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The Bee in the

Rack
Human Neural Cultures, Commercial Computing, and the

Limits of the Size Argument

Living human neurons are now rented out as computers. Their maker

says there is no sign they feel anything, and an outside scientist says

they are no different from a simulation. This paper tests those

reassurances, and asks after the donors whose cells fill the dishes.

O N E  C U LT U R E  I N  T H E  R A C K

A B O U T  A S  M A N Y  C E L L S  A S  A  F LY  H A S  N E U R O N S

Travis Gilly · Real Safety AI Foundation Travis Gilly, The Bee in the Rack: Human Neural Cultures, Commercial Computing, and the Limits of the Size Argument (working paper, October 2026, v3).
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IA Computer Made
of Neurons
What was said on camera, and why it matters

The usual skeptical argument against machine consciousness is about the wrong material. This

machine is made of the right one.

The Bee in the Rack · Travis Gilly · Real Safety AI Foundation · Working paper, October 2026 (v3)
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O C T O B E R  4 ,  2 0 2 6

On Australian television, two experts said there is
nothing in the dish to worry about.

T H E  C O M P A N Y

Brett Kagan, Cortical Labs

Asked where the ethical line is, the chief scientific officer said people

worry small clumps of cells might feel something, that there is no evidence

of it, and none that the company is “anywhere near close to an ethical red

line”. He said the company checks constantly.

A N  O U T S I D E  S C I E N T I S T

Simon Schultz, Imperial College

Interviewed separately, the neurotechnology director predicted the

cultures will never wake into consciousness, by magic or emergence, and

said running computations on living cells is ethically the same as

simulating a big AI system.

No transcript exists. The segment was transcribed by speech recognition; everything except the one quoted phrase is paraphrase.

S O U R C E S 10 News+. (2026, October 4). Scientists are creating the world’s first biological computer in Australia [Video]; Cortical Labs (n.d.-b), full entries in the closing section.
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W H Y  T H E  A N S W E R S  C A R R Y  W E I G H T

The best argument against machine minds is about material.
Here the material is human neurons.

For a decade the debate over conscious machines has turned on substrate. Its most developed skeptical view, biological naturalism, says

consciousness depends on being a living organism, so today’s AI is unlikely to have it however it behaves. The CL1 runs on living human

neurons, the only kind of cell known to host a mind. The argument from material cannot be used against it in the usual way.

W H A T  I S  L E F T

From the company: no sign of feelings in little clusters of cells. From the outside scientist: they will never be conscious, and ethically they

equal a simulation. And a promise of constant checking, with no published method.

S O U R C E S Seth (2025), full entries in the closing section; This paper, Section I.
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T H E  A R G U M E N T  O N  O N E  P A G E

The reassurances were offered with more confidence
than their reasons can bear.

Too small to matter? → As a count, no: one culture is fly-sized, and size is no reason for dismissal. As simple wiring, yes for now, and only while it

stays simple. Part III

Will never be conscious? → A prediction about cultures as they are, which says nothing about the ones being built. Part III

Same as a simulation? → A dilemma either way, and the company’s own lab disclaims equal status in print. Part IV

Who is missing? → The donors, whose cells and DNA sit in every culture. Part V

What follows? → Review and disclosure, no ban. Part VI

S O U R C E S This paper, Sections I and XI.
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T H R E E  L I M I T S ,  S T A T E D  F I R S T

The paper does not say the cultures feel anything,
and it proposes no ban.

1
No finding of experience

The best current account says today’s flat cultures probably cannot feel, and the paper agrees. It disputes the certainty, its stretch

to future cultures, and the silence about donors.

2
No claim that biology is required

The argument does not need biology to be necessary for a mind.

3
No prohibition

Everything it proposes is review, records, disclosure, and research.

Method: the company’s own product page, papers, and broadcast; press for deployment figures only; scholarship found through Scite and Consensus

and checked against Crossref; law from official sources. Chosen on purpose, not a systematic review.

S O U R C E S This paper, Sections I and II.
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IIWhat Is
Being Sold
The platform, the racks, the training signal

A device that keeps human neurons alive on a chip, rented over the internet, run by anyone who can

write simple code.

The Bee in the Rack · Travis Gilly · Real Safety AI Foundation · Working paper, October 2026 (v3)
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T H E  P L A T F O R M

Human neurons on a silicon chip,
rented by the hour over the cloud.

T H E  D E V I C E

CL1

Neurons grown from human stem cells live on a

chip whose electrodes both stimulate and

record them. Built-in life support sustains them

for as long as six months, though the company

has claimed 500 days.

T H E  W O R L D  T H E Y  L I V E  I N

A simulation

Software drops the neurons into a virtual world,

and what they do changes that world.

W H O  R U N S  I T

Anyone renting

Customers send code straight to the neurons.

On television the company said someone with

high school programming could do it, so

whoever rents a culture writes its stimulation.

T H E  O N E  E T H I C A L  C L A I M  O N  T H E  P R O D U C T  P A G E

That it beats animal testing ethically.

S O U R C E S Cortical Labs (n.d.-a); 10 News+. (2026, October 4). Scientists are creating the world’s first biological computer in Australia [Video]; Williams (2026), full entries in the closing section.
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D E P L O Y M E N T

A data center of living cells in Melbourne,
a rack in Singapore, plans for a thousand units.

120
units in Cortical Labs’ Melbourne facility in March

2026, about 200,000 cells each, roughly 24 million

in all.

20
units in a prototype rack that the National

University of Singapore and its partners unveiled in

August 2026.

1,000
units, roughly, planned for a Singapore facility, as

reported at the Melbourne launch.

Per-unit figures vary: one report gives about 800,000 neurons. The paper uses the lower figure, which counts cells, not surviving neurons. No source says

whether units share or link cultures, so the fair comparison is one culture.

S O U R C E S Williams (2026); NUS Medicine (2026); Khang (2026); Kagan et al. (2022), full entries in the closing section.



P A R T  I I  ·  W H A T  I S  B E I N G  S O L D 10 /  40

T H E  T R A I N I N G  S I G N A L

In the Pong experiment, a hit brought predictable input
and a miss brought chaos.

