
on Fig. 2 as a single point labeled "test." 
Note that the elevated consumption 

that followed the conditional pairing of 
flavor with recuperation is maintained 
in repeated single-bottle tests in experi- 
ment B. This supports the data ob- 
tained in single-bottle tests in experi- 
ment A. We used single-bottle tests be- 
cause of the difficulty in interpreting 
the results when an animal is given a 
choice. When two flavors are simul- 
taneously available, a change in the 
relative intake may be seen as an en- 
hancement of one flavor or an aversion 
for the other. On the other hand, in 
the single-bottle tests used here a single 
flavor was presented to an animal 24 
hours after he drank his fill of water 
and his intake is either compared to 
his pretreatment level of that same 
fluid or to that of a control animal. 
These data clearly indicate that recu- 
peration has a positive reinforcing ef- 
fect, which is to some degree independ- 
ent of need, of initial preference, of 
novelty, and of the aversive effects that 
illness may have upon the other flavor. 
The positive and negative effects are 
evident a week after the last emetic in- 
jection despite an obvious extinction 
of both effects upon milk. No such 
extinction is apparent for grape. This 
differential extinction may be related 
to the high initial preference and the 
high nutritional value of milk (rats 
are known to control their caloric in- 
take with precision). 

Previous studies have indicated both 
positive and negative effects upon con- 
sumption when a distinctive flavor is 
followed by an injection. Condition- 
al pairing where a flavor is followed 
by apomorphine injections results in 
a decrement in consumption in nor- 
mal rats. Conditional pairing where 
the same flavor is followed with thia- 
mine injections produces an increment 
in consumption in rats suffering from 
thiamine deficiency symptoms. Both 
these effects are relatively weaker if 
the injections are delayed by several 
hours, indicating that changes in fluid 
intake are not solely caused by either 
repetitive taste tests or the series of in- 
jections but by their temporal juxtapo- 
sition in a conditioning sequence (2). 

These opposing behavioral effects 
were induced by two different sub- 
stances, with vastly different systemic 
effects upon the animals: one is a 
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temporal associative sequence used in 
conditioning. If the flavor is presented 
before the illness, the animal acts as 
if the flavor is "poison." If the same 
flavor is presented during recuperation 
from that illness, the animal acts as if 
it is "medicine." 

Although the effect appears to be 
analogous to the negative and positive 
effects associated with the onset and 
offset of electrocutaneous shock pun- 
ishment, there is at least one important 
difference. Avoidance responses induced 
by foot shock tend to be specific to 
the conditioning situation where shock 
was applied. On the other hand, taste 
aversions induced by illness generalize 
broadly, so that the taste is avoided in 
places where the rat has never been 
ill (3). Thus it appears that illness af- 
fects palatability of the flavor (that is, 
the animal no longer "likes" that flavor), 
whereas recuperation enhances the pal- 
atability. Apomorphine recuperation 
may be particularly effective because 
of the rapid dissipation of its emetic 
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In a recent report Breedlove and 
Trammell have suggested that electron 
or x-ray microscopy will not permit 
visualization of biological molecules 
(those containing carbon, nitrogen, and 
oxygen atoms) because of the molecular 
damage caused by the observation pro- 
cess (1). Whereas we believe that the 
authors' objections are generally sound, 
we fear that an impression may be given 
that there are no ways of circumventing 
the difficulties described in the report, 
as long as electrons are used. The re- 
sults quoted by Breedlove and Trammell 
were obtained from large gaseous or 
solid samples, and such results may not 
be directly applicable to a specimen 
consisting of isolated single molecules 
attached to a substrate. Moreover, it 
is not certain that a group of atoms that 
has been structurally damaged could 
not still be identified and yield useful 
information at the atomic level of reso- 
lution. Since the importance of direct 
visualization of biological molecules is 
so great, we feel that we are justified in 
describing in this technical comment 
our plans for achieving this result, un- 
supported as yet by anything but pre- 
liminary experimental results. We be- 
lieve that a possible solution will include 
the following six items: 
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1) The specimen should bo mounted 
on a metal substrate on the premise 
that a good electrical conductor can 
promptly return electrons to ionized 
atoms in the sample. 

2) The substrate should be cooled to 
liquid helium temperatures on the sup- 
position that de-excitation from a highly 
excited state of the molecule by means 
of particle ejection or severe atomic re- 
arrangement can be greatly reduced by 
a very low-temperature environment. 
Recent work by Box et al. (2) and by 
us (3) on organic molecules at 4.2?K 
strongly supports this proposition. 

3) It seems plausible that a thin metal 
overlay of some element with a low 
atomic number such as lithium might 
hold molecules intact on the substrate 
as well as supply electrons to those mol- 
ecules that are ionized. 

4) The addition of thiols during sam- 
ple preparation may prove effective in 
reducing the loss of protons from the 
specimen by virtue of the fact that the 
thiol group (S-H) can readily give up 
hydrogen to a damaged neighboring 
molecule (4). 

