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CHAPTER I 

IKTRODUCTiaj 

E lec t roconvuls ive shock, (ECS), induced by an e l e c t r i c cu r ren t 

pass ing through the b r a i n , has been kno?m as a method of psychologica l 

i n v e s t i g a t i o n s ince the middle of the nineteenth century . (1) Perhaps 

t h e most i n t e r e s t i n g f a c t about t h i s method i s t h a t amnesia i s often 

produced i n the sub jec t s so t r e a t e d . Exact condi t ions a f f ec t i ng t h i s 

post -shock r e t e n t i o n are not ye t known. The presen t experiment a t 

tempts t o determine whether a s ing le ECS can produce amnesia i n r a t s 

which have ba re ly learned a simple maze t a s k . The time i n t e r v a l b e 

tween l e a r n i n g and ECS i s the independent v a r i a b l e . 

The r e s u l t s of some research i n d i c a t e t h a t post-shock amnesia i s 

e i t h e r a func t ion of t he number of shocks, or of the complexity of t he 

t a s k lea rned some vague period of time before shock, or a funct ion of 

b o t h . In i n s t ances when amnesia occurred a f t e r a s e r i e s of e l e c t r o 

convuls ive shocks, the ques t ion of whether one shock could have p r o 

duced the amnesia a r i s e s . 

Ifsmy i n v e s t i g a t o r s have used a s e r i e s of ECS and have obtained 

amnesia i n t h e i r s u b j e c t s , even wl.th wide v a r i a t i o n s in both sub jec t s 

and exper imental c o n d i t i o n s , (2 , 3 , h, 5* 6, 7, 8, 9, 10, 11 . ) None

t h e l e s s , a t l e a s t one condi t ion ccxranon t o a l l of these experiments i s 

q u i t e n o t i c e a b l e . A per iod of twenty-four hours or much longer o c 

cur red between l e a r n i n g and shock. Even when i n v e s t i g a t o r s used a 

s e r i e s of ECS and found no amnesia in t h e i r s u b j e c t s , t he pe r iods were 

of a t l e a s t twenty-four hours d u r a t i o n . (12, 13 , I h , 1^,) I f t h e t r a c e 



consolidation theory is valid, it should be possible to change certain 

variables of these experiments and still obtain amnesia, -whether or 

not it was originally obtained. That is to ss^f, if only one diock were 

to be given, and the trace consolidation period after learning were to 

be shortened drastically, all of these experiments should (if they were 

repeated) result in amnesia for the subjects involved. 

The subjects in these experiments all had the opportunity to 

over learn their tasks, usually to a preater degree. Frankenhauser (16), 

in studyinp the effects of ECS upon habit reversal found evidence that 

the better learned task, not the more recently learned one, would be 

remembered. Indications exist, then, that degree of learnincr has some 

bearing upon the production of post-iiiock amnesia. 

Mere than one electroconvulsive shock does not always result in 

amnesia. It is likely that if the subjects barely learned their tasks 

and were given little opportunity to integrate their knowledge, that a 

series of EGS—or one—would consistently produce amnesia. ECS in 

series fashion is similar to the "shotgun method". Amnesia is more 

likely to occur under »ny conditions with it "ttian without it. The 

problem of the present research is to discover conditions uriiich make 

more than one ECS unnecessary. 

Experiments have shown that the simpler of two tasks is the one 

remembered after shock. (17, 18.) The results can partially be ex

plained on the basis of different degrees of learning for the two tasks. 

No apgwaent against the fact that a difficult task is harder to re

member under many conditions, not to mention a series of ECS, exists, 

let the l^ypothesif that only difficult tasks are affected by ECS, is 



rather limiting. Amnesia after learning a complex problem and after a 

series of ECS would be expected, although this has been found doubtful. 

(12, 13.) l^e question still remains as to whether post-shock amnesia 

can be found for a simple task, and if so, the conditions under T*iich 

it can occur. Although no amnesia was found for relatively simple tasks 

in some experiments (12, 13, II4, 1^,) let it be mentioned acain that the 

subjects in these experiments had ample opportunity to learn their pro

blems and to consolidate traces. 

