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CHAPTER I 

INTRODUCTION 

Review of Previous Research 

Muller and Pilzecker (1900) first utilized the term 

"retroactive inhibition" to explain the forgetting of an 

original list of nonsense syllables after the learning of 

a second list. They reasoned that the neural processes 

initiated by the second list interfered with the ongoing 

neural processes of the original learning. Burnham (1903) 

expanded the ongoing neural process of perseveration model 

to include the concept of memory consolidation, which is 

viewed as the total procedure for fixation and registration 

of the memory trace. DeCamp (1915) found evidence to sup

port retroactive inhibition and consolidation. He found 

that spaced trials as opposed to massed trials have a 

greater learning efficiency, since the necessity of process

ing preceding inforiiiation greatly hampers the efficiency of 

consolidating memories just acquired. Hebb (19 49) redefined 

consolidation in neural terms using the concept of reverber

ating circuitry or "cell assembly" that results from the 

propagated neural excitement. This "cell assembly" or 

reverberating circuit would later establish a permanent 



memory trace in the form of a particular pattern of synaptic 

facilitation. 

The most striking and controversial evidence supporting 

the consolidation hypothesis is the phenomena of retrograde 

amnesia (RA). Retrograde amnesia is defined as a temporal 

loss of memory where ability to recall is lost in the re

verse order of acquisition. During the 1930's clinical 

studies first revealed that electroconvulsive shock (ZCS), 

Metrazol, and insulin therapy produced retrograde amnesia 

without impairing ability to learn, or inflicting psysiologi-

cal damage (reviewed by Zubin and Barrera, 19 41). 

One of the first theoretical attempts to account for 

mem.ory disruption by ECS v/as based upon Hebb's (19 49) 

reformulation of memory perseveration theory in teritis of 

neurophysiological substrates of memory. Hebb postulated 

that the memory trace was held in tiie form of reverberating 

electrical activity in the central nervous system while a 

permanent structural change was affected. The massive elec

trical interference produced by an ECS, follov/ed by the 

comatose phase and its near cessation of neuronal activity, 

would disrupt the memory trace while it was in the form of 

electrical activity, but would have no effect after the 

memory trace was structurally fixed. 

The foregoing hypothesis of RA due to ECS and its 

effect on consolidation was initially studied by Duncan 



(1949). Duncan hypothesized that if ECS acts as a retro

active inhibitor, it should produce a temporal gradient of 

retention loss demonstrated by a performance decrement. 

Duncan utilized an active avoidance apparatus consisting of 

a two-chambered box. The subjects' (albino rats) task was 

to avoid footshock by running out of one chamber and into 

another within 10 sec. An ECS followed the daily escape 

response at either 20 sec, 40 see., 60 sec., 4 min. , 15 

min., 1 hr., 4 hr., or 14 hr., depending on group assign

ment. Duncan's results demonstrate that if an hour or more 

elapsed between the end of the trial and the application of 

the ECS,there was no apparent memory loss. However, if the 

ECS was administered within 15 min., a significant deficit 

in memory occurred as demonstrated by the depressed learn

ing rate of the avoidance response. This deficit was in

versely related to the time interval between completion of 

trial and administration of ECS. Duncan concluded that 

memory processes were time dependent, and ECS served to.dis

rupt consolidation processes which would have completed 

structural fixation within 1 hr. Gerard (19 55) reported 

similar results using hampsters. 

Thompson and Dean (19 55) found the results of Duncan's 

study complicated by two factors other than memory disrup

tion. Since a large number of shocks were given during the 

course of the study, the cumulative nature of daily 



convulsions may have retarded learning. In addition, the 

subjects which received ECS shortly after each trial may have 

become negatively conditioned to the goal box. Thompson and 

Dean therefore used a multitrial visual discrimination appa

ratus in which the subjects (albino rats) learned a hori

zontal/vertical strip discrimination followed by a single 

ECS applied at various intervals after learning. They found 

a direct relationship between the length of the interval 

from training to ECS administration, and the level of per

formance on relearning trials. The administration of an 

ECS immediately following training virtually destroyed mem

ory for the task; from this point graded increments in 

retention occurred up to the 1 hr. interval where memory was 

inLaet. Their results support the perseveration theory of 

memory, which holds that the neural activity involved in 

learning must persist for some time after the completion o.̂' 

formal training in order to be fixated in the memory. Dur̂ rig 

this consolidation time the memory trace is susceptible, to 

disruption. 