T H E  D E S I G N

2022

When the culture returned the ball, it got predictable stimulation. A miss

earned four seconds of random stimulation, 150 millivolts at 5 hertz. The

idea, from the free energy principle, was that cultures would act to avoid

the states that lead to unpredictable input.

W H A T  I T  S H O W E D

Measurable change

The feedback changed the cultures’ activity, and they showed more

plasticity during play than at rest. Whether they avoid anything in a deeper

sense is not established. The cultures also seemed to relearn each

session.

T H E  W O R D  “ S E N T I E N C E ”

The 2022 paper argued its cultures fit a technical definition of sentience. Thirty neuroscientists disputed it. Birch urges the usual meaning,

capable of feeling pain or pleasure, and on that meaning nothing in 2022 shows sentience. Milford and colleagues still warned the design

risks suffering on its own designers’ theory.

S O U R C E S Kagan et al. (2022); Balçı et al. (2023); Kagan, Razi, et al. (2023); Birch (2024); Milford et al. (2023), full entries in the closing section.
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W H E R E  T H E  R E S E A R C H  I S  H E A D I N G

The company is deliberately making its cultures
more organized.

M E M O R Y  C E L L S

January 2026

Company scientists grew human neurons of

the hippocampus, the brain’s memory center,

from two donors’ cells. Organoids built from

them lived over 400 days and had richer, hub-

organized activity than flat cultures.

S H A P E S  O N  T H E  C L 1

August 2026

A preprint ran flat cultures, modular networks,

and 3D organoids on the CL1 itself. Modular

cortical cultures did best, so not every result

rewards brain-likeness.

T H E  D I R E C T I O N

Chosen for performance

3D structure, long maturation, closed-loop

coupling, and memory circuitry are all features

the ethics literature flags. Nobody has said

which of these sit in the racks customers rent.

Kagan saw this coming in 2023: his review said researchers will need to ask when complexity calls for ethical attention, and noted a few donors could stock

many devices.

S O U R C E S Abu-Bonsrah et al. (2026); Loeffler et al. (2026); Kagan, Gyngell, et al. (2023), full entries in the closing section.
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IIISmallness, Organization,
and Prediction
What counting neurons can and cannot show

Size cannot carry the reassurance. Simple wiring can, for now, while the research changes it.

The Bee in the Rack · Travis Gilly · Real Safety AI Foundation · Working paper, October 2026 (v3)



P A R T  I I I  ·  S M A L L N E S S ,  O R G A N I Z A T I O N ,  P R E D I C T I O N 13 /  40

N O  H U M A N  F L O O R  T O  C O U N T  A G A I N S T

Against 86 billion neurons, 200,000 looks like nothing.
But no count marks where experience starts.

A  T E M P T I N G  N U M B E R

42 percent

Patients with brain injuries stayed aware only above roughly 42 percent of

the cortex’s usual glucose use, which predicted awareness in 94 percent

of them. Multiply 86 billion by 42 percent and you get about 36 billion

neurons. That number means nothing: the 42 percent is an energy rate,

not a share of active neurons.

I N S T R U M E N T S  T H A T  M I S S

Three cases

A woman judged vegetative showed brain activity like healthy people’s

when asked to imagine tennis. Firefighter Donald Herbert talked with his

family for hours almost ten years after his injury. Another man regained

speech after nineteen years. All three had working brainstems.

C O U N T S  F A I L  B O T H  W A Y S

The cerebellum has about 69 billion neurons to the cortex’s 16 billion, so counting alone would put consciousness in the wrong place.

Organization, embodiment, or being an organism do the work.

S O U R C E S Azevedo et al. (2009); Stender et al. (2016); Giacino et al. (2002); Owen et al. (2006); Buckley (2005); Block (2006); Voss et al. (2006); Birch, J. (2024). When is a brain organoid a sentience candidate? (Version 2). Molecular Psychology.
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T H E  C O M P A R I S O N  C L A S S

One culture holds about as many cells
as a fruit fly has neurons.

S Y S T E M A P P R O X I M A T E  C O U N T W H A T  T H E  E V I D E N C E  S H O W S

Sea slug 20,000 neurons
A standard model for learning and memory. No candidacy

claim.

Fruit fly 139,255 neurons
Lasting pain sensitization and vigilance after nerve injury;

named in the 2024 declaration.

One CL1 culture
~200,000 cells (up to
~800,000)

Learned a simulated game. Nothing yet that bears on

whether it could feel.

Honeybee ~960,000 neurons
Pessimistic judgments when agitated; Birch’s example of

a sentience candidate.

Counts come from different methods; the CL1 figures are reported cells or neurons, not measured survivors. The dashed bar shows the higher reported

figure.

S O U R C E S Orvis et al. (2022); Dorkenwald et al. (2024); Khuong et al. (2019); New York Declaration on Animal Consciousness (2024); Williams (2026); Khang (2026); Frasnelli et al. (2014); Bateson et al. (2011); Birch, J. (2024). When is a brain organoid
a sentience candidate? (Version 2). Molecular Psychology.
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W H A T  T H E  C O M P A R I S O N  S H O W S ,  A N D  O N L Y  T H A T

Counting neurons cannot settle the question against concern.
That is all the comparison proves.

A N I M A L S  T H A T  S I Z E  C A N  F E E L

Flies and bees

Agitated honeybees read ambiguous cues pessimistically; bumblebees

show dopamine-driven upswings after surprise rewards. In 2024, hundreds

of scientists put their names to a statement that insects may realistically

have experiences. Birch rejected size as a reason to dismiss organoids for

this reason.

B U T  B E E S  H A V E  B O D I E S

The gap

Bees and flies have bodies, senses, and evolved structures that track the

whole animal. A dish of cells on electrodes has none of that. And learning

or avoidance alone proves little: slime molds habituate, and a single-celled

Stentor has a ranked set of escape responses.

S C A L E ,  S E P A R A T E LY

Melbourne’s 24 million cells are a sum across separate dishes, not one larger brain. Scale matters in two ways: more cultures carry the

unanswered question, and each donor’s DNA spreads to more machines.

