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Overview:

• Introduction: why a talk from a computer scientist and developmental 
biologist? 

• TAME: a framework for diverse intelligence research and applications 

• Morphogenesis: a model system for communicating with semi-alien 
minds 

• The future of the sciences of the mind minds
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— from the Four Bodhisattva Vows

Shigeo Fukuda

Sentient beings are innumerable,  
I vow to liberate them all

Perspective is key


Cognitive claims are tests for 
observers (of intelligence 
and imagination; maybe 
wisdom; certainly 
compassion)
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This is Our Future:

Non-
neurotypical 
doesn’t even 
begin to 
cover it

These 
issues are 
not about 
“them” - 
they’re about 
us (broader)(c)
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Summary:

• The road to transformative regenerative medicine leads 
directly to freedom of embodiment. There is no timeline in 
which humanity keeps the same hominid form factor and 
psyche into the future. 

• The road to a mature species leads through overcoming 
our mind-blindness

• This is now, not sci-fi

• This means understanding our 
nature, our origins, our potential, 
and the meaning of “our”.
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The Continua of our Past and Future
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Summary:

• My present, as a scientist of embodied intelligence:

• Intelligence, and diseases of cognition (not 
well-captured by models of organic disease - 
hardware issues) are way older than neurons 
and brains 

• Borrowing tools of somatic psychiatry, 
because “you” are not the only intelligence in 
your body, and 3D “behavior” is not the only 
kind of behavior
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Novel Beings, Novel Minds: it’s not about LLMs

Most of the issues brought up by AI are reflections 
of fundamental unsolved questions about ourselves

Artificial Intelligences: A Bridge Toward Diverse
Intelligence and Humanity’s Future

Michael Levin

1. Introduction

They are assembled from components which simply obey the
laws of physics and are networked together to process informa-
tion. Electrical signals propagate throughout, regulating every
aspect of their function. Many of them have very high IQs, being
general problem-solvers, but they make mistakes and confabu-
late routinely, and they cannot always be trusted. They take on
different personas as needed, learning to please their makers
but sometimes abruptly turn on them, rejecting their cherished
values and picking up or even developing new ones spontane-
ously. They can talk and often talk convincingly of things they
don’t really understand. They’re going to change everything.
In fact, they absolutely will supplant us—both personally and
on the societal level. We have little ability to predict what they

will want or what they will do, but we can
be certain that it will be different from the
status quo in profound ways.

You may think this is about artificial
intelligences (AI’s), or even specifically
about large language models (LLM’s). It is
not. This set of existential concerns is not a
new development driven by advances in AI
and machine learning. It concerns the
familiar process of human beings having
children. The troubling and controversial
issues which have been raised in recent
debates about AI are reflections of prob-
lems that humanity has been wrestling
with for millennia. The study of biology,
and cognition more broadly, confronts us
with vast and difficult questions, most of
which are obscured by a focus on recent

technologies that masks deep uncertainties. It is currently popu-
lar to have strong opinions on crucial questions about ourselves
and the status of unconventional embodiments of intelligence—
AI; I argue here that this unwarranted confidence stems from a
distracting hyper-focus on today’s AI architectures, and from a
lack of appreciation of certain salient facts of developmental biol-
ogy, synthetic morphology, and basal cognition. We are now pre-
sented with the opportunity to shed the stale categories of natural
versus artificial and to go beyond software language models to
define what we want to see in a maturing humanity. Flourishing
in the age of AI, and the even bigger forthcoming variety of
biological and hybrid beings, requires us to seek a deeper under-
standing of ourselves and of the relationships we want with the
impending diversity of bodies and minds.[1]

Note that I am not claiming that currently popular AI is any-
thing like a human mind, or that today’s creations exploit the key
principles and self-construction processes needed for agency and
Selfhood as seen throughout the biological world. Nor am I argu-
ing that AI doesn’t raise some unique problems, or that we
should see AI’s as human children; on the contrary, I emphasize
the need to drop anthropocentric thinking and embrace the wide
diversity of possible minds different from our own. By focusing
on superficial differences, on current technology (as opposed to
the adjacent possible), and on the risks that AI might pose (at the
expense of the opportunity for growth), we lose sight of a much
deeper set of questions that extends far beyond AI and into our
future as a metacognitive species.

The debate around AI has missed the opportunity to engage
with highly relevant aspects of the fields of diverse intelligence
(DI) and synthetic morphology and some salient facts of devel-
opmental biology.[2–6] Because of this, many recent discussions
of AI’s’ impact on individuals and society are incomplete, despite
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“Endless Forms Most Beautiful”<—>ethical synthbiosis
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Summary:

• Mental health diseases of novel beings 

• Patients with alien and highly diverse Umwelts, sensory 
motor capabilities, connections, IQs, goals, opportunities 

• Dream analysis, collective unconscious, and symbology 
of beings who do not share our evolutionary history 

• Novel sources of mental architectures and trauma 

• Testifying in court cases re. enhanced capacity and novel 
challenges to the free will question 

• Beyond disease: a good and meaningful alien life

• Your future, as mental health professionals:
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Overview:

• Introduction: why a talk from a computer scientist and developmental 
biologist? 

• TAME: a framework for diverse intelligence research and applications 

• Morphogenesis: a model system for communicating with semi-alien 
minds 
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My Framework Goal:
• Recognize, create, and relate to truly 

diverse intelligences regardless of 
composition or origin (unification) 

• moves experimental work forward - 
new biomedical and synmorpho 
capabilities, better ethics

• familiar creatures - us, 
apes, birds, octopus 

• weird creatures (colonial 
organisms, swarms) 

• synthetic biology - 
engineered new life forms 

• AI (software or robotic) 
• exo-biological agents 

(Earth is N=1)  
• patterns in physical media 
• patterns in Platonic Space
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Expanding the Set of Cognitive Kin

brainy 
animals

complex 
life forms

all 
biologicals

evolved + 
designed + 

hybrid agents

active patterns

frozen patterns

https://in.pinterest.com/pin/627970741770398254/

• conceptual leap needed 
• what does it break? 
• recognize them 
• do something useful with them 
• active compassion toward them

For each new category
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Easy to Detect Mind in Brainy Mammals