Investigators have not ignored the effects of one ECS upon re

tention. Trace consolidation periods leading to retention failure were 

short in these experiments—one hour (19, 20), or forty-five seconds. 

(21.) The subjects in these experiments had adequate opportunity to 

master their somewhat complex tasks; yet one shock, administered before 

they were able to organize their knowledge, produced retention decre

ments. 

A barely-learned very simple task, a short trace period, and 

one shock have been incorporated into various experiments in various 

combinations at one time or another. Some questions have been answered. 

Amnesia is more likely to occur if a difficult problem is learned, or if 

a series of shocks is given. Task difficulty appears to be rrore im

portant, since there may be no retention failure of a simple problem, 

even if a series of shocks is given. Overlearning m.ay be nullified by 

both of these factors. An inadequate trace consolidation period may 

act in conjunction with difficult problems and against overlearning, 

and produce amnesia. There is no argument with these finding's. They 

do not, however, answer the questions of the present experiment. To a 



certain degree, the experiments in which one shock and a short trace 

period were used, bear out the hypothesis that post-shock amnesia is a 

function of task difficulty. Furthermore, as it has been stated, ade

quate learning occurred. The administration of only one shock after a 

short period of time does not detract from the task difficulty hypothe

sis in those experiments. 

In the present experiment, additional steps were taken to keep 

learning at a minimum, and to use a truly simple problem for the subjects 

to learn. The design of this experiment involves three groups of rats-

two shocked once at different intervals after learning, and one control 

group. The hypothesis to be tested is that the three groups of rate in 

this experiment are random samples from a consron population with a common 

median. 



CHAITj R I I 

EXPlsRIlffiNTAL PROCi.DiJRE 

Subjec ts were a lb ino and hooded r a t s bred in the Texas Technolo-

i g l c a l Psychological Labora to r i e s . Of t!:e 12L o r i r l n a l s u b j e c t s , 109 

completed t h e t a s k . Twenty-five of ther^e were a lb ino females, t l i i r t y -

i t h r e e were a lb ino males, twenty- three were hooded fe-nalcs, and twenty-

I e igh t were hooded males . Ages ranged frorr( seventy-two days t o one 

I hundred twenty dpys a t t he s t a r t of the exper inent . Most of t he animals 

I had hsd experience in an a l l ^ - t y p e 8trair*.it runway. The subjec ts were 
I 

I placed on an e i -h t pram per da- feedlnr schedule of Purina Lab Chow for 

seven d ^ s before the experlrent s t a r t ed . Fach animal was welched and 

I handled da i ly , f^rtd was fed rrore, i f bodj'" weirht became l e s s thar t h r e e -

fourths normal. This feedSnr schedule was iraintalned throughout the 

t r a in in r portion of the experiment. 

T̂ Te apparatus consisted of an elevated runway six feet long, 

and a rirpple, elevated T-maze. The stem and each am of the T rcPFured 

three f ee t , with the r i r h t arm des5FTiatf:d as the -oal. A shook api-a-

ra tus delivered 11!? vol t s to the r a t t'lrourh a l l iga to r c l i p electrodes 

attached to h i s e r r s . ECS was delivered 5n one roor, t r a in in r in a r -

other . If the r a t yps designated as a shock r a t . I t war rer^ovrd from 

the feedinr cage or the r e s t l n r care at the proper time. The a l l i g a t o r 

c l i p electrodes (moistened in s a l t water to increase contact) were 

placed on the animal^ ea r s , ?^nd a current sufficient t o produce a rrnnd 

mal convulsion (approximately one second) was administered. 

On the el-^th day of food deprivation, runway t r a i n l r r was 



begun« The subjects were given three massed tri^ils per day for seven 

days on the straight runway. The incentive was a five milligram pellet 

of Purina mash on each trial. On the fifteenth day, each rat was random

ly assigned to one of the two experimental groups, or to the control 

group. Group S received ECS ten minutes after the last learning trial. 

