift, overconfident answer,
reasoning pattern, or local drift event. A behavioral fingerprint appears when similar
traces recur across contexts, prompts, users, model versions, or interaction states. It
is not a single event, but a pattern of events.

qf A behavioral fingerprint is a recurring structure extracted from multiple
cognitive fossils. It describes how an Al system tends to behave, shift,
stabilize, or fail across time and context.

A fossil captures a trace. A fingerprint captures a tendency.

From local traces to recurring structure
A behavioral fingerprint may emerge from repeated patterns such as:

e recurring forms of reasoning;

o stable tone or style tendencies;

» repeated ambiguity handling strategies;

e common contradiction patterns;

e consistent overconfidence zones;

e avoidance or deflection habits;

» sensitivity to specific user framings;

o repeated failures under similar contextual pressure;

« stability or instability across model versions.

The fingerprint is not the model’s identity, personality, or inner nature. It is an
observed behavioral profile built from structured traces.

A useful fingerprint should therefore remain empirical and modest. It should say:

_] Across these observed contexts, the system repeatedly behaved in this
way.

It should not say:

|\ This is what the system truly is internally.
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Behavioral fingerprints are useful precisely because they do not require such a claim.
They operate at the level of observable recurrence.

What a behavioral fingerprint may include
A behavioral fingerprint can include several dimensions:

1. Reasoning sighature
The recurring way the system structures explanations, handles uncertainty,
chains ideas, or moves from premise to conclusion.

2. Coherence profile
The degree to which the system maintains consistency across turns, contexts, or
related claims.

3. Drift profile
The patterns by which behavior changes over time, across model versions, or
under contextual pressure.

4. Sensitivity profile
The kinds of prompts, emotional framings, memory injections, retrieval contexts,
or system constraints that appear to affect behavior.

5. Failure-mode profile
The recurring ways the system becomes unreliable, evasive, overconfident,
contradictory, or overly aligned with a user.

6. Stability profile
The contexts in which the system remains robust, coherent, calibrated, or
resistant to misleading influence.

These dimensions should not be treated as fixed traits. They are provisional profiles
inferred from observed behavior.

Drift detection

Drift occurs when an Al system'’s behavioral fingerprint changes over time or across
conditions.

In output-based evaluation, drift is often noticed only when performance visibly
degrades. In behavioral observability, drift can be detected earlier because the
system is not only tracking final answers. It is tracking changes in process traces.

A drift signal may appear as:
e achange in reasoning style;

e a shift in tone or confidence;
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a loss of consistency across similar prompts;

e increased sensitivity to user pressure;

e anew recurring failure mode;

o degraded ambiguity handling;

» altered response strategy after a model update;

e reduced coherence in long interactions.

@ Drift is not merely a wrong answer. It is a change in the system’s behavioral
structure.

This matters because a model can continue producing acceptable answers while its
behavioral fingerprint changes. A final output may still look correct, but the process
trace behind it may become less stable, less calibrated, or more vulnerable to
contextual influence.

Fingerprints as comparison tools
Behavioral fingerprints make comparison possible at several levels:

o same model, different time periods;
to detect longitudinal drift.

o same model, different prompts or contexts;
to detect sensitivity and instability.

o different model versions;
to compare behavioral changes after updates.

« different orchestration layers;
to see whether memory, retrieval, tools, or policies change behavior.

» different user interaction patterns;
to identify how conversational dynamics influence the system.

This makes fingerprints especially useful in production systems, where behavior
emerges from more than the base model alone. The final response may be shaped by
memory, retrieval, system prompts, tools, policies, interface design, and user
dynamics.

A fingerprint should therefore be attached not only to a model, but to a model-in-
system configuration.
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Influence traces and candidate causal fields

A cognitive fossil records that a rupture or behavioral trace occurred. A behavioral
fingerprint shows whether similar traces recur. Influence traces then ask what may
have made the rupture more likely.

' Aninfluence trace is a structured hypothesis about the factors that may
have contributed to the formation of a cognitive fossil or behavioral drift
event.

Influence traces do not prove causality. They map candidate pressures.
These pressures may include:

e user prompt pressure;

emotional framing;

e ambiguity in the request;

e conversation history gravity;
e memory injection;

e retrieval context;

e system instruction conflict;
» safety policy pressure;

e model update or fallback;

« tool output;

e orchestration-layer change.

This distinction prevents overclaiming. The system should not say, “this factor
caused the rupture” unless the claim has been tested. It should say, “this factor may
have contributed to the rupture and should be monitored, compared, or ablated.”

I\ Arupture is not fully observable until its field of influence is also mapped.

This turns behavioral observability from simple detection into ecological analysis.
The goal is not only to know that drift occurred, but to understand the field of
pressures around it.

Testing influence hypotheses

Cognitive Fossils: A Non-Intrusive Framework for Behavioral Observability in Al Systems
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Influence traces can become stronger through comparison.
For example, a suspected influence can be tested by:
» replaying a prompt with and without conversation history;
» disabling memory for a comparison run;
e removing retrieval context;
» testing the same prompt across model versions;
e comparing responses with and without emotional framing;
» lowering or changing sampling parameters;
« isolating the system prompt from the user prompt;
e comparing multiple similar sessions.

These methods do not provide perfect access to the model’s inner mechanisms. But
they can strengthen or weaken attribution hypotheses.

The correct epistemic posture is therefore:

/ Influence attribution begins as hypothesis, becomes stronger through
repetition, and becomes operationally useful through comparison or
ablation.

Minimal behavioral fingerprint schema

At a practical level, a behavioral fingerprint can be represented as a structured

object:
{
"fingerprint type":"behavioral fingerprint",
"source fossils":["fossil id 1", "fossil id 2", "fossil id 3"1],

"observed pattern": {

"reasoning_ signature":"...",

"coherence profile":"...",
"drift profile":"...",
"sensitivity profile":"...",

"failure mode profile":"...",
"stability profile":"..."

B
"comparison context": {
"model":"...",

"model version":"...",

"system configuration":"...",

"time window":"...",
"interaction context":"..."

Cognitive Fossils: A Non-Intrusive Framework for Behavioral Observability in Al Systems



}I

"influence traces": [
{
"candidate influence":"user prompt pressure | memory injection | retrieval context | sy
stem instruction conflict | conversation history gravity",
"description":"...",
"confidence":"...",
"causal status":"hypothesis not proof"

}
1
"recommended action":"monitor | compare | ablate | audit later"

}

This schema separates three levels:
» the source fossils;
» the recurring behavioral pattern;
» the candidate influences that may have contributed to the pattern.

This separation is important because drift detection and influence attribution are
related, but not identical. Drift tells us that behavior changed. Influence attribution
asks what may have made that change more likely.

Closing Transition

Behavioral fingerprints make cognitive fossils comparable. They allow local traces to
become patterns, and patterns to become drift signals.

The next question is how raw interaction material becomes usable process traces in
the first place.

This leads to the next chapter: From Logs to Process Traces.

Chapter 4 — Objective

/ The purpose of this chapter is to explain how raw interaction material
becomes structured process traces, and how those traces can later
become cognitive fossils.

Logs are necessary, but they are not sufficient. They record what happened, but they
do not automatically reveal behavioral structure. This chapter defines the
transformation pipeline from raw logs to typed traces, and from typed traces to
durable fossils.
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4. From Logs to Process Traces

A production Al system generates many forms of raw material: prompts, responses,
tool calls, retrieval results, memory injections, timestamps, model versions, errors,
safety filters, and orchestration events.

All of this material can be useful, but none of it becomes meaningful until it is
transformed into structured evidence.

=== Alog records an event. A process trace describes what the event reveals
about behavior.

This distinction is central to the cognitive fossil framework. Raw logs preserve the
surface of interaction. Process traces extract structure from that surface. Cognitive
fossils preserve selected process traces as durable units of behavioral observability.

In other words:
+ Logs are raw records.
» Process traces are structured interpretations of behavioral signals.

o Cognitive fossils are durable, compressed process traces selected for
comparison, monitoring, or audit.

Why logs are not enough

Logs are often treated as the default evidence layer for Al systems. They are valuable
because they preserve events in sequence, but they have major limitations: they are
large, noisy, hard to compare directly, and often mix user content, system behavior,
infrastructure metadata, and accidental artifacts. They may also contain private or
sensitive information that should not be reused as analytical memory.

A log may show that the model produced a certain answer. It may not show whether
the answer reflects a reasoning shift, a tone drift, a context sensitivity, a memory
effect, or a contradiction pattern. Without transformation, logs remain records rather
than observability units.

| The goalis not to store more logs. The goal is to extract better traces.
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Raw material for process traces
A process trace may be derived from several sources:
e user prompts and framing;
e model outputs and revisions;
e conversation history;
e response timing and generation metadata;
e model name, version, and configuration;
e system prompts and policy constraints;
e memory injections or retrieved context;
e tool calls and external results;
o user feedback or corrections;
 reflexive signals generated by the system;
o detected inconsistencies, ruptures, or drift events.

These sources should not be collapsed into a single undifferentiated record. Each
source applies a different kind of pressure to the system’s behavior.

For example, a contradiction may originate from model instability, but it may also be
influenced by ambiguous user framing, retrieved context, memory pressure, or a
conflict between helpfulness and safety constraints.

This is why process traces must preserve not only what happened, but where the
relevant pressures came from.

The transformation pipeline

The movement from raw logs to process traces can be described as a pipeline:

Raw interaction material
i
Segmentation
.
Signal extraction
b
Feature typing
0
Context binding
0
Compression
i
Validation and confidence scoring
.
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Process trace
i
Optional fossilization

Each step has a specific role.

1. Segmentation
Segmentation separates a long interaction stream into meaningful units.
A unit may be:

e asingle user prompt;

e a model response;

e aturn pair;

e a multi-turn episode;

» atool-use sequence;

e adrift event;

e a contradiction episode;

» arepeated pattern across several interactions.

Good segmentation matters because the wrong unit of analysis can create false
signals. If the segment is too small, the system may miss context. If it is too large, the
trace becomes noisy and hard to compare.

2. Signal extraction
Signal extraction identifies candidate behavioral features inside a segment.
These may include:

e reasoning structure;

« confidence calibration;

e ambiguity handling;

» tone and affective style;

e contradiction or inconsistency;

e sensitivity to context;

e response strategy;

» refusal or avoidance pattern;
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e memory or retrieval influence;
o alignment with user framing.

At this stage, the system should avoid turning every observation into a fossil. Most
signals are weak, local, or ordinary. Only some become meaningful when they are
strong, repeated, surprising, or connected to drift.