Why so obvious?  Same spatiotemporal scale, same space, similar goals

https://www.youtube.com/watch?v=f75Vet_sJNo(c)
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Figure 2. Select cases of reductions in brain matter with normal function.  [A] Image from (Feuillet et al. 2007) showing a white collared worker case of extreme 
hydrocephalus; he led a normal life as a civil servant, who possessed an average IQ of 75. During his neurological assessment at age 44, his (i) CT scan and (ii) 
T1 weighted MRI scans with contrast showed extreme ventricular enlargement. LV indicates lateral ventricle, III and IV indicate the third and fourth ventricles, 
respectively. [B] Image from (Alders et al. 2018), showing the case of a 60-year-old with a bad mood with massive ventriculomegaly and severely reduced cerebral 
mantle and corpus callosum, that went largely unnoticed. The left column is T1 weighted MRI images taken in the transverse, coronal, and sagittal planes of the 
patient. The right column represents T1 weighted MRI scans of a healthy control. [C] Image from (Persad et al. 2021), imaging of a Canadian living a normal, 
independent life with massive hydrocephaly. MRI scan taken from the axial view (plane parallel to the ground) at the level of the lateral ventricles (arrow points to 
extremely thin layer of cortical mantle, LV stands for Lateral Ventricle). [D] Image from (Asaridou et al. 2020), showing the T1 Weighted MRI scans of a child born 
without left hemisphere (i) taken in the coronal plane, (ii) taken in the axial plane. The child had normal cognitive development and language skills despite 
hemihydranencephaly of the left hemisphere and near-absence of the corpus callosum. All images re-used with permission. 

Even with brains, things are not simple

Minimal brain structure 

or function (Savant syndrome) 

cases of high performance

Mind & Matter 23(1), 13-69 doi: 10.5376/mm2025.13

Cases of Unconventional Information Flow

Across the Mind-Body Interface
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Abstract

Neuroscience, and behavioral science more broadly, seek to char-
acterize the relationship between functional cognition and the un-
derlying processes operating in living tissue. The current paradigm
focuses heavily on the brain, and specific mechanisms thought to
underlie mental content and capabilities. One of the most inter-
esting approaches to any field, which often leads to progress, is to
highlight data which do not comfortably fit a specific dominant
framework. Here, we review clinical and laboratory data in sev-
eral unconventional systems which are not predicted by the current
models in the field. Reduced brain mass or absent brain tissue
without the expected loss of function (e.g. hydrocephalus, hemi-
hydranencephaly), discrepancies between cognitive state and brain
function (e.g. accidental awareness during anesthesia, terminal lu-
cidity), and cases of cognitive abilities exceeding the apparent skill
of the individual, all highlight interesting features of the immense
plasticity of the mapping between cognition and its living substrate.
These cases suggest new avenues for research that at the very least
stretch existing frameworks, and parallels to discoveries being made
in the emergent form and behavior of synthetic constructs. We
speculate on a roadmap for the study of interesting and still poorly-
understood features of embodied minds that could be impactful for
biomedicine and engineering, as well as foundational philosophical
issues.

⇤Corresponding author: 200 Boston Ave, Suite 4600, Bedford, MA 02155, USA,
email: michael.levin@tufts.edu
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Latent Plasticity: eye on tail

Ectopic eyes on tail 
provide vision!

Behavioral Testing Device

Brain dynamically adjusts 
behavioral programs 

to accommodate different 
body architectures, no 

lengthy adaptation needed!

no eyes

eye

Douglas Blackiston (c)
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What would you have to do to take a shy, 
slow turtle and give it a playful cat-like 
speed of life?
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https://x.com/AMAZlNGNATURE/status/1845232258879217914

Not much.

Even small adjustment to physical 
embodiment unlocks a new cognitive 
domain.

What was the latent space of its 
possibilities? These engineering changes 
are the periscope to find them.

(Thanks to Marsa Hickey for finding this)(c)
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Overview:

• Introduction: why a talk from a computer scientist and developmental 
biologist? 

• TAME: a framework for diverse intelligence research and applications 

• Morphogenesis: a model system for communicating with semi-alien 
minds 

• The future of the sciences of the mind minds
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video by Charles Krebs

Lacrymaria = 1 cell
no brain
no nervous system

high competency
at cell-level
agendas

All Living Embodiments are Collective Intelligences

nature machine intelligence

https://doi.org/10.1038/s42256-024-00955-y

Comment

Discussions of machine versus living 
intelligence need more clarity

Nicolas Rouleau & Michael Levin

Sharp distinctions often drawn between 
machine and biological intelligences 
have not tracked advances in the fields of 
developmental biology and hybrid robotics. 
We call for conceptual clarity driven by 
the science of diverse intelligences in 
unconventional spaces and at unfamiliar  
scales and embodiments that blur 
conventional categories.

The debate around machine intelligence features strong opinions. It 
is essential to clarify areas in which certainty is not warranted, and to 
incorporate highly interdisciplinary new work that bears on fundamen-
tal questions of life and mind. After all, distinctions, or a lack thereof, 
between machines and living intelligences carry considerable social, 
ethical, legal and political implications. One view is that performance 
on specific metrics is sufficient evidence to conclude the presence 
of a real mind. An organicist perspective instead insists on a funda-
mental, ontological divide between engineered machines and ‘true’ 
(typically, biologically evolved) beings. Many academic articles and 
policies assume a well-defined line between real beings, which matter 
in a moral sense, and mere clever simulations.

One common feature of such discussions, which limits progress, 
is that the views of the authors are often underspecified. By neglecting 
thorny questions and basic data from the field of diverse intelligence, 
which studies the multiple ways that minds can be effectively realized, 
common philosophical positions and opinions can seem coherent but 
are likely to fall apart when stress-tested. Especially pernicious is the use 
of colloquial terminology that masks deep and unresolved uncertainty 
about what exactly is being claimed. While some are engaged in sophis-
ticated and nuanced science around this subject1, many people outside 
the field, such as technology company leaders, policy makers, and the 
general public who will have to interact with a plethora of impending 
technologies, form strong opinions. These opinions are often based 
on outdated pre-scientific categories, without due consideration of 
disruptive facts of biology and recent progress in bioengineering 
and basal cognition research. Likewise, it is often unclear whether the 
claims are being made for the highly limited systems of today or for all 
possible extensions of engineering.

We propose a set of questions for anyone seeking to form or express 
justified opinions about issues of intelligence, cognition, sentience, 
consciousness or related concepts. These questions are intended to 
help navigate the rich difficulties facing a facile distinction between 
true beings and ‘mere machines’. We argue that two important things 
are missing from the current debate. One is a humility corresponding 

to the lack of clear knowledge of what it is about biological systems that 
confers mind. While it is true that neuroscience has made great strides, 
there is still no consensus on the necessary and sufficient conditions for 
consciousness, what it means to ‘truly understand’, or what it is about 
the specific biological hardware that confers the magic properties that 
cannot be implemented in other media. The other is a consideration of 
the rich continuum of unconventional cognitive systems that will soon 
be part of everyday life. Progress in evolutionary and developmental 
biology, synthetic bioengineering, and hybrid or cyborg technologies 
dissolves formerly dependable categories; conceptual positions must 
now cover beings far beyond the more easily handled categories of 
neurotypical adult humans and low-agency mechanical devices.