Group L received it thirty minutes afterward; Group C received nothing. 

All subjects were given four massed trials on the simple T-maze, followed 

by ten minutes of eating in a feeding cage. They were then either 

shocked, ^iven twenty minutes of additional rest without eating and 

shocked, or were returned to their home cadres. The experimental ani

mals were placed in separate cares to recover after shock, and then 
I 

they were returned to their home cages. 

Twent3^-four hourw later, within fifteen minutes for each rat, 

the subjects were returned to the maze room and were riven four massed 

trials on the T-maze. At the end of the fourth trial, the animals 

were returned to their heme cages and were fed ad lib. 

If any rat failed to move fron the starting point of the maze, 

or to choose a pathway during either the learning or retention trials, 

it was removed from the experiment. The correction method was used 

throughout runway training and the experiment proper. 

Blocks of from fifteen to twenty-five subjects were run at 
« • 

one time, end the experiment was then replicated. For each repli

cation of the experiment, the running order for each of the three 

groups was alternated. 



CHAPTER III 

RESULTS 

Three measures of performance for each rat were recorded. These 

measures are latency, running time, and errors. latency is defined as 

the period between the placement of the rat on the maze and the movement 

bf the rat past a mark six inches beyond the starting point of the maze 
i 

stem. An error is defined ae when a rat moves so that rare than one 

half of his body is upon the left arm, away from the goal arm of the 

i 
maze. 

For each rat, latency, running time and error scores for trials 

One and two were added. These scores were compared with the added 
i 

scores for trials three and four. Scores for retention trials five and 

six were added, and eom.pared with scores for learning trials three and 

four. Added trials seven and eight were com.pared with added trials 

five and six. Each rat was given a coded score of / 1, if performance 

for trials three and four did not improve over one and two, or became 

worse. A coded score of -1 was s:iven if perform^ance improved. If a 

rat consistently made no errors, he was civen the coded score -1, al

though no Improvement occurred. Improvement had already taken place as 

much as possible. Similarly, improvement, or lack of it, from trials 

three and four to trials five and six, was coded. Improvement or no 

improvement from trials five and six to trials seven and eight were 

also coded. 

Chi-squares were performed upon the coded improvement—no im-

^rovement scores, for the Jbhree groups, for each measure recorded. A 

7, 
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t o t a l of nine Chi-squares were computed. Results of the Chi-squares for 

improvement during the learning t r i a l s , and the f i r s t two retent ion 

t r i a l s , show that improvement occurred, but tha t one group did not im

prove s ignif icant ly more than any other group. Chi-squares for im

provement-no improvement durinj? the retention t r i a l s for e r ro rs , showed 

thpt the control group (C), improved si^^'nificantly less than the experi 

mental groups. That i s , there was less improvement for Group C from t r i a l s 

five and six to seven and eight , than for the other two groups. 

Median t e s t s were performed on the medians for learning t r i a l s 

one and two added, and t r i a l s three and four added. They were also 

perforn^d on re tent ion t r i a l s five and six added, and t r i a l s seven and 

eight added. Altogether twelve median t e s t s were performed. No s i g 

ni f icant differences were found. 

Median t e s t s were also performed on the medians of a l l four 

re ten t ion t r i a l s added, for the three measures. No significant d i f f e r 

ences were found. 



CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

The computation of Chi-squares showed that the groups in this 

experiment learned the maze, although to what extent they learned it is 

not known. Out of the nine tests performed, only one showed a sî y-

nificant difference; this was after learning had already occurred, and 

retention was shown to have taken place. Group C improved significantly 

less than the experimental groups on the last two retention trials. 

