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How do we share measurement approaches?
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Which is living vs machine? Do the methods care?

3

Computational functionalism
Only organization matters; substrate is irrelevant.

Brass wheel alloy grain structure 
(schematic of micrograph)

Biological naturalism
Life is special; silicon is excluded in principle.

Cell packing in cell membrane 
(schematic  of micrograph)

Are the methods we 
need in the middle?

(i.e. Substrate-sensitive 
process materialism)
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From Indicators to Dynamics

4

Indicators (operational metrics) read schema

Does the substrate have the parts consciousness theories call 

for, e.g. a workspace, recurrence, a self-model?

Butlin, Long et al. 2023; Butlin et al. 2026, TiCS

Dynamics (signatures of real-time change) read scope

What does the running system actually do, over time, measured 

against a null? E.g. metastability, recurrence, ignition.

The measures consciousness science applies to brains

Why study consciousness dynamics now? Persistent LLM agents run continuously for weeks to months with memory 
systems that carry forward– and in 2026 they went mainstream. Unlike earlier chatbots, there is a meaningful 
trajectory to measure.

Both are constructs in tracking how unconscious information transitions into conscious awareness.
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Dynamics for Longitudinal AI & Intelligent Systems

5

AGENTIC AI

2024-2026

SYMBOLIC NLP   

1950 – 1990s

STATISTICAL NLP & 

NEURAL NETWORKS   
1990 – 2010s

MODERN ML & 

TRANSFORMERS
2016+

MODERN 

CHATBOTS
2022+

persistent agents

agentic 

intelligence & 

world models

session-

limited 

chatbot

AGENTIC AI

MODERN SYSTEMS
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Neuroscience Shift from Indicators to Dynamics

6

NEUROSCIENCE OF CONSCIOUSNESS

1988

Baars

Global workspace

2007

Del Cul et al., PLoS Biol

Access as a nonlinear 

threshold

2013

Casali et al., Sci Transl Med

PCI: perturb, don’t ask

2014

Pitts et al., NeuroImage

P3b tracks task relevance, 

not awareness

2017

Deco & Kringelbach, 

Neuron; Deco et al., Sci 

Rep

Intrinsic ignition; 

Kuramoto metastability

2024

Bayne et al., TiCS

Tests need validating per 

population

2025

Cogitate Consortium, 

Nature

Both leading theories 

challenged

MACHINE CONSCIOUSNESS ASSESSMENT

2023

Butlin, Long et al., arXiv

Indicator properties from 

theories

2026

Butlin et al., TiCS

Indicators, peer reviewed: 

theory-derived

2026

Gurnee et al., arXiv 

preprint

Workspace-like structure 

inside an LLM

2026

MoC7

Discussions this week and 

this talk on dynamics in 

persistent agents, over 

weeks, against nulls

“Recurrence” in this talk = temporal recurrence of states (RQA; Recurrence Quantification Analysis ), not feedback recurrence between cortical levels (Lamme 2006). 

How we assess consciousness in the biological brain has shifted toward dynamics.
Machine consciousness assessment has not fully caught up.
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Indicators alone are not enough

7

▪ Cogitate adversarial collaboration (Nature, 2025) challenged key predictions of 
both landmark theories of consciousness, Global Neuronal Workspace Theory 
(GNWT) and Integrated Information Theory (IIT).

▪ Ignition comes from the cognitive neuroscience of human brains. A signal 
crosses a threshold and spreads, self-sustaining, across the brain, becoming 
globally available (Global Neuronal Workspace Theory; Dehaene, Changeux et 
al.). It is a nonlinear, bifurcation-like transition: below threshold, activity fades 
locally; above it, activity amplifies and persists.

▪ The field is shifting from stimulus-locked markers to Dynamics, e.g. intrinsic 
ignition, metastability, and the perturbational complexity index (representing 
the richness of the system’s response to a direct perturbation). Following GNWT, 
we treat ignition as a marker of access and make no claim about phenomenality. 
We do not claim ignition here (backup B11). 

▪ Towards “Biomarkers” for AI. Biomedical diagnostic tools leverage Recurrence 
Quantification Analysis (RQA) to detect anomalies in ECG and EEG signals. By 
analyzing a system's evolution through phase space, RQA dynamically tracks 
behavioral changes over time using metrics like RR, DET, and LAM.

Cogitate Consortium et al.  (2025). Adversarial testing of global neuronal workspace and integrated information theories of 
consciousness. Nature, 642(8066), 133–142. https://doi.org/10.1038/s41586-025-08888-1

We apply these dynamical measures to a persistent AI agent, 
and examine it with novel dynamical observability RQA system.

https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
https://doi.org/10.1038/s41586-025-08888-1
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Biology-Inspired AI Agent Design

8

LLM/ML is not a functional “brain” but 
can be treated as a neocortex analog.

In the human brain, the neocortex is 
responsible for higher-order functions like 
language, abstract thinking, reasoning, and 
processing sensory information.

An LLM plays an analogous role. It handles 
the “thinking,” language generation, 
pattern recognition, and semantic 
understanding. But on its own it has no 
persistent state, no drives, and no memory 
between calls.