S O U R C E S Bateson et al. (2011); Solvi et al. (2016); Barron & Klein (2016); New York Declaration on Animal Consciousness (2024); Boisseau et al. (2016); Dexter et al. (2019); Kagan, Gyngell, et al. (2023), full entries in the closing section.
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T H E  B R A I N S T E M  R U L E

The strongest skeptical case is real,
and it is about present flat cultures.

Birch proposes that if an organoid develops or connects to a working brainstem that controls arousal and sleep and waking cycles, it is a

sentience candidate. People with different theories can agree on that, because a person whose brainstem has permanently failed is not

sentient. He also counsels a default skepticism toward bare tissue outside any organism.

W H A T  T H E  P A P E R  A C C E P T S

Evidence of absence

No brainstem, no body, no pain receptors. That is evidence that relevant

structures are missing, which is stronger than a lack of evidence, and it

supports probable noncandidacy for today’s flat cultures.

W H A T  I T  C O N T E S T S

Three stretches

Applying it to tomorrow’s cultures, to cultures being deliberately

reorganized, and to the flat certainty of the on-camera answers.

S O U R C E S Birch, J. (2024). When is a brain organoid a sentience candidate? (Version 2). Molecular Psychology; This paper, Section IV.C.
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T I S S U E ,  O R G A N I S M ,  A N D  T H E  C L O S E D  L O O P

A culture whose input depends on its own output
is not quite a slice in a dish.

T H E  O P E N  Q U E S T I O N

Closed loop

Life support alone does not set the CL1 apart.

The closed loop does: the culture is raised in a

simulated world that answers it. On views tying

minds to self-maintaining organisms, software

from outside changes nothing. On views tying

minds to a system coupled to its world, it might.

E M B O D I M E N T

Croxford and Bayne

Their view: organoids without bodies are

unlikely to be conscious. The 2022 study called

its cultures embodied in a game world. Nobody

knows if wiring through electrodes counts; if it

does, the CL1 is not exempt.

R E S T R I C T I O N S

Holm and Lewis

They would restrict organoid research only

once valenced experience is nontrivially likely.

The paper agrees about today and restricts

nothing; its records are how anyone would

notice a change.

S O U R C E S Cortical Labs (n.d.-a); Croxford & Bayne (2024); Kagan et al. (2022); Holm & Lewis (2025), full entries in the closing section.
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T H E  P R E D I C T I O N

The prediction of no consciousness is either unsupported,
or a claim only about cultures as they are.

R E A D  L I T E R A L LY

No mind can arise here

That needs an argument about organization, which was not given, or the

organism argument, which the equivalence claim itself rejects.

R E A D  C H A R I T A B LY

Nothing will appear suddenly

True of today’s cultures, perhaps. But the cultures are being changed on

purpose, and since no proven detector exists, a slow change would go

unnoticed too.

C O N V E R G E N T  U N C E R T A I N T Y

Five doubts meet in one system. No one can say what organization experience needs. There is no validated detector. Experience might take

unfamiliar forms. It is unsettled whether this material can host it, and here the material weighs toward concern. And the cultures are being

engineered for more organization. Confidence would require settling at least one of these; no one did.

S O U R C E S This paper, Sections IV.D and IV.E.
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A  W O R K I N G  P R E C E D E N T

Britain recognized crabs and octopuses as sentient
without claiming to know their inner lives.

W H A T  C A R R I E S  O V E R ,  A N D  W H A T  D O E S  N O T

Britain had positive evidence from living animals; for today’s cultures the evidence runs the opposite direction, so restrictions do not

transfer. The procedure does: admit the question is open, give a standing body a duty to keep asking, and let review move with the evidence.

2 0 2 1

The review

Birch’s team weighs evidence against

eight criteria and recommends treating all

cephalopods and decapods as sentient.

2 0 2 2

The Act

The Sentience Act covers them and sets

up a committee to report on whether

government policy pays due regard to

animal welfare.

D E C.  2 0 2 5

Strategy

England promises guidance ruling out

boiling animals alive.

2 0 2 6

Next step

The committee recommends adding them

to the 2006 welfare offences, which still

cover only vertebrates.

S O U R C E S Birch et al. (2021); Animal Welfare (Sentience) Act 2022, c. 22, ss. 1–3, 5 (UK); Animal Welfare Act 2006, c. 45, s. 1 (UK); Department for Environment, Food and Rural Affairs (2025); Animal Sentience Committee (2026).
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IVThe Equivalence
Claim
Is a living culture just a simulation?

Either the claim settles nothing about status, or it asserts something the company’s own laboratory

has disclaimed.

The Bee in the Rack · Travis Gilly · Real Safety AI Foundation · Working paper, October 2026 (v3)
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T W O  R E A D I N G S

“Same ethics” can mean the same rules,
or the same standing.

S A M E  P R I N C I P L E S

Harmless, settles nothing

A single rulebook can rule differently on different systems, provided

composition can count as evidence.

S A M E  S T A T U S

Carries the reassurance

The cultures get whatever a simulation gets. Only this reading reassures,

and it fails.

Does biology matter to consciousness?

I F  Y E S I F  N O

These cells are the material that matters.

Only "it is not an organism" is left: a

contested view neither speaker used.

Then reassurance needs a claim about

organization that no one stated, while

the research keeps changing it.

Either way, "same as a simulation" does not deliver the confidence

S O U R C E S Seth (2025); This paper, Sections V and V.A.
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T A K I N G  T H E  C L A I M  A T  I T S  W O R D

If the same rules apply, the rules for big AI systems
apply here too.

Suppose the AI systems being compared really are not conscious. The reassurance still needs the cultures to resemble them in whatever

makes them so, which is the organizational claim nobody made. The comparison is also undefined: which systems, and which principles?

T H E  C O N S E Q U E N C E

Should the rules for big AI systems call for records, disclosure, and outside evaluation, an operator who adopts the equivalence has signed

up for most of the measures in Part VI.

S O U R C E S This paper, Section V.B.
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A  Y A R D S T I C K  F R O M  T H E  O P E R A T O R ’ S  O W N  L A B

Kagan’s own paper says shared vocabulary
“does not imply moral equivalence”.