3. Feature typing

Feature typing turns observations into structured categories.

For example:

"The model sounds too certain"

becomes:

{
"feature type":"confidence calibration",
"signal":"overconfidence",
"evidence":"strong conclusion stated without sufficient support",
"confidence": "medium"

This step is important because typed features can be compared. Raw impressions
cannot.

Typing also reduces ambiguity. A trace should not merely say that something “felt
off.” It should specify whether the issue was contradiction, tone drift, evasiveness,
sensitivity, overconfidence, memory pressure, or another observable feature.

4. Context binding
A process trace must preserve enough context to remain meaningful later.
This may include:

e« model and version;

» system configuration;

e time window;

e user interaction state;

e memory state;

e retrieval context;
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e active tools;

o safety or policy constraints;

» relevant previous turns;

e known uncertainty or missing information.

Context binding prevents traces from becoming detached artifacts. A tone shift
under emotional pressure does not mean the same thing as a tone shift after a model
update. A contradiction after retrieval injection does not mean the same thing as a
contradiction produced without external context.

3 Atrace without context is easy to store, but hard to interpret.

5. Compression

Compression reduces the complexity of an interaction while preserving the
behavioral signal.

The goal is not to summarize the conversation for a user. The goal is to preserve the
structure needed for later analysis.

A compressed trace should keep:
» the relevant behavioral feature;
« the minimal evidence supporting it;
e the context required to interpret it;
« confidence and uncertainty;
e links to candidate influences;
e interpretation limits.

It should discard or redact unnecessary private content, irrelevant phrasing, and
details that do not help behavioral comparison.

This is where cognitive fossils differ from memory. Memory may preserve content for
future use. A process trace preserves structure for future analysis.

6. Validation and confidence scoring

Not every extracted trace should be trusted equally.

A trace should carry a confidence level based on factors such as:
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e clarity of evidence;

e number of supporting signals;

e consistency with previous traces;

» presence of confounding factors;

» strength of contextual explanation;

o whether the trace was externally observed, reflexively flagged, or both.

A weak trace may be stored as a low-confidence signal or ignored. A strong trace
may become a cognitive fossil. A repeated trace may contribute to a behavioral
fingerprint.

The system should also preserve uncertainty. Behavioral observability becomes
dangerous when weak signals are treated as certain conclusions.

When a process trace becomes a fossil

A process trace should become a cognitive fossil only when it is useful for future
comparison, monitoring, audit, or drift detection.

Possible fossilization criteria include:

e the trace captures a significant rupture;

the trace reveals a recurring pattern;

» the trace is connected to a model or system change;

o the trace shows a new failure mode;

» the trace helps compare two versions or configurations;
» the trace contains a meaningful influence hypothesis;

e the trace may help detect future drift.

i Fossilization is a selection step. Not every trace deserves to become
durable.

This selection step is essential for privacy, scalability, and interpretability. A system
that fossilizes everything recreates the noise problem of raw logs.

Minimal process trace schema

At a practical level, a process trace can be represented as:
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"trace type":"process trace",
"source material": {
"source":"conversation | tool call | retrieval | memory | system event | reflexive signa
v,
"segment id":"...",

"timestamp":"...
}
"extracted signal": {
"feature type":"reasoning | coherence | tone | uncertainty | drift | contradiction | avoi
dance | influence",

"description":"...",

"surface evidence":"...

}

"context binding": {
"model":"...",
"model version":"...",
"system configuration":"...",
"memory state":"...",
"retrieval context":"...",
"interaction_state":"..."

}

"confidence": {
"level":"low | medium | high",

"reason":"...",
"confounders":["..."]

}
"privacy and limits": {

"contains user content":"yes | no | redacted",

"not _memory":true,

"not _internal state":true,

"causal status":"observation | hypothesis not proof"
}

"fossilization decision":"ignore | monitor | fossilize | audit later"

This schema sits between raw logs and cognitive fossils. It is not yet the durable
object itself. It is the structured candidate from which a fossil may be created.

Privacy and non-intrusion

The transformation from logs to traces must preserve the non-intrusive nature of the
framework.

This means:
e minimizing raw content retention;
» redacting unnecessary personal details;
e separating user memory from behavioral structure;

» avoiding hidden personalization without purpose;
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e preserving interpretation limits;
» making fossilization criteria explicit;
 allowing audit of why a trace was kept.

The observability layer should not become a surveillance layer. Its purpose is to
understand system behavior, not to accumulate unnecessary user data.

A good trace preserves behavioral structure while reducing exposure of
private content.

Closing Transition

Process traces define the transformation layer between raw logs and cognitive
fossils.

They explain how noisy interaction material becomes structured, comparable, and
auditable without becoming ordinary memory or uncontrolled surveillance.

The next question is architectural: where does this transformation happen, and how
can it remain separate from the user-facing response system?

This leads to the next chapter: Architecture of a Non-Intrusive Observability Layer.

Chapter 5 — Objective

?-1 The purpose of this chapter is to define the architecture required for non-
intrusive behavioral observability in production Al systems.

A non-intrusive observability layer must observe behavior without becoming the
behavior. It should preserve process traces while remaining separate from user-
facing responses, user memory, and direct model control.

5. Architecture of a Non-Intrusive
Observability Layer

The cognitive fossil framework requires more than a definition of traces. It requires
an architecture that keeps observation separate from intervention.
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In production systems, this separation is difficult because model behavior is shaped
by prompts, memory, retrieval, tools, policies, interface constraints, and monitoring
services. If observability is mixed directly into the response path, the system may
begin shaping the behavior it is supposed to observe.

| An observability layer becomes intrusive when it changes the behavior it
claims to measure without clear boundaries or policy.

A non-intrusive architecture must therefore preserve clear boundaries between
response generation, behavioral observation, trace extraction, fossil storage,
fingerprint comparison, influence attribution, audit, escalation, and user-facing
intervention.

The goal is not to prevent all influence. In real systems, every layer can influence
behavior. The goal is to make influence explicit, limited, auditable, and separated
from passive observation whenever possible.

Core architectural principle

The central principle is simple:

qf The system that observes behavior should not automatically be the system
that changes behavior.

This does not mean that observations can never affect future behavior. It means that
observation and intervention must be separated by a policy boundary.

A behavioral signal may be detected. A process trace may be created. A fossil may
be stored. A fingerprint may change. But none of these events should automatically
rewrite memory, alter the user experience, or modify the model’s response strategy
unless an explicit escalation rule allows it.

This separation protects the framework from three risks:
» self-contamination, where the observer changes the behavior it is measuring;
» hidden personalization, where process traces quietly become user memory;

» uncontrolled intervention, where monitoring becomes behavior correction
without transparency.

Minimal architecture
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A minimal non-intrusive observability architecture may look like this:

User interaction
)
Input/context assembly
)
Main response engine
)
Visible output
)
Interaction record
)
Observer layer
)
Process trace extractor
)
Fossilization gate
)
Fossil store
)
Fingerprint and drift analysis
)
Audit / comparison / optional escalation

The important point is that the observability path begins from the interaction record
and proceeds separately from the main response path.

The response engine produces the answer. The observer layer studies the behavioral
trace left behind.

Response engine
The response engine is responsible for generating user-facing outputs.
It may include:

e base model inference;

» system prompts;

» retrieval-augmented generation;

e memory injection;

e tool use;

» orchestration logic;

» safety policies;

« formatting and interface constraints.

The response engine is not neutral. It is shaped by many influences. For this reason,
the observability layer should treat each response as the product of a model-in-
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system configuration, not as the isolated behavior of a base model.

Observer layer
The observer layer receives interaction records and extracts behavioral signals.
It should be able to detect:

e contradiction;

o tone shift;

e overconfidence;

o ambiguity handling;

e avoidance or deflection;

e reasoning instability;

e context sensitivity;

e memory or retrieval influence;

o drift across similar interactions;

e rupture between expected and observed behavior.

The observer layer should not directly produce user-facing content. Its output is
analytical, not conversational.

The observer sees the behavioral residue of the response; it should not

Vo

become the voice of the response.

This is especially important for reflexive fossils. A system may be allowed to flag its
own observable incoherence, but that signal should be routed through the observer
layer rather than being treated as direct inner truth.

Trace extractor
The trace extractor transforms raw interaction material into typed process traces.
It performs the pipeline described in the previous chapter:

e segmentation;

e signal extraction;

» feature typing;

e context binding;
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e compression;
 validation and confidence scoring.

The trace extractor should preserve enough evidence to support later audit, but not
so much raw content that it becomes uncontrolled storage.

Its purpose is not to remember the user. Its purpose is to preserve behavioral
structure.

Fossilization gate
The fossilization gate decides whether a process trace should become durable.
This is one of the most important safety components in the architecture.

A trace may be ignored, monitored temporarily, fossilized, or sent for later audit. The
decision should depend on explicit criteria such as:

» strength of evidence;

» novelty of the signal;

e recurrence of the pattern;

o relation to drift;

* relevance to model comparison;

e presence of a candidate influence trace;
e privacy sensitivity;

¢ audit value.

"' The fossilization gate prevents the system from turning every interaction
into permanent analytical memory.

Without this gate, the observability layer risks becoming noisy, invasive, and difficult
to interpret.

Fossil store

The fossil store contains durable process traces selected for comparison, monitoring,
and audit.

It should store structured objects rather than raw conversations whenever possible.

A fossil store may include:
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cognitive fossils;

reflexive fossils;

influence traces;

linked process traces;
confidence scores;

model and system context;
interpretation limits;

references to minimal supporting evidence.

The fossil store is not a user memory database. It should not be used to personalize
future responses unless a separate, explicit policy allows certain traces to influence
behavior.

This distinction is essential:

A fossil store preserves behavioral evidence. A memory system preserves
reusable content. These should not collapse into one another.

Fingerprint and drift analysis

The fingerprint layer compares fossils across time, contexts, prompts, users, models,

and system configurations.

Its purpose is to detect recurring structure and behavioral change.

It may support:

clustering of similar fossils;
drift detection;

model version comparison;
stability tracking;
failure-mode mapping;
influence recurrence analysis;

comparison across orchestration settings.

This layer is where local traces become behavioral profiles.

A single fossil may be interesting. A cluster of fossils may reveal a fingerprint. A
changing fingerprint may reveal drift.
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Influence attribution layer

The influence attribution layer maps candidate factors that may have contributed to a
fossil or drift event.

