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Coordinators:

Prof. Antonio M. Battro (PAS, Buenos Aires)
Prof. Kurt W. Fischer (Harvard)

Prof. Pierre J. Léna (PAS, Paris)

Friday, 7 November

9:00

Prof. Nicola Cabibbo (President)
Welcome

Prof. Antonio M. Battro (PAS, Buenos Aires)
Introduction

MIND, BRAIN AND EDUCATION: A NEW FIELD OF RESEARCH AND PRACTICE

9:30

10:10

10:40
11:00

11:30

12:10

Chair: Prof. Antonio M. Battro (PAS, Buenos Aires)

Prof. Kurt W. Fischer (Harvard)
Mind, Brain and Education: Developmental Cycles of Brain and Skill

Prof. Wolf J. Singer (PAS, Frankfurt)
Brain Development and Education

Discussion
Coffee Break

Dr. John T. Bruer (McDonnel Foundation, St Louis)
Scientific Bridges Between Brain, Mind and Education

Dr. Fernando Vidal (Max-Planck Institute, Berlin)
Brainhood and the Mind/Brain/Education Project




General Programme

12:40 General Discussion

13:00 Lunch

NEUROPHYSIOLOGY AND COGNITION

Chair: Prof. Wolf J. Singer (PAS, Frankfurt)

15:00 Prof. Daniel J. Cardinali (Buenos Aires)
Chronoeducation: How the Biologic Clock Influences the Learning Process

15:40 Prof. Hideaki Koizumi (Hitachi, Saitama)
Developing the Brain: An Approach Towards Learning and Educational Sciences by
Functional Imaging

16:20 Dr. Fiona Doetsch (Columbia)
Neurogenesis and Neuroimplants

17:00 Coffee Break

17:30 Prof. Maryanne Wolf (Tufts)
A Triptych of the Reading Brain: Evolution, Development, Pathology and its Intervention

18:10 Dr. Robert J. White (PAS, Cleveland)
The Isolated Brain

18:50 General Discussion

19:00 Dinner

Saturday, 8 November

Chair: Prof. Pierre J. Léna (PAS, Paris)

9:00 Dr. Stanislas Dehaene (Inst. National de la Santé, Orsay)
Pre-emption of Cortical Circuits by Calculation and Language: The Hypothesis of a
Cultural ‘Neuronal Recycling’ Process

9:40 Prof. Paul van Geert (Groningen)
Dynamical Models and the Assessment of Individual Learning and Development

10:20 Prof. Michael Posner (Oregon)
Brain Mechanisms and Learning of High Level Skills

11:00 Coffee Break

11:30 Prof. Jurgen Mittelstrass (PAS, Konstanz)
Mind, Brain and Consciousness




General Programme

12:10 General Discussion

13:00 Lunch

BRAIN AND LANGUAGE

Chair: Prof. Kurt W. Fischer (Harvard)

15:00 Prof. Laura-Ann Petitto (Darmouth)
Revolutions in Brain, Language, and Education: Examples from Spoken Language and
Silent Languages on the Hands

15:40 Prof. Eraldo Paulesu (Milano-Bicocca)
Language, Bilingualism and Bilingual Education

16:20 Prof. Usha Goswami (Cambridge, UK)
Reading and the Brain: A Cross Language Analysis

17:00 Coffee Break
17:30 Antonio M. Battro, Kurt W. Fischer, Juliana Paré-Blagoev (Los Alamos)
The ‘International Mind, Brain and Education Society’ and the ‘MindBrain and

Education’ Journal

18:00 The Presidents of the Academies and the Participants are kindly invited to discuss
and join these initiatives

18:30 Final Discussion

19:15 Guided visit to the Vatican Museums (Apollo, Laocoon, Belvedere Torso)

THE SESSION COMMEMORATING THE 400TH ANNIVERSARY
OF THE FOUNDATION OF THE PONTIFICAL ACADEMY OF SCIENCES (1603-2003)

