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For Neuroscience Research 
on the Network Architecture 
of Human Intelligence, 
Barbey Wins the Second 
Mensa Foundation Prize
Accomplished scholar in human intelligence high-
lights the importance of brain network efficiency and 
dynamics for general intelligence
PROFESSOR ARON K. BARBEY, found-
ing director of the Center for Brain 
Plasticity at the University of Illinois at 
Urbana-Champaign, has been awarded 
the second annual Mensa Foundation 
Prize for making seminal contributions to 
the neuroscientific study of human intel-
ligence, applying classic lesion methods 
and modern functional magnetic reso-
nance imaging techniques to elucidate the 
neural architecture and network dynamics 
of general intelligence.

The $10,000 award recognizes applied 
and fundamental discoveries in areas 
such as brain-related research, creation 
of tools and mechanisms for advancing 
such research, or any significant research 
that leads to an improved understanding 
of human intelligence, including artificial 
intelligence. Discoveries must be docu-
mented in a major peer-reviewed scien-
tific journal to earn consideration.

“Dr. Barbey’s work was unique in 
that he is a rare scientist studying actual 
human general intelligence and integrat-
ing its quantitative measure with a variety 
of biological experimental measures in a 
multidisciplinary model,” said Dr. Susan 
Stine, a medical doctor, neuroscientist, 
and member of the Prize Committee. “I 
think Dr. Barbey’s ongoing experimental 
and creative activity indicates that we will 
see continued important contributions to 
the field going forward, which would be a 
very good outcome for the Mensa Foun-
dation Prize.”

The award will be presented to Barbey 
in July at American Mensa’s Annual 

Gathering in Phoenix, where he also will 
discuss his research. “A powerful insight 
for understanding human intelligence 
derives from the brain’s most unique and 
essential characteristic: plasticity. The 
brain demonstrates a remarkable capac-
ity to reconfigure itself – to continually 
update prior knowledge on the basis of 
new information and to actively gener-
ate internal predictions that guide adap-
tive behavior and decision-making,” said 
Dr. Barbey, who also directs the Deci-
sion Neuroscience Laboratory at the 
Beckman Institute for Advanced Science 
and Technology.

“Contemporary research and theory 
conceive of the brain as a dynamic and 
active inference generator that antici-
pates incoming sensory inputs, forming 
hypotheses about the world that can 
be tested against sensory signals that 
arrive in the brain. Plasticity is therefore 
critical for the emergence of human 
intelligence – providing a powerful 
mechanism for updating prior beliefs, 
generating dynamic predictions about 
the world, and adapting in response to 
ongoing changes in the environment,” 
Dr. Barbey continued. “The implications 
of this idea for understanding human 
intelligence and its origins in the flex-
ibility and dynamics of brain networks 
will continue to transform the field in 
the coming decades.”

The biennial Mensa Foundation Prize 
is endowed by the estate of longtime 
Mensan Kenneth Douglas Thomson (see 
sidebar).
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Kenneth Douglas Thomson’s 
generous bequest to the Mensa 
Foundation endowed the 
Mensa Foundation Prize, given 
every other year in recognition 
of the best scientific discovery 
in the field of intelligence and/
or creativity with the aim of 
inspiring scientists to explore 
the fields that mattered so 
deeply to him.

Kenneth was an industri-
ous, frugal, and enterprising 
individual.

For nearly 50 years, he was a 
member of Mensa and valued 
the organization as much as he 
valued intelligence and learn-
ing. Kenneth was self-taught 
in a number of fields, among 
them carpentry, cabinetmak-
ing, electronics, auto mechan-
ics, and cooking. He used some 
of that knowledge – and vast 
stores of creativity – to build 
on the East and West Coasts 
several homes that included 
his stunning handmade kitchen 
cabinets in mosaics of tropical 
hardwoods.

Traumatized by abuse in his 
youth, Kenneth was reclusive 
in adulthood. He chose to 
direct the fortune he had accu-
mulated to several organiza-
tions. One component of his 
estate will be used to prevent 
child abuse.

—Judith A. Keating  
and John Kenneth Evans
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A Discussion with the 2019  
Foundation Prize Winner
Mensa Bulletin: Your research 
at the Beckman Institute for 
Advanced Science and Tech-
nology has been instrumental 
to understanding the neural 
foundations of human intelli-
gence. Can you tell us about the 
inception of this work and why 
a neuroscientific perspective 
is important for understanding 
human intelligence?

