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tor learning, Wickelgren does not touch on verse nonmotor cognitive and sensory func- 
recent findings about the cerebellum's par- tions across domains. 
ticipation in nonmotor functions. Trying to account for the cerebellar 

Evidence for a much broader cognitive role in motor and nonmotor domains, we 
role of the cerebellum comes from numer- have described (11) the fundamental cere- 
ous sources. Human patients with cerebel- bellar functions as prediction and prepara- 
lar lesion have demonstrated nonmotor tion. These functions are based oncerebel- 
deficits in various domains, for ex- lar learning of sequences, both of 
ample, in problem-solving, error exogenous (for example, senso- 
detection, and language ( I ) .  ry) and endogenous neural ac- 
Functional neuroimaging stud- tivity (for example, through 
ies have shown cerebellar afferents from cerebral cor- 
activation for many tasks tex). After learning to iden- 
that do not include motor tify initial components of a 
components. For example, sequence, the cerebellum can 
as described in a Science "predict" subsequent compo- 
report by Gao et al. (2) l-he cerebellum, which nents of the sequence and can 
and an accompanying may be involved in motor thus "prepare" the physiolog- 
News article ("The cere- Learning ical state in remote systems 
bellum: Movement coor- that are required for a given 
dinator or much more?" 26 Apr. 1996, p. perceptuomotor or cognitive process (for 
482) by Marcia Barinaga, activations in example, by lowering neural response 
deep cerebellar nuclei and in the cerebellar thresholds in a functionally appropriate 
hemispheres have been found related to neocortical region). Feedback from such 
tactile stimulation and discrimination and remote systems leads to continued fine- 
to proprioceptive feedback (3) in the ab- tuning of cerebellar prediction and prepa- 
sence of motor performance. The cerebel- ration in response to changing internal and 
lum also activates consistently during vari- external conditions. 
ous types of language performance, even Ralph-Axel Miiller 
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paleocerebellum, whereas attention-related 6. J. E. Desmond, J. D. Cabrieli, A. D. Wagner, B. L. Cinier, 
C. H. Clover, 1. Neurosci. 17.9675 (1997). 
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ally in the neocerebellum. Thus, while our (1997). 
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the cerebelium &d the cerebral cortex, espe- 
cially in regions such as the dorsolateral pre- 
frontal cortex (lo), known to be crucially in- 
volved in working memory, problem-solving, 
and executive functions. Because synaptic 
survival depends on afferent-driven activa- 
tion, it is highly unlikely that such massive 
connections to cerebral association cortices 
are gratuitous and nonfunctional. Instead, 
they further support the cerebellar role in di- 

Cosmic Chirality 
Experiments designed to discriminate be- 
tween the left- and right-handed helical 
conformations of a synthetic variation of,  
the nylons led to the discovery tha t ?  
attachment of a random distribution of near- $ 
ly an equal population of mirror isomers as ; 
pendant groups to the helix led to a complete $ 
excess of the helical sense preferred by the 2 
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majority enantiomer (1, 2). In qualitative phenomena, which is then subject to the 
terms, this phenomenon, which is termed influence of the mixed chiral information. 
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An enantiomeric excess of about 12% 
of the groups pendant to the helix causes 
the optical activity to be identical to the 
situation of the enantiomerically pure pen- 
dant groups, while even a 2% enantiomer- 
ic excess gives rise to one-third of the full 
optical activity. Given the energy terms as- 
sociated with the chiral bias favoring one 
helical sense and the excess energy of the 
helical reversal, the theory derived from 
the Ising model allows prediction of the 
helical sense ratio for any enantiomeric 
excess and also remarkably predicts that, 
within certain limits, reducing the chiral 
bias will increase the influence of the ma- 
jority enantiomer, thus giving higher opti- 
cal activities: The importance of the mi- 
nority objection is predicted to override 
the force of the majority preference. 

There is no reason for the effect to be 
limited to one polymer structure, an4 in 
fact, early work on isotactic vinyl poly- 
mers in Italy after the discovery of  
Ziegler-Natta polymerization showed 
smaller versions of the same effect, as did 

E a Homochirality of biological molecules may 
$ be explained by observations of Light from 
2 part of the Orion Nebula (box) 
7 

3 
early studies on polypeptides derived from 

2 mixtures of enantiomeric amino acids. 

ti In their report "Circular polarization in 
2 star-formation regions: Implications for 
% biomolecular homochirality" (3 1 July, p: 
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Preparing Graduate 
Students in Biology 

In the editorial "Training for today's market- 
place" (Science's Compass. 3 1 July, p. 645), 
Elizabeth Marincola and Frank Solomon 
address the conflict resulting from the fact 
that academic primary investigators train 
many times the number of scientists re- 
quired to replace themselves. The unavoid- 
able result is that there are many more 
trained scientists than there are tenured aca- 
demic research positions. This result really 
should not be a problem because there are 
many alternative jobs on the market in 
nonacademic positions, either still in basic 
research or in other related fields. 

In my opinion, the problem arises be- 
cause of two shortcomings in the education- 
al process. In my recent experience at the 
Massachusetts Institute of Technology in the 
Biology Department (1989 to 1995), abso- 
lutely nothing was done to prepare graduate 
students for careers outside of academic re- 
search. Furthermore, many (although not 
all) of the professors at MIT continually in- 
doctrinated us with the idea that the only 
noble, pure, and truly successful career path 
was that of academic research. If educators 
would accept that this is not the case and 
that they should do something to prepare 
students for other career paths, maybe we 
would not have the problems revealed in the 
survey the authors discussed. 

The only solution that the authors suggest 
is still essentially an academic research posi- 
tion. In fact, this type of position is reminis- 
cent of the hierarchical systems seen in some 
European countries and Japan. In reality, as 
detailed in at least one recent article ( I ) ,  there 
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light from nebulae could be amplified by of these Ph.D. graduates will end up, and 
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