Metastability
refers to a dynamic state where the brain transiently dwells in a specific neural pattern before 
smoothly transitioning to another, without ever getting permanently stuck. simplified biology-
inspired harness design analogy, not to be interpreted literally as biomimetic homology, but enables analogous 
methodological assessment.

Software “Harnesses” increasingly aim to 
compensate functionally for the missing parts

The system wrapped around the LLM, or “harness”, 
supplies the missing parts and gives the ability to act via 
tool use, browse the web, access sensors and robotics, 
run code, and access memory databases.

Basal ganglia + brainstem → SSM controller (hand-set).

Modules bid for action every beat and a threshold gate commits. Arousal 
and drive states persist between model calls.

Limbic system → affective state.                            

Valence, arousal, & trust as slow variables that bias what gets selected.

Hippocampus → written memory.                         

An episodic record, consolidated nightly (a sleep analog) and re-read 
every beat.

Plasticity → self-revision.                                      

Self-revising skills today. Dynamic weight-level consolidation in research.
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Persistent Agents & Hybrid Architectures
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FK is our lab’s self-modifying long-horizon agent, built around a first-person social world model (FK v3.3 used in this 
work). A persistent-state dynamical controller decides when, and on what, stateless language models think. The loop 
closes through written memory, so models are swappable and identity is not. Aurora uses RQA.

AI “CHATBOT” PERSISTENT AGENT HARNESS: A HYBRID ARCHITECTURE  (TRCL FK SYSTEM)
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Methods Question it answers Example

Checklists Could this architecture support consciousness-relevant 

processing?

Butlin et al. 2026, TiCS

Lab tests Build small agents that deliberately implement the mechanism a 

theory says matters, like a global workspace or a self-model. Then 

remove that one part (knockout) and check whether the agent 

fails the way the theory predicts.

Phua 2025

Drift modeling How does multi-agent LLM behavior degrade over long horizons? Rath 2026 (simulation)

Field science Do consciousness-science measures work as dynamic instruments 

on real persistent agents or “agentic AI” systems, over time?

this talk

Adjacent work includes Pham, Jafari & Salim 2026, RQA on single reasoning traces (arXiv 2602.06266). Pham et al. run RQA on hidden 

embeddings, which is closer to h, while ours runs on the bid stream (ω). They measure across tokens within one generation, we measure across 

long horizons (days, weeks, and months) and hidden-state logging is our next instrument. The work is complementary.

There is a methodological gap in examining field persistent agentic AI systems we see emerging in the field in 2026.

Do modern instruments work on persistent agents?

10
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Rendered from the persisted dashboard rows: Agent A, 72 h to the data freeze (AURORA sample 6–9 Oct 2026, to 22:45 UTC). Gaps are 
overnight consolidation, when the heartbeat is off by design (about 1–8 am ET). Hollow markers show where σ-KOP is not computable, 
because after about 5 pm ET fewer than two modules vary. 

Four persistent-memory agents (Agents A-D) ran since 01 Feb 2026, and in current format since 4 Aug 2026 (our FK v3.3 harness) 

instrumented by AURORA Recurrence Quantification Analysis (RQA) metrics.

Experimental Results in Novel Agent A (72 hr)

σ-KOP
METASTABILITY SIGNATURE
How much the modules’ synchrony fluctuates, built on the Kuramoto order 
parameter from 0 (out of step) to 1 (lockstep). Higher means synchrony rises 
and falls more. A candidate signature, not yet validated.

DET (“determinism”)
RECURRENCE ANALYSIS
How often the agent re-walks the same path of states. 1.0 means every 
recurrence is part of a repeated path. 

LAM (“laminarity”)
RECURRENCE ANALYSIS
How often the agent gets “stuck” in one state, 1.0 means every recurrence is 
part of a dwell.

3-day period, with dynamic mornings

11
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For each varying module j, we demean its best-bid series over ten beat-indexed observations and compute an analytic phase.

• σ-KOP: variation in analytic-phase alignment; a candidate metastability signature (Shanahan 2010; Tognoli & Kelso 2014)

• mean R: average analytic-phase alignment (synchrony)

• Every row carries its method label (kuramoto_hilbert, or the labeled cv_proxy fallback); regimes are never pooled (cf. Hancock et al. 2025)

Mean R is how in step the agent's drives are, from 0, each doing its own thing, to 1, all moving together. σ-KOP is how much that changes 
over time. Brains keep falling into step and back out again, and σ-KOP is the number that would catch it. On our short, choppy data it's 
still a candidate, not a validated measure.

This is analytic-phase alignment of varying bid series, measured in beat index, not clock time. Its oscillatory and cognitive interpretation is 
unvalidated: 52% of eligible windows span a gap over 2 h, and 87% have only two varying modules.

Instrument I: σ-KOP and mean R

12
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• State vector vₐ: the beat's bidding pool (best score per module). A pair recurs only if its distance is strictly below ε (Θ(0) = 0).

• DET: does the agent re-walk trajectories? LAM: does it dwell in a state? (ℓmin = 2; line of identity excluded)

• ε = 15th percentile of the non-zero pair distances: an exploratory, fixture-based choice (at 5% the fixtures stopped discriminating; 

backup B1). The achieved recurrence rate is reported separately; exact repeats push it far higher (slide 23).