Professor Aron K. Barbey: Research 
in the psychological and brain scienc-
es has long sought to understand the 
nature of human intelligence, exam-
ining the stunning breadth and diver-
sity of intellectual abilities and the 
remarkable neural mechanisms from 
which they emerge. The foundations 
of modern research in this effort were 
established in the early 20th century 
by Charles Spearman, who developed 
the correlation method and applied 
this technique to examine academic 
achievement. Spearman discovered 
that correlations in performance 
reflected characteristics of each disci-
pline – writing, for example, that 

“English and French agree with one 
another in having a higher correla-
tion with Classics than with Math-
ematics.”

Beyond identifying the contri-
bution of specific mental abilities, 
Spearman observed that the corre-
lations among academic disciplines 
were always positive. This finding, 
which is now well established and 
called the positive manifold, provid-
ed evidence that all cognitive tests 
measure something in common. 
Spearman referred to this common-
ality as the general factor, g, which 
represents the component of indi-
vidual differences variance that is 
common across all tests of mental 
ability. These early findings moti-
vated Spearman’s two-factor model, 
which held that performance on 
tests of mental ability jointly reflect 
a specific factor, s, that is unique to 
each test, and a general factor, g, that 
is common across all tests.

Contemporary research has further 
elaborated Spearman’s model to 
include an intermediate level of broad 

abilities that account for the variance 
that is shared across similar domains 
of cognitive ability. For example, the 
well-established Cattell–Horn–Carroll 
theory – developed by University of 
Illinois Professor Raymond Cattell 
and his colleagues – distinguishes 
between performance on tests of prior 
knowledge and experience, referred 
to as crystallized intelligence, from 
those that require adaptive reasoning 
in novel situations, called fluid intel-
ligence. Taken together, the specific, 
broad, and general factors of intel-
ligence account for the hierarchi-
cal pattern of correlations that are 
observed among tests of mental ability.

Spearman’s discoveries ushered in a 
new era of research on human intel-
ligence and uncovered fundamental 
mysteries about the nature and origins 
of g that stand as one of the most 
significant and enduring challenges 
for modern research in the psycho-
logical and brain sciences. Despite 
the fact that g represents the largest 
component of the common factor 
variance, its psychological foundations 
have remained largely invisible and 
beyond the reach of further scientific 
examination.

The enigmatic nature of general 
intelligence arises from the fact that g 
is not a measure of specific knowledge, 
skills, or strategies for problem-solv-
ing. These aspects of task performance 
are simply a vehicle for the measure-
ment of g. The general factor instead 
accounts for individual differences 
in information processing at a global 
level. Thus, we cannot understand the 
causal underpinnings of g by appeal-
ing to specific cognitive processes or 
by directly examining the psychologi-
cal tests from which the general factor 
is derived.

Research on the nature and origins 
of g must therefore extend beyond 
psychology to examine the neuro-
biological mechanisms that shape 
individual differences in cognitive 
ability. The interdisciplinary field of 
network neuroscience enables the 
formal measurement and modeling 
of the interactions among network 
elements, providing a powerful new 
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lens for examining the emergence of 
global network phenomena.

As founding Director of the 
Center for Brain Plasticity, can 
you tell us how brain plas-
ticity contributes to general 
intelligence?

The Center for Brain Plasticity reflects 
a collaborative effort, with major 
contributions from my colleagues 
Neal Cohen and Jeff Moore at Illi-
nois and the remarkable community 
of world-class faculty, students, and 
staff at the Beckman Institute for 
Advanced Science and Technology.

The capacity for flexible, intelli-
gent behavior is made possible by the 
brain’s remarkable capacity to recon-
figure itself – to continually update 
prior knowledge on the basis of new 
information and to actively generate 
internal predictions that guide adap-
tive behavior and decision-making. 
Contemporary research conceives 
of the brain as a dynamic and active 
inference generator that anticipates 
incoming sensory inputs, forming 
hypotheses about that world that 
can be tested against sensory signals 
that arrive in the brain. Plasticity is 
therefore critical for the emergence 
of human intelligence – providing 
a powerful mechanism for updating 
prior beliefs, generating dynamic 
predictions about the world, and 
adapting in response to ongoing 
changes in the environment.