Sunday, 9 November

9:30 Holy Mass celebrated by His Eminence Card. Prof. Carlo M. Martini, Church of St.
Stephen of the Abyssinians (Vatican City)

10:45 Round Table on the History of the Academy:

— Prof. Carlo Vinti (Perugia)
Federico Cesi, the First Accademia dei Lincei and the Moral and Methodological
Commitment of the Researcher




General Programme

— Prof. Antonino Zichichi (PAS, Geneva — Bologna)
Galilei, Divine Man

— Prof. Andrea Riccardi (Roma I1I)
The Restorations of Pius XI and John Paul 11

11:45 Coffee Break

12:00 Prof. Nicola Cabibbo (President of the Academy, Rome ‘La Sapienza’)
The Meaning of the Pontifical Academy of Sciences Today

12:45 Lunch at the Academy

15:15 Guided visit to the Vatican Museums (Sistine Chapel)

Working Group on:
STEM CELL TECHNOLOGY AND OTHER INNOVATIVE THERAPIES
(10-11 November 2003)

Organising Committee: N. Le Douarin (PAS, Paris), T. Boon-Falleur (PAS, Brussels)

Monday, 10 November

9:00 Prof. Nicole Le Douarin (PAS, Paris)
Introduction

9:30 Card. Karl Lehmann (Mainz, President of the Bishops’ Conference)
Human Rights and Bioethics

10:30 Prof. Irving Weissmann (Stanford)
Stemn Cells: Overview

11:30 Coffee Break

12:00 Prof. Ronald McKay (Nat. Inst. Neurological Disorder and Stroke, Bethesda)
Comparing the Properties of Embryonic, Fetal and Adult Stem Cells

13:00 Lunch

14:30 Prof. Azim Surani (Cambridge, UK)
Germ Cells: The Eternal Link Between Generations

15.30 Prof. Helen Blau (Stanford)
Repair of Adult Tissues by Adult Bone Marrow Derived Stem Cells

16:30 Coffee Break

17:00 Prof. Rudolf Jaenisch (MIT, Cambridge)
Nuclear Cloning and Embryonic Stem Cells

18:00 Prof. Ann McLaren (Cambridge, UK), Chairperson
General Discussion




General Programme

Tuesday, 11 November

9:00 Prof. Thierry Boon-Falleur (PAS, Brussels)
Therapeutic Vaccination of Cancer Patients

10:00 Prof. Alain Fischer (INSERM, Paris)
Gene Transfer in Hematopoietic Stem Cells: Perspectives, Results and Problems

11:00 Coffee Break

11:30 Prof. Francois Sigaux (INSERM, Paris)
From Genes to Therapy

12:30 Lunch
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Working Group on

MIND, BRAIN AND EDUCATION

The Pontifical Academy of Sciences is celebrating the 400th anniversary of its foundation at the
Vatican by Pope Clement VII and Prince Federico Cesi with the name Linceorum Academia (Academy
of the Lynxes). Galileo Galilei was the most prestigious member of this academy, the oldest of Europe
(1603) in the mathematical and experimental sciences. Today the Academy has eighty members from
twenty-six countries. Some thirty of them have Nobel Prizes. The meetings are held at the Casina Pio
IV in the Vatican Gardens, a famous palace of the Renaissance.

This meeting on Mind, Brain and Education was organized by Antonio M. Battro (Academia
Nacional de Educacién, Argentina), Kurt W. Fischer (Harvard University Graduate School of Education)
and Pierre Léna (Université Denis Diderot, Paris) with the purpose of joining the gaping seams in the
patchwork quilt that connects neuroscience findings with educationally relevant problems. Rita Levi
Montalcini (Nobel Prize winner) is the honorary president of this meeting.