C L A S S W H A T  I T  M E A N S W H E R E  T H I N G S  F A L L

I Reactive, no memory A thermostat, in the authors’ own examples

II Has memory, but fixed rules for transforming input A trained AI model whose rules are fixed in use, plausibly

III Adaptive: its rules change with its own past activity The 2022 cultures changed how they transformed input during play, which meets this

class by the definitions

W H A T  F O L L O W S

Class III is said to be necessary for morally relevant agency, not sufficient, so this stops short of candidacy. Still, the company’s own measure

cannot exclude the cultures, and it has no test that could back up what was said on TV. The authors never place the cultures in a class

themselves; that step is the paper’s reading of their definitions.

S O U R C E S Kagan, Baccetti, et al. (2026); Kagan et al. (2022), full entries in the closing section.
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A B S E N C E  O F  E V I D E N C E

The company’s line matches professional guidance.
That guidance also says to keep watching.

The ISSCR, the stem cell field’s professional society, says there is currently no biological evidence of consciousness or pain in brain

organoids that would call for special oversight. The same passage tells researchers to watch for issues as organoids mature over long

periods or are assembled together, which describes the 500-day and 400-day cultures, and, for software coupling across units, the

nearest analogue to assembly.

T W O  D I F F E R E N T  B A R S

A field with no validated detector proves little by finding nothing. Following Dung: asserting an inner life in a culture should require strong

proof, while giving modest consideration under uncertainty should face a low one. They should not be confused.

S O U R C E S International Society for Stem Cell Research (2021); Lovell-Badge et al. (2021); Dung (2022), full entries in the closing section.
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T H E  T H R E E - D I R E C T I O N A L  I N C O N S I S T E N C Y

One rule, set composition aside, applied three ways.
In the third, it throws away evidence.

D I R E C T I O N E X A M P L E W H A T  T H E  M A T E R I A L  T E L L S  U S

Machine into human A pacemaker or cochlear implant Nothing about whether the person has a mind; their standing was settled already

Animal into human A pig heart valve Nothing, for the same reason

Human into machine Human neurons in a computer The computing part is the one material known to support experience; setting it aside

discards evidence

A N D  T H E  S O U R C E

A manufacturer or an animal has claims of its own, handled separately. Here the source is a person, and that person’s DNA runs through

every culture; treating the host like code gives that person no place. What remains is the owner’s discretion, a line drawn by ownership, not

by science.

S O U R C E S This paper, Section V.D.
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T H E  O B L I G A T I O N  A  S I M U L A T I O N  N E V E R  H A S

No simulation carries a piece of a living person.
Every culture does.

A  G E N O M E  I N  M A N Y  R A C K S

Because a few donors can supply many devices,

one person’s DNA could be computing in many

racks at the same time. Van Till and colleagues

place the moral value of neuron models, even

simple ones, partly in that genetic link and their

symbolic value.

C O N S E N T  U N D E R  S T R A I N

Kataoka and colleagues argue uncertainty

about consciousness undermines donor

consent and favor consent per project. Gaillard

argues classic informed consent nearly breaks

down when tissue outlives anything its donor

foresaw.

W H O  O W E S  T H E  A C C O U N T

Professional guidance accepts vendor cell lines

only when used consistently with the original

consent. Whoever uses the material should

know what that consent covered and be able to

say so.

S O U R C E S Kagan, Gyngell, et al. (2023); van Till et al. (2023); Kataoka et al. (2024); Gaillard (2025); International Society for Stem Cell Research (2021), full entries in the closing section.
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VWhose
Neurons
What the record shows about the donors

The research lines trace to newborns. Nothing public says who gave the cells in the commercial

racks, or what they agreed to.

The Bee in the Rack · Travis Gilly · Real Safety AI Foundation · Working paper, October 2026 (v3)



P A R T  V  ·  W H O S E  N E U R O N S 28 /  40

W H A T  T H E  R E C O R D  S H O W S

The cells that learned Pong came from newborns.
Any consent was their parents’.

T H E  R E S E A R C H  L I N E S

2022

Both lines came under a transfer agreement

from Murdoch Children’s Research Institute.

One was built on ATCC PCS-201-010,

fibroblasts from a newborn boy’s circumcision

tissue; the other, RM3.5, also from newborn

foreskin.

T H E  S U P P L I E R ’ S  T E R M S

ATCC

The supplier says its tissue was obtained with

informed consent, is for laboratory research,

and needs a license for any commercial use.

Whether those terms follow derived lines is not

public.

T H E  C O M M E R C I A L  L I N E S

Unknown

Recent descriptions say adult blood or other

donated tissue. Nothing public identifies which

lines the rented units use, what donors heard,

whether their consent reached computing,

whether they got paid, or how cultures are

disposed of.

S O U R C E S Kagan et al. (2022); ATCC (n.d.); Min (2026); Khang (2026); Williams (2026); NUS Medicine (2026); Kagan, Gyngell, et al. (2023), full entries in the closing section.
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C O N S E N T  S T R E T C H E D  P A S T  I T S  P U R P O S E

One feature of the Henrietta Lacks case recurs:
agreement for one use, extended to another.

In 1951 Henrietta Lacks signed a treatment form that never mentioned research, and tissue removed in that treatment became the HeLa

cell line; no one told her. The comparison is limited to the shape of the consent problem. The paper claims no parallel to the racial and

institutional exploitation she suffered. If newborn lines are in commercial use, the stretch is longer: parents’ agreement, at most for

research, used for a computing business.

W H A T  G U I D A N C E  A L R E A D Y  A S K S

Stem cell guidance asks that donors be told about possible commercial uses and whether they would share in any profit. Others argue a

thick opt-out is not enough for organoid banks, and Kagan’s own 2023 review says donors should understand what biocomputing implies.

The public record cannot show whether these were met.

S O U R C E S Nitkin (2016); Beskow (2016); International Society for Stem Cell Research (2021); Boers et al. (2016); Kagan, Gyngell, et al. (2023), full entries in the closing section.
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W H E R E  T H E  L A W  L O O K S

Rules that protect donors assume research,
tissue traceable to a person, and its original form.