We have developed a network 
neuroscience theory of general intel-
ligence that is based on these ideas. 

According to the theory, general 
intelligence reflects individual differ-
ences in the efficiency and flexibil-
ity of brain networks. The human 
brain is designed for efficiency – to 
minimize the cost of information 
processing while maximizing the 
capacity for growth and adaptation. 
Accumulating evidence indicates that 
general intelligence is associated with 
global efficiency, the capacity to inte-
grate information across the brain as 
a whole.

Flexibility is afforded by brain plas-
ticity. Network flexibility is shaped by 
the structural and functional organi-
zation of the brain, which may facili-
tate or constrain the transition of a 
network from one state to another. 
For example, transitioning to an 
easy-to-reach state requires a short, 
direct path, whereas transitioning to a 
difficult-to-reach state requires a long, 
winding path. The network neurosci-
ence theory proposes that crystallized 
intelligence engages highly accessible 
representations of prior knowledge 
and experience and relies on easy-to-
reach network states. In contrast, fluid 
intelligence reflects the capacity to 
solve novel problems and to demon-
strate adaptive, flexible behavior. 
Fluid intelligence therefore engages 
networks that can transition to diffi-
cult-to-reach, highly flexible states. 
Thus, rather than attribute intelli-
gence to a fixed set of brain regions or 
networks, this perspective is based on 
the dynamic reorganization of brain 
networks and proposes that intelli-
gence is grounded in brain plasticity.

Our goal is to advance research and 
theory on the neurobiology of human 
intelligence by incorporating evidence 
from network neuroscience on the 
global topology and dynamics of the 
human brain.

Can you tell us about the major 
advances in the field that have 
occurred as a consequence of 
your research?

Our research contributes to a wealth of 
evidence investigating the nature and 
mechanisms of human intelligence. We 
are editing a forthcoming Cambridge 
Handbook on Intelligence and Cogni-
tive Neuroscience – with my colleagues 
Sherif Karama at McGill and Richard 
Haier at U.C. Irvine – that will provide 
an excellent review of modern research 
and theory on the neurobiology of 
human intelligence. I am also editing 
a special issue in Trends in Neurosci-
ence and Education with my colleague 
Michael Posner at the University 
Oregon on the “Cognitive Neurosci-
ence of Human Intelligence.” 

Early research in this field began by 
adopting a localizationist approach, 
attempting to uncover specific brain 
regions that contribute to individual 
differences in cognitive ability. Over 
the years, there have been important 
proposals about the role of specific 
brain regions, primarily within the 
prefrontal cortex, that facilitate gener-
al intelligence. Our early work, for 
example, found that damage to the 
prefrontal cortex, specifically within a 
region called the dorsolateral prefron-
tal cortex, selectively impaired general 
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Dr. Ivar Giaever is a Norwegian-
American physicist who shared the 
Nobel Prize in physics in 1973 with 
Leo Esaki and Brian Josephson “for 
their discoveries regarding tunneling 
phenomena in solids.” Giaever is a 
Professor Emeritus at the Rensselaer 

Polytechnic Institute and the president and founder of 
the company Applied Biophysics. 

Mensa Foundation Prize Committee

Dr. Susan Stine, a Mensa member, completed a Ph.D. in 
neuroscience at the University of Rochester (N.Y.), post-
doctoral research at the National Institute of Mental Health 
then earned an M.D. from the University of Miami. She 
trained in psychiatry at Yale University and served on the 
Yale faculty and on the Wayne State University (Detroit) 
faculty before retiring from academics. She has extensive 

peer-reviewed research publications in neuroscience and clinical psychiatry 
and is Professor Emeritus at Wayne State University.



				     	                        				       APRIL/MAY  2019         31

intelligence. However, it became clear 
that although there were indeed specific 
regions that were important for general 
intelligence, these regions did not oper-
ate in isolation but instead participat-
ed in broadly distributed networks. A 
major advance in the field was therefore 
to go beyond the specification of indi-
vidual regions to assess brain networks 
and the communication pathways that 
are important for general intelligence.