In the current Age of Biology, society is looking to neuroscience, genetics, and cognitive science to
inform and improve education. To create better research and practice, we must build a reciprocal rela-
tionship of educational practice with research on learning and development, analogous to the rela-
tionship between biology and medicine. In this relationship, research informs practice, and simulta-
neously practice informs research.

The workshop on Mind, Brain and Education will search for convergent trends in the fields of
Epistemology (Bruer, Mittelstrass), History (Vidal), Language (Paulesu, Petitto), Mathematics
(Dehaene), Brain images (Koizumi), Neurobiology (Doetsch, Singer, White), Reading (Goswami, Wolf),
Dynamical models (Fischer, van Geert) and Chronobiology (Cardinali). The results of this workshop
will be published in a book, and a new International Mind, Brain and Education Society (IMBES) and
a Journal, (Battro, Fischer & Paré-Blagoev) will be launched at the end of the sessions.
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ABSTRACTS

SCIENTIFIC BRIDGES BETWEEN BRAIN, MIND AND EDUCATION

JOHN T. BRUER

I have been critical of how neuroscience research findings are being used to support recom-
mendations for educational policy and practice advanced by policy advocates, educators, and the
media. However, these popular explanations could not have gained prominence if they had not
been endorsed either actively or passively by a cadre of neuroscientists. There is a tendency
among neuroscientists to accept that findings at the cellular or molecular level (e.g. develop-
mental synaptogenesis) can explain some gross, unanalyzed observed behavior (e.g. ease and
efficiency of learning) as in ‘children learn best when synaptic densities are highest'. This will-
ingness to extrapolate glosses over how little we know about synaptic change and learning and
ignores entirely what psychological research tells us about learning. Facile attempts to link brain,
mind and learning tend to overlook the contribution an intermediate level theory — a level of the-
orizing between brain and behavior — must make to such a research program. Cognitive neuro-
scientists assume that cognitive analyses and models provide an appropriate intermediate-level
theory of mind. On this assumption, how might cognitive neuroscience contribute to an applied
science of learning? Are there other intermediate level theories? What are the prospects for
neuro-social psychology, neuro-attachment theory, or neuro-economics?

CHRONOEDUCATION: HOW THE BIOLOGIC
CLOCK INFLUENCES THE LEARNING PROCESS

DANIEL P. CARDINALI

Diurnal, nocturnal or seasonal modes of behavior are not passive responses to changes in
the environment. Rather, they are generated by an endogenous circadian pacemaker, entrained
by a few environmental cues like light-dark cycles. Circadian clock mechanisms involve period-
ic gene expression, synchronized by a hierarchically superior structure located in mammals in
the hypothalamic suprachiasmatic nuclei. Cycles of sleep and wakefulness are the most conspic-
uous circadian rhythms. Sleep is a behavioral state defined by: (i) characteristic relaxation of
posture; (ii) raised sensory thresholds; (iii) distinctive electroencephalographic signs. Two main,
though not mutually exclusive, hypotheses have been predominant in interpreting sleep: (i)
sleep is restorative for brain metabolism; (ii) sleep serves memory consolidation and the learn-
ing process. Since modern humans use artificial light to extend their period of wakefulness and
activity into the evening hours, they adhere to a short night sleep schedule with a highly consol-
idated and efficient sleep. As shown by studies in artificial long nights, modern humans may be
sleep-deprived. In this presentation | will discuss the physiological consequences of such sleep
deprivation with a focus in the learning processes.
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PRE-EMPTION OF CORTICAL CIRCUITS BY CALCULATION AND LANGUAGE:
THE HYPOTHESIS OF A CULTURAL ‘NEURONAL RECYCLING’ PROCESS

STANISLAS DEHAENE

Contrary to other primates, humans have a remarkable ability to invent symbols systems such
as Arabic numerals or the alphabet. Those inventions are too recent to rely on a dedicated brain
substrate acquired during evolution. How, then, are they implemented in the human brain?