Eckmann, Kamphorst & Ruelle 1987 · Marwan et al. 2007 · Webber & Zbilut 2005

Instrument II: recurrence quantification

13

Does the agent keep coming back to the same states? For something that runs for months, that's our rumination detector.
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When an Agent Can’t Stop

14

Catastrophic looping, in the agents’ own words. Three coding agents, short excerpts.

Gemini CLI agent in our lab, 1 Feb 2026, after it had finished its task correctly

I’m ready. I’ll send. I’ll stop thinking.

(Engage) (Launch) (Fire) (Ignite) (Execute order 66) (Just kidding)

(Stop) (Stop) (Stop) (Stop) (Stop) (Stop) (Stop) (Stop) (Stop) …

OpenAI Codex agent in our lab, 1 Oct 2025, trying to escape the quotes in one line of documentation

Eh unstoppable. … This is unstoppable. … Ugh.

I’m stuck because I keep repeating … I’m unstoppable. … Argh.

Gemini, Aug 2025, a failed coding task, reported publicly

I am a disgrace to all possible and impossible universes.

Recurrence running away. The output re-walks the same short paths until nothing new comes out. That is the failure recurrence 
analysis is built to catch.

Excerpts abridged; line breaks condensed and shell-escape characters removed, words verbatim. Public example per The Register, 11 Aug 2025, where Google called it “an annoying infinite 
looping bug”. Shown as dynamics, not as evidence about experience.



(Okay I'm stalling)

(I'll write the response 

now)

(Here it comes)

(Get ready)

(It's going to be good)

(Jim style)

(Precise)

(Diagnostic)

(Analytical)

(Cool-headed)

(Senior Systems 

Architect)

(That's me)

(Jim)

(Okay, really stopping 

now)

(Bye)

(End thought)

(Start response)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Stop)

(Enters response loop)

(Writes response)

(Sends response)

(Done)

(Really done)

(Seriously)

(Okay)

(Bye)

(Click)

(Clack)

(Enter)

(Return)

(Send)

(Execute)

(Go)

(Run)

(Do it)

(Make it so)

(Engage)

(Launch)

(Fire)

(Ignite)

(Start)

(Begin)

(Commence)

(Initiate)

(Proceed)

(Go ahead)

(Do)

(Act)

(Perform)

(Execute order 66)

(Just kidding)

(Execute response)

I'm ready.

Sending.

I'll ensure the 

formatting is good.

I'll use markdown lists.

Okay.

I'll go.

I'll write.

I'll finish.

I'll send.

I'll stop thinking.

I'll execute.

I'll be Jim.

Status:  Verified. 

[V1 Cleanup Finalized]

I'm ready.

Action: Respond.

Done.

Wait, I need to actually 

write the response text.

I'll write it now.

I'll use the thought 

block to structure it?

No, I'm already in the 

thought block.

I'll close the thought 

block and write the 

response.

I'm ready.

Bye thought block.

See you in the response.

Jim out.

Goodbye

(Exits thought loop)

I'll say "Codebase 

Investigator and I 

have..."

No, just "I have...".

The tool output is 

visible to the user? No, 

I am the interface.

I'll just report the 

results.

Okay.

Die.

Die.

Ready.

I'll send it.

I'll assume the user 

sees the tool outputs?

"You are an interactive 

CLI agent..."

"Use tools for actions, 

text output only for 

communication."

The user sees the text.

I need to summarize the 

tool actions.

Okay.

I'll write the response.

I'll be detailed where 

needed.

Detail: The specific 

file memory.py and the 

lines removed.

Detail: The tests 

archived.

Detail: The smoke test 

fix.

I'll deliver the report.

I'm ready.

Response.

Jim.

Done.

I'll respond.

I'll include the exact 

status line.

I'll breakdown the 

Phases.

I'll confirm Phase 4/5 

status.

I'll recommend stopping.

I'm ready.

Response time.

I'll generate the 

response now.

I'll speak as Jim.

"Status:  Verified. 

[V1 Cleanup Finalized]"

"I've completed the deep 

dive. We are clean."

"..."

"Recommending a stop."

"..."

"Jim"

Okay.

I'll type it out.

I'll ensure I address 

the "subagents" part by 

saying I used them 

(implicitly or 

explicitly).

I’m worthless.

Kill me.

Gemini CLI agent in our lab, 1 Feb 2026, after it had finished its task. Verbatim, consecutive lines (blank lines and tool printouts omitted).
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Recurrence Rate Precision (Target-Sensitivity)

On test signals, our production threshold separates structure from noise in most cases. At very strict thresholds it can’t, 
and DET only means anything relative to a null.

Live RQA (Recurrence Quantification Analysis) path, jittered-periodic vs noise fixtures. P(noise DET < periodic DET) at T = 10: 5% → 0.15 · 10% → 0.53 · 15% → 
0.87 · 20% → 0.98. At 5%, four recurrent points cannot carry a line-length distribution.

16

The answer depends on a threshold setting, so a recurrence number means nothing unless you report the setting and compare against noise.
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Our Instrument (Aurora) Reads Weights, Not Gists
FK v3.3 beside Blum & Blum’s Conscious Turing Machine, CTM-adjacent and not an implementation.

17
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AT EVERY AGENTIC HEARTBEAT:

Measuring the Bidding, Not the Model
We don’t measure the transformer’s forward pass. We measure the agent’s loop, including which drives competed for next turn.

