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Abstract

State-Dependent learning (SDL) is the falilure of learning to
transfer from one drug state to another. State dependent learning
was demonstrated and disrupted in an escape learning task. Male
hooded rats were trained to escape shock in a modified T-maze.

The rats were trained in either the drug (ethyl alcohol) state

or the non-drug {(water) state. The Transfer (T) group of rats were
subjected to a 1 kHz tone during training and testing. The SDL
groups were not. The results indicated that disruption of state
dependent learning occurred in' the T groups. That is, learning
transferred across drug states. This was not the case with the
SDL groups. This transfer of learning was attributed to the role

of the tone as an emotional memory prompter.
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CHAPTER T

INTRODUCTION

History of State Dependent Learning Research

State dependent, or dissociated learning is learning which
occurs in a given drug state and can be recalled only in that drug
state. Scientists have only recently began toc study state dependent
learning, however, the concept is not new. References to state-
boundness occur in literature as early as 1538 (Fischer and Landon,
1972) .

Scientific study of state~dependent learning in this century
began in the 1930's. State dependent learning research began as a
facet of neural learning theory research. Edward Girden (1940,
1942 a,b,c, 1947) and Girden and Culler (1937) began extensive
research on conditioned responses under curare and derivatives of
curare. Harlow and Stagner (1933) studied the effects of muscle
paralysis upon learning by conditioning cats and dogs while under
curare. They concluded "that preservation of stimuli alone will
not cause learning if no reaction is made" (Harlow and Stagner,
1933; p. 293).

Harlow and Stagner's findings disagreed with the findings of
Crigsler (1930} who studied the salivary conditioned reflex in dogs
under the influence of morphine and atropine. Crisler concluded
that a conditioned reflex was established in spite of the fact that
the drug-state of the dogs prevented them from producing an effector

response.



Light and Gantt (1936} reported that the response to a stimulusg
does not have to be present during the training period in order for
the response to ke learned. It ghould be noted that Light and
Gantt's research did not invelve the use of drugs to block the
conditioned response. Instead, the nerve was crushed, the animal
conditioned, and later {when the nexve had regenerated), tested.

Girden and Culler also dispute the theory of Harlow and Stagner.
Girden and Culler state the "isoclated muscles such as the semi-
tendinosus are capable of response (a slight twitch in response
to electric shock)" (Girden & Culler, 1937; p. 273). Girden and
Culler also state that "such responses (furthermore) are susceptible
to conditioning teo the sound of a bell" (Girden & Culler, 1937;

p- 273). Girden and Culler explain the failure of previous investi-
gators to obtain a conditioned response under curare as a result

of the fact that they always tested for the conditioned response
after the animal was returned to the non-drug state. Thus, the
phenomenon of dissociation itself was pogsibly responsible for the
absence of a conditioned response.

Girden (1940) again challenges the research of Harlow and
Stagner on the grounds that curare not only diminishes the intensity
of the animal's response, but also produces gualitative changes as
well. In his 1940 article, Girden advanced the idea that learning
occurred at both the cortical and sub-cortical levels. Girden
theorized learning in the normal {non-drug) state was mediated by
cortical pathways, and that learning of a conditioned response while

under the influence of curare was mediated by sub-cortical pathways.



That is, the curare lowered the level at which the brain functioned.
Girden hypothesized that curare produced a "functional decortica-
tion." To test this hypothesis, Girden removed "both sylvian areas
and the large surrounding ectosylvian gvri" (cortical auditory
areas) . Girden (1940) found that:

. « - . when a reaction to the cortical pathway is

literally extripated, the block between normal and

curare states is disrupted; the CR's {conditioned

reflexes) established in either one of the two

conditions will now be manifested in the other

state., {p. 404)

Girden's research dealt primarily with autonomic aspects of
behavior. In another attempt to test his “cortical/sub-cortical™
theory of dissociated learning, Girden (1942a) studied the dis-
sociation of pupillary conditioned reflexes. The drugs used to
produce dissociation were crude curare and erythroidine (a curare-—
form drug). In this research, Girden found that conditioned re-
flexes developed in the drug state were absent when the animal was
in the non-drug state, and that the conditioned reflexes reappeared
upon reintroduction of the drug state.

An experiment in which blood pressure responses were used as
conditioned responses collaborated Girden's earlier findings with
respect to dissociation. Again, Girden found that "all elements of
the drug state are completely repressed upon recovery from the
drug {(Girden, 1942b; p. 230). Girden attempted to define his

"cortical/sub-cortical" dichotomy more sharply in a 1943 experiment.



He conditioned animals to respond in a "deep state" of drug intoxi-
cation and then tested them for retention of the responses in both
a "mild" drug state and a drug-free state. Girden again found
complete dissociation between the "deep" drug and non—drug states,
and he also reported that animals trained in the deep drmg state
did not produce striated muscle responses in the mild drug state
(Girden, 1943).

