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a target on a screen for a food reward, the cells of the cerebel-
lum showed the largest signal not when the animal made the 
movement, but when it received the treat.9 Around the same 
time, several other labs reported similar reward-related signals 
lighting up the cerebellums of animals carrying out different 
types of behavioral tasks. “There was this kind of amazing near-
simultaneous discovering, which really kind of turned the field 
upside down,” Hausser says. “It showed that the cerebellum is 
getting reward information all the time.” 

This work on reward-associated activity in the cerebellum is 
“very exciting,” says Abigail Person, a neuroscientist at the Univer-
sity of Colorado who was not involved in these studies. While she 
notes that the line between motor and nonmotor activity is not 
exactly clear-cut—especially in rodents—the delay between stim-
ulus and action “gets us away from real-time controlled move-
ment into more longer-term planning of movement.” 

Another 2019 study on the cerebellum’s role in reward-related 
processes came from neuroscientist Kamran Khodakhah and his 
group at the Albert Einstein College of Medicine in New York City. In 
their study, the researchers uncovered evidence of a possible connec-
tion between the cerebellum and autism. They discovered a pathway 
directly linking the murine cerebellum to the ventral tegmental area, 
a reward-processing center in the midbrain, and found that deac-
tivating this pathway made mice less likely to socialize with other 
animals.10 This supported findings from years earlier, when Univer-
sity of Texas Southwestern Medical Center neurologist Peter Tsai 
and colleagues generated a mouse model of autism by disrupting 
a key gene in Purkinje cells, a major cell type in the cerebellum.11 
Animals with this alteration exhibited characteristics that mirrored 
those seen in some humans with autism, such as a lack of interest in 
social interactions with novel animals, inflexible thinking, and repet-
itive behaviors. In a follow-up study, Tsai, Stoodley, and colleagues 
demonstrated that social deficits in mouse models of autism could 
be ameliorated by chemically stimulating the cerebellum.12 

These links with autism highlight another unique quality of the 
cerebellum: its sensitivity during development. Unlike the cerebral 
cortex, which seems to be able to adapt quite well to lesions—partic-
ularly those incurred early in development—there are hints from the 
clinical literature that the cerebellum might not be so adaptable, says 
Stoodley. In addition, cerebellar disturbances in early life have been 
linked to autism. Researchers have reported, for example, that dam-
age to the cerebellum at birth greatly increases a child’s chances of 
developing the condition.13  And in 2018, Princeton University neu-
roscientist Sam Wang and colleagues reported that manipulating 
neural circuits in the posterior cerebellum within the first few weeks 
of life in young mice led to autism-like traits, but the same effects 
were not seen in mice that underwent the procedure as adults.14 

“From a developmental perspective, [the cerebellum] is a par-
ticularly interesting part of the brain,” Stoodley says.  

A prediction machine 
Training a high-powered microscope on a slice of the cerebel-
lum will reveal large, densely packed Purkinje cells arranged in 

an orderly, grid-like pattern. This unique architecture, which is 
much simpler and more uniform than that of the rest of the brain, 
led some researchers to propose that the cerebellum carries out a 
single computation—what Schmahmann calls the universal cer-
ebellar transform—that is generally applied across its many func-
tions, both motor and nonmotor.15 Jennifer Raymond, a neuro-
scientist at Stanford University, is one of many researchers who 
agree with this idea. Given how stereotyped the architecture is, 
she says, there must be some specific computation or set of com-
putations that this anatomy is good for. 

The nature of this computation or set of computations 
remains an open question. One of the leading hypotheses 
for what the cerebellum’s overarching job might be is to act 
as a prediction machine. “The simplest level of that is that 
it predicts the sensory consequences of a motor command,” 
Hausser says, allowing the brain to disregard expected sig-
nals that result from the body’s movements. Such predictions 
could also be applied to more-complex processes, including 
predicting the consequences of your behavior during social 
interactions, he adds. This may be where reward processing 
comes in, Stoodley speculates—the cerebellum might be using 
this information to make and update predictions. It might be 
through this process, she adds, that the cerebellum coordinates 
both movements and cognitive or other nonmotor functions to 
occur in a flexible and accurate way. 

Debate remains, however, over whether there really is just one 
computation happening across the entire cerebellum. Stoodley sus-
pects that the computations are similar in both motor and nonmotor 
roles but that the timescale at which those computations occur differs. 

In addition to better understanding how our brains work, 
solving the mysteries of the cerebellum may also benefit 
patients, say researchers who spoke with The Scientist. Several 
labs are already conducting early-stage clinical trials to test 
whether using methods such as transcranial magnetic stimu-
lation (TMS) to noninvasively stimulate the cerebellum could 
help address the symptoms of conditions such as schizophrenia 

THE CEREBELLUM’S MANY ROLES
The cerebellum is a fist-size structure tucked below the cerebral cortex—the part of the brain that we typically attribute to higher-order 
cognitive processes, including consciousness, language, and memory. Although the cerebellum was traditionally viewed as a center devoted 
solely to motor coordination, a growing body of research indicates that the structure is also involved in cognition, emotion, and other functions.

The specific mechanisms behind the cerebellum’s multitude  
of functions remains a mystery, but the orderly arrangement  
of the neurons within the structure indicate that it may carry out  
a single computation—or set of computations—that it applies  
across its many roles.

Although the cerebellum appears small from the outside, the structure’s 
many coral-like branches give it a surface area that is 80 percent  
of the surface area of the larger cerebral cortex.

From a developmental 
perspective, [the cerebellum] 
is a particularly interesting 
part of the brain. 
  —Catherine Stoodley, American University

Functional MRI studies suggest that the cerebellum can be divided into specific  
regions linked specifically to motor, cognitive, and emotion-related functions.
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