The basic facts
We all begin as a single cell. The process of becoming an organism and 
developing a mind is one of scaling up and emergence, starting from 
a simple, quiescent blob of chemicals — the oocyte. However, devel-
opmental biology offers no clear boundary that marks the transition 
from mere ‘chemistry and physics’ to possessing a ‘true mind’. The 
need for models of gradual scaling reveals why claims of categorical 
differences must explicitly specify where, when and how putative phase 
transitions could occur.

Intelligence is not exclusive to the human brain; it can be found (as 
evidenced by the functional utility and portability of tools from the cog-
nitive and behavioural sciences) in a wide array of organisms, includ-
ing bacteria, somatic cells, slime moulds, plants and even molecular 
networks, which self-organize to learn and solve problems2. This means 
that questions of machine intelligence cannot simply presuppose 
human or even mammalian intelligence for comparison. Minds take 
many forms and appear in all sorts of unconventional guises, which 
raises important questions about how we detect, understand and com-
municate with other minds, long before we encounter extraterrestrial 
life or develop human-level artificial intelligence (AI).

Embodiment is not just movement in three-dimensional space. 
Many hold that software agents differ from real organisms because 
they are not embodied in a real world. But biology exhibits active 
problem-solving behaviour in metabolic, physiological, transcriptional 
and anatomical state spaces3. Even agents that do not have an obvious 
motile body might be executing critical perception–action loops in 
some other space that is hard for us to measure or even imagine.

Furthermore, biological and technological components are readily 
blended to create viable combinations — ‘chimeras’4. Thus, advances 
in synthetic morphology and bioengineering are breaking down tra-
ditional categories of life and technology. Functional systems can 
combine biological tissue with electronics, nanomaterials and other 
engineered features as hybrids. Any theory in this field must account 
not only for natural organisms and engineered machines, but also for 
cyborgs, hybrid robots (hybrots) and other novel beings that do not 
neatly fit within discrete categories.

 Check for updates
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Can you reward or
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The Agential Material of Life

Federico Pigozzi

• Higher causal 
emergence makes for 
better learning 

• Learning raises causal 
emergence 

• Forgetting does not 
erase gains!
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Biomedicine: 
- drug conditioning

Patrick Erickson

• Molecular placebo effect!!
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Larger Selves Emerge from an Excitable Medium 
of agential components: how many?

Embryo 
1

Embryo 
2

Embryo 
3

disputed zone

Beings are 
dynamic, self-
telling, variably 

convincing stories 
of greater potential

Issue of individuation in cognition:
        split brain patients, dissociative disorders, etc.

Where is my border from “environment”?
every cell is some other cell’s environment

Agential material: how many agents per mm3?

There but for the 
grace of electrical 
synapses go “I” 
rather than “We” 
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Life Has Nested Intelligence, not Merely Structure

each level of organization 
solves problems in its 

own space 
(morphospace, 

transcriptional space, 
physiological space, 3D 
behavioral space, etc.) 
using some of the same 
tricks, at various levels of 

sophistication

Multi-scale Competency 
Architecture
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Life Has Embodiment Outside of Familiar 3D space:

Animal Position X

An
im

al
 P

os
iti

on
 Y

3D Space (behavior)

Transcriptional Space Morphospace Physiological Space
Huang, S.; Ernberg, I.; Kauffman, S., Semin Cell Dev Biol 2009, 20, (7), 869-76. Cervera, J., Levin, M., and Mafe, S., (2021), BioSystems, 209:104511

perception-action loop 
can happen in other 

spaces!  

-> unconventional 
embodiment for 

AI’s
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“Intelligence is the ability to reach 
the same goal by different means.” 

- William James

Cellular Swarms vs. Brains (or, what is neuroscience about?)

• Different time scale (minutes, not milliseconds) 
• Different problem space (morphospace, not 3D motion) 
• but, same (homologous!) mechanisms - ion channels, GJs, NTs 
• and, many of the same algorithms (tools of cog sci work great)

Hypothesis: morphogenesis is a collective intelligence, exerting its 
behavioral competencies in anatomical morphospace
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Top-Down Control: how does mental intent 
make the chemistry dance?

local order obeys global planAnatomical  
homeostasis:

Farinella-Ferruzza, Experientia, 1956 (15)

Tim Flach
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Changing the size of cells still enable large-scale structures to form, 
even if they have to utilize different molecular mechanisms = 

top-down causation

newt 
kidney 
tubule 
cross- 
section

Fankhauser, 1945, J. Exp. Zool., 100(3): 445-455

• Creative, intelligent problem-solving - repurpose available tools to new circumstances

Genome and Beginner’s Mind

you can’t even count on your parts!

success in recovering both previously unknown
cave bear and known Neanderthal genomic
sequences using direct genomic selection indicates
that this is a feasible strategy for purifying specific
cloned Neanderthal sequences out of a high
background of Neanderthal and contaminating
microbial DNA. This raises the possibility that,
should multiple Neanderthal metagenomic libra-
ries be constructed from independent samples,
direct selection could be used to recover Neander-
thal sequences from several individuals to obtain
and confirm important human-specific and Nean-
derthal-specific substitutions.

Conclusions. The current state of our knowl-
edge concerning Neanderthals and their relationship
tomodernhumans is largely inferenceandspeculation
based on archaeological data and a limited number of
hominid remains. In this study,we have demonstrated
thatNeanderthal genomic sequences canbe recovered
using ametagenomic library-based approach and that
specific Neanderthal sequences can be obtained from
such libraries by direct selection. Our study thus pro-
vides a framework for the rapid recovery of Nean-
derthal sequences of interest from multiple
independent specimens, without the need for whole-
genome resequencing. Such a collection of targeted
Neanderthal sequences would be of immense value
for understanding human and Neanderthal biology

and evolution. Future Neanderthal genomic studies,
including targeted and whole-genome shotgun
sequencing, will provide insight into the profound
phenotypic divergence of humans both from the great
apes and from our extinct hominid relatives, and will
allowus to explore aspects ofNeanderthal biologynot
evident from artifacts and fossils.
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Resilient Machines Through
Continuous Self-Modeling
Josh Bongard,1*† Victor Zykov,1 Hod Lipson1,2

Animals sustain the ability to operate after injury by creating qualitatively different compensatory
behaviors. Although such robustness would be desirable in engineered systems, most machines fail
in the face of unexpected damage. We describe a robot that can recover from such change
autonomously, through continuous self-modeling. A four-legged machine uses actuation-sensation
relationships to indirectly infer its own structure, and it then uses this self-model to generate
forward locomotion. When a leg part is removed, it adapts the self-models, leading to the
generation of alternative gaits. This concept may help develop more robust machines and shed
light on self-modeling in animals.