Girden (31943) also found that if responses mediated by the
central nervous system were not made during the training period,
they did not coccur later. This finding may help resclve the dispute
over the necessity of a response to learning. Girden's results
bring to mind the possibility that the necessity of a response may
depend upon the level of a given response (for example BANS as
opposed to CNS). Another major finding of this research was the
demonstration by Girden of dissociation between varying dosages of
the same drug, as well as between drug and non-drug states. Using
curare, Girden (1947) also demonstrated state dependent learning
in monkeys. These findings were consistent with the results of his
earlier experiments in which dogs were used. Another finding worth
noting is that Girden reports learning in the drug state is at
least as efficient, or possibly more efficient, than in the non-
drug state.

In summary, Girden's main contribution to the field of state
dependent learning research was his experimental demonstration of
the phenomenon itself; or, as Girden wrote: "The drug state learning

is repressed upon recovery from the drug state, and reappears



spontaneously upon reintroduction of the drug state" (Girden,
1947; p. 587).

In 19262, Scoloman and Turner attempted to test the ideas of
Girden. Contrary to Girden, Soloman and Turner reported that dogs
tested in the non-drug state "responded in a way consistent with
their discriminative Pavlovian conditioning experience under curare"
(Soloman and Turner, 1262; p. 218). These findings cast doubt on
the research of Girden. However, the discrepancies between the two
findings can be explained.

Girden used crude curare in his experiments. Crude curare is
known to act on the central nervous system. Whereas, Scloman and
Turner used d-tubocuraine, a curare derivative which does not
exhibit its main effects on the central nervous system.

Sachs, Weingarten and Xlein (1966) found dissociated learning
using chlordiazepoxide ({(Librium) to produce the drug state. A
CAR (conditioned avoidance response} was used. Rats were trained
to avoid shock in a huxdle jump task after injections of chlordiaze-—
poxide (drug state) or saline (non-drug state). Sachs, et. al.
reported dissociation of learning between drug and non-drug states.

Sachs, et. al. (1966) suggested that the dissociative effect
in state dependent learning was due to central nervous system
effects. This finding was significant in that it helped to resolve
basic questions about the nature of state dependent learning.
sachs, et. al. note the superiority of central nervous system
depressants in producing dissociation. This finding helps to

reconcile the differences between Girden's findings and the findings



of Soloman and Turmer. Sachs, et. al. also theorized that the
dissociative effects of drugs are limited to a specific region of
the brain, as opposed to the entire central nervous system. Another
significant contribution by Sachs, et. al. was the finding that
chlordiazepoxide (CDP}, or Librium, was very effective in producing
dissociation (Sachs, et. al., 1966).

Overton (1964, 1966, 1967, 1268) has been a major contributor
to the area of state-dependent learning research in the past decade.
Overton (1964) reported nearly complete dissociation of learning
in rats trained in a maze to turn in one direction under the influ-
ence of Sodium Pentobarbital and in the other direction when in
the non-drug state. In the same publication, Overton alsc reported
nearly complete dissociation between states as measured by an
absence of savings between groups. This finding is significant
because the use of the savings method in measurement is considered
a stricter criterion than the previously reported tests. Alsc in
the same paper, Overton reported that rats could be trained con-
currently in both drug states as oppesed to the previous method of
training completely in one state before initiating training in the
opposite state. Once again, Overton reported that learning was
dissociated. Overton also reported an inverse relationship between
the amount of pentobarbital used and the amount of transfer of
learning between drug and ncn-drug states. 1In other words, the
heavier the dosage, the greater the amount of dissociation. These
results led Overton to conclude that "it is possible to find two

drug states between which any desired amount of transfer of training



will occur" (page 8). In the final experiment reported in his 1964
article, Overton compares the degrees to which various drugs and single
and multiple external stimuli acquire contrel of responses. He reportis
that pentobarbital and multiple external stimulus changes acguired
control over responses, but that drug states produced by Gallimine

(a curareform drug with few effects on the central nervous system)

and tetraethylammonium (a drug which produces a blockade of the
autonomic¢ nervous system) failed teo acgquire good response control.
These results led Overton to doubt the idea that pentobarbital

acquires response contrel via minor peripheral cues such as the
blurring of vision. Noting also that pentobarbital acquired con-

trol of responses much mere guickly than sensory cues, Overton
thecrized that pentobarbital and discriminative cues acquire response
control via different mechanisms (Overton, 1964).

Overton (1267b) continued his research variation between
different drugs concerning acguisition of response control. Overton
trained rats to escape shock by running to one of three different
goal boxes in a three-choice maze. A different goal box was "safe"
for each of three drxug states (phenobarhital, atropine, or saline).
Overton reported that "atropine, phenobarbital and saline create
three different states in the rat which may be used in control
responses” (page 378). In other words, there was dissociation of
learning between three drug states.

Overton (1968) researched perceptual factors as mediating mechan—
isms in state dependent learning. He designed a group of experiments

to test the effects of increased foot shock, blinding, and varving



drug dosages upon the mechanism of dissociation. Overton reported
that variations in foot shock did not mediate response control by
pentobarbital (F=1.65 df=2/15). Overton concluded from this finding
that wvariations in shock sensitivity (as induced by pentobarbital)
are not a significant factor (p <.001) in mediating pentobarbital’s
control of differential responses. In the same article, Overton
reported results of an experiment designed to determine the extent
to wﬁich visual cues are a factor in state dependent learning.