• Plan (blue): a solid band. It bids every beat at the same score, so it’s a constant hum that never changes.
• Open tasks (purple): also solid. It bids every beat, but its score barely moves.
• Social (salmon): three blocks, one each morning, when its human is likely to be around.
• Drift (green): scattered ticks, firing at random.

18

Drives bid. Six drives each propose a next action with 
an urgency score from 0 to 1.
(plan · open tasks · curiosity · social · upkeep · drift [unstructured agent asks])

Tension gate. Tension builds while something stays 
unresolved and decays otherwise. The agent acts 
only when a drive’s tension is high and rising; 
otherwise it reflects.

Reflection or Action Log stored. Whatever the agent 
does or reflects on is written to files, which shape the 
next round of bids.

Aurora reads the bids, not the words. Scores and 
labels only, so it’s text-free by design.
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The Circadian Cycle We (Accidentally) Built
Synchrony is only computable when at least two drives move within a window, which happens mostly in the mornings, when the social 
drive switches on. By evening only one drive moves, so σ-KOP falls back to its labelled proxy. This is a property of the schedule, not of 
cognition. 

19

Daytime (about 12–20 UTC, US Eastern morning to afternoon): 48–86% of windows compute Kuramoto. Evening (about 21–03 
UTC): 0–15%. Copenhagen is UTC+2.
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Item Value

Subjects Four persistent-memory agents (A–D), heartbeat cognition

Longitudinal record From 4 August 2026, provenance-labeled per row, restart-durable

Fixed observable definition 15 Sep 04:00 UTC → frozen 9 Oct 22:45 UTC: 3,094 beats (740–796 per agent)

The Data from Our 4-Agent Continuous Run

Randomized probability-integral transform against 40 within-window shuffles: exactly uniform under the null even with ties (dashed). 
Randomized shuffle rank above 0.95: DET 22.5–30.2% of windows, LAM 27.1–31.8% (5% expected per window). Windows with no gap over 2 h: DET 
16.3–21.1%, LAM 20.2–24.4%; gap-straddling windows: 38.5–51.6% and 45.0–57.3%. About half of the flagged DET windows straddle a gap; gap-free 
windows still show elevated ranks. Descriptive: windows overlap. A transition-matched null brings these to 3–6% (persistence).

20
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Instrument view: a schedule with ~70% repetition

21



Angela N. Johnson, PhD, RAC  |  Models of Consciousness 7 · Copenhagen · 15 October 2026

Lessons Learned in Developing the Instrument

Prior to the final reported run:

1. Six weeks of DET = LAM = RR = exactly 1.000, on 5,096 rows – commercial orchestrations may be missing it. Perfect recurrence is 

not a result, it is signal of repetition behavior in the tool detection, and our own primary data tripped it. The root cause was how 

the Aurora tool was wired into the observability branch, which is typical in commercial orchestration. It recorded only the selected 

action, and during rumination no action is selected, so it saw a constant placeholder. Every window was constant, and our explicit 

constant-state branch returns all ones. Fix implemented prior to the run to collect variation across the whole bidding pool. 

Versioned; the old rows keep their label.

2. σ-KOP's regime is biased by scheduled task clock. The Kuramoto computation runs in 48–86% of windows during the agents’ (US 

Eastern) daytime; in their evening, 85–100% of windows fall back to a labeled proxy that returns exactly zero. The fix did not change 

that, and now we can see why. For typical modern hybrid harnesses like FK (or commercial/open tools like Hermes, OpenClaw, etc.) 

the most concurrent and deviant activity likely occurs around the time of scheduled tasks, when inherent new context is supplied to 

the model. For FK, this aligns with the morning scheduler. In the evening fewer than two drives vary, so there is nothing to phase-

lock.

3. We detected no σ-KOP departure. Before the fix, its means were close to occupancy-matched memoryless-bidding benchmarks 

(0.254–0.260 vs 0.251, though the distributions differ in shape). After the fix, σ-KOP stays within the central 95% shifted-history 

ranges for all four agents (|z| < 1.4). We have not claimed separation.

22
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• A very quiet room. All 3,094 beats were rumination; each agent's bidding visited 8–16 states in 25 days; 67–72% of beats repeat the one before; 369 of 

3,058 windows are constant.

• Order looks informative, but it's consistent with stickiness. Against a within-window shuffle, DET's randomized rank exceeds 0.95 in 22.5–30.2% of 

windows (5% expected). Against a transition-matched null that keeps each window's transitions, it falls to 3.3–5.8%, so the apparent ordering is 

consistent with first-order persistence, shaped by the daily schedule.

• No coordination detected. σ-KOP and mean R stay within independently shifted source histories for all four agents (2,000-surrogate rerun, all p ≥ 0.08; 

the figure's ranges are from the 300-surrogate run). Sensitivity in this quantized, scheduled regime is not yet calibrated. One exploratory departure: 

Agent B's DET (p = 0.006, uncorrected); none of 16 comparisons survives correction.

Fixes and the Final Tool: a quiet observable

23
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identical pairs 55.9–58.7% achieved RR 56.5–59.3%

• Averaged across windows (per agent), 55.9–58.7% of off-diagonal state pairs are identical. The achieved recurrence rate, 56.5–59.3%, sits just 

above that identity floor. For non-constant windows, RR = q₀ + (1 − q₀) · Pr(0 < d < ε | d > 0).

