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2 4 Integration of Information: Reflections
on the Theme of Attention and
Performance XVI

James L. McClelland

24.1 ANALYSIS AND SYNTHESIS

In the early 1980s the idea that key aspects of cognition arise from the
independent activity of autonomous modules was popular in several areas of
the cognitive and neural sciences. This divide-and-conquer approach was
represented by Chomsky’s (1980) position on the autonomy of language
in general and syntax in particular, by Marr's (1982) emphasis on indepen-
dent computation of surface properties from each of several distinct visual
cues, and by Fodor's (1983) advocacy of modularity as a general principle of
brain organization.

These ideas were advances over earlier approaches that attempted to en-
compass all of cognition or behavior in terms of a few very general principles.
Paradigms like Gestalt psychology, genetic epistemology, and behaviorism
were all radically different, but they each offered a broad framework intended
to encompass a wide range of diverse phenomena. All of these approaches
ultimately proved unsatisfying, and more modular approaches may have
arisen in part because of the perception that one of the problems with these
approaches lay in the very attempt to generalize so broadly. Chomsky cer-
tainly taught us a great deal more about language than Skinner, and Marr
certainly took us beyond the vague holism of the Gestaltists toward a much
more explicit computational understanding of the extraction of shape from
visual cues. Focus on a specific domain and attention to its details, as if it were
autonomous, has led to insights that have sharpened our understanding of
language and perception. But now that these advances have been achieved, it
may be time to go beyond modularity and consider integration again.

The sciences of mind and brain have seen an alternation between global
approaches and more modular approaches before. In the nineteenth century,
and into the twentieth, ideas about the organization of function in the brain
alternated between varieties of equipotentialism and much more localist treat-
ments. In my own scientific education, the history of this altemation was used
to make two distinct and equally important points. Teitelbaum (1967), an -
important physiological psychologist of the 1960s, emphasized the impor-
tance of analysis and synthesis. First, we must carve the bird at its joints, he
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- argued, and analyze the structure and functional contributions of each of its.

parts. But if we are to understand how it can fly we must reconnect these
parts, and see how they work together. And Luria (1966, 1973), who is of
course still widely known for his many contributions to cognitive neurology.
stressed the idea of dynamic functional systems. He used the findings of the
localizationists to show that each part has its own special role. But he noted
the poverty of considering these parts in isolation and insisted that they must
be seen as working in concert to achieve system-level functions such as
perception, communication, and action.

In view of these points, it is encouraging to see just how much contempo-
rary research builds on the contributions of the modularists in an effort to
understand how the parts of the cognitive system work together. The present
volume brings together a collection of such researchers, who consider the
problem of integration from multiple perspectives and in multiple contexts.
What they share—nearly all of them—is a commitment to the effort to
understand how complex, intelligent functions are synthesized from simpler
parts. Their efforts build on the analytic insights that arise from the modular
approaches mentioned above, as well as on continuing work that combines
analysis with an effort to understand the behavior of the parts in context.

24.2 INTEGRATION IN PERCEPTION, COMMUNICATION,
ATTENTION, AND ACTION

When Toshio Inui proposed the theme of Attention and Performance XVI, he
certainly touched a responsive chord in me, and in many other members of
the executive committee. The theme of information integration tumned out to
provide a touchstone for a number of excellent contributions that fit together
in many different ways. The goal of these remarks is to bring out some of the
threads that link the chapters—and, in a few places, to touch on relevant
work not presented in the symposium. While the exact shape of a full account
of information integration in perception, communication, and action is not
yet clearly in view, I hope these comments will help the reader weave some
of the threads together and envision something of the fabric of this ultimate
synthesis. At the least, I hope they will provide pointers to some of the main
findings and ideas presented by the participants in this meeting.

The five broad questions Inui raised in his introduction form an excellent
framework for my discussion, since they cut across the various specific topics
covered in the conference and provide a structure in which the crucial points
of nearly all the papers fit very neatly. However, I will order the questions
differently for expository convenience, and I will add one more question at
the end of the list:

+ What are the limitations on the integration of information? Are there
impenetrable modules in the cognitive system and, if so, what are their
boundaries?
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