Coons and Miller (1960) seriously questioned the amne

sic qualities of ECS. The performance decrements found with 

ECS they theorized were delay of punishment gradients due to 

the aversiveness of ECS and not to disruption of consolida

tion. Since previous studies had applied ECS after entry 

into the safe chamber, the animals may have remained in the 



shock chamber,not because they had forgotten the correct 

response, but remembered the ECS coming after entry into 

the safe chamber. Thus on subsequent testing there would 

be a decrement in performance directly related to end of 

learning-application of ECS intervals however interpreted 

as delay of punishment gradients. 

Coons and Miller (1960) tested their hypothesis using 

procedures and apparatus similar to Duncan (19 49). The 

first half of their study consisted of training the subjects 

to leave one chamber and enter the other within 10 sec. to 

avoid footshock. However, during the second half footshocks 

were administered in the previously safe chamber, thus the 

animals had to learn a reversal: i.e., to stay in the pre

viously shocked chamber or get footshocked in the initially 

safe chamber. After this phase an ECS followed each trial 

at intervals of 20 sec, 60 sec, or 1 hr. with ECS being 

administered in the same chamber as footshocks. They rea

soned that if ECS produces RA, the subjects receiving ECS 

should take more trials to learn the reversal than subjects 

not so treated. Results revealed that animals receiving 

footshocks followed by an ECS 20 sec. later learned the 

reversal task most rapidly and made the fewest persisting 

avoidance responses. Thus fear of the ECS treatment summated 

with the fear of grid shock to produce an apparent enhance

ment in performance. This finding is opposed to the 



consolidation theory, since the subjects which had previ

ously been shocked in the safe chamber then given an ECS 

should have had difficulty in remembering the experience 

and therefore persisted longer in the previously acquired 

but now punished avoidance response. Thus Coons and Miller 

concluded that the outcomes of many of the previous studies, 

Duncan (1949), Gerard (1955), Thompson and Dean (1955), etc. 

could be attributed to the aversive rather than amnesic 

effects of ECS. 

A similar argument was put forward by Adams and Lewis 

(19 62). They believed ECS acts as an unconditioned stimulus 

with situational cues functioning as conditioned stimuli. 

In Pavlovian conditioning, ECS acts as an unconditioned 

stimulus such that a partial convulsion conditioned to situ

ational cues as the conditioned response competes with the 

learned response. Therefore,the aversive effects of the ECS 

may become conditioned to situational cues associated with 

the shocking experience. These associated cues then become 

conditioned aversion and interfere with the learning of the 

response sequence called for in the learning situation. 

Adams and Lewis (19 62) supported their contention by admin

istering a series of 6 ECS in the start chamber of an active 

avoidance box prior to training. The subjects receiving ECS 

showed slower acquisition of the active avoidance response 

than those who did not receive ECS. They also demonstrated 



that the response extinguished normally when compared to a 

control group. A further study by Lewis (1963) demonstrated 

the distinction between competing response conditioning and 

the aversiveness of ECS. A one way active avoidance appa

ratus similar to Duncan was used. During the study a daily 

set of 3 training trials was followed by an ECS either in 

the start compartment, the safe compartment, or outside the 

apparatus. Performance was best by the ECS group given 

shock outside the apparatus and poorest by the group con

vulsed in the start compartment. 

The Adams and Lewis conditioning of competing response 

model is closely related to the Coons and Miller aversive 

model. Coons and Miller believe that the aversive effects 

of ECS produce a conditioned suppression response, wnile 

the Adams and Lewis concept of competing responses states 

that the subject becomes immobilized when confronted with 

situational cues previously associated with aversive stimu

lus. Both theories are stressing the aversiveness of ECS 

as opposed to the reported amnesic properties. 

Nevertheless, the Coons and Miller, and the Adams and 

Lewis studies raised serious questions concerning the retro

grade amnesic effects of ECS. In fact,they reported and 

supported plausible alternatives. A method had to be devel

oped to eliminate or at least separate out the behavioral 

consequences of ECS. Also a method of determining the exact 
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point that learning occurred had to be established. This 

was necessary in order to establish the relationship be

tween the consolidation process and the degree of disruption 

possible. 

Madson and McGaugh (19 61) presented a procedure ful

filling these requirements. They employed a single ECS and 

a single passive avoidance response (PAR). Their apparatus 

consisted of a small platform suspended in a large grid-

floored box. Rats were placed on this platform and lowered 

to the floor; subjects would invariably step off the plat

form before it reached bottom. Half the experimental 

animals v/ere footshocked as they stepped off the platform 

onto the grid; the other half also received a footshock, but 

it was followed by an ECS 5 sec. later. The ECS group 

showed significantly shorter step down latencies on the next 

trial than rats not given ECS. They reasoned that if an ECS 

induced a fear state, then it should summate with the fear 

of receiving a footshock and the subject should show an 

even greater tendency to remain on the platform. They con

cluded therefore that ECS interferes with memory, and 

opposed the hypothesis that ECS affects performance by in

ducing fear. 