Rats were trained to tuyn one way under pentobharbital and the oppo-
gite way in the non~drug state. After training, the rats were
blinded. Overton reported no noticable disruption of their per-

formance. Overton concluded from these findings that visual per-

ception is not a significant "cue" in the phenomenon of state depen-
dent learning. In the final experiment of the series, Overton
attempted to study the effects of varying drug dosages. He reported
that control of differential responses was acguired as quickly between
varying dosages of pentcbarbital (20 mg/kg vs. 10 mg/kg) as it was
between 10 mg/kg dosage and the non-drug state. He also reported
previously (1964) that the larger dosage was more easily differentiated
from the non-drug state than was the smaller dosage (Overton, 1968).
Overton (1966) reported on the effectiveness in producing dis-
sociation of various depressant and atropine-like drugs. Overton
reported that various depressant drugs (chlcoral hydrate, paraldhyde,
secobarbital, sodium barbital, ambibarbital, chloralose and ether)

mimic the effects of dissociation produced by pentobarbital. He

also reported that rats could not learn differential respenses between



two different depressant drugs. From these findings, Overton con-
cluded that the depressant drugs studied produced dissociation via
similar processes.

Overton (1966) also found that bemeguile sulphate (an antago-
nistic drug to pentcocbarbital) would eliminate the response learned
in the drug (pentcbarbital) state and produce behavior which was
previously learned in the non-drug state. This finding raises
gquestions about the relevance of changes in brain chemistry (i.e.,
levels of activation) to the phenomenon of state dependent learning.
Overton also concluded that pentobarbital and atropine produce
dissociation via different mechanisms, and that pentobarbital and
atropine do not antagonize each other's dissociative effects.
Overton also concluded that scopolamine and phenobarbital produce
dissociative effects via different mechanisms, and that atrepine
and scopolamine produce identical dissociated states via the same
mechanism. Overton concluded that atrcopine and other centrally
acting anticholinergic drugs produce dissociation from both non-
drug and depressant drug states, and that the anticholinergic drugs
and depressant drugs produce disgsociation via different mechanisms.

In studying the dissociative effects of other drugs, Overton
(1966) concluded that chlorpromazine has no strong dissociative
effect, nor does imipramine or physostigmine on T-maze learning.
Erythroidine, a curareform drug used by Girden and Culler (1937)
to produce dissociated learning in dogs, was not shown te mimic
either pentobarbital or atropine, but the data were not statistically

significant. Chloradiazepoxide (Librium) was shown to have
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dissociative effects on T-maze learning. Overton's findings are
significant in that by showing that different drugs produce dissocia-
tion via different mechanisms, he has shown that Girden's cortical/
sub-cortical explanation of state dependent learning is inadequate.
Overton proposed two models of learning which help to explain
his findings. The first model explains dissociation through the
hyvpothesis that drug states serve as stimuli to receptor systems in
the brain, and different drug states are responded to differently
as are different stimuli. The second of Overton's models assumes
that the chemical actions of the drugs change the characteristics
of the cells of the brain that are altered as learning occurs.
Hebb (1958) has theorized that in learning, structural changes in
the synapse cccur. Overton theorized that these structures are
influenced by the effects of different drugs, and thus respond
differently in different drug states (Overton, 1966).
Otis (1964) has also suggested that the internal drug state
may serve as a stimulus to the animal. He stated, "an internal state
induced by a drug may function like a stimulus; that is, it may
acguire habit loadings, or associative connections to responses" (Otis,
1964, p. 1347). Pusakulich and Nielson (1272} researched neural
thresholds in state dependent learning in cats. Pusakulich and Nielson
found that as drug dosages were increased, neural thresholds in the
state dependent learning response also increased. Pusakulich and
Nielson concluded that thresholds were related to the cat's experi-—
ence with the drug, rather than the pharmacological action of the

drug per se. Pusakulich and Nielson found that alteraticn in drug
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state away from the state of initial learning produces an increase
in conditioning thresholds and sufficient alteration, causes a loss
of CR. This report is in theoretical agreement with Overton's pro-
posed model of state dependent learning.

Disruption of disgociated learning. Connelly, Connelly and

Epps (1973) demonstrated disruption of state dependent learning by
emotionally-important stimuli in a discrimination learning paradigm.
Rats were trained to escape foot shock in a T-maze. They were
trained to turn one direction while in the drug (15mg/kg chlordia-
zepoxide) state, and the opposite direction while in the non-drug
(sterile water) state. For the transfer group, a high (10 kHz) tone
was paired with foot shock in training in the drug state and a low
(1 kHz) tone was paired with foot shock in training in the non-drug
state. When tested with tones reversed; that is, high tone-non-drug
state and low tone-drug state, the transfer group rats turned in
accordance with the tone instead of the drug state. Connelly, et. al.
concluded "“That the tones acquired the aversive-motivational character-
istics of foot shock and disrupted disscociated learning by mediating
transfer" (p. 275). In other words, the emotional response (to the
shock) , when directed by a specific cue (the tones) was a more power-
ful determinant of behavior than were the different drug states.
Connelly, Connelly and Phifer (1975} demonstrated disruption of
state dependent learning by emotionally—important stimuli. Rats
were trained to escape shock in a T-maze. Rats were trained in
either drug (40mg/kg chlordiazepoxide) state or non~drug (sterile

water) state. A 1 kHz tone was paired with foot shock in training
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and sounded in testing, although no shock was used in testing.
Connelly, et. al. (1975) found that rats turned in the direction
signaled by the tone regardless of drug state. In other words, the
emotionally—important stimulus (tone) was more powerful than the
drug state.

