
nmal to animal and are proportional in 

speed and extent to the frequency of 
stimulation. However, a single shock 
or the cessation of a train of shocks 
in certain other cells occasionally re- 
leases a complex escape pattern com- 

prising 30 seconds of coordinated ac- 
tivities. The execution of this pattern 
is not appreciably modified by the fre- 

quency of stimulation. 
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called memory-consolidation process 
(1), or whether the difficulty is one of 
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and recall procedures were essentially 
alike throughout, for group 2 thiopen- 
tal was administered by intermittent 
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the subject's state of alertness was 
monitored through response to random 
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5 minutes (3). The subject was required 
to press a telegraph key every time he 
heard three consecutive odd numbers; 
an increase in errors was taken as an 
index of loss of vigilance owing to se- 
dation. For group 2 the drug was con- 
tinuously infused (thiopental, 0.3 per- 
cent) and an operant-response measure 
was used as an index of loss of vigi- 
lance (4). A loud high tone was pre- 
sented in randon alternation with a 
loud tone of lower pitch. A tone oc- 
curred every 10 seconds and remained 
on until the subject terminated it by 
pressing the correct one of two buttons. 
The slope of the subject's cumulative 
response curve was taken as an index 
of his level 'of alertness. We tried to 
keep the subjects of both group 1 and 
group 2 at a level of sedation just short 
of unconsciousness. 

Two sets of learning and memory 
materials were used. One consisted of 
ten simple line drawings of familiar 

objects which the subject was asked 
to describe when they were first pre- 
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sented, to insure that the pictures were 

adequately perceived while the subject 
was under sedation. In ,a later test the 
subject selected the familiar pictures 
from a set containing half familiar and 
half novel ones. The second kind of 
material consisted of six easily asso- 
ciated pairs of letters and words (for 
example, W-water, F-flower, C-camel). 
These were learned by the anticipation 
method to the point of one perfect reci- 
tation (5). In a later test for recall, the 
cue letters alone were presented. Both 
materials were so easy that two control 
subjects, who were always given a 
placebo instead of thiopental, made 
perfect scores throughout. Further evi- 
dence of the ease of the learning ma- 
terials was obtained from the ten sub- 
jects of group 2 who learned a list of 
associated pairs before they were placed 
under sedation. Of these, eight learned 
in a single trial, and two learned in 
two trials. 

Before the drug was administered, a 
base-line blood sample was taken and 
vigilance tests were given. The subjects 
of group 2 learned a control set (set A) 
of the associated pairs. In order to test 
for possible retrograde amnesia (or pos- 
sible state-dependent recall), the sub- 
jects were tested for retention immedi- 
ately after the drug took full effect. 
For both groups, the first set of pic- 
tures (set 1, recognition test) was now 
presented 'and the subject described 
each one. After the presentation of the 
pictures, six associated pairs (set B) 
were learned to one perfect recitation. 
After a lapse of 30 minutes (filled with 
incidental conversation to maintain 
consciousness; blood samples were 'also 
taken and vigilance tests administered), 
the subject was tested for recognition 
of the set 1 pictures and recall of the 
set B 'associated pairs. This method de- 
termined the extent of memory loss un- 
der sedation. Then, another blood sam- 
ple was drawn, vigilance tested, and 
another set of materials learned: set 2 
of recognition pictures and set C of as- 
sociated pairs. After a final 'blood sam- 
ple and vigilance test, the experiment 
was terminated for the day. The sub- 
ject commonly slept for 2 or 3 hours, 
was sent home, and returned to the 
laboratory the following day for a 24- 
hour retention test. 