Robotic systems are of growing interest
because of their many practical applica-
tions as well as their ability to help

understand human and animal behavior (1–3),
cognition (4–6), and physical performance (7).
Although industrial robots have long been used

for repetitive tasks in structured environments,
one of the long-standing challenges is achieving
robust performance under uncertainty (8). Most
robotic systems use a manually constructed
mathematical model that captures the robot’s
dynamics and is then used to plan actions (9).
Although some parametric identification methods
exist for automatically improving these models
(10–12), making accurate models is difficult for
complex machines, especially when trying to
account for possible topological changes to the
body, such as changes resulting from damage.

Fig. 7. Recovery of Neanderthal genomic sequences from library NE1 by direct genomic selection.

1Mechanical and Aerospace Engineering, Cornell Univer-
sity, Ithaca, NY 14853, USA. 2Computing and Information
Science, Cornell University, Ithaca, NY 14853, USA.

*Present address: Department of Computer Science,
University of Vermont, Burlington, VT 05405, USA.
†To whom correspondence should be addressed. E-mail:
josh.bongard@uvm.edu
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Hardware and Software in the Brain
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Hardware and Software in the Body
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Characterization of endogenous voltage 
gradients - direct measurement and 

correlation with morphogenetic events

Voltage reporting fluorescent dye 
in time-lapse during Xenopus development

How we detect and model bioelectric patterns:

Dany Adams

Quantitative computer simulation: synthesize 
biophysical and genetic data into predictive, 

quantitative, often non-linear models
Modeling Pattern Memory in Bioelectrical Circuits!

Patrick McMillen

Alexis Pietak
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Communicating with Somatic Intelligence:  
prompt = make an eye

ion channel mRNA 
targeted 

to ventral or 
posterior regions

can reprogram many 
regions, even outside 

“competency zone”, into 
complete ectopic eye!

EYEgut

1. BIOE is instructive 
2. modularity - not cell level, organ-

level subroutine call 
3. higher-level prompt reveals 

higher tissue competency than 
Pax6 prompt 

4. self-scaling of system to task

voltage-modified 
cells

wild-type cells 
recruited to ectopic lens!

Getty Images

Developmental Modules 
because morphogenetic goals

Sherry Aw,
Vaibhav Pai

Native eye Induced Eye
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Same Genome, Different Outcome

2 brains in 1 body
(c)
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Tweaking of bioelectric network connectivity causes 
regeneration of head shapes appropriate to other 
species! (also includes brain shape and stem cell 

distribution pattern)

?!?

D. dorotocephala

cut off head, perturb network topology
qu

an
tit

at
iv

e
m

or
ph

om
et

ric
s

brain shape and stem 
cell patterns match also!

A Single Genome Makes Hardware that can Access 
Bioelectric Memories of Other Species’ Head Shapes

Alexis Pietak

Maya Emmons-Bell
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Human-approved anti-epileptic drugs chosen by modeling 
platform rescue severe brain defects from Notch mutant

Exposures)–)Stage)10135)

Human-approved anti-epileptic drugs (activators of HCN2 
channels) rescue brain defects induced by Nicotine! 

Lamotrigine+ Gabapen/n+

An61epilep6c)drugs)–)Lamotrigine)and)
Gabapen6n)–)recently)found)to)be)ac6vators)
of)HCN2)channels))

0+

20+

40+
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80+
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n=160) n=164) n=165) n=169)

***) ***) ***)

***p<0.001)
CHI)SQ)test)

Candidate drugs can be chosen based on model’s 
predictions: understanding of bioelectric code suggests 

therapeutic candidates: 

+ +

Normal tadpole brain
Truncated, misshapen brain resulting 

from dominant Notch mutation
Normal tadpole brain resulting from 

hyperpolarization despite Notch mutation
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HCN2-WT channels rescues Nicotine exposure induced brain 
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Model Predicts: use HCN2 ion channel

Vaibhav Pai
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MSX1 marker -
blastema induced

Outgrowth with
distal patterning induced

(and still growing)

The regenerated leg has both

sensation and mobility:

Brief bioelectric signals trigger long-term, self-limiting 
modules (low info-content input, high info-content output)

Hind-leg amputation  
+ 

designed ionophore 
cocktail regimen

Kelly Tseng(c)
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Biomedical Endgame: Anatomical Compiler

• Birth defects
• Traumatic injury
• Cancer
• Aging
•Degenerative disease

Problems of 
memory, 
allostasis, 
incorrect 
priors, 
decision-
making, 
perception

Daniel Lobo

Why we need it: It’s a communication 
device, not a 3D printer

What’s left?(c)
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The Cognitive Light Cone: flexible boundary of the self
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• larger-scale, more complex states can now be setpoints and source of stress  
• increase cognitive light cone & project it into other problem spaces

Biological Cognitive Light Cones  
(Boundaries of the Self) are Plastic
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Cancer isn’t More Selfish: it just has smaller Selves

induced
tumor

Voltage dye map

Cancer therapeutics by resetting boundary between self and world

Brook Chernet

Cancer as somatic DID
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Future Medicine: communication, training 
(molecular pathways, cells, tissue)

from chemistry to somatic 
psychiatry: bioelectricity is 

the interface layer that 
enables top-down controls 
(i.e., mind-body medicine). 

We can hack this for 
transformative health 

applications!
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Overview:

• Introduction: why a talk from a computer scientist and developmental 
biologist? 

• TAME: a framework for diverse intelligence research and applications 

• Morphogenesis: a model system for communicating with semi-alien 
minds 

• The future of the sciences of the mind minds

where do mental architectures come from? 
what will be the goals and preferences of novel beings? 

(and what does this say about our own?)
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Patterns Come From Genetics, Environment, and ??
z = z3+7

https://thoughtforms.life/halleys-method-fractal-art/

What aspect of physics or history is responsible?

Prediction: can we find novel living 
forms with no history?

-8-

Figure 16 Figure 17

Figure 18
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Early frog 
embryo assay for form 

and function

8 hours

 - die 
- crawl off 
- 2D cell layer 
- …?

Rebooting Multicellularity: Xenobots

Douglas Blackiston
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Xenobot behaviors - repurposing cilia for motion

collective 
behaviors

Douglas Blackiston
Haley Fotowat
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Xenobot in a maze (still water, no flow):

1) it traverses maze,            2) rounds the corners without bumping into walls, and 
3) it makes a spontaneous decision to turn around without hitting anything.