Over the years, then, scientists 
discovered specific brain networks 
that account for individual differ-
ences in cognitive ability. And those 
networks were comprised not only of 
regions within the prefrontal cortex but 
also regions within other areas of the 
brain. One of the primary networks 
that our group has studied comprises 
regions within the frontal and parietal 
cortex, a network called the frontopa-
rietal network. We found that selec-
tive damage to this network impairs 
general intelligence, and this work 
helped motivate network-based theo-
ries of general intelligence. A number 
of other networks have been recently 
identified, but the main transition that 
occurred in the field was to move away 
from focusing on isolated brain regions 
to examine the role of distributed brain 
networks in general intelligence. More 
recently, the field has increasingly 
adopted theories and methods from the 
field of network neuroscience – in an 
effort to understand the global topol-
ogy and dynamics of the human brain 
and their roles in general intelligence. 

A second major development was 
to broaden the scope of research in the 
field to include emotional intelligence 

and social problem-solving. A long-
standing question concerns whether 
general intelligence primarily reflects 
logical thought and reason or whether 
it also relies on emotions and feelings. 
We conducted one of the first neurosci-
ence studies of emotional intelligence, 
the capacity to perceive and understand 
our own emotions and those of others, 
and to use this information to guide 
thought and behavior. We found that 
emotional intelligence engaged brain 
networks that are also implicated in 
general intelligence, motivating an 
integrative approach to understand-
ing the role of executive, social, and 
emotional processes in general intel-
ligence. 

A third, more recent development 
recognizes that knowledge is distrib-
uted within the community and that 
general intelligence is therefore a social 
entity. This work is conducted with my 
colleagues Steven Sloman at Brown and 
Richard Patterson at Emory. Accord-
ing to the community of knowledge 
hypothesis, there are two ways in which 
the cognitive abilities of the individual 
depend on others. One is collabo-
ration: Problem-solving, decision-
making, memory, and other cognitive 
processes involve the joint activity of 
more than one person. The other is 
outsourcing: The knowledge people use 
often sits in the head of someone else. 
For instance, our explanations often 
appeal to causal models that sit in the 
heads of scientists and engineers. More 
generally, people’s sense of understand-
ing, reasoning, decision-making, and 
use of words and concepts are often 
outsourced to others, and often we 

don’t know who we are outsourcing to. 
For instance, when we say “they landed 
on the moon,” most of us have little 
idea who they refers to. 

Thus, the community of knowledge 
hypothesis implies that there is no 
static neurobiology underlying general 
intelligence, specifically the cognitive 
abilities that support the emergent 
thinking that groups and communi-
ties engage in. And that’s most think-
ing. Greater understanding of how 
people collaborate would help reveal 
how neural processing makes use of 
group dynamics and affiliation, and it 
would support a more realistic model 
of mental activity that acknowledges 
individual limitations. 

Cognitive neuroscience is already 
making marked progress on these ques-
tions. Greater understanding of how 
people outsource would help reveal 
the actual nature and limits of neural 
representation and shed light on how 
people organize information by reveal-
ing how they believe it is distributed 
in the community and the world. And 
greater appreciation of the emergent 
nature of knowledge in society would 
help us recognize the limits of cogni-
tive neuroscience, that the study of the 
brain alone cannot reveal the represen-
tations responsible for activities that 
involve multiple people. It is hard to 
overestimate how much of what we do 
depends on other people.

—Chip Taulbee

Read an extended version of this inter-
view in the summer edition of the 
Mensa Research Journal. Subscribe at 
MensaFoundation.org/MRJ. 
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Dr. Steven Maranz is an innova-
tor in global health and nutrition. 
He is the founder of BetaBiotica 
LLC, which is developing next-
generation probiotics such as gut 
microbes that make vitamins as 
a low-cost solution for nutritional 

deficiencies. He has lived in nine countries and on 
five continents.

Mensa Foundation Prize Committee

Dr. Harry Ringermacher, a Mensa member, 
earned his Ph.D. in physics at Washington 
University in St. Louis. He was a senior research 
physicist at the General Electric Research Center 
working with infrared, lasers, and ultrasound 
before retiring in 2013. He has numerous publi-
cations and patents and is currently an Adjunct 

Professor of Physics and Astronomy at the University of Southern 
Mississippi doing research in general relativity and cosmology. 