Electroencephalograms recorded pe- 
riodically throughout the session 
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Effects of Thiopental Sedation on Learning and Memory 

Abstract. Subjects who were administered thiopental showed a loss of memory 
for events discussed while they were under sedation. We tested the subjects for 
recognition memory of pictures and recall of associated pairs of letters and words, 
and found that the subsequent memory loss was correlated with the concentration 

of thiopental in the venous blood at the time the material was learned. Retention 
did not appear to be state-dependent because the subject, while under sedation, 
could recall material learned prior to sedation, and because recall was not fa- 
cilitated by reinstatement of the sedation. 
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difficulties in the course of experimen- 
tation with group 1 led to the improve- 
ments in technique with group 2. The 
trend of results is similar within both 

groups, but the effects of sedation on 
behavior are more severe in group 2. 
That these results are due to differences 
in sedation, rather than to other dif- 
ferences in the experiment, is indicated 

by a comparison of the concentrations 
of thiopental in the venous blood in 
the two groups throughout the experi- 
ment (Table 1). The differences are sig- 
nificant (F = 3.46; df = 3, 27; P < .05). 
A t-test shows the means to be signifi- 
cantly different on the fourth blood 

sample (P < .05); this is the point at 
which the subject learns the material 
on which he is to be tested for post- 
sedation retention on the following 
day. Because different vigilance tasks 
were used in the two groups it is not 

possible to use these measures to dis- 
criminate between the groups; general 
observation confirmed that continuous 
infusion of thiopental induced a more 
uniform sedation. Because feedback 
from the vigilance test was used to 
monitor the amount of infusion, it is 
not surprising that there were no con- 
sistent relationships in the groups be- 
tween the vigilance scores and the con- 
centrations of thiopental in the venous 
blood. 

That the amnesic effect of thiopental 
was not retroactive was demonstrated 
by the ten subjects of group 2. They 
had learned set A of associated pairs 
before they were given thiopental, and, 
when they were tested for recall while 
under sedation, their scores were nearly 
perfect (mean of 5.8 correct out of a 
possible six items, no subject missing 
more than one item). 

When not under sedation, the sub- 
jects in group 2 learned the associated 
pairs in a mean of 1.2 trials, while 
the subjects of group 1, under seda- 
tion, required a mean of 5.75 trials 
(2.99, standard deviation) to learn set B 
and those of group 2 required a mean 
of 10.00 trials (2.98, standard deviation). 
These differences between the groups 
in mean trials required for learning the 
material are statistically significant (P 
< .05). The greater impairment of 
learning in group 2 gave evidence that 
the sedation was deeper when thiopental 
was continuously infused. The relation- 
ship between learning and the degree 
of sedation is further attested by a cor- 
relation within group 2 between the 
trials required for learning and the con- 
centration of thiopental in venous blood 
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Table 1. Concentration of thiopental in the 
venous blood: mean number of micrograms of 
thiopental per milliliter of blood. Means and 
standard deviations are noted. 

Sample Sample Sample Sample 
1 2 3 4 

Group 1 (n = 11)* 
10.71 10.66 10.60 10.59 

(2.16) (1.39) (1.62) (1.17) 

Group 2 (n - 10) 
11.18 12.12 12.19 13.39 

(3.81) (3.55) (2.83) (3.01) 
* One subject missing because of technical diffi- 
culties. 

(6) at the end of the session (r = .78, 
P < .02). 

When tested while under sedation 
for material learned during sedation 

(recognition set 1, and associated pairs 
set B), subjects of both groups showed 
marked decrements after 30 minutes in 
both recognition and recall (Table 2). 
The differences between the groups are 

significant for recognition (P < .01), 
but not for recall. Normally alert sub- 

jects show no loss over this short pe- 
riod of time. 

The subjects returned to the labora- 

tory 24 hours later and were asked to 
recall all they could remember con- 

cerning the previous day's experiment. 
The spontaneous free recall varied 
from virtually complete amnesia to de- 
tailed recall of the session. Tests for 
both the recognition material and asso- 
ciated pairs showed deficits (Table 2), 
confirming the clinical observations of 
amnesia in subjects placed under bar- 
biturate sedation. Again group 2, with 
higher sedation, appeared to show 
greater impairment than group 1, al- 
though neither the difference in recog- 
nition nor that in recall is statistically 
significant. The control subjects showed 
no overnight loss with these easy ma- 
terials. 

Table 2. Retention by subjects who learned 
the material while under sedation. Ten pic- 
tures and six associated pairs were presented. 
Means and standard deviations are given. 
Group 1, n = 12; group 2, n = 10. 