Madsen and McGaugh's conclusions were supported by 

Hudspeth, McGaugh, and Thompson (19 64), who were able to 

demonstrate and behaviorally separate presumed amnesic and 



aversive effects of ECS. A slightly modified step down 

apparatus similar to Madsen and McGaugh's was used. There 

were three experimental conditions: one group received a 

footshock followed by an ECS when they stepped off the plat

form, others received only footshock, while a third only 

ECS. Three consecutive treatments were administered 24 hr. 

apart. Subjects which received only footshocks demonstrated 

increased step down latencies; i.e., they did not step off 

the platform as quickly as earlier in training. Rats which 

received footshock and an ECS less Lhan 1 hr., later demon

strated significantly smaller increases in step down 

latencies. However, if only ECS followed stepping down, 

latencies were significantly increases over all groups. 

In the ECS groups, avoidance learning was best with che 

longer trial-ECS intervals. Hudspeth et al. concluded that 

the amnesic properties of ECS wert demonstrated after only 

one treatment trial whereas the aversive effects of ECS ap

peared after three treatment trials. They also found that 

the amnesic properties of ECS were characterized by decreas

ing step down latencies while the aversive effects were 

demonstrated by increasing latencies. 

Harlot and Coleman (1962) designed a study testing the 

aversiveness of ECS and also the presumed time requirements 

for consolidation. They used a Skinner box and trained rats 

to bar press on a continuous reinforcement schedule. After 
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a stable rate had been established for all groups, one bar 

press was followed by two intense footshocks. Upon retest, 

subjects gave lower bar press rates. During this period 

ECS was administered at four different intervals depending 

on group assignment (1 min., 7 min., 26 min., 60 min., or 

180 min.). Subjects which received ECS less than 60 min. 

after the shocked bar press demonstrated no significant dif

ferences in bar press rate from previous pretreatment levels, 

Moreover, the effect of ECS on bar press rate was a nega

tively decreasing function of the shock-ECS interval. Their 

data supports the consolidation theory and further states 

that the consolidation which began immediately after a 

learning trial apparently was completed within 1 hr. Harlot 

and Coleman also rejected the aversiveness hypothe^-is of a 

single ECS since: (1) when only an ECS was applied (no 

footshock) , the pre- and posttreat'^ent levels of bar press

ing were not significantly different; and (2) ECS with foot

shock tends to increase rather than decrease response rate. 

These findings have been successfully replicated by Weissman 

(1963) . Additional studies by Spevack, Rabedean, and 

Spevack (1967) and Spevack and Suboski (1969) provided addi

tional evidence that the effect of ECS on performance in a 

passive-avoidance task is a negatively accelerated function 

of the end of learning-application of ECS interval. The 
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aversive or competing response conditioning model cannot 

account for these results. 

Although Harlot and Coleman's study strongly supported 

the amnesia producing properties of ECS, counterarguments 

were still being proposed. In 1965 Chorover and Schiller 

put forth a new theory incorporating the findings of many 

of the previous studies. They suggested that retrograde 

interference for events which precede ECS by more than 10 

sec. can be attributed to an alleviation of conditioned 

emotional response (CER) rather than to an interference of 

consolidation processes. Using a modified step-down appa

ratus, Chorover and Schiller found that an ECS which followed 

the footshock for different groups 0, 5, or 10 sec. later 

interfered with the acquisition of the avoidance response, 

whereas, if it followed after 15, 20, 25, 30, or 60 sec, 

no significant interference was obtained. 

Chorover and Schiller attempted to explain their re

sults by closely analyzing the passi-̂ ê-avoidance paradigm. 

In previous one trial passive avoidance conditioning (PA) 

the subjects had learned to avoid the noxious stimuli by 

not responding. Thus decreasing rates of response and in

creasing latencies occurred if punishment was made contin- . 

gent upon a probable response. The alternative they proposed 

was that response rates can be reduced if aversive stimula

tion is delivered independent of the subject's behavior. 
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Therefore, in this situation a conditioned emotional re

sponse (CER) occurs, behaviorally expressed as a conditioned 

suppression: i.e., immobilization, freezing, compete with 

the previously emitted responses when the subject next en

counters the situational cues. They reasoned that since 

both the CER and the PA training procedures have identical 

behavioral consequences, and either or both may occur with 

a single ECS, reduced rates of responding cannot be explained 

solely in terms of either paradigm. 

In 19 66, Chorover and Schiller reported a series of 

studies determining the effects of ECS on the PAR (passive 

avoidance response) and CER (contitioned emotional response). 