Q U E S T I O N W H A T  T H E  L A W  S A Y S T H E  G A P

Is renting computing time

research?
Singapore and the U.S. Common Rule define research as work toward generalizable knowledge A customer running an app may be

doing neither

Does consent attach? U.S. consent rules reach identifiable specimens; profit disclosure only “when appropriate” Deidentified cell lines fall outside

Does the donor have a claim? Moore: no conversion claim; disclosure duty lies with the physician Commercial developers owed no

direct duty

Is it still human tissue? Singapore excludes tissue that is unidentifiable and substantially manipulated; Victoria bans

sale of tissue taken from the body

Reprogrammed neurons may fall

outside both, untested

Not legal advice, and no claim that these laws govern this operator. Australia’s national research guidance, revised in 2026, was not reviewed.

S O U R C E S Human Biomedical Research Act 2015, ss. 2, 32, 37, First Sched. para. 4(1) (Sing.); 45 C.F.R. §§ 46.102(e)(1), (l), 46.116(c)(7), (d)(1) (2018); Moore v. Regents of the Univ. of Cal., 51 Cal. 3d 120, 129, 131–33, 143 (1990); Human Tissue Act 1982
(Vic) ss 3, 38–39 (Austl.).
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VIGovernance Without
Prohibition
Six measures, none of them a ban

Demand strong proof before crediting a culture with an inner life, ask little before taking modest

care, and deal with donors today.
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R E V I E W  T R I G G E R S  K E Y E D  T O  O R G A N I Z A T I O N

Commit in advance to independent review
when a culture shows any of six markers.

1
3D organoid structure, or brainstem-like tissue that regulates arousal A L R E A D Y  M E T

2
Sleep-and-wake-like switching between global activity states

3
Kept alive past a duration the operator states now D U E  N O W

4
Cultures coupled across units into one network, or memory circuitry used for lasting tasks P A R T LY  M E T

A  T R I G G E R  I S  A  R E A S O N  T O  L O O K

Review can find nothing has changed. If something has, it can change training signals, add monitoring, notify donors, and publish. 3D

organoids and hippocampal lines have already run on the CL1, so review is due for that work today.

S O U R C E S Birch, J. (2024). When is a brain organoid a sentience candidate? (Version 2). Molecular Psychology; International Society for Stem Cell Research (2021); Loeffler et al. (2026); Abu-Bonsrah et al. (2026); Williams (2026).
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R E C O R D S  A N D  D I S C L O S U R E

Log what the cultures receive, say whose cells they are,
and record how they end.

T R A I N I N G  S I G N A L S

Logged every session

Because renters write the stimulation, the

operator should log its strength, frequency, and

duration, review protocols that rely on

avoidance, publish totals, and prefer designs

that work without avoidance when they perform

as well.

P R O V E N A N C E

Published

Name the cell lines, the scope of each consent,

license terms, and whether donors were paid,

plus each unit’s makeup, count, and coupling.

Seek consent that names biocomputing, with a

way to opt out of uses, and recontact donors

where consent covered research only.

D E C O M M I S S I O N I N G

Recorded

Write down when and how each culture is

ended, what becomes of the tissue, and how

long cultures really last.

Why log at all, when cells lack pain receptors? Because the training is built to recreate, in human cells, the avoidance behavior that scientists read as a

sign of distress in animals. That aim warrants a record, not a conclusion.

S O U R C E S Cortical Labs (n.d.-a); Milford et al. (2023); Kataoka et al. (2024); International Society for Stem Cell Research (2021), full entries in the closing section.



P A R T  V I  ·  G O V E R N A N C E  W I T H O U T  P R O H I B I T I O N 34 /  40

M E A S U R E M E N T  A N D  R E G U L A T I O N

Say what would change your mind,
and let regulators say what the rules cover.

S T A T E D  C R I T E R I A

Make the checking checkable

Publish what the company checks for, what

evidence would change its view, and what it

would do. Back research on signs that do not

rely on behavior, like perturbational complexity.

R E G U L A T O R Y  C L A R I T Y

Singapore, Victoria, and
elsewhere

Say plainly whether renting time on neural

cultures is covered by research and tissue law,

and whether anonymized, heavily altered

human neural tissue is too.

A  S T A N D I N G  C O M M I T T E E

On the UK model

A panel modeled on Britain’s Animal Sentience

Committee could track biocomputing and serve

as the independent reviewer the triggers

require.

W H Y  N O T  A  M O R A T O R I U M ?

Birch leaves one open. The paper takes his other path, review with weighing of harms and benefits, since pausing would halt the

measurement work that could actually answer the question, and push the whole matter out of sight.

S O U R C E S 10 News+. (2026, October 4). Scientists are creating the world’s first biological computer in Australia [Video]; Lavazza & Massimini (2018); Bayne et al. (2020); Birch & Browning (2021); Birch, J. (2024). When is a brain organoid a sentience
candidate? (Version 2). Molecular Psychology.
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VIIObjections and
Limits
What the paper concedes, and what it still claims

Today’s cultures are unlikely to feel anything. Modest care is still not premature.
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S E V E N  O B J E C T I O N S ,  A N S W E R E D

The paper concedes the evidence for today’s cultures
and holds its ground on the rest.

O B J E C T I O N T H E  R E P LY

Labs have used neural tissue for

decades
Accepted for flat cultures; the CL1 adds closed loops, scale, renter code, engineered organization, and sale

Slime molds learn too Conceded; the animals answer only the size argument, and learning is never treated as evidence of experience

Oversight slows animal replacement It bans nothing; its costs are small and the kind animal research already bears

It was only about vocabulary Then it settles nothing about status and still leaves the donor

The likelihood is trivial A small chance still justifies small precautions; one trigger is already met; what donors are owed has nothing to do with

probability

Donors’ interests end at donation The claims are the genetic link and the scope of consent, not property

Academic labs do this too The package applies anywhere; the commercial setting adds renter code with no described ethics review

S O U R C E S Birch (2024); Holm & Lewis (2025); Moore v. Regents of the Univ. of Cal., 51 Cal. 3d 120, 143 (1990); van Till et al. (2023); This paper, Section VIII.
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L I M I T S  A N D  N E X T  S T E P S

The evidence is thin in known places,
and two studies would firm it up.