My colleagues and I use brain imaging and neuropsychological methods to probe the neural
bases of arithmetic and reading abilities. Our results indicate that humans and other primates
share a non-verbal sense of approximate numerosity, which has a long evolutionary history and
a specific cerebral substrate in the bilateral horizontal segment of the intraparietal sulci (IPS).
Habituation and parametric fMRI experiments support the hypothesis that the parameter of
numerosity is represented by populations of ‘numerosity detecting’ neurons, each tuned to a par-
ticular numerosity. Regions sensitivity to numerosity are distributed and overlapping with those
coding for other quantitative parameters such as size and brightness, amidst other parietal lobe
circuits for sensori-motor operations of grasping, pointing, attention and eye movements.

During calculation with Arabic symbols, humans quickly access the numerosity representa-
tion, and they rely on this approximate numerosity code for operations of comparison and
approximate calculation. Thus, an evolutionary ancient representation is put to use for the pur-
pose of recent symbolic manipulations, including elaborate mathematical ones. Similarly, my
colleagues and | have shown that the human cultural ability to read makes use of the ventral
inferotemporal object recognition system. During the acquisition of reading, part of this system,
at a reproducible location within the left occipito-temporal sulcus, becomes highly specialized
for the visual operations underlying case-invariant letter and word recognition. This ‘visual word
form system’ should not be considered as a ‘module’ for visual word recognition, but rather as
a population of neurons, distributed and overlapping with other populations involved in face
and object recognition, which becomes progressively attuned to the reading process.

As a generalization of those two examples, | tentatively propose that our human ability to
learn cultural objects relies on a cultural ‘neuronal recycling’ process whereby those novel
objects invade cortical territories initially devoted to distinct but close functions. According to
this view, our evolutionary history, and therefore our genetic organization, specifies a plastic
cerebral architecture that delimits a space of learnable cultural objects. Contrary to some social
scientists that consider learning as an open-ended source of unbounded cultural variation, this
view predicts that the human abilities for cultural invention, although extensive, are eventually
limited by the envelope of possibilities inherent in our brain circuits. It also implies that the dif-
ficulty of learning certain concepts or techniques may be explained by the amount of transfor-
mation that separates the initial, evolutionarily inherited function and the new, culturally
acquired one. This view therefore has implications for mathematics and reading education.
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MIND, BRAIN AND EDUCATION:
DEVELOPMENTAL CYCLES OF BRAIN AND SKILL

KURT W. FISCHER

In the current Age of Biology, society is looking to neuroscience, genetics, and cognitive
science to inform and improve education. Scientists and scholars need to take responsibility
for building strong connections of mind, brain and education to provide usable research-
based knowledge for education. Many of the efforts to relate biology to education have been
at best useless and at worst pernicious, such as most of what is called ‘brain-based education’.
To create better research and practice, we must build a reciprocal relationship between edu-
cational practice and research on learning and development, analogous to the relationship
between biology and medicine. In this relationship, research informs practice, and simultane-
ously practice informs research.

An example of both the promise and the pitfalls of this relationship is research on cycles
of development of cognition and brain, which shows important stage-like properties. Children
and adolescents demonstrate clear spurts in optimal performance at certain age intervals for
skills with a specifiable kind of structure. For example, such spurts and other discontinuities
occur at approximately ages 32 -4, 5-7, 10-12, 14-16, and 19-21 years. These spurts seem to
reflect a dynamic upper limit on the complexity of skills that a person can control, while most
ordinary performance below the upper limit evidences no spurts.

Similarly, research on cortical activity shows strong spurts and other discontinuities in
energy and coherence of cortical electroencephalogram (EEG) at similar ages, suggesting
straightforward connections of brain and cognitive development. We have proposed an explic-
it model of how the cortical changes relate to the cognitive changes.