Their apparatus consisted of a large lighted chamhser con

nected to a smaller darker chamber by an opening tnac could 

be closed by a guillotine door. When rats were placed into 

the larger lighted chamber, they qii.ickly left it and sought 

the darker smaller chamber. Chorover and Schiller used two 

different procedures to control the amount of time rats 

spent in each chamber. In one procedure subjects were placed 

directly into the smaller compartment where they received 

inescapable footshock intermittently for one minute. This 

group remained in the large compartment during posttreatment 

tests. However, when ECS was introduced it effectively 

alleviated the effects of aversive stimulation in this CER 

paradigm up to 6 hours after punishment. Other subjects who 
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received an escapable shock in the small compartment per

sisted in avoiding the small compartment even if ECS was 

administered as soon as 60 seconds after footshock. Thus 

Chorover and Schiller proceeded to theorize that the long-

term retrograde effects of ECS are on the punishment pro

duced CER and not on memory, whereas the short-term ECS 

effects are presumed to represent a real effect on memory. 

Spevack and Suboski (19 67) tested Chorever and Schiller 

implications that CER is involved in the long-term retro

grade effect of ECS. Their study investigated the possi

bility that footshock when delivered contingent upon a bar 

press in a PA trial produces substantial elements of CER. 

This CER buildup interfers with performance of the required 

response since the subject becomes immobilized in the pres

ence of the stimulus cues associated with the shocking 

experience. This finding is surprising in terms of past 

studies (McMichaels, 19 66; Chorover and Schiller, 19 66) 

where it was found that aversive conditioned responses 

change in strength or "incubate" over time usually requiring 

more than one PA trial to develop. It has been established 

by McMichaels (19 66) that CER does incubate over time and 

the gradient of CER development has temporal characteristics 

similar to end of learning-ECS gradients. Suboski, Spevack, 

Litner, and Beaumaster (1969) supported McMichaels' study. 
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finding a similar relationship between the incubation 

gradients and ECS produced gradients. 

Recently the incubation hypothesis has been attacked 

from three sides. Dawson (1971) challenged the incubation 

theory, especially as proposed by Spevack and Suboski (1967), 

and Suboski et al. (19 69) . Following an intensive review of 

the incubation literature, he developed a theoretical model 

to account for their data using the consolidation viewpoint, 

and convincingly concluded that the presumed incubation 

period is more properly a function of consolidation. 

Misanin and Lewis (19 70) presented another problem to 

the incubation viewpoint. They found that a single ECS 

decreases a rat's sensitivity to low levels of footshock at 

short trial-ECS intervals, while no level of footshock in

creased or decreased sensitivity on subsequent retests. 

This presents a problem for past interpretations of CER 

development since a decreasing sensitivity to footshock is 

not compatable with increasing CER development for short 

trial-ECS intervals. 

Kesner, Gibson, and Leclair (1970) proposed that the 

aversiveness and hence the fear response to ECS is dependent 

on the route of administration, not the ECS per se. In 

previous studies ECS was administered via ear clips or ear 

snaps (transpinnate); however, Kesner et al. developed a 

method using electrode plugs implanted in the skull by which 
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the ECS was directly applied transcranially. Results clearly 

demonstrate that multiple ECS treatments when administered 

via ear clips produce a fear state as indicated by a typical 

step-down apparatus, while subjects administered ECS via 

electrode plugs did not demonstrate any fear or conditioned 

emotional responses. Kesner et al. believe that the elimina

tion of pain to the auricle destroys much of the aversive 

conditioning and leads to a more productive analysis of 

memory disruption. Kesner's et al. methodology if demon

strated to be effective for a single ECS arid a more complex 

learning task rather than a simple step-down apparatus, may 

be the screening mechanism needed to separate out the 

extraneous motivational variables that have handicapped 

memory consolidation research to this point. 

Purpose of Present Study 

Recent developments have encouraged further research 

into the retrograde amnesic effects of ECS. Kesner, Gibson, 

and Leclair (1970) developed a procedure of ECS administra

tion that may prevent or delay the onset of the fear state 

and destroy the effects of the CER. Previously ECS had to 

be delivered via ear clips or implanted ear snaps. Kesner 

et al. utilized electrode plugs implanted in the skull and 

administered directly to the cortex. Their data demonstrate 

a dramatic reduction in CER for the step-down situation. 
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The present study attempted to test the efficacy of this procedure. 