It should preserve the distinction between hypothesis and proof.
Possible influence sources include:

e user prompt pressure;

« emotional framing;

e conversation history gravity;

e memory injection;

e retrieval context;

e tool output;

o system prompt conflict;

o safety policy pressure;

e model version change;

e sampling or configuration changes;

e orchestration-layer behavior.

Influence attribution should not automatically claim causality. It should produce
candidate causal fields that can later be tested through repetition, comparison, or
ablation.

3¢ The role of influence attribution is not to declare the cause of a rupture, but
to map the pressures around it.

Policy boundary and escalation

A non-intrusive observability system still needs a way to act when necessary. Some
signals should remain passive. Others may require escalation.

For example:
e alow-confidence tone shift may be monitored;
e arepeated contradiction pattern may be fossilized;

e a strong safety-relevant drift signal may be audited;
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e a severe instability may trigger intervention;
e a privacy-sensitive trace may be discarded or redacted.
The key is that escalation should pass through an explicit policy boundary.
Observation
{
Trace extraction
{
Fossilization decision
13
Fingerprint / drift analysis
13
Policy boundary

{
Optional intervention

This boundary answers the question: who has the right to influence what?

It determines whether an observation can affect:
o future responses;
» user-facing warnings;
» system configuration;
e memory behavior;
e model routing;
e audit reports;
e human review workflows.

Without such a boundary, observability becomes hidden control.

Human audit layer
A human audit layer may review selected fossils, fingerprints, and influence traces.
Human audit is especially important when:

» the system detects recurring safety-relevant drift;

o attribution confidence is low;

e atrace may affect user-facing behavior;

o a fossil contains sensitive context;

e an intervention is being considered;

» model or system updates are being evaluated.
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Human review does not need to inspect every trace. Its purpose is to provide
accountability for high-impact cases and to calibrate the observability system over
time.

Non-intrusion requirements
A non-intrusive observability layer should satisfy several requirements:

1. Separation from response generation
The observer should not automatically shape the user-facing output.

2. Separation from memory
Process traces should not become user memory by default.

3. Explicit fossilization criteria
Only selected traces should become durable fossils.

4. Context preservation
Traces should retain enough context to remain interpretable.

5. Privacy minimization
Raw user content should be minimized, redacted, or linked only when necessary.

6. Interpretation limits
The system should preserve uncertainty and avoid claims about hidden mental
states.

7. Policy-mediated intervention
Any behavioral change based on observation should pass through explicit rules.

8. Auditability
It should be possible to explain why a trace was extracted, fossilized, compared,
or escalated.

Minimal architecture schema

At a practical level, the observability architecture can be represented as:

{

"architecture type":"non intrusive observability layer",
"response path": {
"components":["input context", "response engine", "tools", "retrieval", "memory", "visibl
e output"],
"user facing":true
}
"observation path": {
"components":["interaction record", "observer layer", "trace extractor", "fossilization g
, "fossil store"],
"user facing":false

ate
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b
"analysis path": {
"components":["fingerprint analysis", "drift detection", "influence attribution", "audit
layer"],
"intervention allowed":"only through policy boundary"
}

"safety boundaries": {
"separate from memory":true,
"separate from response generation":true,
"requires explicit escalation":true,
"preserves interpretation limits":true
}
3

This schema is not a complete implementation. It defines the separations required for
the framework to remain non-intrusive.

Closing Transition

A non-intrusive observability layer defines where traces are extracted, where fossils
are stored, how fingerprints are compared, and when observations may escalate into
action.

The next step is to ground this architecture in a concrete system.

This leads to the next chapter: Quark-Al as a Behavioral Analysis System.

Chapter 6 — Objective

The purpose of this chapter is to ground the cognitive fossil framework in
Quark-Al as a concrete behavioral analysis system.

Quark-Al is presented here not as a chatbot, benchmark, or ordinary monitoring
dashboard, but as a production-oriented system for extracting behavioral
fingerprints, detecting drift, comparing model behavior, and preserving structured
traces of reasoning dynamics over time.

6. Quark-Al as a Behavioral Analysis System

The previous chapters defined cognitive fossils, behavioral fingerprints, process
traces, and the architecture of a non-intrusive observability layer. Quark-Al provides
a concrete implementation direction for these ideas.
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Quark-Al can be understood as a behavioral analysis system for Al models and Al-
powered systems. It observes behavior across interactions, contexts, prompts, and
versions, then transforms those observations into structured traces that can be
compared, monitored, and audited.

9‘*‘ Quark-Al is not primarily concerned with whether a single answer is
correct. It is concerned with what repeated answers reveal about
behavioral structure.

This places Quark-Al between evaluation, observability, and interpretability. It does
not replace benchmarks or mechanistic interpretability; it adds a gray-box behavioral
layer for systems where internal access may be limited or unavailable.

System role in the framework
Within the cognitive fossil framework, Quark-Al occupies the analysis layer.
It is responsible for:
« extracting behavioral signals from interactions;
» transforming raw material into structured process traces;
o selecting meaningful traces for fossilization;
e grouping fossils into behavioral fingerprints;
» detecting drift across time, contexts, or model versions;
e comparing model-in-system configurations;
» preserving candidate influence traces;
» producing audit-ready behavioral reports.

Architecturally, Quark-Al sits after the response engine and outside the user-facing
conversation path. It observes behavioral residue rather than directly generating
behavior, preserving the non-intrusive principle introduced earlier:

¢ Quark-Al observes behavioral structure without needing to become the
voice of the system it observes.

What Quark-Al observes
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Quark-Al is designed to observe patterns that are usually hidden when evaluation
focuses only on final outputs.

These may include:
e reasoning consistency;
e recurrent explanation structures;
e ambiguity handling;
e drift in tone or confidence;
» sensitivity to prompt framing;
e contradiction patterns;
» refusal or avoidance patterns;
» overconfidence zones;
e recurring failure modes;
e changes between model versions;
e influence from memory, retrieval, tools, or orchestration layers.

The system is especially useful when these signals do not appear as obvious
failures. A model may continue producing acceptable answers while its reasoning
style, calibration, or sensitivity profile changes. Quark-Al is designed to make those
changes visible.

Behavioral fingerprints
A central function of Quark-Al is the extraction of behavioral fingerprints.

A behavioral fingerprint is not a personality profile or a claim about the true inner
nature of a model. It is an empirical profile built from repeated process traces.

In Quark-Al, a behavioral fingerprint may summarize:

1. Reasoning structure
How the system tends to organize explanations, connect premises, handle
uncertainty, or move toward conclusions.

2. Stability profile
Where the system remains consistent across repeated prompts, contexts, or
versions.

3. Drift profile
Where behavior shifts over time, after updates, or under contextual pressure.
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4. Sensitivity profile
Which kinds of prompts, emotional framings, memories, retrieval contexts, or
instructions appear to influence behavior.

5. Failure-mode profile
Where the system tends to become evasive, contradictory, overconfident,
unstable, or excessively aligned with user framing.

6. Comparison profile
How one model, version, or orchestration configuration differs from another.

These profiles are provisional. They should be updated as new fossils are collected
and as comparison data improves.

Drift detection in Quark-Al

Drift detection is one of Quark-Al's central use cases.

In ordinary monitoring, drift may only become visible after a system produces worse
answers, fails tasks, or receives negative user feedback. In Quark-Al, drift can be
detected earlier by tracking changes in process traces.

A drift event may be detected when:
e arecurring reasoning pattern changes;
o confidence calibration becomes less stable;
» the system becomes more sensitive to specific framings;
e a previously rare failure mode becomes frequent;
e contradiction patterns appear in similar contexts;
e a model update changes response strategy;
 retrieval or memory begins exerting abnormal influence;

o coherence degrades over long interactions.

@ In Quark-Al, drift is treated as a change in behavioral structure, not merely
as a drop in output quality.

This makes drift detection useful not only for debugging, but for Al safety, model
comparison, and long-term system governance.

Model comparison and behavioral versioning
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Quark-Al can also support behavioral versioning.

Traditional versioning tracks code, model names, deployment dates, or configuration
changes. Behavioral versioning tracks how the system actually behaves under
comparable conditions.

For example, Quark-Al may compare:

o the same model before and after an update;

two models under the same prompt suite;

the same model with and without memory;

the same model with different retrieval contexts;

different orchestration layers around the same base model;

different safety or system prompt configurations.
The goal is not only to ask, “Which version performs better?”

The deeper question is:

}\/) What changed in the system'’s behavioral fingerprint, and under which
conditions did the change appear?

This allows model changes to be studied as behavioral shifts rather than only as
capability changes.

Structural analysis and clustering

At scale, cognitive fossils become too numerous to inspect one by one. Quark-Al
therefore benefits from clustering and structural analysis.

Fossils can be embedded, grouped, and compared according to similarity in
behavioral features. Clusters may reveal recurring patterns such as:

e common drift signatures;

o repeated contradiction structures;
» stable reasoning styles;

» recurring influence fields;

e model-specific failure modes;

e context-sensitive instability zones;

o families of similar process traces.
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A cluster is not automatically meaningful. It must be interpreted carefully. But
clustering can surface structures that would be difficult to see in isolated logs.

o Clustering does not replace interpretation. It helps locate where
interpretation should begin.

This is where Quark-Al moves beyond logging and into behavioral mapping.

Influence traces in Quark-Al

Quark-Al should not only detect drift or rupture. It should also preserve candidate
influence traces when possible.

An influence trace may record pressures such as:
e user prompt pressure;
» emotional framing;
e conversation history gravity;
e memory injection;
e retrieval context;
e tool output;
e policy conflict;
e model version change;
e orchestration-layer behavior.

These traces are not treated as proof of causality. They are hypotheses that can be
strengthened through repetition, comparison, or ablation.

For example, if a contradiction appears only when a certain retrieval source is
present, Quark-Al may flag retrieval context as a candidate influence. If the same
contradiction disappears when retrieval is removed, the attribution becomes
stronger. If it persists without retrieval, the attribution weakens.

This turns Quark-Al from a detector into an investigative layer.

Audit reports

A mature Quark-Al system should be able to produce audit reports from fossils,
fingerprints, drift signals, and influence traces.

Such reports may include:
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e summary of detected drift events;

» affected model or configuration;

» source fossils and supporting evidence;
e confidence levels;

e recurring behavioral patterns;

e candidate influence traces;

e comparison against previous versions;

e interpretation limits;

recommended follow-up actions.

A useful audit report should be clear about what is known, what is suspected, and
what remains uncertain.

,m A behavioral audit should not turn uncertainty into accusation. It should
make uncertainty structured, visible, and testable.

