
NEUROSCIENCE ebellum: His data suggest it acts as a clock that 
assists not onlv in the timine of motor control 

The Cerebellum: Movement 
Coordinator or 
F o r  more than a century neurologists have 
observed that people with lesions in the cer- 
ebellum-a large brain structure nestled un- 
der the cerebral cortex at the back of the 
brain-walk erratically and fail at simple 
movement tasks like touching a finger to the 
tip of the nose. It seemed clear that the 
cerebellum's function is to help the brain 
coordinate movements, and much work in 
both animals and humans has supported that 
idea. But over the past decade, a growing clan 
of researchers has challenged that dogma. Far 
from being just a specialized control box for 
movement, they argue, the cerebellum par- 
ticipates in many brain functions, including 
the most exalted: cognition. 

The work pointing in that direction in- 
cludes neuroanatomical studies revealing 
extensive connections between the cerebel- 
lum and higher brain structures, tests show- 
ing that patients with cerebellar lesions 
do woorlv on certain nonmotor tasks. . , 
and neuro-imaging studies of normal 
human subjects performing nonmotor 
tasks, such as those described on page 
545 by Peter Fox of the University of 
Texas Health Science Center in San 
Antonio, James Bower of the Califor- 
nia Institute of Technology, and their 

Much More? 
For now, though, each new finding link- 

ing the cerebellum to yet another brain func- 
tion just intensifies the theoretical conflicts. 
Take its role in cognition. An early clue to 
that role came 7 years ago from brain imaging 
studies by Steve Petersen, Marcus Raichle, 
and their colleagues at Washington Univer- 
sity in St. Louis. They showed that the cer- 
ebellum is activated during cognitive tasks 
such as the verb-generation task, in which a 
person is shown a noun and asked to come up 
with a verb related to the noun, for example, 
"eat" when shown the word "awwle." In con- 

.3 

of fine movements, but also in other brain 
activities such as sensorv discrimination. 

Ivry's work builds on an observation from 
early this century that people with damaged 
cerebellums have trouble tapping out a 
rhythm with their fingers. That result was 
viewed as supporting the idea that the cer- 
ebellum is exclusively concerned with motor 
control. But Ivry decided to see whether the 
cerebellum was necessary for other forms of 
mental timing not involving movements. 

When he asked normal individuals and 
people with cerebellar lesions to compare the 
time intervals between pairs of tones, he found 
that people with lesions did much worse than 
the controls did on this task, although they 
did as well as the normal subjects at judging 
the loudness of sounds. That, says Ivry, sug- 
gests that, while the cerebellum's main role . . ., 

trast, if the subject was asked simply to repeat may be motor control, the brain can "exploit 
the noun, which involves similar speaking the unique computational ability" of the cer- 
movements, the cerebellum was less active. ebellum when it needs precise timing infor- 

Since then other studies have also pointed mation for nonmotor functions. 
to cerebellar involvement in cognitive tasks. Other neuroscientists, however, reject 
Peter Strick's group at she Veteran's Admin- these new views of the cerebellum and argue 
istration Medical Center in Syracuse, New that its apparent roles in cognition and timing 

could be explained by a well-established 
'!l motor-related function of the cerebellum: 

R e d  Nerns Alod Gemrate Verbs Alrd 

I It is active when someone is planning-r 
1 even thinking about-movements, such 
I as when a tennis player imagines that 

she is playing a game. "How do you esti- 
mate time!" asks Washington Univer- 
sity neurologist Tom Thach. "One way 
is you use movements," such as tapping a 

co-workers. Taken together, the results foot or counting out seconds. Even think- 
suggest that the cerebellum partici- ing to yourself, "one-thousand-one, one- 
pates in functions ranging from the thousand-two," would use the cerebellum's 
analysis of sensory information, to tell- motor-planning functions, he says. And 
ing time, to solving puzzles. "Those Ivry himself, when critiquing the cogni- 
who believe that the cerebellum is ---- tive findings by Petersen's group and 
purely motor are going to have to take a Thought Verb generation (right) produces distinctly others at the Society for Neuroscience 
hard look at that," says Harvard Uni- different cerebellar activity than just reading a noun (/eft). meeting last November, noted that 
versity neurologist and cerebellum re- their experiments can't rule out the 
searcher Jeremy Schmahmann, "because it York, reported in 1994 that the cerebellum possibility that the cerebellum's role in the 
seems not to be the case." sends signals to some brain areas involved in cognitive tasks is simply to prepare for the 