L I M I T S

Stated by the paper

Reading Kagan’s answer as about size is a

reconstruction from a TV clip. Schultz was

edited in from a separate interview. Figures per

unit vary and count cells, not survivors. Which

lines and configurations are in the racks is

unknown. The animal counts use different

methods. The legal reading is untested.

F U T U R E  W O R K ,  O N E

A provenance audit

Request that the company and its partners

name the cell lines and setups in the rented

units, release the consent forms and licenses,

compare them with the stem cell guidance, and

publish whatever the result.

F U T U R E  W O R K ,  T W O

A measurement study

A preregistered study of hippocampal

organoids kept over a year on the CL1, testing

for sleep-like state switching and

perturbational complexity against flat controls,

with the trigger result stated in advance.

S O U R C E S International Society for Stem Cell Research (2021); This paper, Sections IX and X.
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T H E  C L A I M

Nobody has shown nothing is there,
or that nothing ever will be.

The CL1 removes silicon from the debate. What is left is living human neurons, trained by a design that assumes they avoid unpredictable

input, sustained by machinery, wired to a virtual world, rented online, and made more organized on purpose. As a count, the size

argument fails against animals science treats as candidates; as simple wiring, it holds only while the wiring stays simple. The prediction

says nothing about cultures being built. The equivalence either settles nothing or asserts what the company’s own lab disclaims, and

either way leaves out the donors.

W H A T  I S  O W E D  N O W

Donors whose cells fill the racks deserve an accounting now. No neuron count will settle the question either way. Organization and closed-

loop coupling might, and the company is developing both.

S O U R C E S This paper, Section XI.



R E F E R E N C E S  ·  1  O F  2 39 /  40

R E P R O D U C E D  F R O M  T H E  P A P E R ’ S  R E F E R E N C E  L I S T,  G R O U P E D  B Y  K I N D

Travis Gilly, The Bee in the Rack: Human Neural Cultures, Commercial Computing, and the Limits of the Size Argument (working paper, October 2026, v3).

S C H O L A R S H I P

Abu-Bonsrah, K. D., Desouza, C., Chan, H. W., Habibollahi, F., Watmuff, B.,
Dottori, M., & Kagan, B. (2026). Coordinated tri-inhibition generates
human CA1, CA3 and DG neurons and hippocampal astrocytes forming
long-lived and electrophysiologically complex cultures (Version 2)
[Preprint]. bioRxiv. https://doi.org/10.64898/2026.01.21.700748

Azevedo, F. A. C., Carvalho, L. R. B., Grinberg, L. T., Farfel, J. M., Ferretti, R. E.
L., Leite, R. E. P., Jacob Filho, W., Lent, R., & Herculano-Houzel, S. (2009).
Equal numbers of neuronal and nonneuronal cells make the human brain
an isometrically scaled-up primate brain. Journal of Comparative
Neurology, 513(5), 532–541. https://doi.org/10.1002/cne.21974

Balçı, F., Ben Hamed, S., Boraud, T., Bouret, S., Brochier, T., Brun, C., Cohen, J.
Y., Coutureau, E., et al. (2023). A response to claims of emergent
intelligence and sentience in a dish. Neuron, 111(5), 604–605. https://doi.
org/10.1016/j.neuron.2023.02.009

Barron, A. B., & Klein, C. (2016). What insects can tell us about the origins of
consciousness. Proceedings of the National Academy of Sciences,
113(18), 4900–4908. https://doi.org/10.1073/pnas.1520084113

Bateson, M., Desire, S., Gartside, S. E., & Wright, G. A. (2011). Agitated
honeybees exhibit pessimistic cognitive biases. Current Biology, 21(12),
1070–1073. https://doi.org/10.1016/j.cub.2011.05.017

Bayne, T., Seth, A. K., & Massimini, M. (2020). Are there islands of
awareness? Trends in Neurosciences, 43(1), 6–16. https://doi.org/10.101
6/j.tins.2019.11.003

Beskow, L. M. (2016). Lessons from HeLa cells: The ethics and policy of
biospecimens. Annual Review of Genomics and Human Genetics, 17,
395–417. https://doi.org/10.1146/annurev-genom-083115-022536

Birch, J. (2024). When is a brain organoid a sentience candidate? (Version
2). Molecular Psychology: Brain, Behavior, and Society, 2, 22. https://doi.
org/10.12688/molpsychol.17524.2

Birch, J., & Browning, H. (2021). Neural organoids and the precautionary
principle. American Journal of Bioethics, 21(1), 56–58. https://doi.org/10.1
080/15265161.2020.1845858

Birch, J., Burn, C., Schnell, A., Browning, H., & Crump, A. (2021). Review of the
evidence of sentience in cephalopod molluscs and decapod
crustaceans. LSE Consulting. https://www.lse.ac.uk/News/News-Asset
s/PDFs/2021/Sentience-in-Cephalopod-Molluscs-and-Decapod-Crusta
ceans-Final-Report-November-2021.pdf

Boers, S. N., van Delden, J. J. M., Clevers, H., & Bredenoord, A. L. (2016).
Organoid biobanking: Identifying the ethics. EMBO Reports, 17(7), 938–
941. https://doi.org/10.15252/embr.201642613

Boisseau, R. P., Vogel, D., & Dussutour, A. (2016). Habituation in non-neural
organisms: Evidence from slime moulds. Proceedings of the Royal
Society B, 283(1829), 20160446. https://doi.org/10.1098/rspb.2016.0446

Croxford, J., & Bayne, T. (2024). The case against organoid consciousness.
Neuroethics, 17(1), 13. https://doi.org/10.1007/s12152-024-09548-3

Dexter, J. P., Prabakaran, S., & Gunawardena, J. (2019). A complex hierarchy
of avoidance behaviors in a single-cell eukaryote. Current Biology,
29(24), 4323–4329.e2. https://doi.org/10.1016/j.cub.2019.10.059

Dorkenwald, S., Matsliah, A., Sterling, A. R., Schlegel, P., Yu, S., McKellar, C. E.,
et al. (2024). Neuronal wiring diagram of an adult brain. Nature,
634(8032), 124–138. https://doi.org/10.1038/s41586-024-07558-y