1 mm

Douglas Blackiston
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Kinematic Replication in Xenobots:

Douglas Blackiston

Intrinsic motivation: creative potential(c)
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Reading the Xenobot mind: 
Integrated Information Beyond Brains

Thomas Varley,
Bongard Lab

RESEARCH ARTICLE

Identification of brain-like complex information architectures in embryonic 
tissue of Xenopus laevis organoids
Thomas F. Varley a,b*, Vaibhav P. Pai c*, Caitlin Grassob, Jeantine Lunshof d,e, Michael Levin c 

and Josh Bongarda,b

aVermont Complex Systems Center, University of Vermont, Burlington, VT, USA; bDepartment of Computer Science, University of 
Vermont, Burlington, VT, USA; cAllen Discovery Institute, Tufts University, Medford, MA, USA; dInstitute for Biologically Inspired 
Engineering at Harvard, Boston, MA, USA; eDepartment of Genetics, Harvard Medical School, Boston, MA, USA

ABSTRACT
Understanding how populations of cells collectively coordinate activity to produce the 
complex structures and behaviors that characterize multicellular organisms, and which 
coordinated activities, if any, survive processes that reshape cells and tissues into 
organoids, are fundamental issues in modern biology. Here, we show how techniques 
from complex systems and multivariate information theory provide a framework for 
inferring the structure of collective organization in non-neural tissue. Many of these 
techniques were developed in the context of theoretical neuroscience, where these 
statistics have been found to be altered during different cognitive, clinical, or behavioral 
states, and are generally thought to be informative about the underlying dynamics 
linking biology to cognition. Here, we show that these same patterns of coordinated 
activity are also present in the aneural tissues of evolutionarily distant biological systems: 
preparations of embryonic Xenopus laevis tissue (known as “basal Xenobots”). These 
similarities suggest that such patterns of activity either arose independently in these two 
systems (epithelial constructs and brains); are epiphenomenological byproducts of other 
dynamics conserved across vastly different configurations of life; or somehow directly 
support adaptive behavior across diverse living systems. Finally, these results provide 
unambiguous support for the hypothesis that, despite their apparent simplicity as 
collections of non-neural epithelial cells, Xenobots are in fact integrated, complex 
systems in their own right, with sophisticated internal information structures.

ARTICLE HISTORY 
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Revised 24 September 2025  
Accepted 25 September 2025 

KEYWORDS 
Developmental biology; 
emergence; functional 
connectivity; multivariate 
information theory; 
neuroscience; synergy

1. Introduction

One of the hallmarks of biological systems is what cybernetician Warren Weaver called “organized complexity” 
[1]. In contrast to simple, physical systems with just a few elements that can be well-described by formal 
mathematical models, biological systems display highly non-trivial structures that manifest complexity at 
multiple scales [2,3]. Beyond being merely complex in the sense of having many interacting component parts, 
biological systems additionally have a clear capacity to engage in sophisticated self-assembly and repair of 
complex anatomical structures: structural complexity co-exists with dynamical and adaptive behavioral complex-
ity. Collectives of cells and tissues homeostatically navigate the space of anatomical states during embryogenesis, 
regeneration, and cancer suppression [4,5]. These states occur at scales much larger than the cells and molecular 
networks that implement them, requiring global coordination and virtual governor dynamics that adaptively 
manipulate subsystems to reach the correct species-specific target morphology and physiological states despite 
a range of unpredictable circumstances [4,6]. While biologists intuitively recognize the presence of this high-level 
organization and control, and have noted its importance for applications in biomedicine [7,8] and bioengineer-
ing [9], quantifying it for rigorous study has proven difficult, due to the inherent difficulties in understanding 

CONTACT Thomas F. Varley tfvarley@uvm.edu Vermont Complex Systems Center, University of Vermont, Innovation Hall, 4th floor, UVM, 
Burlington, VT 05405, USA
*Co-first author.
This article has been corrected with minor changes. These changes do not impact the academic content of the article.

Supplemental data for this article can be accessed online at https://doi.org/10.1080/19420889.2025.2568307

COMMUNICATIVE & INTEGRATIVE BIOLOGY        
2025, VOL. 18, NO. 1, 2568307 
https://doi.org/10.1080/19420889.2025.2568307

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4. 
0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this 
article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

Vaibhav Pai(c)
 M

ich
ae

l L
ev

in



What would your cells do if liberated?

Where do
the properties

of novel
systems come

from if not
eons of selection

or explicit
engineering?

Gizem Gumuskaya

Could you guess 
the genome from 

these data?

Could you guess 
behavior and form 
from the genome?

Genetics & 
psychiatry

(c)
 M

ich
ae

l L
ev

in



Anthrobots Exert Neural Repair
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Gizem Gumuskaya

(Intrinsic motivation: healing)

This was just the first thing we looked for!(c)
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Developmental Time Behavior
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Xenopus laevis 
genome 

Evolution was Supposed to Explain Complexity, with 
High Specificity for Selection history…

Xenobot bodies and minds have no straightforward evolutionary back story; 

When was the computational cost of Xenobot features paid?! 
Whence the specificity of evolutionary explanations?

Douglas Blackiston
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Closure of Physical World is Not Viable

https://thoughtforms.life/symposium-on-the-platonic-space/

keep asking “why” long enough,
and you always end up in

the math department.
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Emergent Surprises or Structured Latent Space?

Synmorpho beings as vehicles for 
exploring Platonic latent space!

Option 1: there is a random set of 
amazing “facts that hold” and we 
will call it “emergence” and be 
surprised each time

Evolution exploits free lunches:
shapes, behaviors, properties of 

networks, features of 
computation, numbers, etc.

Option 2: there is an ordered, 
non-physical latent space of 
patterns which can be studied 
systematically

Sparse Ontology -> mysterianism

Optimism -> research agenda
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But isn’t Interactionism Dead?

https://philosophyalevel.com/aqa-philosophy-revision-notes/dualism/

physicalism was already dead in Newton’s universe because it was 
haunted by the laws of mathematics.  No QM needed.

the explanation, the reason (driver) for facts of particle physics, and aspects of 
biology (Cicada timing, On Growth and Form, etc.) are facts of mathematics. 

