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spheric transfer of a monocularly 
learned pattern discrimination is literal- 
ly "inter-ocular." 
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Fig. 2. Evoked potentials to flash recorded 
from the right optic tectum of the pigeon 
with a chronic ablation of the left optic 
tectum. Small, tungsten in glass electrodes 
(about 10 myi tip) were used. The pigeon 
was anesthetized with nembutal (30 
mg/kg). Flash stimuli were presented at 
1 per second at maximum intensity 
through a black cone directed towards the 
orbit. The terminal aperture was 1.6 cm 
in diameter. 
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Stone Migration by Freezing of Soil 

I have read with great interest D. R. 
Inglis's explanation of .the uplifting of a 
large object such as a stone or fence 
post during freezing of soil [Science 
148, 1616 (1965)]. As early as 1958, 
using time-lapse color photography, I 
made observations of this phenomnenon 
at the U.S. Army Arctic Construction 
and Frost- Effects Laboratory, Waltham, 
Massachusetts (now imerged with U.S. 
Army Cold Regions Research and En- 
gineering Laboratory, Hanover, New 
Hampshire). A 15-minute sound and 
color film entitled "Frost action in soils" 
was presented at the International Perm- 
afrost Conference at Purdue University 
in November 1963, and has been in con- 
tinued circulation since. It has been 
shown at various gatherings of the 
American Society of Civil Engineers. 
It has also been shown in Japan and 
Sweden. 

This film demonstrates, among other 
things, the upward movement of a stone 
and simula,ted piles within a silt soil 
by frost action, when freezing is from 
the top down in an open-systemn test. 
The narration accompanying the film is 
in very close agreeiment (with some ex- 
ceptions) with the explanation set forth 
by Inglis. The film shows that adhesion 
of ice to the top of the stone was not 
the lifting force, although it might pos- 
sibly be under certain conditions of ob- 
ject shape and relative position. What 
actually happened in the frost-suscepti- 
ble material studied was that the soil 
directly over a stone was lifted above 
the stone, leaving a void. A stone rises 
only when the adfreeze force around it 
is greater than the forces holding it in 
place. The total movement of the stone 
from its initial position depends upon 
the heaving rate of the soil and the 
time required for freezing to penetrate 
down to a level below the cavity formed 
under the stone. In saturated non-frost- 
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Figs. 1-4 (top to bottom). Movement of 
a stone (actual size, about 3 cm diam- 
eter) in freezing soil. (The object part- 
ly visible at the lower right is a wrist 
watch.) Fig. 1: frost line approaching 
the top of the stone. Fig. 2 (about 30 
hours later): the soil above the stone 
has heaved, leaving a void. Fig. 3 
(about 12 hours later): the stone is 
being lifted by the grip of the frozen 
soil; there is now a void under the stone. 
Fig. 4 (about 79 hours later): the stone 
has moved up a considerable distance, and 
the cavity below has become slightly 
narrower and filled with water, which 
has frozen. 
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susceptible soils in a closed system, up- 
lift by the expansion of water upon 
freezing, as proposed by Inglis, is pos- 
sible. Figures 1-4 illustrate the se- 
quence of events. 

The film is available on loan from the 
Commanding Officer, U.S. Army Cold 
Regions Research and Engineering Lab- 
oratory, Hanover, New Hampshire. Fur- 
ther study of the freezing of soils and 
related phenomena is being carried on 
in that laboratory. 

CHESTER W. KAPLAR 
U.S. Army Cold Regions Research and 
Engineering Laboratory, 
Hanover, New Hampshire 03755 
6 July 1965 

Retrograde Amnesia 

Failure of persons to recall events 
that occurred just prior to a severe 
concussion or electroconvulsive shock 
(ECS) has been of considerable interest 
to neurologists, psychologists, and phys- 
iologists. Such failure, called retro- 
grade amnesia, seems to imply that 
memory traces are initially in a rela- 
tively vulnerable state, and that they 
require a period to become "consoli- 
dated." In view of current efforts to 
identify the physical or chemical nature 
of the trace mechanism, great impor- 
tance is attached to estimates of the 
length of the period of retrograde am- 
nesia. 

Currently it has become evident that 
the time course of consolidation, as 
inferred from experiments in which 
electroconvulsive shock is administered 
to animals at various times after learn- 
ing, needs careful reconsideration. 
Shock, especially with repeated ad- 
ministration, has aversive effects which 
in many of the classical studies have 
led to a confounding of variables (1). 
In some cases amnestic effects have 
been erroneously inferred even in stud- 
ies in which a single shock treatment 
was used (2). In this respect Tenen's 
recent report (3) has been of interest, 
for it seems to have overcome many of 
the objections to former studies. We 
would, however, like to express our 
concern regarding the conclusion Tenen 
draws. He suggests, on the basis of his 
own study and the studies of others, 
that electroconvulsive shock might ex- 
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1) Tenen employed only two inter- 
vals between learning and shock, 12 
seconds and 3 hours. In order to estab- 
lish the nature of the amnestic gradient, 
several other intervals should have been 
used. Since the group subjected to 
shock after a 3-hour interval does not 
show a significant amnestic effect, the 
only thing Tenen can conclude is that 
electroconvulsive shock produces retro- 
grade amnesia when administered 12 
seconds after learning. 

2) The effects described in the study 
Tenen cites in support of the 3-hour 
effect (4) are probably not due to retro- 
grade amnesia (2). 