Dung, L. (2022). Why the epistemic objection against using sentience as
criterion of moral status is flawed. Science and Engineering Ethics,
28(6), 51. https://doi.org/10.1007/s11948-022-00408-y

Frasnelli, E., Haase, A., Rigosi, E., Anfora, G., Rogers, L. J., & Vallortigara, G.
(2014). The bee as a model to investigate brain and behavioural
asymmetries. Insects, 5(1), 120–138. https://doi.org/10.3390/insects501
0120

Gaillard, M. (2025). Bioengineering ethics for the age of microphysiological
systems. Frontiers in Bioengineering and Biotechnology, 13, 1497060. htt
ps://doi.org/10.3389/fbioe.2025.1497060

Giacino, J. T., Ashwal, S., Childs, N., Cranford, R., Jennett, B., Katz, D. I., Kelly,
J. P., Rosenberg, J. H., Whyte, J., Zafonte, R. D., & Zasler, N. D. (2002). The
minimally conscious state: Definition and diagnostic criteria. Neurology,
58(3), 349–353. https://doi.org/10.1212/WNL.58.3.349

Holm, S., & Lewis, J. (2025). Neural organoids: How should we handle the
possibility of sentience? Cambridge Quarterly of Healthcare Ethics,
34(4), 586–596. https://doi.org/10.1017/S0963180126100140

Howard, S. R., Avarguès-Weber, A., Garcia, J. E., Greentree, A. D., & Dyer, A. G.
(2019). Achieving arithmetic learning in honeybees and examining how
individuals learn. Communicative & Integrative Biology, 12(1), 166–170. ht
tps://doi.org/10.1080/19420889.2019.1678452

Hyun, I., Scharf-Deering, J. C., & Lunshof, J. E. (2020). Ethical issues related
to brain organoid research. Brain Research, 1732, 146653. https://doi.or
g/10.1016/j.brainres.2020.146653

Kagan, B. J., Baccetti, V., Earp, B. D., Boyd, J. L., Savulescu, J., & Razi, A.
(2026). A quantifiable information-processing hierarchy provides a
necessary condition for detecting agency [Preprint]. arXiv. https://doi.or
g/10.48550/arXiv.2601.03498

Kagan, B. J., Gyngell, C., Lysaght, T., Cole, V. M., Sawai, T., & Savulescu, J.
(2023). The technology, opportunities, and challenges of synthetic
biological intelligence. Biotechnology Advances, 68, 108233. https://doi.
org/10.1016/j.biotechadv.2023.108233

Kagan, B. J., Kitchen, A. C., Tran, N. T., Habibollahi, F., Khajehnejad, M., Parker,
B. J., Bhat, A., Rollo, B., Razi, A., & Friston, K. J. (2022). In vitro neurons
learn and exhibit sentience when embodied in a simulated game-world.
Neuron, 110(23), 3952–3969.e8. https://doi.org/10.1016/j.neuron.2022.0
9.001

Kagan, B. J., Razi, A., Bhat, A., Kitchen, A. C., Tran, N. T., Habibollahi, F.,
Khajehnejad, M., Parker, B. J., Rollo, B., & Friston, K. J. (2023). Scientific
communication and the semantics of sentience. Neuron, 111(5), 606–
607. https://doi.org/10.1016/j.neuron.2023.02.008

Kataoka, M., Gyngell, C., Savulescu, J., & Sawai, T. (2024). The donation of
human biological material for brain organoid research: The problems of
consciousness and consent. Science and Engineering Ethics, 30(1), 3. h
ttps://doi.org/10.1007/s11948-024-00471-7

Khuong, T. M., Wang, Q.-P., Manion, J., Oyston, L. J., Lau, M.-T., Towler, H., Lin,
Y. Q., & Neely, G. G. (2019). Nerve injury drives a heightened state of
vigilance and neuropathic sensitization in Drosophila. Science
Advances, 5(7), eaaw4099. https://doi.org/10.1126/sciadv.aaw4099

Lavazza, A., & Massimini, M. (2018). Cerebral organoids: Ethical issues and
consciousness assessment. Journal of Medical Ethics, 44(9), 606–610.
https://doi.org/10.1136/medethics-2017-104555



R E F E R E N C E S  ·  2  O F  2 40  /  40

S C H O L A R S H I P,  C O N T I N U E D

Loeffler, A., Habibollahi, F., Abu-Bonsrah, K. D., Azadi, A., Desouza, C., Chan,
H. W., Nishi, Y., Zhou, J., Doensen, F., Yamamoto, H., Watmuff, B., & Kagan,
B. J. (2026). Handwritten digit classification with neural cultures is
influenced by neural architecture, network dynamics, and decoding
methods [Preprint]. bioRxiv. https://doi.org/10.64898/2026.08.10.74382
9

Lovell-Badge, R., Anthony, E., Barker, R. A., Bubela, T., Brivanlou, A. H.,
Carpenter, M., Charo, R. A., Clark, A., et al. (2021). ISSCR guidelines for
stem cell research and clinical translation: The 2021 update. Stem Cell
Reports, 16(6), 1398–1408. https://doi.org/10.1016/j.stemcr.2021.05.012

Marvin, S. (2026). Brain in a chip: Biocomputing infrastructure and the limits
of urban governance. Urban Geography. Advance online publication. htt
ps://doi.org/10.1080/02723638.2026.2693292

Milford, S. R., Shaw, D., & Starke, G. (2023). Playing brains: The ethical
challenges posed by silicon sentience and hybrid intelligence in
DishBrain. Science and Engineering Ethics, 29(6), 38. https://doi.org/10.1
007/s11948-023-00457-x

Orvis, J., Albertin, C. B., Shrestha, P., Chen, S., Zheng, M., Rodriguez, C. J.,
Tallon, L. J., Mahurkar, A., et al. (2022). The evolution of synaptic and
cognitive capacity: Insights from the nervous system transcriptome of
Aplysia. Proceedings of the National Academy of Sciences, 119(28),
e2122301119. https://doi.org/10.1073/pnas.2122301119