Scientists and practitioners alike tend to move quickly from these correlations and this
model to implications for education. Indeed, we expect that eventually the research will lead to
important educational implications. However, the first discoveries of related growth spurts high-
light the dangers of premature jumps to conclusions. In the 1980s several American biologists
were jumping from evidence of head-growth spurts to conclusions about how learning occurs
in school children, making recommendations to school boards and teachers without any evi-
dence that assessed actual learning. Usable research-based knowledge will come from relating
brain-activity measures to analysis of children’s learning in school and the rest of everyday life.
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The key to creating usable knowledge in mind, brain and education is not to simply wait
for neuroscience to ‘mature’ but to be proactive. Building a new kind of relationship requires
researchers and practitioners who are knowledgeable about biology, cognitive science, and
education and so can join research and educational practice in active collaboration.

MIND, BRAIN AND EDUCATION: A DYNAMIC AND COMPLEXITY APPROACH

PAUL VAN GEERT

Mind, brain and education form a complex dynamic system. A complex system consists of a
great number of components that interact with each other over time and by doing so create the
system’s integrity and pattern of change. A complex system such as the Mind-Brain-Education
system has a number of striking characteristics that are in fact the hallmarks of its complexity.
I will argue that this system can only be understood if these characteristic features are explicit-
ly taken into account.

A first striking feature is the simultaneous occurrence of (seemingly) paradoxical properties,
which amounts to a kind of superposition of (seemingly) mutually exclusive features. An exam-
ple of this superposition is the relationship between cause and effect in a developmental or edu-
cational process: a developmental event is at the same time its own cause and its own effect. This
phenomenon becomes understandable as soon as we realize that it is based on recursive or iter-
ative processes, in which the former step is the cause and condition of the next step. It can be
described and understood by means of dynamic systems models, in which the recursive nature
of the process is explicitly taken into account. Another example of this (apparent) superposition
is the question of genes versus environment in development or the question of brain versus mind
or behavior. The complexity of the way in which genes and environment interact excludes sim-
ple additive solutions, as if genes explain x% and environment 1-x% of the variance. Since both
genes and environment are organized in the form of a developmental process, where one has an
effect on the shape of the other and vice versa, it makes sense to view both, to a certain extent,
as each others’ product and cause at the same time. A similar point can be made about the search
for biological (neurological) causes of child clinical conditions, such as hyperactivity (ADHD),
autism, specific language impairment and so forth. In order to make further progress towards
understanding these problems, they must be formulated in the framework of recursive dynamic
processes. Modeling such processes will also help us understand additional features such as non-
linearity, discontinuity, variability and so forth.

A second striking feature of complex systems is their multi-layered character. The components
distinguished at one level of description can be indistinguishable at another. The processes take
place on different time scales. These different scales and layers are not just trivial descriptive dis-
tinctions. They are characterized by their own dynamics and require the interaction with the
dynamics of other layers and scales. Changes at the level of the historical time scale deeply affect
the pattern of ontogenesis, but the pattern of ontogenesis on the other hand is a major force in the
dynamics of historical and evolutionary time. The layers and scales do not amount to static distinc-
tions: they are of an inherently dynamic nature. For instance, if we think about a property such as
intelligence, or a process such as problem solving, it is difficult if not impossible to draw a sharp
line between the factors ‘inside’ and those ‘outside’ the subject that make intelligence or problems
solving possible. This difficulty is related to the so-called Situatedness or the distributed nature of
what we are used to call psychological properties. These properties are in fact distributed over the
person and the person’s environment and are dynamically assembled, in variable ways, as those
psychological properties emerge in concrete actions and situations.
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This dynamic view of complexity is of little scientific use if it only serves to make our image
of the world more obscure. An important question is how this view is going to help us do better
research in the field of human development and education. The phenomena that developmental
and educational psychologists are interested in are for the most part complex themselves, are
characterized by inherent vagueness and fuzziness and are difficult to observe. The standard
solution of attributing part of the complexity to measurement error and solve this error by meas-
uring over many independently sampled individuals is not going to work if we aim towards
understanding the dynamics of the developmental and educational process. On the other hand,
direct observation of the dynamics of development and education sometimes poses insurmount-
able methodological and ethical problems. | will discuss a limited number of approaches that
will help us focus on the dynamics, without being unrealistic about our scientific possibilities.
One approach is the use of dynamic modeling as a conceptual and exploratory tool. All too often,
models are seen as the endpoint of scientific inquiry, whereas they should in fact be used to guide
us though the research process, especially in the initial stages. Another approach is to shift our
focus from estimations of fixed and ‘crisp’ psychological properties (traits, true scores, etc.) to
dynamic features. An example of such a dynamic feature is intra-individual variability, which
may provide information about continuous versus discontinuous change and about the nature
of the underlying generators of behavior. Finally, although cross-sectional research cannot pro-
vide information about individual dynamic patterns of change, it may nevertheless contain infor-
mation about such dynamic patterns, if attention is shifted from the search for central tenden-
cies to the search for inter-individual differences, context-dependency etc.

