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A response to claims of emergent intelligence
and sentience in a dish
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The article ‘‘In vitro neurons learn and

exhibit sentience when embodied in a

simulated game-world’’ by Kagan et al.1

triggered a wave of positive mainstream

and scientific media coverage as well as

a widespread negative reaction from the

scientific community. Here, we discuss

why this negative reaction is legitimate

and must be taken seriously. We raise

concerns about the key claim of the

article: that it demonstrates that ‘‘a single

layer of in vitro cortical neurons can self-

organize activity to display intelligent

and sentient behavior when embodied in

a simulated game-world.’’

Our concerns go beyond the appropri-

ateness of the methodology, quantifica-

tion, and controls used in the study and

the lack of details with which they were

presented. These concerns include the

unsupported use of terms and concepts
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that misrepresent the findings of this

study, the lack of acknowledgment of

previous literature, and the ensuing

overselling of translational and societal

relevance.

The first concern regards the unsup-

ported use of terms and concepts to

describe properties of biological and/or

artificial neural networks, such as

‘‘sentience,’’ ‘‘goal-directed behavior,’’

‘‘embodiment,’’ tackling ‘‘uncertainty,’’

and ‘‘intelligence.’’ Assessing whether an-

imals, and their neural networks, display

these properties is indeed an important

topic in neurobiology and computer sci-

ence, as well as in philosophy, psychol-

ogy, and ethology. This effort has led to

a progressive refinement of these con-

cepts, and the development of bench-

marking for such cognitive capacities

has recently become a crucial aim of
ier Inc.
machine learning and artificial intelligence

research. Considering this large-scale

effort, we believe Kagan et al. made

strong claims for the application of these

terms to neural networks with relatively

weak evidence.

By associating elements of cognition

with the properties of cultured neurons,

Kagan et al. inevitably created a media

buzz. This paper also attracted a lot of

attention in the scientific community in

part because of concerns about ‘‘concept

hijacking’’ or at least their misleading us-

age. Although there are indeed legitimate

discussions in the field about how to

benchmark and test the abilities of agents

and networks to display cognitive or goal-

directed behaviors (and about how to pre-

cisely define such behaviors), the current

report does not evaluate the outcome of

their experimental observations on those
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grounds and, in addition, makes claims

well beyond the acquired data and ef-

fect sizes.

For example, attributing intelligence

to a network that displays short-term

plasticity is not supported by relevant sci-

entific fields such as machine learning,

neurobiology, and psychology. Similar

arguments apply to the yet more provoc-

ative use of the term sentience. This appli-

cation to neurons in vitro is in our view

even more inappropriate and is not justi-

fied by the data presented in the paper.

The term sentience is notoriously hard to

define but refers to a process that encom-

passes feeling, sensing, and subjective

evaluation.2 The application of intelli-

gence and sentience to neurons-in-a-

dish in this paper is not based on any

established or robust consensus on the

definitions of these very important terms.3

Instead, it is based on the authors’ own

recent theoretical propositions,4 which

are general enough to allow the term to

be applied to nearly any interactive

computational system of even modest

complexity.

Beyond provoking a controversy, it is

unclear how the use of terms such as

sentience and intelligence adds to the un-

derstanding of neural network properties

in this paper. Because it is currently chal-

lenging for mechanistic or reductionist

neurobiological studies to link these con-

cepts to biological phenomena, we sug-

gest that the terms ought to be used

with more caution. Moreover, the concept

of sentience has a key role in the philo-

sophical and sociological issues sur-

rounding animal welfare and for that

reason should not be used loosely or in

unconventional manners in the context

of this or any other scientific study.

To be clear, we are not arguing that

research in isolated neural networks is

problematic. Unquestionably, these ap-

proaches can provide crucial knowledge

of neural network dynamics, plasticity,

and computational and organizational

principles and processing capacities. In
fact, beyond the unnecessary or un-

founded use of terminology, further

concerning are limitations of results and

failures of scholarship. Strong conclu-

sions are compromised by weak results,

some of which fail to adequately match

control and experimental conditions.

Also, Kagan et al. do not acknowledge

previous use of biological neural networks

embedded in closed-loop systems that

has helped, for example, to assess the

potential application of plasticity to drive

external artifacts, e.g., robots.5,6

We conclude our opinion with a discus-

sion of why this paper and the media

coverage of it illustrate the importance of

scientific communication to the general

population. Media tend to directly repub-

lish information included in abstracts

and significance statements, and inter-

views of scientists by media tend to

amplify these statements. Overselling sci-

entific results directly impacts the evalua-

tion of scientific reliability and credibility.7

In the present specific case, claiming that

a cell culture embedded in a closed-loop

system demonstrates sentience and intel-

ligence might impact the public percep-

tion of what in nature is sentient and intel-

ligent and could trigger ethical debates

fueled bymisunderstanding. It puts an un-

necessary risk on the whole community of

systems neuroscience that tries to under-

stand higher brain functions and dysfunc-

tions by fueling an argument, albeit

invalid, to extreme animal rights move-

ments that lobby daily to stop animal

research, while also creating potential

future financial benefits for the possible

usage of the methods in this paper.

Studies related to nervous systems and

their computational abilities represent a

huge area of research for the advance-

ment of our knowledge of what we are

and what we are capable of and accord-

ingly pose several scientific, ethical, and

societal challenges. Therefore, the ques-

tions and challenges we raise regarding

definitions of intelligent behavior and

sentience in neuroscience in general,
and in the work by Kagan et al. specif-

ically, are of fundamental importance to

fulfill the high expectations that neurosci-

ence has created for understanding brain

functions, curing brain diseases, and

conducting responsible research in devel-

oping machines capable of performing

complex behavior.
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