5) With an arrangement in which the 
sample is on a massive cooled substrate, 
it is necessary to use emission micros- 
copy. We plan to analyze the Auger 
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Possibilities Rather than Limitations 
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emission stimulated by an irradiating 
electron beam. By suitable acceleration 
and energy-filtering we hope to form 
images of the atoms comprising the 
sample. In this way it should be pos- 
sible in principle to distinguish between 
the various atoms of the sample (for 
example, carbon, nitrogen, and oxygen) 
and the substrate (for example, beryl- 
lium), since the Auger electron emission 
energies are a strong function of the 
atomic number. 

6) In order to achieve high resolution 
by imaging Auger-emitted electrons we 
propose the design of an objective lens 
with low aberration and a high numeri- 
cal aperture. In principle, such a lens 
can be built by interposing suitably 
shaped conducting, thin foils, thereby 
avoiding the limitations contained in 
"Scherzer's theorem" (5). (This scheme 
requires that the emitted electrons be 
first accelerated to some 50 kv before 
encountering the foils.) Recent experi- 
ments in this laboratory on evaporated 
thin foils and computer ray tracing in- 
dicate that this approach is feasible. 

We would also like to propose that 
the term "molecular microscopy" be 
reserved for those instruments and de- 
vices in which neutral atoms and mole- 
cules are the probing particles. Light 
microscopes and electron microscopes 
are named for the probing radiation, 
and it seems reasonable to do so with 
the molecular microscope. We feel 
strongly about the adoption of this con- 
vention since we have been exploring 
in the last 2 years the possibilities of 
studying high spatial resolution and, 
under various conditions, the emissions 
of neutral atoms and molecules (evapo- 
ration and scattering) from surfaces 
(6). Our first instrument, in which 
water molecules were used, is now 
beginning to yield data. 

We agree with Breedlove and Tram- 
mell on the importance of neutral atoms 
as probing particles, and we believe 
that the development of such techniques 
will be of particular importance in sur- 
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Autoshaping 

Gamzu and Williams have reported 
the "classical conditioning of a complex 
skeletal response," by use of the tech- 
nique of autoshaping (1). If a light is 
repeatedly projected on a standard re- 
sponse key a few seconds before a food 
dispenser operates, a hungry pigeon 
will begin to peck the key, presumably 
as it will peck other stimuli-for ex- 
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face studies involving the weak forces 
between molecules and in delicate mi- 
croanalysis appropriate to chemical and 
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ample, seed pods-which are related 
to food in less arbitrary ways. The 
process seems more accurately de- 
scribed as the classical conditioning 
of a stimulus which elicits a response 
of phylogenic origin. 

An experiment performed at Indiana 
University in 1946 had other features 
that may be of interest. The upper half 
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of one end of a pigeon box of standard 
size consisted of a translucent plastic 
plate. A food dispenser was located 
near the floor at the right. A spot of 
light about 6 mm in diameter was pro- 
jected on the plate at the usual height of 
a pigeon key. The spot appeared at the 
right edge of the plate and moved to the 
left, covering the length of the plate in 
about 4 seconds. When it reached the 
left edge, the food dispenser operated. 

The pigeon began to peck the spot, 
as in autoshaping, but it pecked as if 
it were driving the spot across the plate. 
When the plate was lightly greased, a 
print lifted from the surface showed the 
contacts made by the beak in a single 
transit. Prints showed slashes, often 
2.5 cm or more long. It was observed 
that they were all made when the beak 
moved from right to left. 

In a later stage of the experiment, 
the slashes were less specifically di- 
rected. As the spot approached the 
left-hand edge, sickle-shaped curves 
were described, sweeping around and 
down toward the dispenser. Adven- 
titious contingencies involving the oper- 
ation of the dispenser may have been 
responsible for this shift in topography. 

It seems clear that a feature of the 
environment can be converted into a 
stimulus that elicits responses character- 
istic of the phylogenic endowment of 
the species. The observations reported 
by the Brelands were of that nature. 
The effect is quite different from oper- 
ant conditioning, even though both 
processes generate responses having 
similar topographies. 

B. F. SKINNER 
Department of Psychology, 
Harvard University, 
Cambridge, Massachusetts 02138 
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1. E. Gamzu and D. R. Williams, Science 171, 
923 (1971). 

31 March 1971 

Skinner's note reports an early en- 
counter with autoshaping, together with 
an ingenious method of recording un- 
expected topographical elaborations of 
the response. In his experiment as in 
ours, the significant finding was the 
development of orderly, externally di- 
rected skeletal behavior beyond that 
specified by operant reinforcement con- 
tingencies. Not only does such behavior 
belie the "law of least effort," but, more 
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an ingenious method of recording un- 
expected topographical elaborations of 
the response. In his experiment as in 
ours, the significant finding was the 
development of orderly, externally di- 
rected skeletal behavior beyond that 
specified by operant reinforcement con- 
tingencies. Not only does such behavior 
belie the "law of least effort," but, more 
importantly, it underscores the need to 
include factors other than response- 
reinforcer contingencies in the analysis 
of learned behavior. It is clear that 
phylogenic considerations must be taken 
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