Owen, A. M., Coleman, M. R., Boly, M., Davis, M. H., Laureys, S., & Pickard, J. D.
(2006). Detecting awareness in the vegetative state. Science,
313(5792), 1402. https://doi.org/10.1126/science.1130197

Seth, A. K. (2025). Conscious artificial intelligence and biological
naturalism. Behavioral and Brain Sciences, 49, e315. https://doi.org/10.10
17/S0140525X25000032

Solvi, C., Baciadonna, L., & Chittka, L. (2016). Unexpected rewards induce
dopamine-dependent positive emotion-like state changes in
bumblebees. Science, 353(6307), 1529–1531. https://doi.org/10.1126/scie
nce.aaf4454

Stender, J., Mortensen, K. N., Thibaut, A., Darkner, S., Laureys, S., Gjedde, A.,
& Kupers, R. (2016). The minimal energetic requirement of sustained
awareness after brain injury. Current Biology, 26(11), 1494–1499. https://
doi.org/10.1016/j.cub.2016.04.024

van Till, S. A. L., Maksimova, M. V., van Thiel, G. J. M. W., & Bunnik, E. M.
(2023). An assessment of the moral value of neuronal cell models and
brain organoids. Molecular Psychology: Brain, Behavior, and Society, 2,
15. https://doi.org/10.12688/molpsychol.17557.1

Voss, H. U., Ulu, A. M., Dyke, J. P., Watts, R., Kobylarz, E. J., McCandliss, B. D.,
Heier, L. A., Beattie, B. J., Hamacher, K. A., Vallabhajosula, S., Goldsmith,
S. J., Ballon, D., Giacino, J. T., & Schiff, N. D. (2006). Possible axonal
regrowth in late recovery from the minimally conscious state. Journal of
Clinical Investigation, 116(7), 2005–2011. https://doi.org/10.1172/JCI27021

N E W S ,  C O M P A N Y,  G O V E R N M E N T,  A N D  P R O F E S S I O N A L  S O U R C E S

10 News+. (2026, October 4). Scientists are creating the world's first
biological computer in Australia [Video]. YouTube. https://youtu.be/Fb2
wOCEEz7c

Animal Sentience Committee. (2026). Animal Sentience Committee:
Welfare implications of legislative differences in the definition of
animals. GOV.UK. https://www.gov.uk/government/publications/animal-
sentience-committee-impact-of-definitions-of-animals-in-law/animal-
sentience-committee-welfare-implications-of-legislative-differences-i
n-the-definition-of-animals

ATCC. (n.d.). Primary dermal fibroblast; normal, human, neonatal (PCS-201-
010) [Product page]. Retrieved October 4, 2026, from https://www.atcc.
org/products/pcs-201-010

Block, M. (2006). Firefighter who awoke from coma dies [Radio broadcast
transcript]. All Things Considered. NPR. https://www.npr.org/transcript
s/5227036

Buckley, E. (2005, May 2). Severely injured firefighter shows sign of
recovery. Buffalo Toronto Public Media. https://www.btpm.org/2005-05-
02/severely-injured-firefighter-shows-sign-of-recovery

Cortical Labs. (n.d.-a). CL1. Retrieved October 4, 2026, from https://corticall
abs.com/cl1

Cortical Labs. (n.d.-b). The team. Retrieved October 5, 2026, from https://co
rticallabs.com/team.html

Department for Environment, Food and Rural Affairs. (2025). Animal welfare
strategy for England (CP 1474). GOV.UK. https://www.gov.uk/governmen
t/publications/animal-welfare-strategy-for-england

International Society for Stem Cell Research. (2021). ISSCR guidelines for
stem cell research and clinical translation (Version 1.0). https://www.issc
r.org/guidelines

Khang, A. (2026, August 28). Data center at Southeast Asia's top university
runs on living human brain cells, fed sugar every 3 days. VnExpress
International. https://e.vnexpress.net/news/news/data-center-at-sout
heast-asia-s-top-university-runs-on-living-human-brain-cells-fed-sug
ar-every-3-days-5113403.html

Min, R. (2026, April 4). Can brain cells run computers? This startup powers
data centres using human neurons. Euronews. https://www.euronews.c
om/next/2026/04/04/can-brain-cells-run-computers-this-startup-pow
ers-data-centre-using-human-neurons

New York Declaration on Animal Consciousness. (2024, April 19). New York
University. https://sites.google.com/nyu.edu/nydeclaration/declaration

Nitkin, K. (2016, May 13). The complicated legacy of Henrietta Lacks. Johns
Hopkins Medicine. https://www.hopkinsmedicine.org/news/articles/201
6/05/the-complicated-legacy-of-henrietta-lacks

NUS Medicine. (2026, August 17). NUS Medicine, DayOne and Cortical Labs
unveil biological data center prototype in Singapore. National University
of Singapore. https://medicine.nus.edu.sg/news/nus-medicine-dayone-
and-cortical-labs-unveil-biological-data-center-prototype-in-singapor
e/

Williams, T. (2026, March 11). This Melbourne data centre runs on human
brain cells. Information Age. Australian Computer Society. https://ia.acs.
org.au/article/2026/this-melbourne-data-centre-runs-on-human-brain
-cells.html

L E G I S L A T I O N ,  R E G U L A T I O N S ,  A N D  C A S E S

Animal Welfare Act 2006, c. 45 (UK). https://www.legislation.gov.uk/ukpga/2
006/45/section/1

Animal Welfare (Sentience) Act 2022, c. 22 (UK). https://www.legislation.go
v.uk/ukpga/2022/22

Human Biomedical Research Act 2015 (Singapore, 2020 Rev. Ed.). https://ss
o.agc.gov.sg/Act/HBRA2015

Human Tissue Act 1982 (Vic) (Austl.). https://www.legislation.vic.gov.au/in-f
orce/acts/human-tissue-act-1982/047

Moore v. Regents of the University of California, 51 Cal. 3d 120, 793 P.2d 479
(Cal. 1990).

Protection of Human Subjects, 45 C.F.R. pt. 46 (2018). https://www.ecfr.gov/
current/title-45/subtitle-A/subchapter-A/part-46


