
tion of van der Waals radii, 2.17 A for 
Xe (from the element, 11), 1.35 to 
1.50 for F. 

It has been suggested (12) that the 
difference in Xe to F bond lengths of 
2.00 A in XeF2 and 1.95A in XeF4 
may result from the Xe to F bonds 
having more s-orbital character in the 
latter compound (13). 
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unpatterned light and white noise pro- 
duced a significantly greater decrease 
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to the greater behavioral impairments 
which seem to occur after prolonged 
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after Prolonged Sensory and 
Perceptual Deprivation 

Abstract. Seven days' exposure to 
unpatterned light and white noise pro- 
duced a significantly greater decrease 
in occipital lobe frequencies than did 
the same period of darkness and silence. 
This differential effect may be related 
to the greater behavioral impairments 
which seem to occur after prolonged 
exposure to diffuse light-and noise. 

It has been shown that the intellectual 
and sensorimotor impairments resulting 
from prolonged perceptual deprivation 
are greater than those occurring after 
prolonged sensory deprivation (1-3). 
These two terms are employed in the 
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sense advocated by Kubzansky (4), in 
which sensory deprivation refers to an 
attempt at "an absolute reduction in 
variety and intensity of sensory input," 
for example, the use of darkness and 
silence, whereas perceptual deprivation 
refers to "reduced patterning, imposed 
structuring, and homogeneous stimula- 
tion," for example, the use of translu- 
cent goggles, white noise, constant hum, 
and so forth. The purpose of this ex- 
periment is to determine whether the 
behavioral differences between the two 
conditions are accompanied by any dif- 
ferences in electrical activity of the 
brain. We already know that perceptual 
deprivation produces a decrease in oc- 
cipital lobe frequencies (5). However, it 
is not known whether sensory depriva- 
tion produces a similar decrease and, 
if it does, whether it is of the same 
magnitude. 

A group of 40 male university stu- 
dents were used, ten in each of four 
conditions. Each condition lasted a 
week. In the first, sensory deprivation, 
the subjects were placed individually in 
a dome-shaped isolation chamber. The 
details of this chamber are given in an 
earlier publication (1). They were re- 
quired to lie quietly on an air mattress 
under constant darkness and silence (70 
db attenuation). They could sit up or 
stand up only when eating or when 
using the toilet facilities located several 
feet away. Singing, humming, or any 
other vocal activity was not permitted. 
No gauntlet-type gloves or any other 
form of manual restrictions were im- 
posed. 

In the second condition, perceptual 
deprivation, the subjects were again 
isolated individually but under constant, 
unpatterned light and white noise. They 
wore a pair of translucent goggles which 
reduced the level of ambient illumina- 
tion in the chamber from 90 to approxi- 
mately 20 ft-ca (under the goggles). 
The goggles excluded all pattern vision. 
Each subject also wore a set of earmuffs 
through which white noise was con- 
stantly presented somewhat above the 
threshold of hearing. The other restric- 
tions were similar to those in the first 
group. 

The third condition was a control for 
the recumbent or prone position which 
the two experimental groups had to as- 
sume most of the time. In this condi- 
tion the subjects were placed, in groups 
of three or four, in a large room near 
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when eating and to stand up only when 
going to the washroom, 15 feet away. 
Apart from these restrictions on gross 
body movements their environment was 
quite "normal." They were allowed to 
talk, read, listen to the radio, and watch 
television, and all lights were put out 
at night. 

Finally, an ambulatory control con- 
dition was used. The subjects of this 
group merely came to the laboratory 
for electroencephalographic records, re- 

when eating and to stand up only when 
going to the washroom, 15 feet away. 
Apart from these restrictions on gross 
body movements their environment was 
quite "normal." They were allowed to 
talk, read, listen to the radio, and watch 
television, and all lights were put out 
at night. 

Finally, an ambulatory control con- 
dition was used. The subjects of this 
group merely came to the laboratory 
for electroencephalographic records, re- 

30o 30o 

? 20 
z w 

a, 
0: 
Uf 1 

? 20 
z w 

a, 
0: 
Uf 1 

,-i 
z 
w us 

0. a. 

,-i 
z 
w us 

0. a. 

F_r 

_ I 

n i F_r 

_ I 

n i 
? u 9 10 ? u 9 10 

30 30 

20 
z 

a 
10 

20 
z 

a 
10 

RECUMBENT CONTROLS 

Pro Post --- 

RECUMBENT CONTROLS 

Pro Post --- 

I1 12 13 14 I1 12 13 14 

PERCEPTUAL DEPRIVATION 
(Unpottcrned Llght and Noiso) 

Pre 
Post -- - 

PERCEPTUAL DEPRIVATION 
(Unpottcrned Llght and Noiso) 

Pre 
Post -- - 

R R 
7 8 9 10 1 12 13 14 

Fig. 1. Mean frequency spectrum of the 
two experimental and two control groups 
before and after the 1-week experiment. 
Abscissas are frequencies. 
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Table 1. Mean occipital lobe frequencies before and after two experimental and two control condi- 
tions (40 subjects, ten in each group). 

Perceptual Sensory Recumbent Ambulatory 
deprivation deprivation controls controls 

Pre Post Diff. Pre Post Diff. Pre Post Diff. Pre Post Diff. 

