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MEMORY AND MIND

COURSE DESCRIPTION

COURSE OBJECTIVES

This summer school will bring together world-class experts of different subfields. It focuses on a truly cross-
disciplinary issue: how memory is constructed and represented in our brain –- which is a topic  discussed in
a wide range of scientific fields as different as mathematics, sociology, biology, psychology, computer
science,  psychiatry and education sciences.  In addition, the topic has contributions to such distant areas as
anthropology, history, cultural evolution, the study of consciousness and various forms of arts. True to this
cross-disciplinarity, the course will attempt to investigate this complex topic from many different viewpoints
thereby providing a critical analysis of reigning dogmas and emerging new results in a number of related but
very different fields, such as language acquisition, interpretation of visual scenes, infant development, the
role of emotions and culture in learning, the origin of the concept of numbers, and the emergence of
consciousness.

The design of the course stresses highly interactive forms of teaching where apart from the standard lecture
format, the faculty will be encouraged to have open discussions about the relevant issues amongst each other
as well as with students, there will open debate sessions, and opportunities for hand-on experience with
various experimental tools exploring related questions.  This should demonstrate the link between the high
level concepts presented and various ways of exploring these concepts empirically.

The fundamental philosophy of the course is to demonstrate that some basic principles of structure learning
can provide a unifying framework for explaining human cognition both in simple as well as in the most
complex domains of behavior.  In addition, the course will present how these basic principles of behavior
could be implemented in the neural hardware of the brain, thereby addressing the issue of how to bridge
scientifically the gap between mind and body.  To achieve this, lectures will progress via domains of
gradually increasing abstraction that humans deal with starting from the perceptual domain of vision,
through language, concepts, numbers and finally to conscious thinking.

THREE KEY MODULES

The first module will focus on the structure of the outside world of visual scenes, languages, numbers, and
abstract categories. The lectures will highlight the common features and structurally significant differences
between the different domains. We will investigate the following questions: Is there any order in the visual
scenes one experiences? Are humans sensitive to that?  Does language follow a universal grammar? How do
we represent small numbers?  And large ones? Can we measure how similar the representation of one
structure in our head is to another?  Moving from more concrete domains (sensory perception) to more
abstract ones (numbers and concepts), we will gradually introduce the idea of objective and subjective
definition of structure and the consequences of this dichotomy in terms of perceived structures as
constrained by individual as well as cultural experience.

In the second module, the lectures will focus on what is known about the emergence of internal
representations of these domains: models of visual learning, language learning, number learning, concept
learning, and emergence of consciousness will be introduced and critically evaluated.  In this module, we
will review the dominant theories of learning in each of the domains and evaluate how our conclusions in
Module 1 can be related to these learning models.  Do we learn everything we experience?  Are we making
abstractions automatically? Is there a limit to what we can learn?  Does every infant develop the same
representation of the outside world and if yes, how? Why are we learning?

Finally, the third module will deal with the feasibility of implementing in the brain the models reviewed in
the second module. The lectures in this module will discuss the likely candidates of cortical representations
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of vision, space, language, numbers, and consciousness.  We will review what is known about the likely
representations and how they can subserve the abstract models we discussed in Module 2.

COURSE FORMAT

The principal format of the course will  be seminars given by the core faculty.   There will  be a discussion
session after each module where participants will be encouraged to formulate a coherent view based on the
lectures.  Participants will be expected to critically evaluate competing views represented by a series of
papers. In addition, when possible, there will be computer demonstrations of the relevant  concepts. Since all
the core faculty come from the broad area of brain and cognitive sciences, and represent a somewhat similar
philosophy, we also plan to broaden the discussion of these topics by organizing round table discussions
with representatives of disciplines that are in secondary connection with the main topic of the course.  These
guest discussants will come from areas such as psychoanalysis, history and arts, and they will provide their
view on whether we learn a canonical representation of the structure of our experience and how it is
represented in our brain.  We also plan a round-table where the dichotomy of learning versus innately coded
representations will be discussed.  There will be a final project, in which students will be required to carry
out a mini-research project in small groups.  The group will select a particular issue and develop their own
opinion whether it can be fit in the emerging view on structure learning and if so, how.
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human observers. Proceedings of the National Academy of Science, 105, 2745-2750.

- Kemp, C., & Tenenbaum, J. B. (2008). The discovery of structural form. Proceedings of the National
Academy of Sciences of the United States of America, 105(31), 10687-10692.

- Biederman, I., & Vessel, E. A. (2006). Perceptual pleasure and the brain. American Scientist, 94(3),
247-253.

MODULE 3:
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