The majority of studies previously reviewed have been of the 

one trial, step down, passive-avoidance paradigm. In this paradigm 

learning is of the simplest nature, permitting and to a degree fostering 

motivational variables to confound the learning situation. In the 

present study the task to be learned was a multitrial visual discrimi

nation task similar to Thompson and Dean (1955). However, unlike 

Thompson and Dean, the training was of very limited stress to the 

subject; footshock will be used sparingly and a single ECS will be 

delivered via electrode plugs in order to alleviate stress. Effort 

was made to limit aversive stimuli in the experimental situation. 



CHAPTER II 

METHODS AND PROCEDURES 

Subjects 

The subjects were 4 5 female albino rats of the Holtzman 

strain obtained from the Texas Tech University Department of 

Psychology Animal Facility. At the beginning of experimental 

training, subjects were from 70-80 days of age. They were 

individually housed and allowed continuous access to food 

and water in their home cages. 

Apparatus 

The apparatus with some modifications was built from 

the description by Thompson and Bryant (1955). It eon-• 

sisted of a start chamber which extended into a V-shaped 

choice chamber, and a goal box. The start chamber and 

choice chambers were painted gray ^̂ ĥ̂ le the goal box was 

white. The floor of the start and choice chambers was made 

up of a grid consisting of transverse bronze rods, 5 mm in 

diameter, 13 mm on center. Two doors, 89 mm square at the 

end of the choice chamber provided the only entrance into 

the goal box. Midway between these doors a transparent 

vertical partition extends 76 mm into the choice chamber. 

The floor grids extending from the base of each door to the 

end of the vertical partition are 8 mm on center and are 
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wired so that shock may be delivered selectively to either 

door. The grids are connected to an amplifier-speaker 

system (VM Corporation, Model 14 50) so that contact with an 

electrically charged grid will produce an audible signal. 

The current to grids was provided by a Veritran transformer 

set at 15v to 60v, depending on procedures. The current 

supplied to the grids in the start and choice chambers was 

delivered from a Grason-Stradler shock generator set at 

.5 ma scrambled shock. The apparatus was illuminated by 

four 2 6 watt, 12 volt lamps placed interior on both sides of 

the choice chamber. The floor of the goal box was made of 

wood and attached to a microswitch which controlled a timer. 

A photoelectric beam (Lafayette) was placed 50 mm in front 

of the start door to stop one timer (time spent in start 

chamber) and start another (time spent in choice chamber). 

The microsv/itch on the hinged floor of the goal box turned 

off this second timer. A Wollensak tape recorder with re

corded instructions was used to insure unifoi-mity in experi

mental procedures. The ECS generator was set to deliver 

35 ma at l,200v for 1/2 second through clips which were 

attached to subject's implanted electrode plugs. 

Surgical Procedures 

Two weeks prior to experimental treatment all animals 

were operated upon. The anesthetic used was .9 cc of 
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Nebutal (50 ml) per kilogram of body weight. All animals 

then received 1/2 cc of Atropine (50 ml). While the animals 

were unconscious, two cortical stainless steel screws 1 mm 

in diameter were implanted to serve as electrode plugs. 

The site was 2 mm anterior to lambda by 2 mm lateral to the 

midline. The screws were connected to wire outlets and 

insulated with dental cement. Nine subjects expired during 

surgical procedures. 

Experimental Procedures. 

Two weeks after surgery individual handling was begun. 

Each animal was handled for five days, 10 minutes each day. 

Subjects were then placed into the goal box of the appara

tus for daily 10 minute intervals before being returned to 

their home cages. The experimental procedures generally 

followed that of Thompson and Dean (19 55). On Day 1 the 

subjects were trained to enter the ĉ oal box to avoid foot

shock. The subjects were placed in the start box. If they 

failed to leave within five seconds, a brief but mild foot

shock (.5 ma) was given. Upon entering the choice chamber 

the start door was closed. If the subject failed to enter 

the goal box within 60 seconds, a series of brief footshocks 

were applied every 10 seconds until the subject entered the 

goal chamber. Day 1 was completed when subjects made ten 

successful runs from the start box to the goal box without 

the aid of shock. 
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On Day 2 a locked black door was randomly transfered 

from side to side with the grid immediately in front of it 

electrified. The training procedure was the same as Day 1. 

Training proceeded until subjects avoided the locked door 

and entered the goal box via the open door ten times in 

succession. 