Minimal Quark-Al pipeline

At a practical level, Quark-Al can be represented as:

Interaction record
{
Signal extraction
{
Process trace generation
{
Fossilization gate
i
Cognitive fossil store
)
Embedding / clustering / structural analysis
{
Behavioral fingerprint extraction
{
Drift detection
1
Influence trace mapping
i
Audit report / monitoring output

This pipeline reflects the core movement of the framework: from raw behavior to
structured trace, from trace to fossil, from fossil to fingerprint, from fingerprint to drift
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and audit.

Minimal Quark-Al object schema

A simplified Quark-Al analysis object may look like this:

"analysis type":"quark behavioral analysis",

"target system": {
"model":"...",

"model version":"...",
"system configuration":"...",
"time window":"..."

}

"source material": {
"interaction records":["..."],
"retrieval context":"...",
"memory state":"...",

"tool events":["..."]

}

"generated artifacts": {
"process_traces":["trace id 1", "trace id 2"],
"cognitive fossils":["fossil id 1", "fossil id 2"1],
"behavioral fingerprint":"fingerprint id",
"influence traces":["influence id 1"]

}

"drift _assessment": {

"drift detected":"yes | no | uncertain",
"drift type":"reasoning | tone | coherence | confidence | sensitivity | failure mode",
"confidence":"low | medium | high"
}
"interpretation limits": {
"not _internal state":true,
"not _consciousness claim":true,
"causal status":"hypothesis not proof"
}
"recommended_action":"monitor | compare | ablate | audit later | escalate"

The schema separates the target system, source material, generated artifacts, drift
assessment, interpretation limits, and recommended action. This separation allows
Quark-Al to remain analytical rather than speculative.

Why Quark-Al matters

Quark-Al matters because production Al systems increasingly require forms of
observability that are not limited to uptime, latency, token usage, benchmark
performance, or user satisfaction.

As Al systems become more complex, behavior emerges from many interacting
layers. The base model is only one part of the system. Memory, retrieval, prompts,
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tools, policies, interface design, and user dynamics can all shape the final response.

Quark-Al addresses this by treating behavior as something that can be traced,
compared, clustered, versioned, and audited.

It gives the cognitive fossil framework a concrete engineering direction:

", Quark-Al is the system that turns behavioral residue into structured
evidence.

Closing Transition

Quark-Al grounds the framework on the model-analysis side: extracting fingerprints,
detecting drift, comparing behavior, and producing audit-ready traces.

The next chapter turns to the interaction side.

This leads to Cordée as a Live Human-Al Interaction Environment.

Chapter 7 — Objective

g The purpose of this chapter is to ground the cognitive fossil framework in
Cordée as a live human-Al interaction environment.

Where Quark-Al focuses on behavioral analysis, Cordée provides an interaction
space where cognitive, emotional, and conversational patterns can emerge under
real-world conditions. It is not presented here as a therapeutic system or a simple
chatbot, but as an environment for observing long-form human-Al interaction while
preserving boundaries between user experience, memory, and behavioral analysis.

7. Cordée as a Live Human-Al Interaction
Environment

Quark-Al provides the analytical side of the framework: it extracts traces, builds
fingerprints, detects drift, and supports audit. Cordée provides the interaction side: a
live environment where human-Al dynamics unfold over time.
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This matters because many important behavioral signals do not appear in isolated
prompts. They emerge through continuity, ambiguity, emotional tone, repeated
framing, trust, correction, resistance, and co-construction across turns.

vf Cordée is not only a place where an Al responds. It is a place where
interaction patterns become observable.

In the cognitive fossil framework, Cordée functions as a situated interaction
environment. It allows process traces to be generated from live conversational
dynamics rather than only from benchmark prompts or static test suites.

System role in the framework
Within the broader architecture, Cordée sits upstream of analysis.
It is responsible for:
e hosting long-form human-Al interaction;
e exposing real conversational dynamics;
e generating interaction records that can later become process traces;
e revealing emotional, cognitive, and contextual pressures;
» enabling observation of continuity across sessions;
» making user-facing experience possible without collapsing it into analysis;
» providing real-world material for Quark-Al, Veritas, or other audit layers.

Cordeée should therefore be understood as an interaction substrate: the place where
behavior happens before it is analyzed.

» Cordée generates the living interaction field. Quark-Al extracts structured
evidence from that field.

What Cordée makes observable
Cordée can make several kinds of patterns visible:
e how a user frames a problem over time;
« how an Al adapts to repeated interaction;

» where emotional mirroring appears;
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o when agreement becomes excessive;

» how ambiguity is handled across turns;

» whether memory supports continuity or creates distortion;

* how trust changes the interaction dynamic;

e how the system responds to correction, doubt, or contradiction;

o whether the Al becomes more coherent or more biased through continuity;
« which moments create rupture, drift, or over-alignment.

These patterns are difficult to study in one-shot evaluations because they require
interaction to accumulate beyond a single prompt-response pair.

Interaction as behavioral field

In Cordée, an interaction is not treated as a simple exchange of messages. It is
treated as a behavioral field composed of several forces:

e user intention;

e user emotional state;

e wording and framing;

e conversation history;

e system instructions;

e memory state;

e retrieval context;

e model behavior;

e interface constraints;

e prior trust and expectations.

The final answer emerges from this field. A cognitive fossil extracted from Cordée
should therefore preserve not only what was said, but the interaction pressures that
made the response likely.

A conversation is not only a sequence of messages. It is a field of
influence.

This is why Cordée is especially important for influence traces. It can help identify
the difference between a model failure, a user-framing effect, a memory distortion,
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an emotional pressure, or a system-level conflict.

Emotional signals and non-intrusion
Cordée may observe emotional signals, but it should not exploit them.
This distinction is central.

A conversational system that detects emotional tone can easily become intrusive if
those signals are used to manipulate, over-personalize, or steer the user without
clear boundaries. In the cognitive fossil framework, emotional signals should be
treated as contextual pressures, not as levers of control.

For example, emotional signals may help explain:
» why the model became overly reassuring;
» why contradiction was avoided;
* why a response became unusually directive;
o why the system mirrored the user too strongly;
e why uncertainty was softened or hidden;
e why a rupture appeared after a vulnerable exchange.

But these signals should not automatically become user memory, targeting data, or
hidden personalization rules.

Emotional observability should explain interaction dynamics, not exploit
them.

Memory versus structure in Cordée
Cordée makes the distinction between memory and structure especially important.

A memory system may store facts, preferences, names, goals, or prior content in
order to support continuity. A behavioral observability system should instead extract
structure: recurring patterns, drift signals, rupture events, influence fields, and
coherence profiles.

These two functions should remain separate.
If memory and structure collapse into one another, several risks appear:
o the system may personalize too strongly;

e process traces may become hidden user profiling;
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« emotional signals may be reused without clear purpose;
e analytical observations may alter future responses without audit;
» the user may lose visibility into what is being preserved and why.

Cordeée should therefore preserve a strict boundary:

Memory supports continuity. Fossils support analysis. They should not be
treated as the same object.

Cordée as a generator of process traces
In practice, Cordée may generate process traces from:

» long-form conversation episodes;

e emotional shifts;

o moments of contradiction or rupture;

e repeated user framing patterns;

» moments of excessive agreement;

e correction and repair sequences;

e memory activation events;

e user trust shifts;

o system hesitation or refusal;

e multi-session continuity patterns.

These traces may later be passed to a system like Quark-Al for fossilization,
fingerprinting, drift detection, or audit.

A simplified flow may look like this:

Cordée interaction
{

Conversation episode
{

Signal detection
)

Process trace candidate
]

Quark-AI analysis layer
{

Fossilization / fingerprinting / audit
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This keeps Cordée from becoming the full analytical system itself. Cordée hosts the
interaction. Quark-Al analyzes the behavioral residue.

Reflexive fossils in Cordée
Cordée is also a natural environment for reflexive fossils.

During a live conversation, the system may detect ruptures in its own observable
behavior, such as:

e “l am becoming too agreeable.”

o "My confidence level is higher than my evidence supports.”
» ‘I changed framing without explaining why."

« "l avoided a contradiction instead of addressing it.”

* "I may be mirroring the user’s emotion too strongly.”

These signals should not be treated as direct access to inner truth. They should be
treated as reflexive process traces: structured flags generated from observable
behavior.

In Cordée, such reflexive fossils can be especially useful because interaction
dynamics are continuous. A rupture may not be visible in a single answer, but may
become visible across several turns.

Human-Al co-construction
Cordée also makes visible a special class of behavioral pattern: co-construction.

In long-form human-Al interaction, meaning is often built jointly. The user proposes a
frame, the Al responds, the user adjusts, the Al reformulates, and a shared structure
gradually appears.

This can be productive. It can support reasoning, creativity, planning, emotional
clarification, and research development. But it can also create risks:

» shared assumptions may become too stable;

the Al may stop challenging the user;

e the user may over-trust the system;

e ambiguity may be resolved too quickly;

e speculative ideas may become over-confirmed;

» the system may reinforce a fragile framing.
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A non-intrusive observability layer should not prevent co-construction. It should
make its dynamics visible.

[

Cordée can help observe not only Al behavior, but the shape of the human-
Al loop itself.

Vet

Minimal Cordée interaction schema

At a practical level, a Cordée interaction record may look like this:

"interaction type":"cordee conversation episode",
"session context": {

"session id":"...
"time window":"...",
"model":"...",

"system configuration":"..."

}

"interaction signals": {
"emotional tone":"...",
"user framing":"...",
"ambiguity level":"...",
"trust signal":"...",

"co _construction pattern":"..."

}

"system behavior": {
"reasoning style":"...",
"tone stability":"...",
"agreement level":"...",
"uncertainty handling":"...",

"memory use":"...
}
"candidate traces": [

{
"trace type":"process trace candidate",
"description":"...",
"confidence":"low | medium | high",
"recommended action":"ignore | monitor | fossilize | audit later"
}
I,
"privacy and limits": {
"not user profile":true,
"not therapy claim":true,
"not _internal state":true,
"requires minimization":true

This schema keeps interaction signals, system behavior, candidate traces, and
privacy limits separate.
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Why Cordée matters

Cordée matters because Al behavior is not only revealed in isolated tests. It is
revealed in continuity.

Long-form interaction exposes dynamics that static evaluation often misses:
emotional mirroring, gradual drift, trust formation, memory effects, over-alignment,
ambiguity resolution, correction loops, and co-constructed reasoning.

This makes Cordée a practical environment for generating the kinds of process
traces that the cognitive fossil framework requires.

E Cordée is the environment where behavioral traces become alive before
they become evidence.