Recall of 
Group Picture associated recognition pairs 
Retention after 30 minutes under sedation 

1 7.00 4.58 
(3.79) (1.31) 

2 1.70 3.90 
(2.87) (1.34) 

Retention after 24 hours, 
1 6.50 

(3.26) 
2 3.90 

(2.77) 

awake 
2.67 

(1.37) 
1.90 

(1.20) 

There are differences in overnight 
effects, with possibly some increase for 

picture recognition in group 2 (remi- 
niscence effect), but losses in retention 
of associated pairs in both groups after 
24 hours (Table 2). Some subjects in 
group 1 showed essentially no impair- 
ment under sedation; however, for 
them no improvement is possible. Lim- 
iting the analysis to those who showed 
some impairment of recognition while 
under sedation (Table 2), seven of the 
12 subjects of group 1 are available 
for study, 'and all ten subjects of group 
2. Of these 17 subjects showing some 
impairment of retention while under 
sedation, 13 improved in their recog- 
nition scores after 24 hours when test- 
ed in the waking state, three scored 
the same, and only one had a reduced 
score after 24 hours. The consistent 
change of 13 of 17 subjects is statis- 
tically significant by the sign test 
(P < .025). There is a tendency for 
the subject to recover items learned 
under sedation when he is tested while 
awake 24 hours later; thus he recog- 
nizes more at that time than he did 
when tested 30 minutes after learning 
the items and while still under seda- 
tion. It should be noted that these are 
not repeated tests on the same items, 
but comparable tests on different items. 

The situation is different for the as- 
sociative learning. Selecting those sub- 

jects who showed impairment of learn- 

ing while under sedation (and hence 
had an opportunity to improve), we 
find eight subjects from group 1 and 
all ten from group 2. For these 18 
subjects, 13 show greater losses over- 
night than under sedation, two remain 
unchanged, and three cases do better 
in the waking state. By a sign test the 
loss by 13 of the 18 cases is statistically 
significant (P < .05). 

Following the 24-hour retention 

test, four subjects of group 1 were 

again administered thiopental as on the 

preceding day in order to determine 
whether memory might be improved 
under sedation. When sedation was 

judged to be the same as that for the 

original learning state, both recogni- 
tion and associative learning were test- 
ed in the usual manner. None of the 

subjects' scores improved, (and one sub- 

ject scored less well when under seda- 
tion for the second time than he had 
when tested while awake. These results 
are coherent with the loss of retention 
shown by those tested earlier while un- 
der sedation. 

For nine of the subjects, all known 
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Table 3. Attempted recovery under hypnosis 
compared with recovery while the subject is 
awake. Means and standard deviations are 
given. Four subjects were under high seda- 
tion and five under low. 

Table 3. Attempted recovery under hypnosis 
compared with recovery while the subject is 
awake. Means and standard deviations are 
given. Four subjects were under high seda- 
tion and five under low. 

High Low 
Co.nditio. sedation sedation 
Conditlion (14-30 (8-13 

/ag/ml) ug/ml) 

Recognition items correctly identified 
(out of 10) 

Awake 1.50 6.20 
(1.00) (1..79) 

Hypnosis 3.50 6.00 
(1.00) (3.16) 

High Low 
Co.nditio. sedation sedation 
Conditlion (14-30 (8-13 

/ag/ml) ug/ml) 

Recognition items correctly identified 
(out of 10) 

Awake 1.50 6.20 
(1.00) (1..79) 

Hypnosis 3.50 6.00 
(1.00) (3.16) 

Awak( Awak( 

Hypnc Hypnc 

Associated pairs correctly recalled 
(out of 6) 

c 2.50 1 
(1.73) (( 

osis 2.75 
(1.89) (( 

Associated pairs correctly recalled 
(out of 6) 

c 2.50 1 
(1.73) (( 

osis 2.75 
(1.89) (( 

1.60 
).55) 
2.00 
0.71) 

1.60 
).55) 
2.00 
0.71) 

from earlier testing to be highly sus- 

ceptible to hypnosis, the 24-hour re- 
tention test was followed by an effort 
to recover more information through 
hypnosis. To avoid the effect of ex- 
posure during the earlier test while 
awake, these subjects were tested for 
only half the items while they were 
awake, and the other half was saved 
for the test for recall under hypnosis. 
The subjects are grouped in Table 3 
by the concentration of thiopental in 
their venous blood during the final 
learning period. 'In the four subjects 
with higher concentrations of the drug 
in their blood (mean, 16 /xg/ml) there 
was some slight recovery of the recog- 
nition items. All four subjects recov- 
ered something more under hypnosis, 
while only one of the five in the lower 
sedation group did. There was no evi- 
dence of recovery of the associated 
pairs. It appears that for those who 
suffer large decrements under the drug 
more 'has been registered than is re- 
covered when they are normally con- 
scious. 