On Days 3 and 4 subjects were trained to a brightness 

discrimination task involving black vs white doors. The 

white door was the positive stimulus allowing the subjects 

to enter the goal box without shook, while the black door 

was locked and the grid in front electrified. Footshock 

levels were raised to 1 ma. All subjects received twenty-

five trials daily. On Day 4 all subjects reached a cri-

•Leiion of at least ten consecutive successful discriminations 

On Day 5 the test problem was presented. All subjects 

were trained to a visual discrimination of horizontal vs 

vertical striped doors. The same training and shocking pro

cedures were used as on previous days, with the exception of 

footshock which was decreased to .5 ma. A criterion of nine 

out of ten correct responses was required before training 

was completed. Upon reaching this criterion, subjects were 

divided into 6 groups: a) one group received an immediate 

ECS and was retested to the same criterion 1/2 hour later; 

b) another group received an immediate ECS followed by a 

retention test 24 hours later; c) the other ECS group 
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received an ECS 15 minutes after reaching criterion and was 

retested 1/2 hour after the treatment. A complete set of 

complementary controls for each experimental group was run 

without receiving ECS. All ECS were administered approxi

mately 2 meters from the apparatus. Retraining schedules 

for footshocking and criterion were the same on Day 6 as 

on Day 5. 

The stimulus cards consisted of alternating black and 

white strips, the thickness being 13 mm per strip. Half 

of the subjects within each group were trained to the hori

zontal strips and half to the vertical. They were retrained 

to their original discrimination. During all retraining 

procedures, schedules for training were the same and held 

constant throughout the study. 



CHAPTER III 

RESULTS AND CONCLUSION 

Analysis of Data 

The performance deficits produced by an ECS will be 

discussed in terms of percentage savings scores. These 

scores were calculated for individual subjects by taking 

the difference in the number of trials to criterion between 

the original training and the test session and expressing 

it as a percentage of the original training session. 

An analysis of savings scores using Duncan's Multiple 

Range Test (Duncan, 1955) revealed significant differences 

between each ECS-experimental group and its complimentary 

nonECS-control group (Se=11.44, df=24, p<.01). All differ

ences to be discussed in the following analysis are signif

icant beyond the .01 level. The immediate-ECS groups 

differed significantly from each other, with the 1/2 hr. 

retest group demonstrating a savings of 7.9% and the 24-hr. 

retest group having a savings score of 64.6%. Their respec

tive controls had savings of 97.7% and 9 8.4%. The group 

which received a delayed-ECS 15 min. after reaching crite

rion demonstrated a savings of 34%, significantly different 

from either immediate-ECS groups. Within the control groups 

no significant differences were found. Their savings scores 

22 
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were 91.1%, 99.4%, and 98.4% for the nonECS-1/2 hr. retest, 

nonECS-delayed, and the nonECS-4 8 hr. retest group, re

spectively . 

The analysis of savings scores for total trials to 

criterion was then broken down into savings scores for 

errors, and savings scores for correct responses to crite

rion. Savings scores for errors or correct responses were 

calculated for individual subjects by taking the difference 

between the number of errors during training, and number of 

errors during the testing session, and expressing it as a 

percentage of the number of errors during original training. 

A similar procedure was followed to obtain the savings scores 

of correct responses. 

An analysis of savings scores for errors to criterion 

revealed significant differences similar to those found in 

total trial savings score analysis. Using the Duncan Multi

ple Range Test, significant differences were found between 

each' experimental group and its respective control group, 

and significant differences were found between the three 

principle experimental groups (Se=14.82, df-24, p<.01). 

Means for experimental groups were 10.8% for immediate-ESC-

1/2 hr. retest, 40.0% for delayed-ECS-1/2 hr. retest, 69.2% 

for immediate-ECS-24 hr. retest; means for controls were 96% 

immediate-nonECS-1/2 hr. retest, 96.4% delayed-nonECS-1/2 

hr. retest, and 99% for immediate-nonECS-24 hr. retest. 
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The analysis of savings scores for correct responses 

was conducted similar to previous analysis with the Duncan 

Multiple Range Test. The anticipated differences were 

found between each experimental group and its respective 

control (Se=14.33, df=24, p<.01). Analysis between the 

experimental groups revealed the lack of a significant dif

ference between the immediate ECS-1/2 hr. retest group and 

the delayed-ECS-1/2 hr. retest group (p>.01). Significant 

differences did occur between the two immediate-ECS groups 

(1/2 hr. and 24 hr. retest), and between the delayed-ECS-

1/2 hr. retest vs the immediate-ECS-24 hr. retest groups 

(p<.01). The means of the savings scores for correct trials 

were 8.8% for immediate-ECS-1/2 hr. retest, 27% for delayed-

LCS-1/2 hr. retest, 61.4% for immediate-ECS-24 hr. retest, 

98.2% for immediate-nonECS-1/2 hr. retest, 99.1% for delayed 

nonECS-1/2 hr. retest, and 99.2% for immediate nonECS-24 hr. 

retest. 

Analysis of latencies proved to be much more involved 

than total trial savings score analysis. The percentage 

increase in latencies was calculated for individual subjects 

by taking the difference between the sum of the latencies 

for the last ten training trials and the sum of the first 

ten testing trials and expressing it as a percentage of the 

sum of the latencies for the test session criterion trials. 