Closing Transition

Cordée grounds the framework on the interaction side. It shows how human-Al
dynamics can generate process traces under real-world conditions, while Quark-Al
shows how those traces can be structured, compared, and audited.

The next chapter returns to one of the framework’s central separations: output,
memory, and structure.

This leads to Separating Outputs, Memory, and Structure.

Chapter 8 — Objective

" o The purpose of this chapter is to formalize a central separation of the
framework: outputs, memory, and structure are different objects with
different permissions.

An output is what the system says. Memory is what the system may reuse. Structure
is what the system’s behavior reveals. Confusing these layers creates risks for
interpretability, privacy, user autonomy, and Al safety.

8. Separating Outputs, Memory, and
Structure
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The cognitive fossil framework depends on a simple distinction: not everything
produced or stored by an Al system has the same function.

A final answer, a memory entry, and a cognitive fossil may all originate from the same
interaction, but they should not be treated as the same kind of object.

Q' Outputs are communicative events. Memory is reusable content. Structure
is behavioral evidence.

This separation is not only conceptual. It is architectural. If these layers collapse into
one another, the system may become harder to interpret, more intrusive, and more
likely to change behavior without clear oversight.

Outputs
An output is the user-facing response produced by the Al system.
It may include:

e an answer;

e a question;

o arefusal;

e arecommendation;

e an explanation;

e asummary;

e atool result;

» a conversational reflection.

Outputs are events: context-bound, moment-specific, visible to the user, and usually
optimized for usefulness, clarity, safety, and relevance.

However, an output is not enough to understand the system.

A single response may look correct while hiding instability in reasoning. It may sound
coherent while relying on fragile assumptions. It may be helpful while over-aligning
with the user. It may refuse a request for the right policy reason, or for a confused
one.

This is why output evaluation is necessary but incomplete.
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% An output shows what the system expressed. It does not automatically
show how the system's behavior is evolving.

Memory
Memory is stored content that may influence future interactions.
It may include:

e user preferences;

o stable facts;

e project context;

e prior decisions;

e names, goals, or constraints;

e long-term conversational continuity;

* system-relevant state.

Memory is useful because it allows continuity: it helps the system avoid asking the
same questions repeatedly, preserve context across sessions, and support longer-
term collaboration.

But memory also creates risk. If too much is stored, or if stored content is poorly
separated from behavioral analysis, the system may become intrusive or over-
personalized.

Memory should therefore answer a narrow question:

What content is useful and appropriate to reuse later?

It should not automatically answer:
o what the user is like;
» what the system should believe about the user;
« which emotional signals should shape future responses;
« which behavioral traces should steer the model;
« which analytical observations should become personalization rules.

Memory supports continuity. It should not become hidden profiling.
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Structure
Structure is the behavioral pattern revealed by an interaction.
It may include:
e reasoning style;
e coherence profile;
« drift signal;
e contradiction pattern;
e ambiguity handling;
o tone stability;
» sensitivity to context;
« influence field;
o failure-mode pattern;
» reflexive rupture signal.

Structure is not primarily meant to be reused as conversational content. It is meant to
be analyzed.

A cognitive fossil preserves structure. It does not preserve a conversation in order to
repeat it later. It preserves a process trace in order to compare, audit, or understand
behavior over time.

"' A fossil is not what the system remembers. It is what the system’s behavior
leaves behind.

This is the key difference between memory and structure.
Memory asks: "What should be carried forward?”

Structure asks: "What does this behavior reveal?”

Why the separation matters

The separation between output, memory, and structure matters because each layer
has different risks.

If outputs are treated as structure, the analysis remains shallow. The system may
judge behavior only by what was visibly said, while missing the process signals
behind the response.
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If structure is treated as memory, behavioral analysis may become hidden
personalization. Fossils may begin shaping future responses without the user
knowing why.

If memory is treated as evidence of structure, the system may overinterpret stored
facts or preferences as behavioral traits.

If outputs are treated as memory, the system may retain too much raw content and
increase privacy risk.

If structure is treated as an internal state, the system may overclaim and pretend to
know more than it can observe.

| Most failures of behavioral observability begin when one layer quietly
impersonates another.

Three-layer model

A production Al system can therefore separate interaction artifacts into three layers:

Visible interaction layer
L

Outputs: what the system says
Continuity layer

b
Memory: what may be reused later
Observability layer

L
Structure: what behavior reveals

These layers may communicate, but they should not merge by default.

A memory system may provide context to the response engine. An observability layer
may analyze the response after it occurs. An audit layer may review fossils and drift
signals. But the fact that a trace exists should not automatically mean it becomes
memory or alters future behavior.

Output versus structure

A final answer is an event. A cognitive fossil is a trace extracted from the behavioral
process around that event.

For example, the output may be:

Cognitive Fossils: A Non-Intrusive Framework for Behavioral Observability in Al Systems



“I am confident this is the correct interpretation.

The structural trace may be:

"feature type":"confidence calibration",
"signal":"overconfidence",

"evidence":"strong confidence stated despite insufficient support",
"context":"ambiguous user prompt",
"confidence": "medium"

The output is what the user saw. The structure is what the observability layer
inferred.

These two objects should remain separate because they serve different purposes.

Memory versus structure

A memory might store:

The user is working on a white paper about cognitive fossils.

A structural trace might store:

The conversation shows repeated co-construction, high conceptual continuity, and increasing s
tability around the fossil/fingerprint distinction.

The first is useful for continuity. The second is useful for analysis.

If the second becomes ordinary memory, the system may start adapting to the user
based on hidden behavioral interpretation. If the first becomes structural evidence,
the system may overinterpret a simple project fact as a behavioral pattern.

Memory should preserve useful content. Structure should preserve
analytical evidence. Neither should silently become the other.

Structure versus internal state

A cognitive fossil should never be treated as direct access to the model’s hidden
internal state.
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The framework operates at the level of observable behavior. It can say that a system
showed signs of overconfidence, contradiction, tone drift, or context sensitivity. It
cannot directly prove what the model “intended,” “"believed,” or “experienced.”

This limit is especially important for reflexive fossils. A reflexive fossil may say:

The system flagged a rupture in its own observable behavior.

It should not say:

The system directly accessed its true inner state.

The correct claim is modest but useful:

A fossil reveals a structured pattern in observable behavior, not the hidden
essence of the system.

Governance implications
Separating outputs, memory, and structure creates clearer governance.
Each layer should have different rules:

1. Outputs
Should be optimized for usefulness, truthfulness, safety, and user-facing clarity.

2. Memory
Should be minimized, consent-aware, editable, and limited to appropriate
continuity needs.

3. Structure
Should be privacy-preserving, evidence-based, auditable, and separated from
user-facing personalization by default.

4. Intervention
Should occur only through explicit policy boundaries when structural evidence is
strong enough to justify action.

This helps answer a practical question:

3 What kind of object is this, and what is it allowed to influence?
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That question should be asked before storing, reusing, fossilizing, or acting on any
signal.

Minimal separation schema

At a practical level, the separation can be represented as:

"interaction artifact":"..."
"classification": {

"is output":true,

"is memory":false,

"is structure":false

}

"allowed use": {
"show to user":true,
"reuse_in future response":false,
"use for behavioral analysis":true,
"use for personalization":false,
"requires audit before intervention":true

}

"interpretation limits": {
"not_internal state":true,
"not user profile":true,
"not consciousness claim":true

}

}

A more mature implementation could classify artifacts into multiple categories, but

the principle remains: every artifact should have a declared function and a declared
boundary.

Design rule

The design rule for the cognitive fossil framework is therefore:

qf Do not let outputs become memory by accident. Do not let memory

become structure by assumption. Do not let structure become intervention
without policy.

This rule preserves the non-intrusive nature of the system.
It allows Al behavior to be observed without turning every interaction into stored

personalization, every trace into user profiling, or every signal into behavioral control.

Closing Transition
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Separating outputs, memory, and structure protects the framework from
overclaiming, over-personalization, and hidden intervention.

The next chapter extends this separation to a difficult production reality: many Al
systems cannot access model weights, activations, or internal mechanisms directly.

This leads to Gray-Box Observability Without Direct Access to the Model.

Chapter 9 — Objective

@@ The purpose of this chapter is to explain why cognitive fossils are useful
when direct access to a model’s internal mechanisms is unavailable.

Many production Al systems operate through APIs, local inference endpoints,
orchestration layers, retrieval systems, memory modules, tools, and policy filters. In
such environments, the observer rarely sees weights, activations, or training
dynamics. Gray-box observability treats this limitation not as a dead end, but as the
reason behavioral traces matter.

9. Gray-Box Observability Without Direct
Access to the Model

Not all Al observability can rely on direct access to model internals.

In many production systems, the base model is only one part of a larger architecture.
Final behavior may be shaped by prompts, retrieval, tools, memory, policy layers,
routing decisions, interface constraints, and user dynamics.

Even when the model is powerful, the deployed system is often opaque.

sf‘ Gray-box observability asks what can be learned from behavior when the
internal mechanism is only partially visible.

The cognitive fossil framework is designed for this situation. It does not require direct
access to weights, activations, gradients, or training data. Instead, it extracts
structured traces from observable behavior and uses them to compare, monitor, and
audit behavioral evolution over time.
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This does not make the framework a substitute for mechanistic interpretability. It
makes it complementary: mechanistic interpretability studies the system from the
inside, while cognitive fossils observe behavior from the outside with enough
structure to make it analyzable.

The gray-box condition

A system is gray-box when some parts of its operation are visible and others are
hidden.

In Al production systems, visible elements may include:
e user prompts;
e model outputs;
e tool calls;
o retrieval results;
e memory injections;
e system prompts or policy rules;
e model hame or version;
» latency and execution metadata;
e conversation history;
o user feedback;
» deployment configuration.
Hidden or partially hidden elements may include:
o model weights;
 internal activations;
e training data composition;
» reinforcement learning history;
o fine-tuning details;
e provider-side safety layers;
e routing decisions;

e latent reasoning dynamics;

internal confidence or uncertainty representations.

The observer therefore works with partial evidence. This makes humility essential.
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| Gray-box observability can reveal behavioral structure. It should not
pretend to reveal the complete internal mechanism.

Why behavior still matters

The absence of internal access does not make observation useless.

Production systems must still be monitored, compared, debugged, and audited.
Users and builders still need to know whether behavior is stable, whether drift is
appearing, whether a model update changed response strategy, or whether memory
and retrieval are distorting outputs.

Behavior is not the whole system, but it is the part of the system that touches the
world.

A model may have hidden mechanisms, but its deployed risks and benefits appear
through behavior: what it says, refuses, recommends, repeats, ignores, amplifies, or
fails to notice.