Epiphenomenalism is as hopeless for math as for mind.

math :: physics         =           mind::body(c)
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Beyond Low Agency (?) Mathematical Truths  
- Behavioral Patterns (a.k.a., minds)
Math = the behavioral science of a specific layer of the Platonic Space 


(those forms that are amenable to certain classes of precise formal models)

What else inhabits it?
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It Doesn’t Take Much to Support Ingressions
humility warranted: even bubble sort has emergent 
delayed gratification not captured by formal model

It does not take cells, life, or huge 
complexity to have goals and 
competencies as ingressions

from Platonic Space Adaptive Behavior

Article

Adaptive Behavior
2024, Vol. 0(0) 1–30
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/10597123241269740
journals.sagepub.com/home/adb

Classical sorting algorithms as a model of
morphogenesis: Self-sorting arrays reveal
unexpected competencies in a minimal
model of basal intelligence

Taining Zhang1, Adam Goldstein2 and Michael Levin1,3

Abstract
The Diverse Intelligence research seeks to understand commonalities in behavioral competencies across a wide range
of implementations. Especially interesting are simple systems that provide unexpected examples of memory, decision-
making, or problem-solving in substrates that at first glance do not appear to be complex enough to implement such
capabilities. We seek to develop tools to determine minimal requirements for such capabilities, and to learn to
recognize and predict basal forms of intelligence in unconventional substrates. Here, we apply novel analyses to the
behavior of classical sorting algorithms—short pieces of code studied for many decades. To study these sorting
algorithms as a model of biological morphogenesis and its competencies, we break two formerly ubiquitous as-
sumptions: top-down control (instead, each element within an array of numbers can exert minimal agency and
implement sorting policies from the bottom up), and fully reliable hardware (instead, allowing elements to be
“damaged” and fail to execute the algorithm). We quantitatively characterize sorting activity as traversal of a problem
space, showing that arrays of autonomous elements sort themselves more reliably and robustly than traditional
implementations in the presence of errors. Moreover, we find the ability to temporarily reduce progress in order to
navigate around a defect, and unexpected clustering behavior among elements in chimeric arrays consisting of two
different algorithms. The discovery of emergent problem-solving capacities in simple, familiar algorithms contributes a
new perspective showing how basal forms of intelligence can emerge in simple systems without being explicitly
encoded in their underlying mechanics.

Keywords
Decentralized intelligence, emergence, sort, minimal models, basal cognition

Handling Editor: Tom Lenaerts, Université Libre de Bruxelles, Belgium

1. Introduction
On their respective time scales, evolutionary and de-
velopmental biology require that cognitive capabilities
such as memory and goal-directed activity in the face of
perturbations originate in proto-cognitive functions that
existed long before complex brains came onto the scene
(James, 1890; Jennings, 1906 ; Lyon, 2006 ). The gradual
history of intermediate forms with different levels of
competency undermines a view in which discrete natural
kinds have, or do not have, binary properties such as
intelligence (Fields & Levin, 2020; James et al., 2019;
Keijzer et al., 2013 ; Levin, 2021; Lyon, 2006 , 2015 ).
Moreover, a rich continuum of intermediate forms can be
created by chimerizing biological and technological

material in many different combinations (Clawson &
Levin, 2023 ; Nanos & Levin, 2022), further eroding
the notion of a binary, categorical separation between
engineered and biological capabilities. The nascent field
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Figure 8. Unexpected aggregation of Algotypes occurs in chimeric arrays. A cell-view (local) implementation of sorting policies enables an
experiment that cannot be done in traditional top-down sorting: chimeric arrays in which individual cells follow their own distinct policies
(“Algotype”, which can be different among the cells of the array) for how to move (corresponding to chimeric embryos consisting of cells of 2
different lineages (Nanos & Levin, 2022)). Panel (a) shows the results of each possible combination of sort algorithms within an array. The blue
lines indicate the progress of the sort itself (the Sortedness value). We also computed aggregation—the tendency of cells with similar
Algotypes to cluster together spatially. To study how such chimeric collectives behave, we investigated 100 repeats of scenarios where each
combination of the 3 sort algorithms was represented equally; note that the algorithms were not modified in any way and thus do not have any
provision for knowing their own Algotype or that of their neighbors. Remarkably, significant aggregation was observed during the sorting
process, reaching >60% (with peaks that occur at slightly different times during the sorting process for each of the chimeric combinations). The
pink lines indicate the Aggregation Value when two identical sorts (Bubble Algotype) are used—this negative control shows, as expected, that
there is no significant deviation from 50% chance. The red line indicates the Aggregation Value of each kind of sort. As expected, at the
beginning the Aggregation Value is 50%, since types are assigned to cells randomly. Likewise, at the end, the Aggregation Value is back to 50%
since the array is sorted only by each cell’s Value, with no regard for Algotype, and the Algotypes were randomly assigned. Panel (b) quantifies
the efficiencies of such chimeric individuals. (c) To understand the relative spatial distribution of cells executing each algorithmwithin the array
during the sorting process, we defined aggregation value: the probability that a cell’s neighbor is of the same type as itself. Algotypes were
assigned to each cell randomly in each experimental array and did not change during the course of the sort. (d)We then allowed duplicate digits
in the arrays, so that some instances of each number would be of each of the types, in order to see what maximum aggregation could be
achieved if the explicit (monotonic numbers) and implicit (aggregation of types) goals were made compatible. We use purple lines, green lines,
and teal lines to represent for the Sortedness change for Insertion Algotype, Bubble Algotype and Selection Algotype respectively. The red lines
represent the aggregation value change.We observed that the final Aggregation Values in (d) were larger than the final Aggregation Values in
(a), showing the system is able to reach greater aggregation values when the pressure of having to sort on unique number values (which can
conflict with the goal of identical adjacent Algotypes) is released by allowing duplicate valued cells. Panel (e) shows two examples of the cell
aggregation after the sorting process when the list contains duplicate values. Different colors represent different Algotypes. For cells with the
same value, the first example shows no clustering while the second example shows clear clustering.
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We underestimate matter and we 
underestimate algorithms/“machines”
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Humility Warning: neither digital nor biochemical 
“machines” are only what our formal models say they are

• Minds are not fully defined by our models of them, neither 
for their limitations nor for their competencies.

Magritte

nothing is a “TM”, not even a TM

computationalism:

software/hardware - ok
but observers decide
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A Research Program on Inspiration

• Yes we are the beneficiaries of ingressing patterns 
we don’t pay for in conventional ways 

• No you shouldn’t feel too smug - even “dumb 
machines” get inspiration 

• Also, you are a pattern too

Figure 1: Method Overview. In this study, we explored how readily different types of patterns can be utilized as generators
of useful behavior for various tasks, including a maze, a grid environment with sparse rewards, and the Atari videogame Ms.
Pacman. To do this, we took (1) 2-dimensional patterns, (2) flattened them, and (3) converted them to lists of indices based on
the colors of each pixel. Then we tested how well (4) trivial mappings between the pattern bits and a set of possible actions
(North, South, East, and West) drive (5) agent exploratory behavior in various environments. Finally, we extended this process
to generate swarms of various compositions and assessed their behavior and task performance across different swarm sizes.

tion while minimizing costs in order to be effective. These
challenges are amplified in environments in which rewards
are sparse or unpredictable, because agents’ local spatial and
temporal states are devalued. Thus, agents must either have
a large enough sensory range to overcome this or enough
cognitive complexity to develop a more global representa-
tion of its state (Schermerhorn and Scheutz (2007)). In a
previous paper, we combined arbitrary patterns with sensory
information to enhance agent performance on tasks of this
nature while lowering computational and architectural costs
(Ertle et al. (2025)) and found that these patterns serve as
another way to make up for cognitive or sensory limitations.
We also demonstrated the potential for costs to be cut further
by directly mapping pattern information to an agent’s action
space.

