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To fully appreciate the contribution 
Ito makes in this monograph it is impor- 
tant to have a perspective on the region 
of the brain he has analyzed. The cere- 
bellum is a remarkable neuronal struc- 
ture. Although its surface topography 
appears complicated, its internal organi- 
zation is surprisingly simple and geomet- 
rically arranged. There is a basic wiring 
diagram for the cerebellum that is repeat- 
ed in a largely constant fashion through- 
out the structure. The cortex of the cere- 
bellum contains only a limited number of 
different cell types, each of which has a 
highly distinctive shape. One of these 
cell types, the Purkinje cell, has a round 
cell body with long processes shaped like 
a deer's antlers extending from it. Pur- 
kinje cells are the sole source of output 
from the cortex. The major inputs to 
cerebellar cortex, which have been given 
names like "mossy" fiber and "climb- 
ing" fiber, have unique shapes, patterns 
of connections, and physiological ef- 
fects. 

The contribution of the cerebellum to 
neural control has been the subject of 
much speculation. It has long been 
known that destruction of the cerebellum 
results in striking disorders, particularly 
of voluntary movement. Cerebellar dam- 
age does not result in the loss of the 
ability to move; rather, it leads to gross 
incoordination. When patients with cere- 
bellar lesions reach for an object they 
tend to oscillate around it. Such oscilla- 
tions have been termed "intention trem- 
ors" and have been likened to the oscil- 
lations of a malfunctioning control sys- 
tem. 

By 1967, the basic interconnections 
and physiology of elements within the 
cerebellum could be described in almost 
incredible detail. An excellent mono- 
graph by Eccles, Ito, and SzentAgothai 
(The Cerebellum as a Neuronal Ma- 
chine) was published, and some believed 
that the mystery of cerebellar function 
could be solved. It soon became appar- 
ent, however, that knowing the connec- 
tivity of the cerebellum was not suffi- 
cient to reveal its function. Too little was 

known about the "behavior" of cerebel- 
lar elements during movement to allow 
complete descriptions of what they con- 
tribute to normal motor function. 

Some of the missing information began 
to be provided during the late '60's and 
early '70's, when techniques for record- 
ing the activity of single neurons in 
awake, behaving animals became avail- 
able. These new methods allowed the 
activity of single cerebellar elements to 
be correlated with ongoing motor behav- 
ior. Several groups employed these 
methods and observed surprising results. 
One cerebellar element, previously 
thought to "trigger" movement, dis- 
played a pattern of neural activity entire- 
ly inconsistent with such a function. One 
of the aims of this monograph, which Ito 
has certainly attained, is to review the 
new physiological findings and incorpo- 
rate them, along with updated anatomi- 
cal information. into a revised view of 
cerebellar operation. The first sections 
of the monograph are devoted to this 
aim. 

The '70's also saw important attempts 
to provide theoretical models of cerebel- 
lar networks. One model postulated a 
special type of synaptic plasticity for the 
cerebellar cortex (Marr, 1969, and Al- 
bus, 1971), and it has important function- 
al implications. The major assumption of 
the model is that appropriately timed 
signals to a Purkinje cell from one source 
of input, the "climbing fiber," lead to a 
long-term modification in the synaptic 
efficacy of signals to the same cell from 
another source of inputs, the "parallel 
fibers." This assumption endows the 
neural machinery of the cerebellar cor- 
tex with a form of plasticity that could 
contribute to the adjustment of motor 
responses and the acquisition of motor 
skills. Ito and his colleagues have been 
among the leaders in attempts to experi- 
mentally examine the assumption and 
the synaptic plasticity it would entail. All 
the data and arguments in support of 
Ito's position are clearly presented in 
chapter 10, which examines various fea- 
tures of the cerebellar cortex with refer- 
ence to various theoretical models. Mod- 
els and interpretations other than Ito's 
could have been presented more fully in 
the chapter. 

The core of the monograph is a con- 
cise statement of Ito's hypothesis con- 

cerning cerebellar operation, a presents. 
tion of the data that support it, and ar 
examination of its broader functional im. 
plications. This begins in chapters 24 and 
25 with a focus on the involvement ol 
one part of the cerebellum (the flocculus; 
in the vestibulo-ocular reflex. The vesti. 
bulo-ocular reflex produces eye move. 
ments to compensate for head move. 
ments. The function of the reflex is tc 
prevent images in the visual world frorr 
moving across the retina when the heac 
moves. According to Ito's "flocculu~ 
hypothesis of the vestibulo-ocular reflez 
control," the flocculus is placed in s 
"sidepath" off the main neural circuitrq 
responsible for generating the vestibule. 
ocular reflex. When the reflex is inade, 
quate, error signals indicating ''slipVoi 
images across the retina reach Purkinje 
cells in the flocculus via climbing fibel 
inputs. According to the cerebellar net. 
work model outlined in chapter 10, the 
conjunction of climbing fiber input witk 
ongoing parallel fiber activity cause? 
modifications in the parallel fiber synap. 
ses on Purkinje cells and alters Purkinje 
cell output and signal transfer througk 
the flocculus sidepath. The end result 
according to the hypothesis, is an adap. 
tive modification of vestibulo-ocular re. 
flex performance. These and other pro. 
posals are elegantly presented in thc 
many diagrams displayed throughout tht 
text. 

In the remainder of the monograph 
Ito relates his hypothesis to cerebella] 
control in other neural systems. Thi5 
leads to a great deal of speculation, b u  
all of it is relevant. The many idea5 
presented should generate interesting ex. 
periments in the future. 

The book is significant from anothei 
perspective. The field of neuroscienct 
has become very fragmented, with eacf 
group tending to believe that its ap, 
proach to the analysis of brain function i! 
the only one worth pursuing. Ito's mono, 
graph should serve to remind us tha. 
there are many levels of analysis. Tht 
search for function in regions of the brair 
as complex as the cerebellum clearlj 
requires a multidisciplinary approach 
Each piece of new information, whatev. 
er the methodology by which it is de 
rived, is valuable and must be integratec 
into a whole. This monograph is a mode 
of synthesis worthy of the field's respec 
and emulation. 
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