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Preface
 

The primary rationale for my writing this book is that I have been involved in research on the cerebellum for half a century and it seemed appropriate to share with younger generations of researchers how thrilling and dramatic this epoch has been, particularly since research on the cerebellum has advanced not only our understanding of this fascinating structure but also that of overall neuroscience. I also have another rationale, however, which is more implicit but no less compelling. This is the desire to know how and to what extent we might proceed toward the goal of completely understanding the human brain, not only the detail of its huge mass of neurons, but also the means by which it can generate human intelligence, which has evolved over millions of years. Current systems neurobiology addresses this issue to some extent, but available methodology and technology are limited and guiding hypotheses are still sparse. To this end, research on the cerebellum is on the forefront for asking the question “How does our brain accomplish its most complex and sophisticated actions?

Forty-five years ago, I co-authored the monograph
The Cerebellum as a Neuronal Machine
with John Eccles and Janós Szentagothai. This book described several neuronal circuits of the cerebellum, using analytical techniques that had advanced greatly in the late 1950s and early 1960s. Seventeen years later, I wrote a monograph
The Cerebellum and Neural Control
. Its focus was on the role of long-term depression in the cerebellum and this structure’s control of the vestibulo-ocular reflex. Such work suggested to me that the cerebellum was capable of learning and thereby played an essential role in adaptive neural control. In that 1984 book, the cerebellum was viewed as an assembly of many modular units (microcomplexes), each of which constituted a neurocomputing machine embedded in a control system of the brainstem and/or spinal cord. The book also contained a germ of the idea that the cerebellum performed internal model-based controls that were delineated and formulated computationally a few years later (in 1987) by Mitsuo Kawato and his colleagues.

This 2011 monograph discusses advances made since 1984 in the overall study of neuronal circuits and the adaptive and model-based control of movement. It also presents new developments concerning the involvement of the cerebellum in motor actions and cognitive functions. The subtitle of the book, “Brain for an Implicit Self,” reflects my current view of the cerebellum. Its role in the adaptive control of movement is performed unconsciously. Even though voluntary movements, such as those needed to ski, skate, or play a piano, and so on, are performed under conscious awareness (of at least some components of the movements), there is no such awareness when these movements become more refined due to their practice. A similar situation prevails for our thoughts. When we think about some topic repeatedly, the thought becomes more and more implicit; that is, it requires less and less conscious effort, as in intuition. This suggests that the cerebellum aids the self in both movement and thought, but covertly, by use of its internal models. The question of just how neuronal circuits of the cerebellum can accomplish such an all-encompassing role will be a major challenge in the coming decades.

I wish to thank all the cerebellar researchers cited in this monograph, whether living or deceased. Their expertise embraced, or continues to embrace, both the traditional disciplines of anatomy, physiology, biochemistry, pharmacology, and pathology and the many newer subdisciplines of neuroscience that derive their merit from both the life and physical sciences. Over the years these disciplines have continued to generate both new experimental data and novel theories.

I am grateful to those who kindly permitted me to reproduce their illustrations in this monograph. I wish also to thank the many colleagues who spent some time in my laboratory at the University of Tokyo before 1989 and at the RIKEN Brain Science Institute after 1990. I am also greatly indebted to the University of Tokyo for strongly supporting my earlier research activity, particularly through the difficult period of campus disruption, and the RIKEN Brain Science Institute for providing me with such an excellent research environment.

In publishing this monograph, I am particularly thankful to Prof. Douglas G. Stuart, Regents’ Professor Emeritus of Physiology, University of Arizona, for his advice about my use of the English language and discussions on posture and locomotion mechanisms. I am also indebted to Drs. Soichi Nagao and Tadashi Yamazaki, RIKEN Brain Science Institute, for our many discussions about the content of this monograph.

Finally, I wish fervently that research on the cerebellum in the coming decades will be fruitful, particularly in clarifying its neuronal mechanisms in processing information of both a motor and a cognitive nature. Such progress will be a major step in the unlocking of brain mechanisms that support the implicit self.
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1. Neuronal Circuitry: The Key to Unlocking the Brain
 

1-1. Introduction
 

The central nervous system (CNS) of vertebrates contains an enormous number of neurons, each having elaborate electrical and chemical signaling mechanisms. These neurons are interconnected via synapses to form intricate neuronal circuits. While such a circuit is composed of molecules within cells, it also processes information and generates a multitude of functions. Much effort has been and continues to be devoted to bridging these two properties of neuronal circuits to explore still largely unknown mechanisms of the CNS. The circuits of the cerebellum have been on the forefront of this endeavor. This chapter addresses the methodologies and fundamental concepts that are currently being used in the study of generic complex neuronal circuits before focusing in succeeding chapters on the cerebellum.
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