There is no reason, therefore, to suppose that the animals did not 

learn the problem. "Whether or not they did is actually somewhat ir-

relevent for, if they had not, there were no significant differences in 

performance of the learning trials amon • groups. If differences had 

suddenly become apparent in the retention trials, some effects of ECS 

could be inferred. The statement could also be made that performance 

for the three groups was equal throu^out, except for the fact that 

group C did not continue to improve its error scores for the last two 

retention trials. However, to say that ECS facilitates learning upon 

this basis is to go somewhat astray. A characteristic of post-shock 

amnesia is that it is present immediately after shock, and disappears 

gradually, if ever. It does not suddenly appear after having been 

absent. 

The inter-trial and over-all median tests for the three measures 

of latency, running time, and errors, bears out the previous findings 

that no significant differences exist among groups. In spite of the 

fact that the rats were given little opportunity to learn the maze, the 
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theory of the necessity of a relatively long trace development period 

is not borne out by the results of this experiment. Since the problem 

in the present research was simple, and only one shock was delivered, 

neither the task difficulty hypothesis nor the cumulative shock-effects 

hypothesis are refuted. Post-shock amnesia could be a function of 

either or both. 

A question iirtiich must be answered before further discussion of 

the results is "How were these results obtained?" Statistical pro

cedures can verify or invalidate a large am.ount of work, depending upon 

whether or not they are properly planned. Since the median test is a 

less sensitive measure of differences than parametric procedures, it 

may be that it failed to point out an actually existing difference. In 

realit7/, a difference that refuses to reveal itself when N equals 109, 

is so small that significant differences found would be subject to doubt. 

Furthermore, normality could not be assumed, and in fact did not 

exist. In addition, the possible number of errors was small and quite 

discrete. Obviously, a nonparametric procedure was proper, even if 

crude. 

The very fact, however, that this situation was anticipated and 

actually occurred, leads to an interesting hypothesis. It may be that 

a simple T-maze, by its ver\^ nature, leads to the results obtained. In 

other words, extremely simple tasks simply do not give the opportunity 

for behavior which can be varied enough to be statistically significant, 

iinder the conditions of the present experimoit. Although some experi

menters have used simple tasks in their experiments (h, 6, 9, 11), and 

have obtained amnesia, others have used tasks Just as simple (Ih, 15), 
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and have not found amnesia. Both of these groups of experiments were ~ 

designed to use a series of shocks, and since the latter two experi

ments cited were perhaps simpler, it may be that the task difficulty 

hypothesis gains some precedence over the shock number hypothesis. If 

it is true that the task in the present experiment does not allow sta

tistically significant differences to occurr, the indications are still 

that task difficulty is an important factor in producing post-shock 

amnesia. 

Bendig and Braun (22), have obtained results indicating that 

different strains of rats behave differently. They use their results 

to argue that too much generalization from, experiment to experiment 

occurs. It was for this reason that several litters of both albino 

and hooded rats were used in the present experiment. Nevertheless, it 

appears that to carry the stu(^ of individual differences so far as to 

use rats frc»n every strain in existence is somewhat absurd. If a 

I strain of rats has not been bred for special characteristicF, it is 

jreasonable to assume that members of the strain are typical rats. 
i 

I If post-shock amnesia does depend upon the number of shocks, 

I or the complexity of the task, or a combination of both, a tentative 
I 
I 

common factor of these conditions may be noted. Riess (23), has stated 

that he has observed that repeated shocks have a preliminary effect of 

confusion upon the subject. Afterwards there is a period of mobili

zation for survival after continued exposure. Gradually, the subject 

deteriorates, cognitively speaking, if not physiologically. The 

tentative quality of the commonality of stress after exposure to ^ock 

W h i l f t i ftarning n nrmplAV ta.gV, H PR In thp fnc.t t h a t tbft_ 
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I quantity of learning stress is unknown. Certainly, there is no deteri

oration of the organism when learning alone is occurring. On the 

i contrary, as every p^chologist knov/s, increased practice with learning 

sets tends to Improve continued performance. Nevertheless, from the 

evidence of this and previous research, it appears that task difficulty 

may be the precipitating factor in obtaining post-shock amnesia, and 

that repeated shocks may be simply an additive factor. 