11.70 10.60 -1.10 10.05 9.00 -1.05 11.88 11.60 -0.28 9.99 10.09 +0.10 
11.89 10.15 -1.74 10.33 10.18 -0.15 9.72 9.48 -0.24 11.84 11.97 +0.13 
10.50 9.34 -1.16 10.67 9.73 -0.94 10.04 10.01 -0.03 11.50 11.53 +0.03 
12.70 11.06 -1.64 10.32 8.85 -1.47 11.20 11.03 -0.17 10.50 10.47 -0.03 
12.29 11.23 -1.06 11.80 11.05 -0.75 11.06 10.94 -0.12 10.22 10.23 +0.01 
11.14 10.73 -0.41 11.42 10.60 -0.82 11.10 11.30 +0.20 11.04 10.79 -0.25 
11.26 10.00 -1.26 11.00 10.09 -0.91 10.65 10.56 -0.09 9.65 9.59 -0.06 
10.07 8.84 -1.23 10.70 9.87 -0.83 10.20 10.60 +0.40 10.37 10.49 +0.12 
9.79 8.72 -1.07 10.13 9.40 -0.73 11.78 11.72 -0.06 10.02 10.30 +0.28 

10.10 8.63 -1.47 11.38 10.49 -0.89 11.84 11.85 +0.01 9.79 9.53 -0.26 

Means Means Means Means 
11.14 9.93 -1.21 10.78 9.93 -0.85 10.95 10.91 -0.04 10.49 10.50 +0.01 

turned home, and then reappeared a 
week later for the second record. 

Electroencephalographic (EEG) trac- 
ings were taken by an Offner eight- 
channel machine, model D3, before and 
after each of the four conditions. Blood 

sugar level was controlled for by plac- 
ing the subjects on a fixed feeding 
schedule and taking records in the 
morning, after breakfast. In order to 
exercise more control over possible 
drowsiness or decreased alertness in the 

experimental subjects, tracings were 
taken after they emerged from isola- 
tion. They were first given a battery of 
performance tests, breakfast, opportu- 
nity to wash up and then records were 
taken. These preliminary activities, 
which took approximately 21/2 hours, 
eliminated any drowsiness at recording 
time which may have existed earlier. 
The controls were subjected to a similar 
routine. No differences in activity levels 
or in alertness could be detected be- 
tween the experimentals and controls. 
In order to obtain a quantitative meas- 
ure of EEG changes, two types of anal- 
yses were made. In the first, the mean 
occipital lobe frequency of each sub- 
ject was determined. This involved 
counting the number of waves occur- 
ring in each of 200 1-second samples 
of artifact-free occipital lobe tracings. 
For this purpose, a cursor (a special 
EEG ruler) was employed. To avoid 
any bias the records were scored 
"blindly," that is, the technician was 
not told what groups the tracings came 
from or whether they were "pre" or 
"post" records. The second method 
involved a frequency spectrum analysis 
of the type suggested by Engel et al. 
(6). This consists of counting the num- 
ber of waves in each 1-second period 
and expressing the number of 1-second 
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periods containing a particular fre- 
quency as percentages of the total 200- 
second period. 

Table 1 shows the mean occipital 
frequencies of the 40 subjects before 
and after a week. It can be seen that 
all 20 experimental subjects show a 
post-isolation decrease in mean fre- 
quency. Furthermore, the decrease in 
frequency appears to be greater for the 
perceptual than for the sensory depriva- 
tion group. Of the former group, nine 
out of ten subjects show a decrease 
greater than 1 cy/sec, whereas only 
two of the latter group do so. On the 
other hand, the two control groups ex- 
hibit no consistent trend. Some subjects 
show an increase in frequency but 
others show a decrease. The mean 
"pre-post" difference for both control 
groups is almost zero. An analysis of 
variance of the "pre-post" difference 
scores of the four groups yielded a 
highly significant F ratio (p < .001). 
Subsequent t test analyses (2-tailed) re- 
vealed that the slight difference between 
the control groups was not significant 
(p > .70). However, both experimental 
groups differed significantly from the 
controls (p < .001). Furthermore, the 
mean decrease in frequency of the per- 
ceptual deprivation group was signifi- 
cantly greater than that of the sensory 
deprivation group (p < .01). Figure 1 
shows the mean frequency spectrum of 
the four groups of subjects before and 
after a week. It can be seen that the 
"pre and post" spectrum of the control 
groups is almost identical. However, 
in both experimental groups the post- 
isolation spectrum shows a noticeable 
shift towards the lower end of the fre- 
quency scale. 

In addition to the changes in occipital 
lobe frequencies, the records of the ex- 

perimental subjects were also character- 
ized by an excess of slow or theta activ- 
ity, particularly in tracings from the 
temporal lobes. However, the incidence 
of these theta waves appeared to be the 
same for both experimental groups. 

These results indicate that both sen- 
sory and perceptual deprivation can 
produce a disturbance of the electrical 
activity of the brain. Furthermore, this 
disturbance is greater under perceptual 
than sensory deprivation. This differ- 
ential effect may be related to the 
greater behavioral impairments which 
seem to occur after prolonged percep- 
tual deprivation (1-3). The fact that 
the recumbent condition did not affect 
EEG activity is also paralleled by a 
lack of behavioral deficits under this 
condition (2). Thus there appears to 
be a close correspondence between be- 
havioral performance in deprivation 
conditions and the state of electrical 
activity of the brain. Since our EEG 
records were not taken during isolation 
but after its termination, one might 
interpret our results as indicating that 
the physiological effects of sensory de- 
privation wear off more quickly than 
those of perceptual deprivation. Al- 
though this is a possibility, we prefer 
to interpret the data as indicating the 
presence of EEG differences during the 
two types of isolation. This conclusion 
is supported by the fact that greater be- 
havioral impairments occur under per- 
ceptual deprivation regardless of wheth- 
er the performance measures are taken 
during or after the isolation period 
(1, 2, 7). 
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