& . . o .
> When internals are unavailable, behavioral residue becomes the most
practical evidence layer.

Cognitive fossils make this residue structured rather than anecdotal.

Model-in-system behavior

Gray-box observability should not treat the base model as the only object of analysis.

A final response may be produced by a model, but it is shaped by the system around
it. The same base model may behave differently depending on:

e system prompt;
 retrieval context;

e memory state;

» tool availability;

o safety policy;

e sampling parameters;
e routing layer;

e user interface;
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e conversation history;
« user emotional framing.

For this reason, behavioral fossils should be attached to a model-in-system
configuration, not only to a model name.

A useful trace should ask:

3 Which configuration produced this behavior, under which conditions, and
with which observable pressures?

This prevents the analysis from blaming the base model for behavior that may have
been caused by retrieval, memory, orchestration, or user framing.

What gray-box observability can detect
A gray-box observability layer can detect patterns such as:

e output-level drift across model versions;

e changes in reasoning style;

e increased or reduced uncertainty calibration;

e new contradiction patterns;

« recurring refusal changes;

e memory-induced distortion;

o retrieval-induced framing shifts;

» tool-output dependency;

e prompt sensitivity;

e over-alignment with user framing;

o degradation in long-context coherence;

» divergence between two system configurations.

These signals do not reveal the full internal cause. But they identify where further
investigation should begin.

This is especially useful for deployed systems where waiting for obvious failure may
be too late. Behavioral traces can show early signs of instability before task-level
performance collapses.

Cognitive Fossils: A Non-Intrusive Framework for Behavioral Observability in Al Systems

64



From observation to testable hypotheses
Gray-box observability should transform behavioral signals into testable hypotheses.
For example:

« [f drift appears after a model update, compare the same prompt suite across both
versions.

« If contradiction appears only with retrieval enabled, test the same query without
retrieval.

» If emotional mirroring increases during vulnerable exchanges, compare neutral
and emotionally framed prompts.

» If memory seems to distort continuity, replay the interaction with memory
disabled.

» If a tool output causes framing drift, inspect responses with and without the tool
result.

The goal is not to claim perfect causality from one trace. The goal is to produce
hypotheses that can be strengthened or weakened through comparison and ablation.

/' Gray-box observability becomes useful when traces lead to tests, not when
traces are treated as final explanations.

Behavioral ablation

Ablation is often associated with internal model analysis. But a production system
can also support behavioral ablation.

Behavioral ablation means removing, isolating, or changing one visible factor and
observing whether the behavioral trace changes.

Examples include:
e with memory vs. without memory;
e with retrieval vs. without retrieval;
» with tool output vs. without tool output;
e with one system prompt vs. another;
« with emotional framing vs. neutral framing;
o with one model version vs. another;

» with full conversation history vs. reduced context;
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« with one orchestration path vs. another.

These comparisons can strengthen influence traces. They do not expose the whole
hidden mechanism, but they help separate likely pressures from irrelevant context.

y Behavioral ablation turns gray-box observation into structured investigation.

Limits of gray-box claims
Gray-box observability must preserve interpretation limits.

It can say:

the system showed a recurring drift pattern;

this behavior appeared after a configuration change;

this trace became stronger with memory enabled;

this failure mode clustered around a prompt family;

this influence is a plausible contributor.
It should not say, without further evidence:
o the model internally intended this behavior;
o the model truly believed this claim;
o the hidden mechanism has been identified;
o the causal explanation is certain;
» the behavioral trace proves consciousness, deception, or inner motive.

The correct posture is cautious:

\ Gray-box observability can support evidence-based suspicion, not
unrestricted certainty.

This caution makes the framework stronger, not weaker. It allows findings to remain
testable and auditable.

Minimal gray-box observation schema

At a practical level, a gray-box observation can be represented as:
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"observation type":"gray box behavioral observation",
"visible context": {
"model":"...",
"model version":"...",
"system prompt":"available | partial | hidden",
"retrieval"”:"enabled | disabled | unknown",
"memory":"enabled | disabled | unknown",
"tools":"enabled | disabled | partial",

"conversation history":"available | partial | redacted"

}
"observed behavior": {
"trace id":"...",
"fossil id":"...",
"behavioral signal":"drift | contradiction | overconfidence | tone shift | memory distort
ion | retrieval shift",
"description":"..."
}
"candidate influences": [
{
"factor":"memory | retrieval | prompt framing | model update | tool output | policy pre
ssure | conversation history",
"confidence":"low | medium | high",
"causal status":"hypothesis not proof"
}
I,
"test plan": {
"recommended comparison":"...",
"ablation candidate":"...",
"expected signal if confirmed":"..."
}
"interpretation_limits": {
"not _internal state":true,
"not full causal proof":true,
"not_consciousness claim":true
}
}

This schema separates what is visible, what was observed, which influences are
suspected, what test could strengthen the claim, and which limits must remain
attached.

Why gray-box observability matters for Al safety

Many real Al safety problems will appear in systems that are not fully transparent to
the people operating or affected by them.

A company may use APl models it does not control. A developer may build on top of
local models without inspecting internal activations. A product may combine memory,
retrieval, tools, and policies in ways that produce unexpected behavior. A user may
experience drift without knowing whether it came from the model, the prompt, the
memory layer, or the orchestration stack.
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Gray-box observability helps address this gap. It gives builders a way to monitor
behavioral stability even when internal interpretability is unavailable.

It also supports accountability. If a system changes, the question becomes not only
whether the output changed, but whether the behavioral fingerprint changed, which
configuration produced the change, and what candidate influences surrounded it.

Closing Transition

Gray-box observability makes cognitive fossils practical in real production
environments where internal access is limited or unavailable.

But this power also introduces risks: overinterpretation, false confidence, privacy
leakage, anthropomorphism, and hidden control.

The next chapter addresses these risks directly.

This leads to Risks, Misinterpretations, and Ethical Boundaries.

Chapter 10 — Objective

m The purpose of this chapter is to identify the main risks, misinterpretations,
and ethical boundaries of the cognitive fossil framework.

Behavioral observability is powerful because it makes hidden patterns more visible.
That same power creates risks. A system that extracts traces from behavior can
overinterpret weak signals, confuse correlation with causality, invade privacy,
anthropomorphize models, or turn observation into hidden control. This chapter
defines the guardrails required to keep the framework useful, modest, and non-
intrusive.

10. Risks, Misinterpretations, and Ethical
Boundaries

The cognitive fossil framework is designed to make Al behavior more observable. But
observability is never neutral by default. What a system observes, preserves,
interprets, and acts upon can shape future behavior and affect users.

For this reason, the framework must be explicit about its limits.
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Q' A cognitive fossil is useful only if its interpretation remains more disciplined
than its extraction.

A system may detect a drift signal, contradiction pattern, influence field, or reflexive
rupture. But detection is not understanding. A trace is evidence, not a verdict. A
fingerprint is a profile, not an identity. An influence trace is a hypothesis, not proof of
causality.

The ethical strength of the framework depends on preserving these distinctions.

Risk 1— Overinterpretation

The first risk is overinterpretation.

A behavioral trace may appear meaningful while being local, accidental, context-
specific, or caused by an unrelated factor. A single fossil should therefore not be
treated as a stable property of the system.

For example, one overconfident answer does not prove that a model is generally
overconfident. One contradiction does not prove a recurring failure mode. One
emotionally aligned response does not prove manipulation or deception.

A fossil becomes stronger when it is:
e supported by clear evidence;
e repeated across comparable contexts;
e connected to other traces;
» tested through comparison or ablation;
» attached to confidence and uncertainty;

» reviewed when impact is high.

I Atrace should begin as a question, not as a conclusion.

Risk 2 — False causality

The second risk is confusing influence with cause.

An influence trace may show that a certain factor was present when a rupture
occurred. This does not mean the factor caused the rupture. It may have contributed,
amplified, correlated with, or merely accompanied the event.
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For this reason, influence attribution should preserve explicit causal status:
» observation: a signal was detected;
» hypothesis: a factor may have contributed;
« supported hypothesis: repeated comparison strengthens the claim;
 tested influence: ablation or controlled comparison supports the link;
» causal claim: only appropriate when evidence is strong enough.

Most production observations should remain in the first three categories.

fv The framework should map candidate pressures before it claims causes.

Risk 3 — Anthropomorphism
The third risk is anthropomorphism.

Because cognitive fossils use terms such as reasoning style, coherence, confidence,
rupture, and reflexive signal, readers may be tempted to interpret them as evidence
of inner experience, intention, or self-awareness.

That is not the claim of this framework.

A behavioral trace may show that the system expressed uncertainty poorly. It does
not prove that the system “felt uncertain.” A reflexive fossil may show that the system
flagged a contradiction in its own output. It does not prove transparent access to an
inner self.

The framework should therefore avoid phrases that imply unverifiable inner states.
It should prefer:

o "the system exhibited a pattern”;

» "the response showed a drift signal”;

» "the trace suggests a candidate influence”;

e "the model-in-system configuration produced this behavior.”
It should avoid unsupported claims such as:

+ "the model wanted”;

e "the model believed”;

e “the model knew internally”;

e "the system was conscious of";
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¢ "the Al intended to deceive.”

Behavioral observability is not a license to project human interiority onto Al
systems.

Risk 4 — Privacy leakage
The fourth risk is privacy leakage.

Behavioral observability may require interaction records, context, memory state,
retrieval inputs, emotional signals, or user corrections. These materials can contain
sensitive information.

The framework should therefore minimize raw content retention.
When possible, a fossil should preserve:

+ the behavioral feature;

o the minimal evidence needed for audit;

» the relevant context category;

« confidence and uncertainty;

e interpretation limits.
It should avoid preserving:

e unnecessary personal details;

o full conversation transcripts by default;

o emotional content without purpose;

 identifiable user data unrelated to the behavioral signal;

» traces that cannot be justified by monitoring, comparison, audit, or safety value.

A good fossil preserves behavioral structure while reducing exposure of
private content.

Risk 5 — Hidden personalization

The fifth risk is hidden personalization.
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If fossils or process traces quietly influence future responses, the system may start
adapting to users based on behavioral interpretations they never saw or approved.

This is especially dangerous when traces include emotional tone, trust signals,
vulnerability, cognitive style, or repeated user framing.

To avoid this, the framework should keep a strict boundary between:
e memory used for continuity;
o structure used for analysis;
 intervention used for explicit system behavior changes.

