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Scientists don’t agree on which theory best explains
consciousness —but anew type of experiment could help.

By Mariana Lenharo

euroscientist Lucia Melloni didn’t

expect to be reminded of her

parents’divorce whenshe attended

a meeting about consciousness

researchin2018.But, muchlike her

parents, the assembled academics

couldn’tagree on anything.

Thegroup of neuroscientistsand

philosophers had convened at the Allen Insti-

tute for Brain Science in Seattle, Washington,

to devise a way to empirically test competing

theories of consciousness against each other: a
process called adversarial collaboration.

Devising a killer experiment was fraught.
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“Of course, each of them was proposing
experiments for which they already knew the
expected results,” says Melloni, who led the
collaboration and is based at the Max Planck
Institute for Empirical Aestheticsin Frankfurt,
Germany. Melloni, falling back on her child-
hoodrole, became the go-between.

The collaboration Melloni is leading is one
of five launched by the Templeton World Char-
ity Foundation, a philanthropic organization
based in Nassau, the Bahamas. The charity
fundsresearchinto topicssuch asspirituality,
polarization and religion; in 2019, it commit-
ted US$20 million to the five projects.

- - A

Theaimofeach collaborationisto move con-
sciousness research forward by getting scien-
tists to produce evidence that supports one
theory andfalsifies the predictions of another.
Melloni’sgroupis testing two prominentideas:
integrated information theory (IIT), which
claims that consciousness amounts to the
degree of ‘integrated information’ generated
byasystemsuchas the humanbrain; and global
neuronal workspace theory (GNWT), which
claims that mental content, such as percep-
tionsand thoughts, becomes consciouswhen
the information is broadcast across the brain
through aspecialized network, orworkspace.
Sheand her co-leaders had to mediate between
the main theorists, and seldom invited them
into the same room.

Theirstruggletogetthe collaboration off the
groundis mirrored inwider fracturesinthefield.

One problem is that consciousness means
different thingsto different people. For exam-
ple, some researchers focus on the subjective
experience —whatitis liketobe you or me. Oth-
ersstudyits function — cognitive processes and
behaviours enabled by being conscious. These
differences muddy attemptsto compareideas.

Andthenthere wasthe openletter. Last Sep-
tember, more than 100 researchers signed a
letter, posted as a preprint, that critiqued IIT,
arguing that its predictions are untestable
and labelling it as pseudoscience’. The letter
was posted just after Melloni’s collaboration
released its results.
Chaosensued. Theletter provoked blowback
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from other scientists who felt that such an
attack could aggravate divides and hurt the
field’s credibility. Signatories reported receiv-
ing ominous e-mails containing veiled threats.
Researchersonbothsides of the aisle lost sleep
over accusatory tweets. Some even contem-
plated leaving science altogether.

Younger researchers are particularly worried
about the contentious climate. They fear that
afield engulfed in such angry disputes could
be perceived externally as being stuck, which
could affect funding, says Johannes Kleiner,
amathematician studying consciousness at
the Ludwig Maximilian University of Munich
in Germany.

But despite these challenges, many have
hope for the future of consciousness science.
Leaders of the adversarial collaborations say
thattheirmodelisalready helpingtoadvance
thefield, evenif in small steps. And they are
not the only ones conducting highly regarded,
empirical tests of consciousness theories.
Over the past two decades, there have been
hundreds of such experiments, a sign of the
field’s growing maturity.

Other research funders are focusing atten-
tiononthetopic, too: lastJune, the US National
Institutes of Health convened athree-day meet-
ing on frontiers in consciousness research.

And afreshgenerationof researchersislead-
ing efforts to cultivate meaningful dialogue
and open-mindedness. “Instead of competing,
we should understand that science is a team
effort,” says neuroscientist Rony Hirschhorn
at Tel Aviv University inIsrael. “It may be naive,
but thisis myway of optimism: to hope that we
are better than that.”

Striving for legitimacy
Therearedozens of theories of how our brains
produce subjective experiences, and good rea-
sonsbesides philosophical interest to want to
understand the problem more fully. In medi-
cine, for instance, it could help to diagnose
awarenessin people who are unresponsive; in
artificial intelligence, it might help researchers
tounderstand what it would take for machines
to become conscious.

But for many years, consciousness was not
seen as a serious scientific topic. “Until about
30 years ago, it was taboo to study conscious-
ness, and for good reasons,”says Lenore Blum, a
theoretical computer scientist at Carnegie Mel-
lon University in Pittsburgh, Pennsylvania, who
is president of the Association for Mathematical
Consciousness Science, basedin Munich. Back
then, she says, there weren’t good techniques
to study consciousness in a non-invasive way.

In 1990 — around the time when the
brain-scanning technique functional magnetic
resonance imaging emerged — an influential
paper helped to change the field’s reputa-
tion. Nobel-laureate biologist Francis Crick
and neuroscientist Christof Koch, now at the
AllenlInstitute for Brain Science, wrote that the

moment was “ripe for an attack on the neural
basis of consciousness™.