Alcohol and state dependent learning. Ethyl alcohol is one of

the oldest intoxicants known to man. The chemical formula for
2lcohol is C2H50H. Kalant (1971) stated that ethanol is made up of
an -~OH group linked to two carbon atoms.

Physiclogical effects of alecohol include a reduction in the
amount of oxygen consumption in the brain and an inhibition in
phosphate uptake by the brain. Grennell (1971) suggests that the
main effect of alcohol in the brain is on the neuronal and synaptic
membranes. Grennell alsc states that low concentrations of alecohel
stimulate neuronal activity, while high concentrations of alcohel
depress neuronal activity. These effects have great relevance to the
arca of state dependent learning, especially when considered in the
light of the Overton models for explanation of state dependent

learning (1966).

Problem

The preblem was to discover the effects of foot shock (.65ma)
vaired with a2 tone (1kHz) on state dependent learning in rats in a
T-maze escape learning task. This problem differed from the work
of Connelly, et. al. (1975) in that ethanol was used to produce the

drug state instead of chlordiazepoxide.
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Hypothesis

The hypotheses of this study were: 1) There will be no statis-
tically significant transfer of learning between drug states (ethanol
vs. water) in the state dependent learning (no tone) groups. 2)
There will be statistically significant transfer of learning between
drug states (ethancl vs. water) in the transfer (tone) groups. The
differences in transfer of learning between the state dependent
learning and the transfer groups should be attributed to the tone's
function as a mediator between drug states and cue to the emoticnal

response of shock avoidance.

Significance of the study

The most obvious and potentially useful application of this
type of study is in the area of drug addiction, Overton (1971)
has observed that abused drugs are also drugs which produce state
dependency.

Storm and Caird (1967) have demonstrated state dependent learning
using alcohol in a serial verbal learning task. Also Storm and
Smart (1965) have raised the possibility that dissociation could
be a factor in the lack of success in alcoholic treatment programs.
Noting that current treatment programs refuse to treat alcoholics
while they are intoxicated, Storm and Smart (1965) suggest that it
may be impossible for learning (therapy)} to transfer from the scober
to the intoxicated state. If this theory is correct, then the
disruption of state dependent learning by emotion could cast light

on more effective methods of treating drug addictiomn.



CHAPTER II
METHOD

Subjects

The subjects were sixty~four male hooded rats, eighty days
of age, ordered from Maxfield Farms, Ohio. The rats were kept in
individual cages and allowed free access to food and water. A light

was kept on constantly in the cage rocom.

Apparatus

The apparatus used was a gray, wooden modified T-maze. The
dimensions were as follows: width of all sections was 14 cm.,
length of all secticns was 23 cm. The height of the start box was 28
cm., while the height of the goal boxes and choice section were 13 cm.

Guillotine doors were placed at the entrance of each goal box,
and between the start box and the choice section. The doors to
the goal bhoxes were covered with black curtains. The device was the
same as the maze used by Connelly, et. al. (1975).

The maze contained a grid floor throughout which was electrified,
except in the goal boxes, during training. A 0.65 mA shock was
delivered by a Lafayette Master Shecker and Scrambler. A Lafayette
0.0l-second timer was used to record response latencies.

The 1 kHz 600 mW tone was delivered through an unenclosed 13
cm. radio speaker placed 28 cm. behind the start secticn. A Heathkit
audio Generator {(Model 16-72) and Scientific Power amplifier were
used to deliver the tone.

14
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Drugs
The drug used in this experiment was ethyl alcohol, 1000 mg/kg
concentration. Digtilled water was used to produce the non-drug (ND)

state.

Procedure

Rats were given three days zcclimation to the lab upon arrival.
buring this time they were kept in their home cages. On the fourth
day, rats were given position preference trials. Rats were placed
in the maze with both goal box dcors open and the shock turned off.
When the rats entered a goal box, they were removed to the home cage
for fifteen seconds and placed in the maze again. The first three
of five choices in the same direction was considered to be the
rats" position preference.