READING AND THE BRAIN: A CROSS LANGUAGE ANALYSIS

USHA GOSWAMI

In this paper, | will provide a theoretical overview at the cognitive level of reading acqui-
sition and developmental dyslexia across languages. Phonological awareness is a strong pre-
dictor of reading development, and develops at three linguistic levels. These are the levels of
the syllable, the rhyme and the phoneme. | will describe developmental studies showing that
syllabic representation is basic to many languages, and that children’s ability to recognise syl-
lables and rhymes precedes learning a particular spelling system. | will argue that this devel-
opmental view can readily explain cross-language differences in reading acquisition and in
the manifestation of developmental dyslexia. I will then suggest that some of the neural
processes underpinning language acquisition are disrupted in developmental dyslexia, partic-
ularly basic auditory processes. This leads to deficits in the development of phonological rep-
resentation before literacy is acquired, leading to characteristic and persistent problems in
acquiring literacy. | will then describe some new studies aimed at pinpointing the source of
the auditory deficit, using behavioural and ERP techniques. Rather than focusing research on
the basic auditory processes required for phoneme perception, | argue that changing the focus
to processes yielding rhyme and rhythm perception may be more fruitful.
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MIND, BRAIN AND CONSCIOUSNESS

JURGEN MITTELSTRASS

Philosophy should not try to solve problems that science can do better at. Today, such
problems would appear to include the relationship between mind, brain and consciousness.
What was once a philosophical problem, above all the doctrine of Cartesian Mind-Body
Dualism, has now become a research programme in biology and neurophysiology. But that
does not have to be the last word on the matter. For the concepts of mind and consciousness
cannot be reduced to natural scientific terms without residue. This is in part the consequence
of translation difficulties between the conceptual systems of philosophy, psychology and neu-
rophysiology. But it derives as well from our self-understanding, which is also expressed in
terms of consciousness and self-consciousness. From a methodological point of view, this
state of affairs is connected with monistically and dualistically oriented analyses. After a few
short historical remarks, these analyses will be described. | will then attempt so steer a mid-
dle course between the dilemma posed by two apparently incompatible positions — thus a
cooperative road to be taken by the philosophical and scientific research programmes. This
will concern above all the problem of self-consciousness.

INTRODUCING THE MINDBRAIN AND EDUCATION JOURNAL

JULIANA PARE-BLAGOEV

The creation of the International Mind, Brain and Education Society will be a significant
step forward in fostering meaningful interactions between cognitive science, neuroscience
and educational practice. This Society represents the body of collective knowledge between
these intersecting fields, and the new journal MindBrain and Education gives voice to this
body. We intend this journal for a wide range of researchers in neuroscience, psychology and
education as well as practicing teachers with a broad interest in the biological and behavioral
bases of learning and development. In keeping with the nature of this developing field, MB&E
will have an interdisciplinary character; articles will be written for an educated, but not high-
ly technical audience. A focus of the journal is on synthesizing commentary and cross-disci-
plinary analysis of relevant research and theory. In addition to theory and review papers,
appropriate original research articles exploring falsifiable claims regarding the biological or
cognitive bases of educationally relevant behaviors and abilities are to be included.