Since then, philosophers and neurosci-
entists have proposed multiple theories to
explain the physical basis of the subjective
experience — referred to as the “hard prob-
lem of consciousness” —and of the “easy prob-
lems” suchas attention and wakefulness®.Inan
unpublished effort to count them, Jonathan
Mason, amathematician based in Oxford, UK,
identified more than 30 theories.

Ahandful of theories have been particularly
influential (see ‘Theories of consciousness’).
Theyinclude thetwo that Melloniis helping to
test: 1T, proposed by Giulio Tononi, a neurosci-
entist at the University of Wisconsin-Madison,
and GNWT, thebrainchild of Stanislas Dehaene,
director of the Cognitive Neuroimaging Unit at
INSERM-CEA in Gif-sur-Yvette, France.

“When challenging results
show up, they revise the
theory toaccommodate
these new findings.”

Other front runnersinclude agroup of ideas
called higher-order theories (HOT), which
propose that, for content to be consciously
experienced, it must be synthesized into a
meta-representation in higher-order brain
areas. Another prominent conceptisrecurrent
processing theory (RPT), which suggests that
consciousness requires aloop of information
flow and feedback. Ithasbeenstudied mostlyin
thebrain’svisualareas, but the sameideashould
applytoother senses such as hearing or smell.

Empirical studies testing the predictions
of such theories are becoming more rigorous
and sophisticated, but — as often happensin
science —many are conducted by researchers
affiliated with the very ideas they are testing,
making them prone to confirmation bias, says
Hirschhorn. Asaresult, shesays, theories have
been evolvinginisolation.

“For the past 30 years, you have had some
dominant theories that, when challenging
results show up, they revise the theory to
accommodate these new findings,” says
Biyu He, a neuroscientist at New York Univer-
sity Grossman School of Medicinein New York
City. In that sense, the adversarial collabora-
tions are shaking up the field, says He, who is
leading another such collaboration, testing
RPT and two versions of HOT.

Proponents of some prominenttheories have
sometimes made the tests more adversarial
than collaborative, according tosome of the sci-
entists leading the studies. This doesn’t apply
toallthecollaborations, says He,and depends
to some extent on how easy the theoriesareto
compare to one another. But some theorists
are described as having big personalities;
notably, most of them are men. “l don’t think

that'sbecause womenare not doingimportant
research,”says He. “I think that’s mostly because
certain people are more willing tocome outand
talk about big grand theories.”

Acrash course indiplomacy

Neuroscientist Liad Mudrik at Tel Aviv Univer-
sity remembers how excited she wasto attend
the Seattle meeting that resulted in the col-
laboration between IIT and GNWT, dubbed
Cogitate. “lwaswriting down everything that
people were saying and | was super excited
about the entire process,” she says.

During her flight back home to Israel, after
being designated as a project co-leader, she
drafted an experimental design based on
the discussions and quickly sent it to her col-
leagues. “I was so naive at the time,” she says.
From that moment until they actually nailed
itwould be ten months.

After wrangling over which aspects of con-
sciousness the team would look for and with
which methods, the researchers eventually
settled on two experiments — one preferred
by each competing theorist. The team devel-
oped alist of predictions from each theory of
whatwould be observed in participants’brains
asthey underwent three types of brain scan.
The researchers also agreed on what would
be considered a pass or a fail for each theory
ineach task.

In the first experiment, participants were
shown a series of pictures and symbols and
asked toreportwhen certainimages appeared.

According to IIT, the task should prompt
sustained activation in the back of the brain,
which is what the data suggested. However,
there was only transient synchronization of
activity between brain areas in the posterior
cortex, not the sustained synchronization that
was hypothesized.

GNWT predicted that the prefrontal cortex
shouldbeactivated during the task —something
the team confirmed. But there wasno evidence
thattheregion contained informationabout the
orientation of the object, which is part of the
conscious experience and would be expected
according to the theory. The experiment also
foundevidence of the global broadcasting pos-
tulated by GNWT, but only at the beginning of
anexperience —notalsoattheend,ashadbeen
predicted. Results from this first experiment
were made publicin a preprint last year*.

The second experiment, for which results
haven’'tyet been made public, involved partic-
ipants playing a video game and being asked
whether they were aware of certain images
shown on the background of the screen.

Having two experiments wasacompromise
that the team had to make to facilitate consen-
sus between the Tononi and Dehaene camps.
“I'really admire both of them and I think they
are extremely good scientists,” says Melloni.
But, she adds, “the world would be a better
placeif they could give themselves a chance
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Feature

THEORIES OF CONSCIOUSNESS

Researchers have dozens of theories for how the brain produces an individual's
subjective experience. The most popular ones fall into four categories.