Rats were weighed daily before injection to determine the
wvolume of alcohol or water to be used. Body weight in grams was
multiplied by a factor of 0.03 to determine the dosage in cc. For
example, & rat weighing 300 grams was injected with 2.00 cc of
liquid (300 x 0.03 = 9.00). Rats were injected intra-peritonealy
(I.P.). After alcohol injections, rats were observed until they
showed evidence of being drugged at which time training was begun.
Time intervals between injection and drug effect varied with indi-
vidual rats. Intervals between injection and running in non—-drug
rats were kept the same as intervals in the drugged rats for control

pUrposes.
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Rats were trained to escape foot shock in the modified T-maze.
The rats were injected {with alcohocl or sterile water), the time
interval was observed, and then the rats were trained to turn in the
direction opposite their position preference by a forced choice
method. The rats were dropped onto the floor of the start box with
the door to the correct goal box open and the door to the incorrect
goal box glosedd The rats recelved foot shock until they reached
the correct goal box. As soon as the rats left the start box, the
door between the start box and the choice section was closed.

Each rat received five massed training trials every day. Rats
were trained to a criterion of eighteen of twenty correct choices.
The first day of training was not counted toward criterion. After
the rats reached criterion they were tested according to the patterns
specified below.

Training was identical in both the state dependent learning
and transfer groups, except that in the transfer groups, all rats
were subjected to a 1 kHz tone on evervy training and every testing
trial. The tone was sounded just before the rat was dropped onto
the floor of the start box and ended when the rat entered the goal
box. No state dependent learning groups were ever given the tone.

The groups for the study were: Staée—dependent learning groups
(SpL); 1) SDL experimental group trained in the drug (D) state and
tested according to the pattern ND-D-ND. . . 2) SDL experimental
group trained in the non-drug (ND) state and tested according to
the pattern D-ND-D. . . 3} SDL control group trained in the drug

(D) state and tested according to the pattern D-D-D. . . 4) SDL
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contrel group trained in the non-drug (ND) state and tested according

to the pattern ND-ND-ND. . .: Transfer
group trained in the drug (D) state and
pattern ND-D-ND. . . 2) T experimental
drug (WD} state and tested according to
T control group trained in the drug (D)
to the pattexrn D=-D-D. . . 4) T control

drug (ND) state and tested according to

groups (T); 1) T experimental
tested according to the
group trained in the non-
the pattern D-ND-D. . . 3)
state and tested according
group trained in the non-

the pattern ND-ND-ND.



CHAPTER III
RESULTS

Results were analyzed according to the analysis of variance
(ANOVA) found in Winer (1971). The two parameters of the ANOVA
were the presence or absence cof a tone and the drug state. The
ANOVAs were: training, correct turns; training, median latencies:;
testing, correct turns; testing, median latencies. Sub-ANOVAsS were
alsoc done. These were: training, correct turns for experimental
groups; training, correct turns for control groups; training, median
latencies for experimental groups; training, median latencies for
control groups; testing, correct turns for experimental groups;
testing, correct turns for control groups; testing, median latencies
for experimental groups; testing, median latencies for control groups.

Results of the overall ANCVA for training, correct turns in-
dicated that the drug states (D vs. ND} had a significant effect
on performance (p < -05). The sub-ANOVAs for training, correct
turns also indicated that drug state had a significant effect on
performance in both the experimental and control groups (p < -.05).
Figures 1 and 2 indicate that the groups trained in the drug state
did not learn as quickly as those trained in the non-drug state (see
Appendix A). The main differences in performance occurred in the
early stages of training. These differences may be due to the
physiological effects of alcohol. The effects of the alcohol can be

seen in the difference between the number of correct turns made on
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day 1 by the drug groups as opposed to the non-drug groups. The
groups trained in the drug state made 66 of 160 correct choices on

day 1 compared to 94 of 160 for the groups trained in the non-drug
state, First day performances of some of the groups trained in the
drug state were very poor compared to the non-drug groups. For
example, the D-T control group exhibited the worst performance cf

any group (14 of 40 correct choices), whereas the overall average

for all 8 groups was 20 of 40 correct choices. B2ll groups trained in
the drug state made less than 20 correct choices on day 1, while all
groups trained in the non drug state made 20 or more correct turns.
The mean mumber of correct turns for the group trained in the drug state
was 16.5, compared to 23.5 for groups trained in the non-drug state.
This poor performance of the groups trained in the drug state helps to
account for the significance of the overall interaction effect.

The averall interaction effect of the ANOVA for training, correct
turns was found to be significant at the .05 level. This signifi-
cance may be due to the poor performances of two of the groups during
training. These groups were the T-D experimental group and the T-D
control group (see Figures 1 and 2, Appendix A). It may be that the
slower rate of learning shown by these two groups is responsible for
the significance of the overall interaction effect.

All significance in the overall ANOVA of training, correct turns
was the trial effect {p <€ .001). This significance can be attri-
buted to learning. For example, on day 1 of training there were 170
of 320 correct turns for all groups. On day 2 this figure rose

to 272 of 320 correct turns, and on day 3, there were 307 of 320
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correct turns. The number of correct turns remained fairly consistant
over the last three days of training.