Hayes (2I4), discounts this theory of physiological stress, at 

least in experim.ents Involving cognition in rats. His argument states 

that rats electroconvulsed do not ordinarily stagger around weakly. 

If stress affected only cognition in his rats, and not their gross 

physiological condition, then the theory of adaptation to stress is the 

same as loss of cognition. This may veiy well be true since the effects 

of stress can appear in many different fashions. Harry Stack Sullivan 

(2^), has discussed a type of stress called anxiety, which leads to 

cognitive loss. 

Other investigators have noted the different forms which re

actions to stress may take (26, 27, 28, 29.) Depression or cognitive 

loss in psychiatric patients are common, V-'einstein, et al., (29), has 

attributed these reactions to the degree of stress endured by the sub

ject before shock. That is to say, the organism may be under such 

stress that ECS would cause deterioration, rather than mobilization of 

resources. 

The relationship between electroshock therapy for patients and 

ECS in a retention situation for rats is quite simple in light of the 

stress theory<—A diffieult task to leam-necessitates more of a rat'« 
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cognitive resources than^ian e 8 s y ^ a s k 7 T n addition, i f the r a t i s 

given a large number of ECS, he simply may not he able to cope with 

both f ac to r s . 

The present experim.ent used one shock and a simiple task, and 

yet obtained no amnesia. Research has also shown that a more d i f f i cu l t 

task can be forgotten af ter one shock. This in i t s e l f indicates tha t 

d i f f i cu l ty of the task learned i s an important factor in obtaining 

amjiesia, t race consolidation period notwithstanding. The resu l t s of 

the present experiment s t i l l do not refute e i ther of two hypotheses. 

One s t a t e s that relearning after shock depends upon the d i f f icul ty of 

the task . The other s ta tes that such relearning i s a function of the 

number of shocks. As far as th i s experiment goes, the re la t ive im

portance of one factor over the other cannot be determined, since one 

shock was used and the subjects learned a simple problem. If e i ther 

or both of these hypotheses were the working factors in t h i s experi

ment, learning efficiency and t race integration would in a l l proba-

I 

I bility be masked as to their effects. Of course, the statement cannot 

I be m.ade that either of the two hypotheses have been verified by the 
i 

I r e su l t s of t h i s experiment. What has been refuted i s the hypothesis 

' tha t t r ace in tegra t ion can null i fy the effects of task diff icul ty and 

I number of shocks to produce post-shock amnesia. However, both of these 
I 

I hypotheses have been shown to belong in a larger concept—that of 

adaptation to stress. Perhaps ways to minimize stress in ECS experi

ments should be studied. Hayes (2L), has made an excellent start in 

this direction by keeping maze and iîCS separated as much as possible 

I—in time and space,—Thus,- the-^jnpleasant-shock had little or no 
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association value with the m.aze. Effects of ECS alone and not gener

alized anxiety can be studied in this manner. 

The present experiment was, in a sense, one i^ich placed as 

little stress as possible upon the subjects. The m.aze was extremely 

simple, procedures for separating maze and shock were followed, and the 

animals never had a chance to discover whether or not shock was un

pleasant, because they only had one. Since no retention decrement was 

found, st\3dies to determ.ine the optimum, amount of stress are indicated. 

According to the theory of adaptation to stress, a certain amount is 

necessarj^ in order for the organism to mobilize resources for efficient 

behavior, but with continued stress, capabilities fail. If amnesia is 

desirable either in an experimental or a clinical setting, it is neces

sary to know whether mobilization of resources or deterioration is 

desired, and how maî y ECS to apply to obtain the desired results. 

The present experiment was an attempt to determine whether one 

ECS could effect the retention of a barely learned, simiple task, when 

the trace consolidation period was ten minutes or thirty minutes. 

Results show that the null hjTpothesis may be accepted. There is no 

evidence in this report that a post-shock amnesia is a function of a 

short trace consolidation period. Although the task difficulty and 

the number of shocks hypotheses are not refuted, neither are the 

results of this experiment positive evidence for them. 
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