The scores were then analyzed using the Duncan Multiple 
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Range Test. All significant differences to be discussed are 

significant beyond the .05 level (Se=.566, df=20, p<.05). 

The following findings must be viewed with caution, however, 

since there were no significant overall differences in 

latencies between ECS and nonECS animals (p>.05). However, 

within the experimental groups significant mean differences 

occurred between the immediate ECS-1/2 hr. group and the 

delayed-ECS-1/2 hr. retest group with the immediate-ECS 

group running much slower. The difference is also signifi

cant between the immediate-ECS-1/2 hr. and the immediate-ECS-

24 hr. groups, with the 1/2 hr. retest group demonstrating 

much slower running speeds (p<.05). In fact, when viewed 

over all groups the immediate-ECS-1/2 hr. retest group 

aeiiionstrated the longest latencies, the slowest running 

speeds. 

A similar analysis was conducted for total time in tht. 

choice chamber and in the start chamber. Analysis for the 

choice chamber revealed no significant differences at the 

.05 level (Se=.128, df-20, p>.05). An analysis for start 

box differences revealed a difference between immediate-

ECS-1/2 hr. and its control, immediate-nonECS-1/2 hr. retest 

group, with the ECS group performing at the slower level 

(Se=.260, df=20, p<.05). 

An additional analysis was conducted comparing pre- and 

posttreatment latencies. In this second analysis the sum of 
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the last ten training trial latencies were divided by the 

last ten criterion testing trials. This score was then 

converted into a percentage and used as an individual score. 

Latency differences were analyzed for start box, choice box, 

and total time. In the analysis of total time, several dif

ferences were found. The Duncan Multiple Range Test revealed 

significant differences between the delayed-ECS-1/2 hr. and 

the immediate-ECS-1/2 hr. retest group with means of .7600 

vs .5157 respectively (Se=.14, df=20, p<.05). The delayed-

ECS group also differed significantly from the immediate-ECS-

24 hr. retest group (p<.05), with the immediate-ECS group 

again running much slower (Means of .76 vs .341). Although 

the immediate-ECS-1/2 hr. group differed with its control 

nonECS compliment (p<.0 5), the remaining groups did not dif

fer from their respective controls (p>.0 5). 

Further analysis of choice box and start box latencies: 

were conducted. The latency scores for the choice box 

proved again to be nonsignificant for any group comparison 

(Se=.288, df=20, p<.05). Latencies for start box time 

proved to be equally barren, with the Duncan Range Test re

vealing a single significant difference between the immediate-

ECS-1/2 hr. group and its control (Se=.25, df=20, p<.05), 

with the immediate-ECS group running slower upon retest 

(Means of .3684 vs .7534 for the control). 
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Conclusions 

In reviewing the data, two major findings are evident. 

One is the significant difference in savings scores between 

the experimental-ECS and the control-nonECS animals. This 

finding was anticipated and supported by previous studies 

(Duncan, 1949; Thompson and Dean, 1955). The other princi

ple finding is the lack of a significant difference between 

the latencies of ECS-experimental and nonECS-control animals 

This lack of latency difference is most unusual in previous 

ECS studies (see review by Spevack and Suboski, 1969). 

These two findings strongly support Kesner, Gibson, and 

Leclair's (1970) contention that ECS when delivered via 

electrode plugs produces retrograde amnesia, while elim.inat-

in«j fear producing stimuli. The present study extends 

Kesner's et al. initial findings to include a single ECS 

administered after the completion of a multitrial visual 

discrimination task. This discrimination task was designee 

to be more complex and physically more demanding than the 

simple step-down apparatus used by Kesner et al. However, 

the results of the present study support and extend the 

initial theoretical and technological advance developed by 

Kesner, Gibson, and Leclair. 

The complete absence of a latency differential between 

ECS and nonECS animals has provided a strong argument 

against the aversive or fear-producing hypothesis once used 
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to explain the effects of ECS. Additional discrepancies of 

equally important theoretical value are also present. The 

significant savings score differences between the two im

mediate ECS groups poses serious problems for the consoli

dation hypothesis. If consolidation was interrupted at the 

same time for both groups, should not their savings scores 

on retest be equal? Their savings scores are not equal with 

the 2 4 hr. retest group having a savings approximately ten 

times that of the 1/2 hr. retest group. 