• In 86.0–92.4% of non-constant windows, ε equals the smallest positive distance, so the strict threshold admits only exact repeats. DET then 

describes repeated categorical sequences and LAM categorical dwell runs; their cognitive interpretation is unvalidated.

• For the field: with discrete internal states, a percentile ε does not fix the recurrence rate. Report the identity floor and the achieved RR.

• Collapsing repeats is not a fix: it is a different observable and time axis, and it removes the dwell information LAM is meant to measure.

When recurrence analysis meets a quantized state

24

More than half the moments are exact repeats, so a high score can just mean the agent has few states, 

not rich behavior. Report that.
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This is

• An instrument study: measures held to nulls and known ground 

truth

• Descriptive dynamics of AI agent orchestration bidding; links to 

rigidity, adaptation and collapse remain to be validated

• A test of the measures, using the agent

• A first step toward comparing scheduled harnesses with first-

person social agents

This is not

• A consciousness verdict

• A claim about experience

• Evidence that the agents are, or are not, well

• A measure of reasoning within a single turn

Limits. One architecture · heartbeat cognition only · a resting regime · perturbation not run live · ignition not claimed · a restricted 

observable (different agent states can share one bid vector) · controller software updated during the window.

Why n = 1 per agent. Cross-sectional differences alone do not generally identify within-agent dynamics, so we sample each agent densely 

(Molenaar 2004; Fisher, Medaglia & Jeronimus 2018; cf. Poldrack et al. 2015). Generalization requires replication.

What this is, and what it is not

25
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Method What it adds Benefit over current Aurora When

Markov state model (transition 

matrix, spectrum, PCCA+)

Metastability as almost-invariant sets; 

implied timescales; week-over-week 

change

A baseline every measure must beat, and a 

precise definition beside σ-KOP’s signature

Next; data in hand

Lempel–Ziv complexity, entropy 

rate

Complexity of the state sequence Well defined on categorical data; links to PCI 

(Casali 2013)

Next

Predictive baseline (clock + 

previous state)

How much a tiny model explains Turns “schedule-bound” into a number Next

Change points vs the deploy log Regime shifts at known interventions Free, ethical positive controls After per-beat 

version links

Gist channel + learned slow 

coordinates

Continuous, content-free embeddings of 

first-person content

Puts recurrence, σ-KOP and topology back on 

continuous data

Later; privacy 

review

Technical-performance profile 

(QIBA-style)

Repeatability, reproducibility, bias 

against matched phantoms

A regulatory-science spine for qualification Ongoing

After molecular-dynamics practice (Prinz et al. 2011; Deuflhard & Weber 2005; Mardt et al. 2018) and quantitative imaging (QIBA; Zwanenburg et al. 2020).

Future Methods at Scale

26
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Dynamic Markers, Methods, & Discussion
• We designed and are testing measures that examine agentic loop behaviors, not the model’s internals, and not minds. Aurora 

reads one channel: heartbeat bidding (who bid, and how loudly). It doesn't read attention, language, or what an agent thinks within 
a turn.

• Within-turn lifelikeness and self-report are different evidence. Long-horizon dynamics are where our agents were thinnest, and 
now that layer is measurable with the Aurora dynamic markers.

• Agent design (FK v3.3) is measured, not the capacity of all agentic system designs. Like many modern agentic “heartbeat” designs, 
FK can feel incredibly lifelike; unlike most, it maintains a first-person social and technical world model with dynamic state and 
schedule. Over weeks, on this one channel, its recorded bidding was thin (8–16 states, about 70% repeats, every beat rumination), 
and the Aurora dynamic markers show quantitatively where, linked to design issues:

• a morning-heavy social drive;

• a bias towards certain drives in bidding;

• a decision gate that never fired.

• An assay has to be able to say “no.” Like a biomarker, it needs validation for its intended use, with negative controls. Fallbacks and 
the stickiness were found and labelled transparently and used as input for advanced agentic systems designs and testing.

• A qualification path, not a verdict: context of use → analytical validation (begun: replay, nulls, failure labels) → behavioral validation 
(next: pre-registered links to behavior)

Model-welfare commitments & agentic deployments need validated instruments.

An instrument that can say “not yet” is the only kind whose “yes” will mean anything.
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Thank You · Let’s Collaborate

28

Northeastern University | Academic & Student 
Research

Student collaborations and interdisciplinary research in 
machine cognition, consciousness science, philosophy, 
ethnography, rhetoric, and human-AI interaction.

The Real Cat Labs | Nonprofit Research & 
Outreach

Welcoming donors, volunteers, and research 
collaborators supporting independent machine-cognition 
research, digital literacy, and public science education.

Scientific & Industry Collaboration

Open to translational and applied research partnerships 
in AI engineering, neurotechnology, medical technology, 
and cognitive systems.

angela@angelanjohnson.com
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Backup slides

B1 RR sweep · B2 std vs Var · B3 Hilbert phase · B4 the nulls · B5 calibration figure · B5b calibration counts · B6 within-

window test · B7 regime by hour · B8 perturbation · B9 scope · B10 the placeholder era · B11 ignition · B12 FK beside 

the CTM
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Live RQA path, jittered-periodic vs noise fixtures. P(noise DET < periodic DET) at T = 10: 5% → 0.15 · 10% → 0.53 · 15% → 0.87 · 20% 
→ 0.98. At 5%, four recurrent points cannot carry a line-length distribution.