Not everyone agrees with that view. "From cognition but not movement, and they also possible moves-such as the mouth move- 
the basis of what I have seen, I wouldn't say showed that solving a pegboard puzzle caused ments needed to speak a word-necessary 
that the cerebellum has changed from its much more cerebellar activation than did to execute the task. 
main role as a motor-coordinating system," the control task of simply moving the pegs in He came to that hypothesis indepen- 
says neuroscientist Rodolfo Llinas of New the board. And Julie Fiez, of Petersen's team, dently from his timing work, when he did a 
York Universitv Medical Center. Llinas be- as well as others. has shown that ~at ients  meta-analvsis of 40 imaeine studies involv- " "  
longs to a group of cerebellum researchers with cerebellar damage, although they may ing cerebellar activation. He found that the 
who believe the cerebellum's involvement seem cognitively normal, do poorly on verb- cerebellum was consistently more active on 
in other brain functions can be explained as generation and puzzle-solving tests. the more "difficult" tasks-those in which 
an offshoot of its motor-control function. The But these studies say nothing about what there were a greater number of possible re- 
challengers of that traditional view present the cerebellum's actual role in cognition might sponses. For example, in the verb-generation 
anything but a unified front: Their interpre- be, says neuroscientist Richard Ivry of the test, the control task has only one possible 
tations of their findines lead to a host of UniversitvofCalifomia. Berkelev. "What ex- resnonse. readine the noun aloud. But when 
nonoverlapping models. "There is no final actly is thh cerebellum doing?" IV& asks. "Just t h i  study subjecys have to find a verb, they 
answer yet," says Schmahmann. "We are still to say it is involved in cognition doesn't get us have to consider many possible responses. It 
very much in the working stages of this." But any further down the road." Ivry's own experi- could be that the cerebral cortex is doing the 
the ongoing ferment could eventually bring a ments have led him to propose yet another, cognitive work, generating all the possible 
new view of the cerebellum to the textbooks. more specific, potential function for the cer- responses, he suggests, and the cerebellum "is 
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just faithfully going about preparing the mo- 
tor programs to allow you to articulate all 
these different words." 

Fiez maintains, however, that the evi- 
dence points to a more cognitive role for the 
cerebellum than simply plotting movements 
in the verb-generation test. For example, the 
way her cerebellar-lesion patient failed that 
test suggests a more cognitive problem: The 
words he chose often weren't even verbs. If 
Ivry's suggestion were correct "you might see 
a slowness" on the test, she says. "But it 
shouldn't affect your subject's ability to come 
up with the correct response." 

Moreover, savs Fiez, such arguments blur - ,  - 
the line between motor and cog- 
nitive functions. If a process in- 
volves thinking about move- 
ment, should it be classified as 
cognitive or motor? Mentally 
choosing a word, or timing the 
mace between tones. is some- 
thing very different mentally, she 
argues, from the straightforward 
coordination and planning of ac- 
tual movements. 

Into this debate about motor 
and nonmotor functions comes 
the Bower and Fox team with evi- 
dence for vet another view of the 

of the cerebellum are unconvinced. "Evervone 
has known about the sensory input coming 
into the cerebellum." savs Thach. The Bower , , 
and Fox findings are perfectly consistent, he 
says, with the view that the cerebellum uses 
sensory information to guide movements. 

Fox concedes that tactile sensation is 
necessary to guide movements, and that 
could be why the cerebellum is paying atten- 
tion to it. But he says the team is already 
amassing data using sensory modalities such 
as hearing that are less obviously necessary 
for movement. "We will try to push this into 
purer and purer domains," Fox says, "to see if 
the utility to the motor system is a necessary 

information to another," he says, "you are 
changing it with the anticipation that the 
new source of information is going to carry 
something that is important, that you have to 
prepare for." 