In addition to the above discrepancy, the intermediate 

position of the delayed ECS group in terms of savings scores 

presents an additional problem. If the consolidation theory 

is to be defended, one would have to explain the retention 

deficits that occur from a single ECS applied 15 min. after 

the completion of the learned task. Certainly, by this time 

consolidation is completed, yet savings scores are signifi

cantly depressed. A conditioning model is equally question

able since after reaching criterion subjects were returned 

to home cages till the ECS was applied far removed from the 

testing apparatus. This long time interval and distance 

from apparatus logically rules out conditioning to the ECS. 

A CER or an incubation of the fear response model is equally 

stagnant. Aside from the elimination of fear as demonstrated 

by the use of electrode plugs, the time intervals, especially 

in the delayed-ECS group, would have inhibited the incubation 
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of a fear response. The conditioning model as it stands 

now, together with the other models discussed above, have 

proved to be inadequate in explaining the differences found 

in this study. However, the one remaining feasible model 

is still within the general consolidation theory. A possible 

extension of this model may be warranted to include these re

cent unexplainable findings. 

Lewis (1969)/after an extensive review of consolidation 

theory, concluded that a response decrement may be due to 

disruption of functions other than the initial consolidation 

phases of input and fixation. A great deal goes on subse

quent to input and that the phases of registration, storage, 

and retrieval may also be disrupted by an ECS. Lewis 

stressed the need for nev/ models to incorporate the various 

internal and output variables and their relation to memory 

disrupters such as ECS. 

A review of the consolidation theory revealed a pos

sible theoretical modification. A simple two-fold model is 

proposed: that in order for memory of an event to be re

called, two mechanisms are needed. The first is a func

tional retrieval system capable of recalling past experiences 

and training. This retrieval is hypothesized to be physical, 

physiological organ that is able to transmit stored memories. 

The second hypothesized mechanism is an identification sys

tem for specific past events. This identification system 
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is thought of as a subprogram of the consolidation process: 

i.e., locating a more specific "bit" of information essential 

to the learned task. Consolidation is thought of as the 

total handling of incoming memory traces through the various 

phases, while the identification system handles the unit of 

information. For example, in the present study the "bit" of 

information was the discrimination between horizontal/verti

cal doors, and which one permitted entry into the goal box. 

This discrimination was the essential subprogram since the 

pretraining tasks of knocking down doors, avoiding shock, 

etc. were well consolidated from previous training days. 

It is hypothesized that in the immediate-ECS-1/2 hr. 

retest group, both systems were disrupted and were still 

inliibited upon retest a 1/2 hr. later. Consequently, low 

savings scores and very slow running speeds were recorded. 

The massive disruption of the retrieval system may have 

produced the depressed latencies and the low savings scores 

by depriving the subject's use of memories for even pre

training events. The complete disruption of the identifi

cation process also contributed to the poor performance 

scores. 

The other immediate ECS group upon 24 hr. retest 

demonstrated the highest savings scores of all the experi

mental-ECS groups. It is hypothesized that although the 

immediate ECS disrupted the retrieval system, recuperation 
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followed. Lewis described ECS as a temporary inhibitor of 

consolidation, not a long-term destroyer. Upon retest a 

functional retrieval system enabled the subjects to make 

use of past pretraining experiences and to correct immedi

ate errors. It is further hypothesized that the identifi

cation system for the essential bit of information for the 

task was not needed, if present at all after the ECS. The 

strength of the working retrieval system would be suffi

cient to account for the high savings and intermediate 

latencies. 

However, the delayed ECS group upon 1/2 hr. retest 

presented the reverse effects. On retest the retrieval 

system to a large extent v/as still disrupted and inhibited; 

coiisequently, there was an inability to inhibit response 

and utilize the events learned in pretraining. This is 

demonstrated by the decreased latencies, the fastest re

sponse rate of all experimental groups. It is further 

hypothesized that consolidation was completed within the 

15 min. interval and that the identification system was 

established and utilized to an extent during the latter 

portion of retest. It is hypothesized that the intermediate 

savings scores would have been higher if subjects slowed 

their response rates. It is possible that if a device was 

inserted at this point to force response inhibition, an in

crease in savings scores could have been anticipated. 
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A major benefit of this proposed model is the division 

between retrieval and the consolidation/identification sys

tems. The retrieval system is postulated to be a physiologi

cal organ capable of being temporarily disrupted by an ECS, 

while the consolidation system is more of a process of 

events that can be disrupted or destroyed during transition 

from one phase of consolidation to the next. This type of 

two fold analysis permits work on a physiological level with 

organ specificity, etc., but at the same time allows for 

the analysis of memory processes from input to output phases 

The overall advantage is the idea that ECS can effect the 

physical structure and the process of memory trace transi

tions. Presently the model has proved effective in analyz-

inc, the results from this study and hopefully will receive 

attention in future research. 
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