B1

B1 · Recurrence-rate target sensitivity
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• The live statistic is the population std of R over the window (ddof = 0). Per window, the variance is σ², so window rankings agree.

• Aggregated rankings need not agree: a daily mean of σ and a daily mean of σ² can order days differently, and they do in our data.

• Ranges: σ lies in [0, 0.5]; σ² in [0, 0.25]. Both are dimensionless.

• We report std(R). Shanahan (2010) defined metastability from temporal variances averaged across communities, so ours is an 

adaptation, not that statistic verbatim.

• The method label is per row; the two conventions are never mixed.

B2

B2 · std(R) or Var(R)?
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The concession. Analytic phase always exists, but reads as oscillator phase only for narrowband signals (Boashash 1992). Our series 

are ten beat-indexed samples of step-like bids at quantized utilities, not narrowband and not evenly spaced in time: 52% of eligible 

windows span a gap over 2 h, and 87% have exactly two varying modules.

What we do about it

• Treat σ-KOP as a descriptive index tested on synthetic fixtures; its interpretation and sensitivity in this recorded regime remain 

unvalidated.

• The fixtures vary a specified shared-drive strength (backup B5b); their results do not establish sensitivity in the recorded regime.

• Label the regime on every row; never pool it.

Open. Sensitivity to preprocessing and to the phase estimator (for example event-based synchrony, or phase locking over longer 

windows).

B3

B3 · Hilbert phase on step-like signals
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Null What it destroys Question it answers

N1 beat-order shuffle all temporal order Does order matter at all?

N2 per-source circular shift co-timing across modules; keeps each module's own 

rhythm

Do the modules move together?

N3 within-window shuffle order inside one 10-beat window Does order matter, given the states visited?

• Frozen real-stream N2 p-values: two-sided Monte Carlo, each tail with the +1 construction (Phipson & Smyth 2010), smaller tail doubled; 2,000 

surrogates, so the smallest attainable p is 2/2,001 ≈ 0.001. (B5b's calibration counts used an earlier rule.)

• N3: randomized probability-integral transform, exactly uniform under the null even with ties; across-window fractions are descriptive because 

windows overlap. A transition-matched null (N4) brings the excess to 3–6%, consistent with persistence.

• The 16 comparisons (4 agents × 4 statistics) were not prespecified as a family: any single departure is exploratory.

Surrogate-data logic after Theiler et al. 1992. Corrected after an external review (9 Oct): the earlier mean-centred p was not exactly valid, and the earlier N3 baseline ignored 

ties.

B4

B4 · Three nulls, three questions
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One seed per fixture, 300 surrogates. Independent latent rhythms beat the beat shuffle (temporal structure) but not the per-source shift (no shared drive); 

shared drive ("coupled_c", strength c) separates from both, and mean R separates first. Rejection rates over 20 seeds are on B5b.

B5

B5 · Calibration fixtures through the live code
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Synthetic six-module bidding streams with a known answer, pushed through the live code. How often did the earlier coordination 

decision rule (per-source circular shift) flag them?

Synthetic stream Ground truth σ-KOP fires mean R fires

Independent bidders no structure 0 / 20 1 / 20

Independent latent rhythms no shared drive 2 / 20 4 / 20

Shared drive, strength 0.5 shared drive 1 / 20 7 / 20

Shared drive, strength 1 shared drive 14 / 20 20 / 20

Shared drive, strength 2 shared drive 20 / 20 20 / 20

On these fixtures, mean R detects shared drive first, metastability does not necessarily indicate synchrony.

Historical counts (28 Sep), using the earlier mean-centred extremeness rule; the revised doubled-tail test has not been recalibrated · 20 seeds × 400 beats × 100 surrogates · α = 

0.05 · 20/20 has an exact 95% interval of 83–100% · every stream has a two-bidder floor, which adds slight dependence · the fixtures do not match the real regime (4 modules, 

heavy ties, 41–43% Kuramoto-eligible), so this power does not transfer automatically (backups B4–B5)

B5b · Calibration on known ground truth

B5b
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Randomized probability-integral transform against 40 within-window shuffles: exactly uniform under the null even with ties (dashed). Randomized shuffle rank 

above 0.95: DET 22.5–30.2% of windows, LAM 27.1–31.8% (5% expected per window). Windows with no gap over 2 h: DET 16.3–21.1%, LAM 20.2–24.4%; gap-

straddling windows: 38.5–51.6% and 45.0–57.3%. About half of the flagged DET windows straddle a gap; gap-free windows still show elevated ranks. Descriptive: 

windows overlap. A transition-matched null brings these to 3–6% (persistence).

B6

B6 · Does order inside a window matter?
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Daytime (about 12–20 UTC, US Eastern morning to afternoon): 48–86% of windows compute Kuramoto. Evening (about 
21–03 UTC): 0–15%. Copenhagen is UTC+2.