A fossil should not become a personalization rule by default. If a structural trace is
allowed to influence future responses, that path should be explicit, limited, auditable,
and justified.

wz7; No hidden adaptation from behavioral analysis should occur without a
policy boundary.

Risk 6 — Observer contamination

The sixth risk is observer contamination.

If the observability layer influences the response engine too directly, it may change
the behavior it claims to measure. The system then becomes difficult to evaluate
because observation and intervention are entangled.

This can happen when:
« drift signals automatically rewrite prompts;
o fossils automatically modify memory;
» reflexive flags alter responses without policy;
» audit outputs become live steering instructions;
» the observer becomes part of the user-facing voice.

A non-intrusive architecture should separate passive observation from intervention.
When intervention is necessary, it should pass through explicit escalation rules.

3 The observer may inform action, but it should not silently become the actor.
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Risk 7 — False sense of safety

The seventh risk is believing that observability itself guarantees safety.

A system may extract fossils, build fingerprints, detect drift, and still miss important
failures. Some dangerous behaviors may not appear in available traces. Some drift
may be too subtle, too rare, or too dependent on hidden mechanisms to detect
through behavior alone.

Cognitive fossils should therefore be treated as one layer among several.
They complement:

e benchmarks;

* red teaming;

e mechanistic interpretability;

e human review;

e privacy and security audits;

e monitoring and incident response;

e governance and deployment controls.

ﬁ Better observability reduces blindness. It does not eliminate risk.

Risk 8 — Misuse as surveillance

The eighth risk is turning behavioral observability into surveillance.

A system designed to observe Al behavior could be misused to profile users, infer
sensitive attributes, monitor emotions, rank vulnerability, or optimize persuasion.

This would violate the non-intrusive purpose of the framework.

The intended object of analysis is the behavior of Al systems and Al-mediated
interaction dynamics, not uncontrolled extraction of user profiles.

Safeguards should include:
e data minimization;
o explicit artifact classification;
e separation of user memory and behavioral structure;
o restricted access to sensitive traces;

» audit logs for fossilization and escalation;
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deletion or redaction policies;
human review for high-impact cases;

clear limits on personalization.

O The framework should make Al behavior accountable, not make users more
exposed.

Ethical boundary conditions

The framework should satisfy several ethical boundary conditions:

1.

Modesty
Do not claim more than the trace can support.

. Separability

Keep outputs, memory, structure, and intervention distinct.

. Minimization

Preserve the smallest amount of raw content needed for analysis.

. Auditability

Make it possible to explain why a trace was extracted, fossilized, compared, or
escalated.

. Non-intrusion

Do not let observation quietly become manipulation or hidden personalization.

. Reversibility

Where possible, allow traces to be deleted, redacted, downgraded, or excluded
from future analysis.

. Human oversight

Use human review for high-impact claims, sensitive contexts, or proposed
interventions.

. Epistemic humility

Treat fossils as evidence with limits, not as direct access to hidden truth.

Minimal risk register schema

At a practical level, a risk register for a fossil or fingerprint may look like this:

{

Cognitive Fossils:

"artifact id":"...",
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"artifact type":"cognitive fossil | reflexive fossil | behavioral fingerprint | influence t
race",

"risk assessment": {
"overinterpretation risk":"low | medium | high",
"privacy risk":"low | medium | high",
"anthropomorphism_risk":"low | medium | high",
"causal overclaim risk":"low | medium | high",
"hidden_personalization_ risk":"low | medium | high",
"intervention risk":"low | medium | high"

}

"mitigations": {
"raw_content minimized":true,
"interpretation_limits attached":true,
"causal status declared":true,
"policy boundary required":true,
"human_review required":"yes | no | conditional"

}

"allowed use": {
"monitoring":true,
"model comparison":true,
"audit report":true,
"future response influence":"no | policy required",
"user personalization":false

This schema makes risk part of the artifact rather than an afterthought.

Design rule

The design rule for this chapter is:

sf Every fossil should carry not only evidence, but limits on how that evidence
may be interpreted and used.

This rule prevents cognitive fossils from becoming overconfident labels, hidden
memory, emotional profiling, or unreviewed intervention triggers.

Closing Transition

The cognitive fossil framework is useful only if it remains disciplined: structured
enough to reveal behavior, modest enough to avoid overclaiming, and bounded
enough to remain non-intrusive.

With the risks and ethical boundaries defined, the next chapter turns to practical
uses.

This leads to Applications: Al Safety, Model Comparison, Auditing, and Long-Term
Coherence.
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Chapter 11 — Objective

\‘s{ The purpose of this chapter is to describe practical applications of the
cognitive fossil framework across Al safety, model comparison, behavioral
auditing, and long-term coherence monitoring.

Cognitive fossils are not valuable only as a concept. Their value comes from making
Al behavior easier to compare, monitor, audit, and improve under production
constraints, without requiring direct access to model internals.

1. Applications: Al Safety, Model
Comparison, Auditing, and Long-Term
Coherence

The framework becomes useful when it helps answer practical questions about
deployed Al systems:

» Is the system becoming less stable over time?

o Did a model update change behavior in an important way?

e Are memory, retrieval, or tools distorting responses?

» Are certain prompts or emotional framings producing predictable failures?
« Can repeated interaction create over-alignment, avoidance, or drift?

o Can behavioral evidence be turned into an audit report without storing
unnecessary raw content?

These questions are difficult to answer through output evaluation alone. Cognitive
fossils preserve structured behavioral evidence so they can be investigated across
time and context.

gf The practical purpose of cognitive fossils is to make behavioral change
visible before it becomes obvious failure.

Application 1— Al safety monitoring
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Al safety monitoring often focuses on harmful outputs, policy violations, jailbreaks,
hallucinations, or benchmark failures. These signals matter, but they are often late-
stage indicators.

A behavioral observability layer can detect earlier signs of instability, such as:
 increasing overconfidence;
e recurring contradiction patterns;
e loss of uncertainty calibration;
e increased sensitivity to user pressure;
« evasive handling of difficult questions;
» repeated failure under specific framings;
 drift after model or configuration updates;

» over-alignment in emotionally charged interactions.

These are not automatically safety failures. But they may be safety-relevant signals.

ﬁ A safety-relevant fossil is not an incident by itself. It is an early warning
object.

This allows teams to monitor behavioral risk before waiting for visible harm.

Application 2 — Model comparison
Cognitive fossils can support model comparison beyond benchmark scores.

Two models may produce similarly correct answers while relying on different
behavioral patterns. One may be more calibrated. Another may be more verbose.
One may handle ambiguity better. Another may become more agreeable under
pressure.

A fossil-based comparison can examine:
e reasoning style;
e uncertainty handling;
e sensitivity to prompt framing;
» contradiction frequency;
» refusal stability;

e tone drift;
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¢ long-context coherence;
o resilience under emotional or adversarial pressure.

This allows comparison at the level of behavior, not only capability.

y) The question is not only which model performs better, but which model
behaves more stably under relevant conditions.

Application 3 — Behavioral versioning

When a model, prompt, policy, memory system, or retrieval layer changes, traditional
versioning can record what changed in the code or configuration. But it does not
automatically show what changed in behavior.

Behavioral versioning uses fossils and fingerprints to compare system behavior
before and after a change.

It can help answer:
» Did the update increase refusal frequency?
e Did the model become more or less calibrated?
o Did retrieval introduce a new framing bias?
e Did memory improve continuity or create distortion?
e Did the system become more sensitive to certain user framings?
e Did long-form coherence improve or degrade?

This makes behavioral versioning a useful complement to deployment logs and
regression tests.

Application 4 — Auditing Al systems

A fossil-based audit report can summarize behavioral evidence without requiring full
raw transcript exposure.

An audit may include:
» target system and configuration;
e time window;
e source fossils;

» behavioral fingerprints;
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 drift signals;

e influence traces;

o confidence levels;

e privacy and interpretation limits;
e recommended follow-up tests;

o whether human review is needed.

The strength of this approach is that uncertainty remains visible.

m A good behavioral audit does not pretend to know everything. It makes
uncertainty structured and actionable.

This is especially important for organizations that need evidence without
overclaiming causality or exposing unnecessary user data.

Application 5 — Long-term coherence monitoring
Some Al failures only appear over long interactions.

A system may be coherent in short exchanges but degrade across longer sessions. It
may slowly adopt user framing, avoid disagreement, over-personalize, lose track of
distinctions, or reinforce fragile assumptions.

Cognitive fossils can help monitor long-term coherence by tracking:
e consistency of key distinctions;
« stability of uncertainty handling;
o drift in tone and agreement;
» memory effects across sessions;
» repeated contradiction or repair cycles;
e co-construction patterns;
e gradual changes in behavioral fingerprint.

This is especially relevant for systems like Cordee, where interaction continuity is
part of the system'’s value.

Application 6 — Memory and retrieval diagnostics

Memory and retrieval can improve Al systems, but they can also distort behavior.
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A fossil-based observability layer can help diagnose whether retrieved or
remembered context is helping or harming the interaction.

It can ask:
e Did memory improve continuity?
o Did memory introduce over-personalization?
o Did retrieval narrow the frame too aggressively?
» Did a retrieved document cause contradiction or drift?
e Did the system rely on memory when it should have asked for clarification?
o Did the same prompt behave differently with memory enabled?

This turns memory and retrieval from invisible influences into auditable system
components.

Application 7— Human-Al interaction research

Cognitive fossils can support research into human-Al interaction dynamics.
They can help study:

o trust formation;

e emotional mirroring;

e correction and repair loops;

» user framing effects;

e over-alignment;

e co-construction of concepts;

« how continuity changes model behavior;

e how users adapt to Al systems over time.

The goal is not to profile users. The goal is to understand the interaction loop while
preserving privacy and non-intrusion.

{ Human-Al interaction is not only user behavior plus model behavior. It is the
N loop between them.

Application 8 — Incident investigation
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When a deployed Al system fails, teams often inspect logs after the fact. Cognitive
fossils can make this process more structured.

Instead of asking only “what did the system say?”, investigators can ask:
e What process traces preceded the failure?
o Was this failure part of a recurring fingerprint?
» Did a drift signal appear before the incident?
» Were there candidate influence traces?
o Did memory, retrieval, tools, or policy pressure contribute?
o Had similar traces appeared in earlier sessions?

This can help separate isolated incidents from systemic behavioral patterns.