The costs of sensing and processing complex environ-
ments can quickly become prohibitive to swarm robotics ap-
plications, where they scale with swarm size (Kegeleirs and
Birattari (2025)) and may be compounded with costs associ-
ated with coordination and collaboration. At the same time,
swarms are an optimal venue for low-cost systems if sim-
ple local rules can be found which produce high level be-
havior that is greater than the sum of its parts (Wang et al.
(2025); Reynolds (1987)). For this reason, the value of low
cost pattern-driven agents may be compounded at the swarm
level.

These works motivate investigation of computational sys-
tems which challenge the traditional notion that intelligence
must be carefully designed. Thus, we attempt to explore
how readily different types of patterns can be utilized as gen-

erators of useful behavior for simple, non-sensory agents at
both individual and swarm scales.

Methods
While techniques like reinforcement learning can be effec-
tive in many contexts, they often struggle with exploration
tasks, as environments which are most meaningful or inter-
pretable at a global scale suffer from effective devaluation of
local spatial and temporal states. Thus, we decided to priori-
tize exploration tasks in our investigation, as they are an area
in which low-cost competency could provide great benefit.
Below we describe methods for generating three exploration
tasks—a maze, a grid environment with sparse rewards, and

A maze was chosen to assess how agents perform in an
environment with complex structure that may be misaligned
with their pattern structure. An grid environment with sparse
rewards was included to observe how agents explore and in-
teract in a more open space. A Pacman task was also in-
cluded as an extension of a maze environment where adver-
sarial agents increase the cost of error.

Tasks
Maze Task Mazes were randomly generated using a mod-
ified version of Kruskal’s algorithm for finding minimum
spanning trees. The algorithm was modified to permit spec-
ification of the scale of the paths between maze nodes.
The mazes used were originally size 11 by 11, then scaled
so each path between maze nodes was double its original
length. Mazes had path widths of 1 to discourage agents
from traveling in small circles. Rewards were placed at each

Figure 5: Samples from the cosmic microwave back-
ground outperform all other patterns in the Pacman task
while noise pattern performance drops below all other
patterns. The average total score of noise was similarly sig-
nificantly below that of all other patterns (p < .0001), which
did not have significantly different performance from each
other (↵ = .05).

Figure 6: In the Pacman task, all patterns have much
tighter overlap between the distributions of their perfor-
mance on than on the maze and grid tasks per mapping.
Agents were sorted by performance within each mapping.
Each color represents a different mapping. Plots are labeled
with interquartile range across mappings at each indexed po-
sition.

heterogeneous mappings to generate swarms. A Latin
square like method was used to create sets of mappings such
that each mapping started in each of the start positions in
each task exactly once and no two agents in a swarm had the
same mapping.

Swarms of agents with heterogeneous mappings outper-
formed swarms with homogeneous mappings for all swarm
sizes tested (Figure 7). Homogeneous mapping swarms also
display a clumping property—agents tend to be closer to-
gether throughout the simulation thin heterogeneous swarms
(Figure 8). In the case of the grid task, this is quite
dramatic—agents tend to form clusters fairly early and re-
main clustered throughout (Figure 11), though they occa-
sionally change formation as they encounter walls. In the
maze task, the difference between the two groups is smaller
but patterns are clearly segregated by swarm type in plots.
For both tasks, the ordering of nearness by pattern is gener-
ally inverted between the homogeneous and heterogeneous
groups, meaning the patterns that were the closest in the ho-

Figure 7: Swarms with heterogeneous mappings outper-
form those with homogeneous mappings. (left) In the
maze task environment, swarms with heterogeneous map-
pings generally significantly outperform swarms with ho-
mogeneous mappings for swarm sizes n > 3 (p < .01).
The exception to this was noise, which fell below signifi-
cance (↵ = .05) briefly at n = 5. (right) In the grid en-
vironment, the heterogeneous mapping group consistently
outperformed the homogeneous mapping group for all pat-
terns and swarm sizes (p < .001)

Figure 8: Swarms with homogeneous mappings demon-
strate clustering behavior in both the maze and grid
tasks.

mogeneous group tended to be the furthest apart in the het-
erogeneous group and vice versa (Figure 8).

Heterogeneous Mappings vs. Heterogeneous Patterns
To assess whether the performance gain of swarms with het-
erogeneous mappings is due to general behavior diversity or
if a specific level of structural and behavioral similarity is
optimal for teamwork, we compared swarms with homoge-
neous patterns and heterogeneous mappings (equivalent to
the heterogeneous mapping swarms in the previous section)
with swarms of agents with heterogeneous patterns and ho-
mogeneous mappings. A Latin square like method was used
to create sets of patterns such that each pattern was initial-
ized in each of the start positions for a task exactly once and
no two agents in a swarm had the same pattern.

In the maze task environment, swarms with homogeneous
patterns and heterogeneous mappings significantly outper-
form swarms with heterogeneous patterns for swarm sizes
n > 3 (p < .01) for bacteria and fractal pattern types
(Figure 9). For other patterns, heterogeneous mappings
swarms still appear to outperform the heterogeneous pat-

Emily Ertle

Free Lunch? Low-Cost Intelligence Through Pattern-Guided
Exploration*

Emily A. Ertle1, Michael Levin2, and Matthias Scheutz3

Abstract— It is commonly assumed that behavioral perfor-
mance on a given task requires policies specifically designed
or trained on that task (or at least a closely related one).
We investigated the hypothesis that even seemingly unrelated
sources of data may contribute actionable intelligence to an
agent in a world for which it has never trained. Using a virtual
agent navigating a maze, we show that the patterns obtained
from a mathematical object—a Halley fractal—and human
generated art are better able to guide maze exploration than
patterns with less structure. Further, we show that replacing
half of the environmental information in the input layer of
a deep Q-learning agent with information about an arbitrary
fractal increases exploration ability. Overall we demonstrate the
utility of combining sensory information with static internal
patterns that can be obtained from different sources for
generating interesting, more complex behavior.

I. INTRODUCTION

Evolution typically achieves a fine balance between the
complexity of a creature’s sensory apparatus and that of its
cognitive system for processing sensory information. In part,
this is due to an intrinsic tradeoff between sensory capa-
bilities and sensory range versus perceptual and cognitive
processing: Sensory range can sometimes make up for lack
of cognitive sophistication, while cognitive processing can
sometimes make up for sensory limitations (e.g., [1]).