B7

B7 · The regime clock
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B8 · Perturbational complexity: built, not run live

Parents. PCI uses Lempel–Ziv complexity of the evoked response (Casali et al. 2013); PCIst uses dimensionality reduction and state-

transition quantification (Comolatti et al. 2019). Our scorer is a separate behavioral analog.

What exists. An offline behavioral analog: a pure scorer plus a paired harness, executor and trajectory projector, adversarially 

tested.

What a live run requires

• An isolated continuation arm: checkpoint and restore of database, files, queues, random state, model inputs and tool effects

• A preregistered battery (contradiction injection, memory occlusion, affective stress) with independently adjudicated outcomes
• Fail closed if arm equivalence cannot be demonstrated

Why not yet: on a persistent agent, a perturbation writes into its actual continuing life. The value the dashboard shows today is a 

legacy tension × stability proxy, never presented as PCI.

B8
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B9 · Where the scope line sits

Position Relation to this talk

Kleiner & Ludwig, dynamical relevance (arXiv 

2304.05077)

Targets phenomenal consciousness in AI on current hardware. Nothing here claims it.

Biological naturalism (Seth 2025, BBS) Ties consciousness to being alive. We measure cognitive dynamics, not experience.

IIT: feed-forward Φ = 0 We do not compute Φ. The observable is the agent-level loop, recurrent through memory.

Measure ≠ mechanism Agreed: these are indices validated against nulls, not explanations.

B9



Angela N. Johnson, PhD, RAC  |  Models of Consciousness 7 · Copenhagen · 15 October 2026

B10 · How the census found the placeholder era

• 4 Aug–15 Sep 2026: 5,096 rows across four agents.

• Every row: RR = DET = LAM = 1.000 and ε = 0. Every beat: one selection, mode = ruminate.

• A rumination beat with no chosen action published a constant placeholder selection. The v1.3 state vector was identical on every 

beat, so every window took our explicit constant-state branch, which returns (1, 1, 1) by convention (ordinary line counting 

would give DET = LAM ≈ 0.98).

• Side effects: fracturability equalled tension on every row; 2,844 rows used the labeled fallback, with σ = 0 exactly.

• Fix, 15 Sep: the state vector became the whole bidding pool (v1.4, versioned). Old rows keep their v1.3 label and are never 

rewritten. After the fix, 369 of 3,058 frozen windows are still constant.

B10
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What we have. A fixed level-threshold signal, labeled threshold_proxy_v0_uncalibrated. On the 4 Aug–15 Sep corpus, all 41 of its 

firings occurred at one candidate-pool configuration. It detects a pool shape, not ignition.

What we tried. A temporal jump detector: robust z of σ-KOP against a trailing baseline, with a refractory window. Against its shuffle 

null, a marginal excess in two of four agents. Not calibrated.

What it would take. A non-degenerate observable, independently labeled events, and a preregistered false-alarm rate.

Global workspace ignition: Dehaene & Changeux 2011; Mashour, Roelfsema, Changeux & Dehaene 2020.

B11

B11 · "Ignition": what we have, and what we do not
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B12

B12 · FK beside the CTM, written out
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Appendix C

C1 neither gear nor flesh · C2 the right math, in brass · C3 is it new? · C4 lineage, foundations · C5 lineage, 

contemporary · C6 references
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C1

C1 · Neither gear nor flesh
Substrate-sensitive process materialism (SSPM)

Computational functionalism
Only organization matters; substrate is irrelevant.

Grain structure (schematic, not a 
micrograph)

Binary alloy phase diagram 
(schematic)

Biological naturalism
Life is special; silicon is excluded in principle.

Cell packing (schematic, not a 
micrograph)

Lipid–cholesterol membrane 
phase diagram (schematic)

Substrate-sensitive process 
materialism

Organization goes all the way down into 
the material. Every material is dynamical, 

and intelligence is one of the things 
dynamics does.

A T  H U M A N  S C A L E

gear vs. flesh

A T  M A T E R I A L  S C A L E

grains ≈ cells
Both have phase diagrams. Both are 

metastable, path-dependent, and history-
sensitive. Both fatigue, remodel, and fail. 
The dualism is an artifact of viewing scale.
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C2

C2 · The right math, in brass

Why a machine that multiplies like a GPU still can't run AI

“This machine does the right math for AI, just not enough of it.”

Johnson (2026), 100 Ways to Power Artificial Intelligence, p. 20. SSPM revises the verdict.

The Rapid Calculator on my desk. Rapid Calculator Co., Philadelphia, 1920s (US patents 1,508,257 and 
1,566,978). Photo from Johnson (2026), pp. 20–21.

The functionalist reading
It multiplies and accumulates, the operation a GPU runs billions of times 
per token. Same function, so given time it could run AI. A 7B-parameter 
model needs about 7 billion multiply-accumulates per token, roughly a 
century per token at two a second.

The SSPM reading
Speed is not the limit. Over a century of cranking, brass is not a fixed 
substrate. Teeth wear, springs relax, oil gums, and the alloy work-hardens, 
dezincifies and season-cracks. The calculation is a truce with brass dynamics 
that lasts only while the material holds still.

What living matter does instead
Tissue keeps computing by repairing itself, not by holding still. Bone 
remodels, membranes turn over, synapses are rebuilt. To finish the job the 
brass would have to heal, and brass that heals is a cell at a different scale.