The overall ANOVA for the latencies on training showed a
significant trial effect (p < .0l) and a significant interaction
effect between the drug state and the trial effect (p <« .0l). Again,
this difference may be attributed to the physiological effects of
alcohol. The average of the mean median latencies for groups trained
in the drug state was 14.44 seconds for day 1, compared to 6.14
seconds for the groups trained in the non drug state. The D-T
experimental group had an average of the mean median latencies of 20.56
seconds for day 1 of training, and the D-SDL-control group had an
average of the mean median latencies of 20.11 seconds for day 1 of
training. These extreme results could be regponsible for the signi~
ficance of the overall interaction. The mean median latencies for
days 3, 4 and 5 of training were more nearly equal. This was due
to the rats' learning the task. As the results show (see figures 5
and 6, Appendix A), once the animals trained in the drug state learned
the task, their performance was not greatly different from that of
the animals trained in the non drug state.

The overall ANOVA for testing, correct turns showed that all
three factors (tone vs. no tone, drug vs. non drug and trial effect)
had significant effects (p < .01} on the results. The results as
shown in figure 3 (see Appendix A) indicate that the two SDL groups'
performances fell off sharply when they were tested in the drug state
opposite their training drug state. The SDL experimental groups

made only 47 of 80 correct choices when tested on the first day (in
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the drug state opposite to training). The SDL control groups made 77
of 80 correct choices on the first day of testing. On day 3, the
second day of testing in the drug state opposite to training, the

SDL experimental groups made 38 of 80 correct choices. On day 3,

the SDL contrel groups made 74 of 80 correct choices. On day 5, the
third day of testing in the drug state opposite to training, the 35DL
experimental groups made 31 of 80 correct choices. On day 5, the

SPL control groups made 71 of B0 correct choices. This decrease in
performance on the part of the SDL experimental groups may be responsible
for the significance of the overall interaction. The decrease may be
due to the alternation of drug states in testing.

Contrary to the poor performance of the SDL experimental groups,
the transfer (T} experimental groups maintained a relatively consistent
level of performance throughout all five days of testing. This consis-
tency can be attributed to the function of the tone as an emotional
memory prompter which allowed learning to transfer across drug states.

The sub-aNOVA for the control groups showed no significant
interactions except for the overall interaction. This significance
may be due to poor performances by two of the groups on individual
days. The ND-T-contrecl group made 29 of 40 correct choices on day 3,
compared to an average over all five days of 35.2. Also, the ND-SDL-
control group made 31 of 40 correct choices on day 5, compared to
an average over five days of 35.4. The best average over five days
was 38.6 of 40 correct choices for the D-SDL-control group,—while
the worst average was 35.2 for the ND-T-contrcl group. These

individual variations could account for the significance of the
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overall interaction effect.

Tn the sub~AZNOVA for the two experimental groups, the presence
or abzence cof the tone was significant at the .00l level. This
greater level of significance shows more convincingly the importance
of the tone as a memory prompter because this ANOVA deals only with
the experimental groups. The two T experimental groups made a
combined total of 358 of 400 correct choices for the five days of
testing. The two SDL experimental groups made a combined total of 253
of 400 ¢ orrect choices. These results show the value of the tone
in helping the rats remember the correct choice.

The results of the ANOVAs for testing, median latencies were
in agreement with the results of the ANOVAs for correct turns in
testing. That is, they have shown the significance of the tone as
a variable (p < .01).

The overall ANOVA also showed that variation in drug states
and a2 combination of the tone and drug state variables were signi-
ficant (p < .05). The results show a significant (p < .005, see
Table XI, Appendix B) iﬁcrease in latencies in the SDL groups when
they were tested in the drug state opposite their training drug
state (see Figure 7, Appendix A).

The average of the mean median latencies for the SDL experi-
mental groups tested in the state opposite training was 25.41 seconds.
The average of the mean median latencies for the same groups tested
in the training drug state was 4.51 seconds.

The sub—-ANOVA using only the experimental groups showed that

those groups which heard the tone performed significantly better (p <.0l)
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than those who did not hear the tone. The average of the mean median
latencies for the experimental groups which d4id not hear the tone
(D-SDL and ND-SDL)} was 17.15 seconds. The average of the mean
median latencies foxr the experimental groups which did hear the tone
(D~T and ND-T) was 5.0l seconds. Also, the variation between the
individual days of testing in the experimental groups was significant
at the .00l level. The interaction between the tone variable and
the individual day variation was significant at the .05 level. The
sub-BNOVA for the control groups showed no statistical significance.
This would indicate that the significance of the interactions for the
experimental groups was due to the alternation in drug states.

The overall interaction effect for testing median latencies
was found to be significant at the .05 level. This significance
may be due to the alternmation in the drug states of the experimental

groups (see Figure 7, Appendix A).



CHAPTER IV
DISCUSSION

Two results of this study support the hypothesis. The first
of them is the significantly poorer perfoxrmance of the SDL groups
when tested in the drug state opposite their training drug state.
Both correct turn and latency performance were adversely affected
by introduction of the opposite drug state. The second result is
the consistent performance of the T groups when tested in the drug
state opposite of their training drug state. The only difference
between the T groups and the SDL groups was the presence of a tone.
Therefore, the tone must have been the factor which caused the T
groups te maintain their level of performance despite the intro=-
duction of a drug state opposite to the training drug state. It is
hypothesized that the tone served as an emotional memory prompter
allowing learning to transfer across drug states. This explanation
was previously given by Connelly, et. al. (1975).