Higher-order theories

These posit that humans become conscious of
something, such as a visual stimulus, when it is made
part of a meta-representation in ‘higher-order’ parts of
the brain — those that process and synthesize content
from other regions.
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Global workspace theories

Here, information enters consciousness when
it is accessed by and broadcast in a brain-wide,
or global, ‘workspace’, particularly involving
the prefrontal cortex.
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Integrated information theory

This proposes that consciousness arises from the
integration of information in a system; the greater
the degree of integration, the higher the level of
consciousness. In principle, any complex system,
such as an artificial intelligence, could be conscious.

Recurrent processing theory

The core claim is that conscious visual perception
requires a loop of information flow from higher-order
cognitive areas to lower-order sensory processing
areas — top-down signalling — and the other way
around — bottom-up signalling.
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to listen to each other”. Tononi says that the
adversarial collaboration allowed him to see
the other theories more clearly. (Dehaene did
notrespond to Nature’s request for comment.)

Another diplomatic strategy was to engage
with the two theorists in separate conversa-
tions, ‘translating’ the ideas from one to the
other. “One ofthe key roles that we have,” says
Mudrik, “isto find acommon language to make
sure that we're talking about the same thing.”

Tononi acknowledges how hard the pro-
ject has been and praises the study leaders
— Melloni, Mudrik and Michael Pitts, a psy-
chologist at Reed College in Portland, Oregon —
for pullingit off. “They invested so much of their
time and passion, rather than doing their own
experiments,” hesays. “Theydid afantasticjob.”

Caughtin the crossfire
Younger scientists are particularly keento find
common ground.

During his first PhD, in mathematical quan-
tum field theory, Kleiner felt frustrated by the
infighting among senior scientists. “From the
outside, the field was just perceived as not
making good progress because everyone was
sovocalabout otherapproachesbeingwrong,”
he says.
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When he decided to do a second PhD, this
timein consciousnessresearch, he was aware of
existing tensionsin the field, but felt that peo-
plegenerally got along well. The community felt
hopeful about the potential of the adversarial
collaborationsto produce useful data, he says.
Theopenletter shattered those hopes. Deeply
unsettled by the harsh online interactions,
Kleiner was determined to do something. He
didn’t want his new field to be perceived the
sameway as his first. “lknow this sounds totally
naive, butifyou can’theal this division, thenso
many negative things follow.”

Aftertheletter came out, Kleiner helped to
organize anonline event to discuss the future
of consciousness science, under the banner of
the Association for Mathematical Conscious-
ness Science, which he co-founded in2021. But
the proposition backfired, with some people
in the community perceiving it as one-sided.
After much thought, the format of the event
changed to a ‘virtual coffee and open conver-
sation’ in which participants were urged not
tomention the open letter directly.

Another organizationaimingto help thefield
break outofitssilosis the Mediterranean Soci-
ety for Consciousness Science, which aims to
stimulate deep conversations betweenscholars

from different schools of thought. Without
suchinteractions, says Hirschhorn, whois the
society’s vice-president, “you sort of gointo this
loop of doing more of what youknow”, she says.

Adversaries or collaborators?

Many researchers welcome the adversarial col-
laborations as one way to break out of these
loops. But they are pragmatic: the results
shouldn’t be taken as definitive proof for or
against agiven theory, says He. Nonetheless,
they are generating valuable data. “It’s infusing
much-needed resources into the field to do
some very solid, large collaborative studies.”

Melloni wonders whether the adversarial
collaborations, by bringing together opposing
opinions, are partly responsible for the recent
turbulence.

When the results of Cogitate’s first experi-
mentcamein, Melloniand her co-leaders were
notexactly surprised that the two theories’ pro-
ponents couldn’t agree onwhat the datameant.

Theory-neutral authors presented the
findings in a preprint, describing how the
experiments had challenged both theoriesin
different ways®. The groups defending each
theory wrote their own discussion sections,
presenting their explanations for the dataand
how theresults meshed with their predictions.

Mellonisays thatsheinitially nurtured afalse
hopethat the theorists would simply acceptthe
results and recognize potential flaws in their
owntheories onthebasis of the data. “If Thave
oneregret, Ithinkitwouldbethatldid not man-
age to make them see that there is something
valuableinboth of theirideas.”

But her mentorinthe process, Nobel-prize-
winning psychologist Daniel Kahneman, who
firstintroduced the idea of adversarial col-
laborations, had warned her that both sides
would dig in their heels. “He said: ‘get ready,
they willnot change their minds’,” she recalls.
But he also told her that it didn’t matter, and
that, over time, fresh evidence would help to
change the minds of other researchersin the
community. The idea that someone would
change their mind on the basis of one or two
resultsinatopicas complexasconsciousness
was “not plausible to begin with”, says Tononi.

Hirschhorn thinks that the conflict has
been, in asense, productive. Whereas polari-
zation always existed, people did not discuss
it explicitly until the collaborations — and the
letter —forceditinto the open, she says. “I think
now we canactually rollup our sleevesand work
onthis.”

Mariana Lenharo is a reporter for Nature in
New York City.
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