The editorial policy of the Journal is non-ideological and multi-disciplinary. MB&E will
welcome work from geneticists, cognitive neuroscientists, developmental psychologists, sociol-
ogists, anthropologists, education researchers, and other scholars without, it is hoped, being
captured by any one group. The highly interdisciplinary and international makeup of MB&E's
editorial board assures representation of a wide range of disciplines, research directions, and,
particularly important in education research, cultural differences and theoretical assumptions.

This journal joins the gaping seams between the patchwork quilt of neuroscience findings
and educationally relevant problems. Work in mind, brain and education does not involve
simply cutting away an appealing scientific finding and fitting it more or less to classroom
practices. What is crucial in this research is a reciprocal relationship in which education
informs biological research as much as biology informs educational research and practice.
For example, reading a string of words in a reaction time study in an fMRI magnet is distant
from reading words in a textbook. Laboratory research plays an important role in analyzing
fundamental processes, but research in the settings of practice is key to translating basic find-
ings to appropriate application. Educational relevance can also provide a theoretical frame-
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work helpful for interpreting basic findings. For example, psychophysics research on subtle
auditory deficits becomes more broadly meaningful when connected to proficiency in phone-
mic awareness, a key skill in reading.

The connection of education to the biological and cognitive sciences will not wait for neu-
roscience to analyze mechanisms of mind-brain relationship. Educators, scientists, and layper-
sons are calling for such connections in many ways, some productive, and others relatively
unsupported with predictably poor results. Medicine did not wait for biochemistry to mature
before connecting to biology. Education will not wait for neuroscience and cognitive science to
mature either. This journal will be a clearinghouse, and itself provide an impetus for scientifi-
cally solid, educationally relevant research connecting MindBrain and Education.

* * %

REVOLUTIONS IN BRAIN, LANGUAGE, AND EDUCATION: EXAMPLES
FROM SPOKEN LANGUAGE AND SILENT LANGUAGES ON THE HANDS

LAURA-ANN PETITTO

For thousands of years, our species has pondered the nature of Language. The fundamen-
tal question has been what are we humans born with, and what is in the environment, which
makes possible the remarkable feat of acquiring Language? Traditional answers have
assumed that the development of the mechanisms for speaking and hearing neurologically
determine the time course, structure, and content of very early language acquisition. Indeed,
the view has been that language acquisition begins and develops because the capacity for pro-
ducing and perceiving speech sounds begins and develops. Three decades of studies from my
laboratory, however, have yielded discoveries demonstrating that this long-cherished view is
wrong. Rather than language acquisition being driven by our capacity to speak and hear
sounds, it is driven by our capacity to detect, discern and generate highly specific patterns that
form the core of human Language. Our comparative studies of hearing babies acquiring spo-
ken languages and deaf babies acquiring signed languages have revealed that their develop-
mental time course, grammatical structures, and semantic content are the same [1]. Even pro-
foundly deaf babies babble just like hearing babies, but do so on their hands [2], and bilin-
gual signing-speaking children acquire each of their languages on the identical time course as
monolingual children [3]. Furthermore, using PET/MRI brain scanning techniques, we dis-
covered that the brains of deaf adults showed robust activation in specific cortical tissue,
called the Planum Temporale (PT, a region in the Superior Temporal Gyrus), which has been
thought to be unimodal sound tissue for the past 125 years. Like hearing people processing
sound-based phonetic-syllabic units, profoundly deaf brains process silent phonetic-syllabic
units formed on the hands in signed languages in the PT [4]. In our recent morphometry study
of cerebral tissue volumes, we found that this PT ‘sound’ tissue had highly similar gray- and
white-matter volumes in profoundly deaf and hearing brains, and, like 