Obviously, the rats guickly developed a fear of foot shock
when being trained. This emotion served as a motivater to learn and,
perform the required task. However, when the SDL rats were tested
in the drug state opposite their training drug state, the drug state
"hbarrier" prevented them from constructively channeling their emotion
into a successful performance. The SDL rats could not perform correctly
because they had no specific stimulus to channel their emotion. On
the other hand, the T group rats began to assoclate their emotion

with the tone. The tone directed their emotion toward constructive
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action because it was specific enough to transfer across the drug
state "barrier" and serve as a memory prompter.

The overall interaction effect for training, correct turns was
significant at the .05 level (see Table 1, Appendix B). This was
probably due to the slower rate of learning displayed by two of the
groups trained in the drug state (see Figures 1 and 2, Appendix A).
The rate of learning in training did not effect the results in festing
because all groups were trained to the same criterion. Also, the
groups which ghowed a slower learning rate in testing lT-D experi-
mental and T-D control) were two of the three best_performinq groups
in testing {see Figures 3 and 4, Appendix A). The fact that the
slow learning groups reversed their performances in testing is
evidence that the overall interaction effect in training did not
influence the results of testing.

Both of the overall interaction effects for testing were signi-
ficant. The correct turn overall interaction effect was significant
at the .0l level, while the latency interaction effect was significant
at the .05 level (see Tables 7 and 10, Appendix B). These results
were significant due to the extremely poor performance of the SDL
experimental groups in testing in Days 2 and ¢ (see Figures 3 and 7,
Appendix A). 1In other words, these groups demonstrated state depen-
dency while the other groups did not. This state dependency accounts
for the significance of the overall interaction effects.

The one methodolegical problem worth noting concerned the wide
variations in the time it toock the alcohol to effect the rats. Some

rats took up to an hour to reach a sufficient level of intoxication
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while other rats became intoxicated in one minute or less after
injection. This variation seemed to be related to the depth of the
injection. If the injection was just under the skin, the interval
between injection and intixication was from 15-min. to l-hour.
However, if the injection was made deeply enough, intoxication was
very rapid. This discrepancy was alleviated by making sure the
injections were always of equal depth.

Logical extensions of the study could include similar studies
run with progressively less shock and less variation in stimuli
between the SDL and T groups. In thils way, perhaps researchers could
vary the strength of the stimuli and therefore indirectly vary the
strength of the emotion needed before transfer of learning across
drug states could occur.

The greatest potential application of the findings of the study
is in the area of alcoholism treatment. State dependency is one
possible reason for the failure of current alccholism treatment
programs., The alcoholic receives all his therapy when sober, and
therefore has no transfer of learning from the sober state to the
intoxicated state. Therefore, the alecoholic gets no benefit from
his therapy while he is intoxicated. Perhaps most important of all
is the fact that the alcoholic has no aversive stimuli that he can
transfer from the intoxicateé gtate to the sober state. Therefore,
he has no reason to stop getting drunk because he can remember nothing
unpleasant that happens while he is drunk. If he were presented with
an emotionally important stimulus while intoxicated, and if transfer
of learning across drug states could be made to occur, then the

alcoholic would have a reason not to drink which he couwld remember in
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the sober state. This added motivation could be helpful in the

treatment of alcoholism.
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APPENDIX A
Figure 1 - Number of correct turns for the first and

last 4 days of training for the experimental groups
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APPENDIIX &
Figure 2 ~ HNumber of correct turns for the first and

last 4 days of training for the control groups.
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APPENDIX A
Figure 3 - Number of correct turns for the five days

of testing for the experimental groups.



# oF "CORRECT" TURNS

30

o0————o 1-D-~-EXP O————0 SDL-D-EXP
- — — - T-ND-EXP o————o SDL-ND-EXP

(@ T CR - o R 5




AFPPENDIX A
Figure 4 - Number of correct turns for the five days

of testing for the control groups.
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AFPENDIX A
Figure 5 - Means of the median latencies for the first and

last 4 days of training for the experimental groups.
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APPENDIX A
Figure 6 ~ Means of the median latencies for the first and

last 4 days of training for the control groups.
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APPENDIX A
Figure 7 — Means of the median latencies for the five days

of testing for the experimental groups.
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APPENDIX A
Figure 8 - Means of the median latencies for the five days

of "testing for the control groups.
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APPENDIX B

TRAINING,
Source 88
Between 43.5
A 0.3
B 6.6
AB 1.3
Sub w. groups 35.3
/€xror (between)y
Within Subjects 389.2
C 274.0
AC 0.2
BC 5.9
apC 10.4
Cx Subgroups
/eérror {within)/
Note: A - Tone vs. No tone

B - D vs. ND

C - Davys

36

TABLE T

56

256

12

12

Hs

2.2
.43

B3

68.5
-05
.49

.87

CORRECT TUENS, ALL GROUPS

3.49

155.68

1.98

{p < .05)