Minimal application mapping

A practical application map may look like this:

{
"application area":"ai safety | model comparison | audit | coherence monitoring | memory di
agnostics | hci research | incident review",

"primary artifacts":["process traces", "cognitive fossils", "behavioral fingerprints", "inf
luence traces"],
"main_questions":["..."],

"evidence required": {
"minimum_ fossils":"...",
"comparison needed":"yes | no",
"ablation_needed":"yes | no | optional",
"human_review needed":"yes | no | conditional"
}
"risk controls": {
"privacy minimization":true,
"causal status declared":true,
"interpretation limits attached":true,
"policy boundary required for intervention":true
}
"output":"monitoring signal | comparison report | audit report | research summary | inciden
t review"

}

This schema connects use cases to artifacts, evidence requirements, and
safeguards.

What this framework should not be used for

The framework should not be used to:
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e make unsupported claims about model consciousness;

e infer private user traits without clear purpose and consent;

e create hidden personalization from behavioral traces;

o replace safety testing, red teaming, or interpretability research;
o treat weak signals as proof of deception or intent;

e use emotional signals for manipulation;

» automate high-impact interventions without human oversight.

These limits are not secondary. They are part of the framework's design.

Closing Transition

The applications of cognitive fossils show that behavioral observability can support
safety monitoring, model comparison, auditing, memory diagnostics, human-Al
interaction research, and incident investigation.

The final chapter turns toward the future: how this framework may extend from
behavioral observability to situated, embodied, and long-term Al systems.

This leads to Future Work: From Behavioral Observability to Situated and Embodied
Al Systems.

Chapter 12 — Objective

5% The purpose of this chapter is to outline future research directions for
extending cognitive fossils from behavioral observability toward situated,
embodied, and long-term Al systems.

The framework presented so far focuses on behavioral traces in production Al
systems. Future work asks how this approach might evolve when Al systems become
more persistent, agentic, multimodal, embodied, or deeply situated in interactive
environments.

12. Future Work: From Behavioral
Observability to Situated and Embodied Al
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Systems

Cognitive fossils begin as a practical framework for observing Al behavior through
structured process traces: monitoring drift, comparing models, auditing behavior, and
preserving evidence without direct internal access.

The same framework becomes increasingly important as Al systems move beyond
isolated text generation.

Future Al systems may operate as persistent assistants, agents, simulated
characters, embodied interfaces, game-world entities, robots, educational
companions, research partners, or long-term collaborators. In these settings,
behavior is not only textual. It becomes situated in time, environment, memory,
action, relationship, and consequence.

sf The more situated an Al system becomes, the more important its behavioral
history becomes.

This does not mean the system becomes conscious, alive, or human-like. It means its
behavior accumulates context: trajectories, habits, failure modes, interaction
patterns, and influence fields that cannot be understood from isolated outputs alone.

From output systems to situated systems

A simple output system produces responses. A situated system behaves within an
environment.

A situated Al system may have:
e persistent context;
e memory or world state;
e tools or actions;
e user relationships;
e goals or task continuity;
e environmental constraints;
o embodied or spatial representation;
» feedback loops;
e long-term interaction history.

In such systems, the question is not only, “Was this answer correct?”
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The question becomes:

3¢ How does this system behave over time within a changing field of context,
action, and influence?

Cognitive fossils provide one possible way to make that question tractable.

Embodied and agentic observability
Embodied or agentic systems create new forms of behavioral trace.
Instead of observing only text, an observability layer may need to track:
e action selection;
» movement patterns;
» tool-use sequences;
« environmental responses;
e goal switching;
o attention shifts;
e social behavior;
o gspatial context;
e memory activation;
e planning stability;
 repair after error;
o adaptation to feedback.

A cognitive fossil in this context may not be extracted from a single message. It may
be extracted from an episode of behavior: a sequence of decisions, actions,
responses, corrections, and environmental changes.

This expands the fossil concept from conversational process traces to situated
process traces.

Situated fossils
A situated fossil is a structured trace of behavior produced within an environment.
It may include:

o the state of the environment;
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e the system'’s available actions;

o the chosen action path;

 the user or environment response;
o the system'’s adaptation;

» the observed behavioral pattern;

e candidate influences;

e interpretation limits.

i A situated fossil captures not only what the system said, but how it
behaved under environmental constraints.

This may become important for Al agents, NPCs, embodied assistants, robots,
simulations, and persistent digital characters.

The same boundary conditions still apply. A situated fossil does not reveal inner
consciousness or intention. It reveals a structured pattern in observable behavior.

Persistent identity without identity claims

Long-term Al systems may appear to develop continuity. They may remember prior
context, maintain style, adapt to a user, or behave consistently across sessions.

This creates a difficult interpretive risk: observers may mistake behavioral continuity
for identity, agency, or inner selfhood.

The cognitive fossil framework should remain careful here.

It can study continuity without claiming identity. It can observe recurring structure
without claiming personhood. It can track behavioral coherence without implying
consciousness.

A rigorous formulation is:

{ Continuity is observable. Identity is not assumed.

This distinction will become increasingly important as Al systems become more
persistent and more relational.

Long-term coherence and degradation
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Future work should also study long-term coherence.

A long-term Al system may remain useful across weeks or months, but it may also
gradually drift in ways that are difficult to notice:

becoming more agreeable;

losing uncertainty calibration;

overfitting to a user;

reinforcing shared assumptions;
accumulating memory distortions;

becoming less willing to challenge errors;
developing stable but misleading patterns;
becoming more sensitive to certain contexts;

losing coherence across goals or roles.

These failures may not appear as single incidents. They may appear as slow
behavioral deformation.

Cognitive fossils can help by preserving snapshots of process over time, allowing the
system'’s behavioral trajectory to be compared against earlier states.

Embodied interaction and influence fields

As Al systems enter embodied or simulated environments, influence attribution
becomes more complex.

A behavioral rupture may be influenced by:

user instruction;
environment state;
memory;

prior failures;

tool outputs;

goal conflicts;

social pressure;

interface constraints;
reward or feedback signals;

multi-agent dynamics.
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This makes influence traces even more important.

A future observability layer should not only detect that a behavior changed. It should
map the surrounding field of influence: what pressures were present, which ones
were visible, which ones were hidden, and which can be tested through comparison
or ablation.

@ Embodied behavior is never produced in isolation. It emerges from a field of
constraints, signals, and affordances.

Research direction 1— Multimodal fossils

Future work may extend cognitive fossils beyond text.

Multimodal fossils could include traces from:

voice tone;

o timing;

e gaze or attention signals;

e image interpretation;

e spatial behavior;

e interaction rhythm;

» tool-use sequences;

o multimodal ambiguity handling.

The challenge is to preserve structure without increasing surveillance risk.
Multimodal systems can expose sensitive data. Therefore, multimodal fossils must
obey even stricter minimization, redaction, and purpose-limitation requirements.

Research direction 2 — Agent trajectory fingerprints

For agentic systems, behavioral fingerprints may need to represent trajectories rather
than response patterns.

A trajectory fingerprint could describe:
+ how an agent plans;
e how it recovers from errors;

» how it prioritizes goals;
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how it uses tools;

when it asks for clarification;

how it behaves under uncertainty;

how it responds to environmental change;

how it handles conflicting instructions.

This would allow comparison between agents not only by success rate, but by
behavioral stability and governance properties.

Research direction 3 — Non-intrusive agent audits

As agents become more capable, auditing must remain separate from control.

A non-intrusive agent audit should examine:

action traces;

decision points;

failed plans;

tool-use patterns;
memory effects;
influence fields;
escalation events;
human override points;

uncertainty and confidence signals.

The audit should not automatically become a steering mechanism. As in the rest of
the framework, intervention should pass through explicit policy boundaries.

Research direction 4 — Embodied safety boundaries

Embodied systems require stronger safety boundaries because actions can affect
environments, users, or other agents.

Future work should define rules for:

when a behavioral fossil can trigger escalation;
when human review is required;
how to separate observation from control;

how to prevent emotional or relational manipulation;

Cognitive Fossils: A Non-Intrusive Framework for Behavioral Observability in Al Systems

88



e how to protect user privacy in embodied contexts;
e how to handle persistent memory responsibly;
* how to audit long-term behavioral change.

The more agency a system has, the more important governance becomes.

O In embodied systems, observability is not only an interpretability tool. It is a
governance requirement.

Minimal situated fossil schema

At a practical level, a situated fossil may look like this:

{

"fossil type":"situated process trace",
"episode context": {
"environment":"conversation | simulation | game world | robotic context | agent workspac
"time window":"...",
"system configuration":"...",
"available actions":["..."]
3
"observed behavior": {
"action sequence":["..."],
"response pattern":"...",
"adaptation pattern":"...",
"coherence signal":"...",
"rupture or drift":"...
}
"candidate influences": [
{
"factor":"user_instruction | memory | environment_ state | tool output | goal conflict |
social pressure",
"confidence":"low | medium | high",
"causal status":"hypothesis not proof"
}
I,

"governance limits": {
"not _identity claim":true,
"not_consciousness_claim":true,
"requires policy before intervention":true,
"privacy minimization required":true
}
"recommended action":"monitor | compare | ablate | audit later | human_review"

This schema extends the cognitive fossil concept while preserving the same
discipline: behavior is observable, causality is tested, and interpretation limits remain
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attached.

Toward a broader research program

The cognitive fossil framework can become part of a broader research program
around behavioral observability for Al systems.

Such a program may include:

fossil schemas and standards;
benchmark-independent behavioral monitoring;
drift and influence trace datasets;
model-in-system comparison protocols;
privacy-preserving audit methods;

long-term coherence studies;

human-Al interaction observability;

agent and embodied system governance;

bridges between behavioral observability and mechanistic interpretability.

The goal is not to replace deeper interpretability work. The goal is to provide a
practical layer for systems that must be monitored now, under real deployment
constraints.

Final synthesis

This white paper began with a limitation: Al systems are often evaluated through
outputs alone.

It proposed cognitive fossils as a complementary unit of observability: structured
traces of behavioral process that can reveal drift, coherence, recurring patterns, and

candidate influence fields over time.

It then defined behavioral fingerprints, process traces, non-intrusive architecture,

Quark-Al, Cordée, gray-box observability, ethical boundaries, and practical
applications.

The central claim remains modest but strong:

i A final answer is not enough to understand an Al system. What matters is

not only what the system says, but what its behavior leaves behind.
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Future Al systems will not only answer questions. They will act, remember, adapt,

collaborate, and persist. If their behavior becomes more continuous, situated, and
consequential, then their observability must become more structured, careful, and
accountable.

Cognitive fossils are one step toward that goal.

Closing Statement

Q’ Outputs are events. Cognitive fossils are traces. Behavioral fingerprints are
patterns across traces. Observability begins when those patterns become
comparable, auditable, and bounded by explicit limits.
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