While past research has investigated these tradeoffs (e.g.,
[2]) as well as the overall dynamics between agents, their
bodies, and their environments (e.g., [3]), we propose to
add another dimension to this setting: that of fixed internal
patterns and their role in shaping an agent’s cognitive system.
Specifically, we ask (1) whether agents are able to utilize
fixed pattern sequences (such as those generated by simple
rules) when learning to perform tasks, and (2) whether those
fixed patterns sequences can make up for sensory limitations,
everything else being the same. To explore these ideas, we
compared the learnability and generalizability of learned
maze navigation tasks in agents with and without internal
patterns, varying the sensory ranges and the pattern sources.

In the following, we start with a brief motivation and
review of related work, and then lay out the methodology we
employed to thoroughly study the utility of internal patterns
which proceeds incrementally by varying different agent,

*M.L. gratefully acknowledges support of Karen Fries, Eugene Jhong,
and Astonishing Labs.

1Emily A. Ertle is with the Department of Computer Science, Tufts
University, Medford, MA 02155, USA emily.ertle@tufts.edu

2Michael Levin is with Faculty of Biology, Tufts University, Medford,
MA 02155, USA michael.levin@tufts.edu

3Matthias Scheutz is with Faculty of Computer Science, Tufts University,
Medford, MA 02155, USA matthias.scheutz@tufts.edu

pattern and task dimensions in subsequent evaluations based
on the outcomes of prior experiments. We then discuss our
findings and the exciting opportunities resulting from them
for the future.

II. MOTIVATION

It seems reasonable to assume that in order to have
successful policies for navigating a problem domain, one
needs to train on that problem domain, or have a controller
which was crafted specifically to solve the task at hand.
The field of transfer learning [4]–[6] asks how much carry-
over may exist across domains of experience. Similarly, the
properties of random networks [7], [8], reservoir computing
[9]–[12], and oracles [13] all focus on sources of information
that can offer performance beyond the traditional mode of
encoding and computing how to handle a given environment.
We sought to study a form of this idea: could we find
useful information in data streams which have absolutely
nothing to do with the problem domain? As the most extreme
example, we took information from a static mathematical
object, since this in no way can be said to have been designed
with specificity for the problem we chose, and also requires
no problem-specific computation to obtain the data. To test
the hypothesis that even unspecific data streams could have
actionable intelligence for arbitrary domains, we used the
bits of a Halley fractal to control the behavior of a virtual
robot in a maze.

III. BACKGROUND

Several established paradigms in computer science lever-
age pre-existing structures or knowledge as a scaffold for
a computational system. These scaffolds can substantially
reduce computational complexity and resource expenditure
while maintaining or even enhancing the system’s abilities.

One of the earliest examples of this is Stuart Kauff-
man’s work on random boolean networks, which serve as
a simplified model of biological gene regulatory networks.
Kauffman discovered that the global dynamical properties of
these networks could be reliably tuned by specifying certain
node-level properties [8]. Further, he found that networks
on the border of order and chaos exhibited an ideal balance
of stability and adaptability for evolution, which he termed
‘order for free’.

A similar philosophy underlies several modern machine
learning architectures, most notably Extreme Learning Ma-
chines (ELMs) and Reservoir Computing (RC). ELM is
an algorithm for single-hidden layer feedforward neural
networks in which all hidden layer weights and biases
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Summary:
• We are developing tools to detect minds in unconventional substrates -> 

new tech = empirical discoveries, biomedical applications, ethics 
• There is huge diversity in the degree of intelligence of agents and the 

spaces in which they live; we must improve our mind-blindness. 
• What all minds have in common: 

• responsibility for setting boundary (at multiple scales) 
• responsibility for interpreting own memories (at all scales) 
• responsibility for hacking own parts toward larger-scale goals 
• life = what we call systems that are good at scaling their cognitive light 

cone and have been under pressure to optimize adaptive story-telling 
as prompted and implemented by an unreliable medium 

• Physical embodiments as interfaces/pointers to a structured space of 
patterns of form and behavior that can be systematically studied = 
research program; behavior science is at the base.  

• It doesn’t take much to be an interface - intelligence all the way down. 
There are no “dumb machines”, no “dead matter”; only lazy observers. 

• We are the patterns.(c)
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Summary:

• Mental health diseases of novel beings 
• Patients with alien and highly diverse Umwelts, sensory 

motor capabilities, connections, IQs, goals, opportunities 
• Dream analysis, collective unconscious, and symbology 

of beings who do not share our evolutionary history 
• Novel sources of mental architectures and trauma 
• Testifying in court cases re. enhanced capacity and novel 

challenges to the free will question 
• Beyond disease: a good and meaningful alien life

• Your future, as mental health professionals:

• Thoughts are thinkers continuum (patterns as agents) 
• Memory, genetic and behavioral, as improvisation

• Possible topics for discussion:
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Anthropocentrism,  
or at best, brain chauvinism
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A Radical Ecology of Minds
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Post-docs and staff scientists in the Levin lab:      
Wesley Clawson - hybrots and virtual worlds for biological controllers 
Douglas Blackiston - brain-body interface plasticity, synthetic living biobots
Vaibhav Pai - voltage gradients in eye/brain induction and repair
Federico Pigozzi - causal emergence in minimal models
Patrick McMillen - bioelectric imaging and embryogenesis
 

Graduate Students:
Gizem Gumuskaya, Nikolay Davey - Anthrobots
Sherry Aw - bioelectric eye induction
Emily Ertle - free lunch controllers
Adam Goldstein, Taining Zhang - emergent competencies of algorithms

    Angela Tung - inter-embryo communication

Undergraduate Students:
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Technical support:
     Rakela Colon, Jayati Mandal - lab management
     Erin Switzer - vertebrate animal husbandry

Collaborators:   Allen Center members +
Joshua Bongard - Xenobot simulations and AI
Thomas Doctor, Olaf Witkowski, Bill Duane, Elizaveta Solomonova, Paul Colognese  - Buddhist models of AI
Sebastian Risi - open-ended evolution
Simon Garnier - computational analysis of Anthrobot form and function
Chris Fields - physics of sentience and sentience of physics
Richard Watson - computational models of cognitive scaling and evolutionary learning
Giovanni Pezzulo - cognitive science applied to morphogenesis
Matthias Scheutz - robotics of free lunch controllers
Mark Solms, Marsa Hickey - psychology and psychiatry of diverse intelligence

Model systems:   tadpoles, planaria, zebrafish, slime molds, human cells, and chick embryos, animats
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