We have been carrying out a series 
of experiments in the psychology de- 
partment at M.I.T. on the time course 
of retrograde amnesia. When confound- 
ing variables are eliminated, the am- 
nestic effects of electroconvulsive shock 
seem to be very short, perhaps no 
longer than 10 seconds. This seems to 
apply to one-trial learning situations 
involving both positive and negative 
reinforcement (5). 

STEPHAN L. CHOROVER 
PETER H. SCHILLER 

Massachusetts Institute of Technology, 
Cambridge 02139 
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Chorover and Schiller object to a 
sentence in the last paragraph of my 
paper. The sentence is here italicized: 

However, the greater number of hole 
explorations of the delayed-ECS group 
over the immediate-ECS group did not 
reach significance (p = .10). Thus it seems 
possible that ECS might exert some 
limited retrograde amnestic effects even 
3 hours after reinforcement. A longer re- 
inforcement-ECS interval might have pro- 
duced a significant difference making the 
findings more conclusive. 

I think Chorover and Schiller have 
mistaken a control group for an experi- 
mental one and have elevated a post 
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of the one-trial learning task. I origi- 
nally thought that a 3-hour interval 
would be clearly long enough to pre- 
vent any interference with a possible 
consolidation process. In order to dem- 
onstrate that the delayed ECS had no 
proactive effects, three criteria, involv- 
ing statistical comparison of groups, 
had to be met. Two of these were met, 
whereas the statistical test of the third 
(the one stated above) only approached 
significance. Although it was possible 
that a larger N might have resulted in 
the expected significant difference, sev- 
eral other considerations led me to 
speculate that a longer interval between 
reinforcement and ECS might be the 
more crucial variable. However, Chor- 
over and Schiller are completely correct 
in pointing out that this study was not 
(nor was it intended to be) designed 
to explore reinforcement-ECS intervals 
and that one cannot conclude from the 
data presented that the delayed ECS 
produced any retrograde amnestic ef- 
fects. 

I have since conducted an experi- 
ment in which the reinforcement-ECS 
intervals were: immediate (about 15 
seconds), 5 minutes, 10 minutes, 15 
minutes, 30 minutes, 60 minutes, and 
5 hours. All intervals up to the 5-hour 
one resulted in scores significantly 
lower (p < .05) than that of the rein- 
forced pseudo-ECS group. The score 
of the 5-hour group was also lower 
but not significantly so. This suggests 
that shock delayed as much as 1 hour 
produces retrograde amnesia and justi- 
fies, in part, the post hoc speculation 
in the report. This interval is consider- 
ably longer than the 10-second limit 
suggested by Chorover and Schiller. 
These authors' analysis of the effects 
of a long interval between reinforce- 
ment and ECS found with negative-re- 
inforcement techniques does not apply 
to an appetitive reinforcement. It is 
possible that the retrograde amnesia 
produced by ECS is a result of more 
than one mechanism and hence that 
the hypothesis of a consolidation proc- 
ess (or processes) need not always be 
invoked. Even if one adheres to this 
hypothesis, the time course of consoli- 
dation and its stability might vary with 
different tasks or reinforcement systems. 
All that is clear at this point is that 
additional investigation is necessary. 

S. S. TENEN 

of the one-trial learning task. I origi- 
nally thought that a 3-hour interval 
would be clearly long enough to pre- 
vent any interference with a possible 
consolidation process. In order to dem- 
onstrate that the delayed ECS had no 
proactive effects, three criteria, involv- 
ing statistical comparison of groups, 
had to be met. Two of these were met, 
whereas the statistical test of the third 
(the one stated above) only approached 
significance. Although it was possible 
that a larger N might have resulted in 
the expected significant difference, sev- 
eral other considerations led me to 
speculate that a longer interval between 
reinforcement and ECS might be the 
more crucial variable. However, Chor- 
over and Schiller are completely correct 
in pointing out that this study was not 
(nor was it intended to be) designed 
to explore reinforcement-ECS intervals 
and that one cannot conclude from the 
data presented that the delayed ECS 
produced any retrograde amnestic ef- 
fects. 

I have since conducted an experi- 
ment in which the reinforcement-ECS 
intervals were: immediate (about 15 
seconds), 5 minutes, 10 minutes, 15 
minutes, 30 minutes, 60 minutes, and 
5 hours. All intervals up to the 5-hour 
one resulted in scores significantly 
lower (p < .05) than that of the rein- 
forced pseudo-ECS group. The score 
of the 5-hour group was also lower 
but not significantly so. This suggests 
that shock delayed as much as 1 hour 
produces retrograde amnesia and justi- 
fies, in part, the post hoc speculation 
in the report. This interval is consider- 
ably longer than the 10-second limit 
suggested by Chorover and Schiller. 
These authors' analysis of the effects 
of a long interval between reinforce- 
ment and ECS found with negative-re- 
inforcement techniques does not apply 
to an appetitive reinforcement. It is 
possible that the retrograde amnesia 
produced by ECS is a result of more 
than one mechanism and hence that 
the hypothesis of a consolidation proc- 
ess (or processes) need not always be 
invoked. Even if one adheres to this 
hypothesis, the time course of consoli- 
dation and its stability might vary with 
different tasks or reinforcement systems. 
All that is clear at this point is that 
additional investigation is necessary. 

S. S. TENEN 
Medical Research Laboratories, 
Chas. Pfizer & Co., Inc., 
Groton, Connecticut 
20 August 1965 

1521 

Medical Research Laboratories, 
Chas. Pfizer & Co., Inc., 
Groton, Connecticut 
20 August 1965 

1521 