To test this notion, he gave human sub- 
jects a test in which they had to shift their 
attention back and forth between sounds 
and visual images at a command. Normal 
subjects would miss information presented 
within less than a few hundred milliseconds 
of the signal to switch, but could catch in- 
formation with almost total accuracy within 
half a second. People with cerebellar dam- 
age were about fivefold slower. "They were - 

able to shift attention," says 
Courchesne, "but it took them 
many times longer." In work he 
presented at last month's meet- 
ing of the Cognitive Neuro- 
science Society in San Fran- 
cisco, he and colleague Greg 
Allen showed with fMRI that, 
when normal subjects under- 

Failure at tapping tbythrns and . 

judging timing of tones 
went a visual selective-attention 
task, their cerebellums were ac- 

sponse," Courchesne points out. 
Courchesne takes his Inter- 

cerebellum. They began the work 
a few years ago to test whether the cerebel- 
lum is involved in coordinating the acquisi- 
tion of sensory information necessary for the 
brain to accom~lish a varietv of tasks. an idea 
Bower had gotten from studying the neu- 
ronal connections reaching the cerebellum - 
from the tactile sensory areas of the rat brain. 

The team made functional magnetic reso- 
nance images (fMRI) of the cerebellum while 
the subjects performed either of two pairs of 
tasks. In one pair, sandpaper was lightly 
rubbed across the fingers of both hands of the 
subject, who remained perfectly still. The 
subject was then asked to do nothing, or al- 
ternatively, to think about which sandpaper 
was rougher. In the other task, the subjects 
~ icked  UD little balls from cloth sacks at- 
;ached td each hand, manipulated the balls 
in the fingers of both hands, and dropped 
them. In the second part of that task they 
were asked, before dropping the balls, do de- 
cide whether the balls were the same shape. 

Consistent with Bower's hypothesis, the 
cerebellum was busiest when the subjects 
were discriminating between the sandpapers 
or balls. "The sensory stimulus is the same in 
[each pair of tasks]," says Bower. "What 
changes is how you are using the data." 
Moreover, of the four different tasks, the one 
that caused minimal activation was the one 
in which the subjects picked up, handled, 
and dropped the balls, suggesting that the 
cerebellum is more involved in sensory ac- 
quisition than in movement per se. 

But proponents of the "motor-only" theory 

criterion or not." 
Bower exDects that it will not be a neces- 

sary criterion. Instead, he says, "I think that 
the cerebellum is coordinating the acquisi- 
tion of sensory data on which the rest of the 
nervous system depends." He predicts that 
the cerebellum is called into action particu- 
larly in anticipation of difficult tasks in 
which there is a need for high-quality sensory 
information. That idea fits with Ivry's meta- 
analysis finding that the cerebellum is acti- 
vated on more difficult tasks, and also with 
work by Eric Courchesne, at the University 
of California, San Diego, which suggests that 
the cerebellum helps prepare the brain for 
anticipated events. 

Courchesne traces the roots of this notion 
back to some early signs of nonmovement 
functions for the cerebellum~bservations 
made by several labs in the late 1970s and 
early 1980s that stimulating a rat's cerebel- 
lum with an electrode tens of milliseconds 
before presenting the animal with a visual or 
other sensory stimulus changed the way the 
animal's brain responded to the stimulus. For 
example, after cerebellar stimulation, the 
rat's brain gave a much bigger response to a 
flash of light against a light-colored back- 
ground, much as if the cerebellum had some- 
how turned up the signal-to-noise ratio. 
There was no movement component to the 
tests. leading Courchesne to think the cer- 
ebellum mi&t be helping the brain to focus 
its attention on sensory stimuli. "When you 
change your attention from one source of 

pretation beyond sensory dis- 
crimination, suggesting that the cerebellum 
helps prepare a variety of brain systems to 
operate at full efficiency. People with cer- 
ebellar damage do not seem badly impaired, 
he says, because "each sensory and cognitive 
system can still do its thing." But deficiencies 
show up on specialized tests because without 
the extra assist from the cerebellum, "each 
[system] operates less efficiently, and the 
more a system is pushed, the more inaccura- 
cies occur." 

Whether Courchesne's or any other 
theory of the cerebellum can account for all 
the cerebellar data is unclear. "It may be pre- 
mature at this point to try to come up with a 
global interpretation," says cerebellum re- 
searcher Enrico Mugnaini, of Northwestern 
University. "We need much more data." And 
it may be that the final answer is not "a 'this- 
or-that' situation," says Strick. "It could be 
all of the above." 

-Marcia Barinaga 
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