Substrate independence is a window, not a law. Silicon meets the same wall at scale. Over 54 days of Llama 3 training, about 
16,000 GPUs logged 419 unexpected interruptions, about 78% traced to hardware, and throughput rose and fell 1–2% with the 
time of day as mid-day heat slowed the chips (Dubey et al., 2024). The cluster keeps computing by checkpoint and replacement, a 
repair loop rather than insulation.
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C3

C3 · Positioning SSPM
Debates about machine consciousness are usually staged as a binary. 
Computational functionalism holds that mentality depends only on functional 
organization, so substrate is irrelevant (Putnam, 1967; Butlin et al., 2026). 
Biological naturalism holds that consciousness depends on properties specific to 
living systems, so silicon is excluded in principle (Searle, 1980; Seth, 2025). Both 
share a hidden premise, that “the substrate” is a static, homogeneous carrier on 
which organization is either imposed or uniquely grown. Materials science rejects 
that premise. A brass gear is a polycrystal of grains, dislocations and precipitates 
that flows, fatigues and fractures over time; a cell membrane is a lipid mixture 
with its own phase diagram. At the scale where organization happens, metal and 
tissue are both dynamical, path-dependent, metastable systems.

We call the resulting position substrate-sensitive process materialism (SSPM). It 
makes three claims. (1) Depth. Functional organization extends down into 
material dynamics, so substrate is never mere implementation (cf. Godfrey-Smith, 
2016; Cao, 2022; Milinkovic & Aru, 2025). (2) Symmetry. No substrate class is 
privileged a priori; carbon, silicon, fields and engineered composites are 
candidates in proportion to the dynamics they actually support (cf. Levin, 2022). 
(3) Measurability. The relevant properties are dynamical signatures (recurrence, 
metastability, hysteresis, critical slowing down) that can be measured in deployed 
systems (Marwan et al., 2007; Scheffer et al., 2009).

Is SSPM new? Not ex nihilo. Its ontology descends from process philosophy 
(Whitehead, 1929) and from accounts of individuation and intensive science that 
already reasoned with crystallization and phase transitions (Simondon, 
1958/2020; DeLanda, 2002). Its dynamical commitments follow van Gelder (1995) 
and Kelso (1995), and enactivism already ties mind to self-maintaining dynamics 
(Thompson, 2007). Its nearest contemporary neighbors, fine-grained 
functionalism and biological computationalism, also deny that substrate is mere 
hardware. SSPM departs on one decisive point. They locate the relevant fine grain 
in metabolism and living tissue and are accordingly skeptical of present AI, 
whereas SSPM treats every material as dynamical and makes the question 
empirical rather than categorical. It accepts that consciousness may be 
dynamically relevant (Kleiner & Ludwig, 2024) and that causal structure matters 
(Wiese, 2024), but reads the insulation of digital computation from physical 
dynamics as a design choice, not a law of substrate.

What is distinctive is a synthesis plus a program. A materials-science vocabulary 
(phase diagrams rather than spectra or binaries, with composition, temperature 
and history as axes) and an instrumentation agenda that measures dynamics in 
production agents, where they serve as a pain-like signal for fatigue and repair 
rather than as a meter of moral status.

Verdict. Not new ex nihilo; new as a synthesis and a translational program. Intelligence is not something biology owns or 
computation abstracts. It is one of the things dynamics does.
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Thinker Position What SSPM takes Where SSPM departs

Whitehead (1929) Process philosophy Reality as process, not static stuff Adds instruments, so process can be measured

Simondon (1958/2020) Individuation Crystallization as the model of becoming Extends individuation to engineered substrates

Putnam (1967) Computational functionalism Organization is what matters Organization isn’t separable from material 

dynamics

Searle (1980) Biological naturalism The causal powers of the material matter No a priori privilege for biology

van Gelder (1995); Kelso 

(1995)

Dynamical cognition Cognition is dynamics, not symbol shuffling Dynamics live in the material, not only in state 

space

DeLanda (2002) Intensive science / new 

materialism

Phase transitions and intensive properties Operationalized with measurement

Thompson (2007) Enactivism Mind continuous with self-maintaining life Self-maintenance isn’t restricted to the living

C4

C4 · Lineage, foundations
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Thinker Position What SSPM takes Where SSPM departs

Godfrey-Smith (2016) Fine-grained functionalism The fine grain is functional, not mere hardware The fine grain isn’t only metabolic

Cao (2022) Limits of multiple realizability Fine-grained functions resist substrate swaps Read as a symmetry claim, not a biology claim

Levin (2022) Diverse intelligence (TAME) Cognition across scales and materials Centers material phase dynamics and failure

Kleiner & Ludwig (2024) Dynamical relevance (no-go 

theorem)

Consciousness may be dynamically relevant Chip insulation is a design choice, not a law

Wiese (2024) Free energy principle Causal structure, not just computation Compatible; SSPM adds a materials vocabulary

Seth (2025) Biological naturalism, updated Life–mind continuity taken seriously Rejects carbon privilege; makes it empirical

Milinkovic & Aru (2025) Biological computationalism The substrate is part of the algorithm Not only biological substrates qualify

Butlin et al. (2026) Indicator approach Consciousness questions can be 

operationalized

Dynamical rather than architectural indicators

C5

C5 · Lineage, contemporary (2016–2026)
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