That short-term memory is inter- 
fered with is shown by the greater 
number of trials required to learn the 
easy associated pairs when the subject 
is under sedation. Some of the items 
entered into long-term storage, for they 
were recovered after 24 hours; com- 
pared, however, with the perfect re- 
tention by control subjects, the marked 
losses after 30 minutes (under seda- 
tion) and after 24 hours (tested while 
awake) show impairment of longer- 
term memory. 

The alternative possibility to inter- 
ference with memory storage is that 
retrieval is interfered with. The evi- 
dence for some recovery under hypno- 
sis (particularly of recognition materi- 
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al) indicates that more may in fact be 
stored than is recovered. There was, 
in fact, some spontaneous recovery of 
recognition material over the 24 hours 
for the sedated group, not under hyp- 
nosis, a fact which supports the same 
conclusion. However, the observation 
that material learned before admini- 
stration of thiopental was recovered 
without impairment during deep seda- 
tion indicates that the memory defect 
is not simply one of retrieval. That 
material learned while awake was read- 
ily retrieved under sedation adds to our 
other observations that the drug- 
induced memory deficits were not 
state-dependent. 

Results do not give unequivocal sup- 
port to any of the current theories of 
consolidation processes in memory. In 
general, they are coherent with the in- 
terpretation of the sedated state as one 
of lowered intellectual functioning, in 
which attentive, discriminative, and as- 
sociative processes are interfered with, 
with the consequent impairment of 
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Mental Retardation 

Although I agree with many as- 
pects of Zigler's "developmental" the- 
ory of retardation (1), several points 
appear to merit further discussion and 
clarification. A key portion of his de- 
velopmental theory is given in the fol- 
lowing: " . . . the familial retardate's 
cognitive development differs from that 
of the normal individual only in re- 
spect to its rate and the upper limit 
achieved. Such a view generates the ex- 
pectation that, when rate of develop- 
ment is controlled, as is grossly the 
case when groups of retardates and nor- 
mals are matched with respect to men- 
tal age, there should be no difference 
in formal cognitive processes related 
to I.Q." (1, p. 294). 

In this statement, Zigler defines men- 
tal age (MA) as the rate of intellec- 
tive development. In the same para- 
graph, however, he refers to MA as 
the "level" of intellective functioning. 
Zigler's apparent failure to distinguish 
rate of development from level of de- 
velopment leads to a questionable pre- 
diction from his theory-namely that 
retardates and normals of the same 
MA will be similar with respect to 
their cognitive functioning.' 

Mental age is a transformation of 
the score made in an intelligence test 
and is a measure of the current level 
of intellective functioning, not of the 
rate of accumulation of knowledge. If 
an individual's chronological age (CA) 
is also known, then the intelligence 
quotient (I.Q.) may be calculated: I.Q. 
= (MA/CA) X 100. The I.Q. score is 
a rough index of the amount of infor- 
mation accumulated in a given num- 
ber of years of life; thus it is a meas- 
ure of rate. 

According to Zigler, if groups of 
retardates and normals are matched for 
MA there should be no difference in 
formal cognitive processes related to 
I.Q. Figure 1 represents the growth in 
mental age of a hypothetical normal 
child, born in 1955, and progressing 
at the rate of one MA unit per year 
(I.Q. 100), and of a retarded child, 
born in 1950, who is progressing at 
the rate of one-half MA unit per year 
(I.Q. - 50). 

Assume that the two children were 
chosen for a learning experiment in 
1960 because they both had MA's 
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should equal that of the normal child. 
But note that the two children have dif- 
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