(p £ .001)

(p £ .05
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TABLE II

TRATINING, CORRECT TURNS, EXPERIMENTAL GROUPS

Source 55 df MS T

Between 21.78 31

A 0 1L G

B 3.03 1 3.03 4.46 (p 4 .05)
AB 0.4 . 1 0.4

Sub w. groups 19.15 28 0.68

/error (between};

Within 167.2 128

C 115.41 4 28.85 75,292 (p < .00L)
AC 0.62 4 0.16

BC 6.59 4 1.65 4.34 {(p £.01)
ABC 2.23 4 0.56 1.47

Cx Sub w. groups 42.35 112 0.38

/error {(within)/

Note: A - Tone vs. No tone
B -~ D vs. ND

C - Days



TRATINING

Source S8
Between 19.9
A 0D.62
B 2.5
AB 0.63
Sub w. groups 16.15
/error (between)/

Within S's 222

C 161.21
aAC 0.7
BC 2.32
ABC 1.42
Cx Sub w. Jroups 56.35
/error (within}/

Wote: A - Tone vs. No tone

BE - D vs. ND

C - Days

38

TABLE III

CORRECT TURNS,

28

128

112

2.5

0.63

0.58

40.30

0.18

0.58

0.36

0.50

CONTROL GROUPS

8

4.31

80.60

1.16

{p < .05)

{(p < .00L1)
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TABLE IV

MEAN MEDIAN LATENCIES, TRAINING, ALL GROUPS

Source
Between
¥

B

AB

Sub w. groups
/error (between]/

Within
(5

AC

BC
ABC

Cx Subgroups
/[Error (within}/

Note: A — Tone vs.
B — D wvs. ND

C — Days

ss
4734.07
31.18
503.8
130.33

4041.76

16955.92

4620.49

30.44

1395.73

425.61

10493.65

No tone

56

256

12

12

224

M3

31.

ie7.

43.

72

1155.

116.

35.

46.

is

a3

44

.17

12

.6L

31

47

85

x

24.66

2,

.33

48

(p £ .01)

{p < .01)



MEAN MEDIAN LATENCIES, TRAINING, EXPERIMENTAL GROUPS

Source
Batween

A

B

AB

Sub w. groups
/error (between)/
Within S's

&

AC

RS

ABC

Cx Subgroups
Jerror (within)/

Note: & -~ Tone vs.
B - Dwvs. ND

C ~ Days

58
2857.79
144.19
172.87
0.43

2540.3

5373.76

2574.71

1l16.71

747.55

9.74

5925.05

No tone

40

TABLE V

28

128

112

144.19

172.87

0.43

90.73

©643.68

29.18

186.89

E

1259

1.

12.17

3

90

53

{p < -00L)

(p € .01)
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TABLE VI

MEAN MEDIAN LATENCIES, TRAINING, CONTROL GROUES

Source 38 df M3 F

Between 1857.81 31

A 15.89 1 16.89

B 339.46 1 339.46 6.33 (p < -05)
AB ) 8 0

Sub w. groups 1501.46 28 53.62

/error (between)/

Within 8's 7582.17 128

c 2068.0% 4 517.03 12.68 (p <.001)
acC 172.33 4 43.08 10.56 (p < -001)
BC 615.87 4 153.97 3.77 (p £ -0L)
ABC 157.3 4 39.33

Cx 8ub w. groups 4568.58 112 40.79

JSerror {within)/

Note: A - Tone vs. No tone
B - D vs. ND

C - Days
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TABLE VII

TESTING, CORRECT TURNS, ALL GROUPS

Source
Between

A

B

AB

Sub w. groups
/Brror {(between)/
Within

C

AC

BC

ABC

Cx subgroups
/exror (within}/

Note: A - Tone vs.

B - D~D-D vs.

C - Days

2986.75

32.51

57.27

3B8.47

168.5

258.8

25.33

18.59

23.83

23.3

167.75

No tone

ND-ND-ND vs.

€ ms
63
il 3z2.51
3 12.09
3 12.82
56 3.01
256
4 6.33
4 4.65
12 1.9¢9
L2 1.94
224 0.75
D-ND-D

=

10.80

6.34

4.26

(p

(p

{p
(p
(p

(p

A ok |
£ .01)

& <L)

£ .01
£ 01}
£ .01)

£ .0L)
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TABLE VITI

TESTING CORERECT TURNS, EXPERIMENTAL GROUPS

Source S8
Between 150.3
A 70.23
B 3.6
AB 0.72
Sub w. groups 115.85

Zﬁrror (betweeni?

Within 190.8
c 44.66
aAC 32.59
BC 0.59
ABC 0.31
Cx Sub. w groups 112.65

/error (within)/

Note: A — Tone wvs. No tone
B - D-ND-D vs. ND-D-ND

C — Days

28

128

112

M3

70.23

0.72

11.17

8.15

0.15

1.01

|

16.96

11.06

8.07

(p < .00L)

(p ¢ -001)

(p £ .001)
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TABLLE IX

TESTING CORRECT TURNS, CONTROIL, GROUPS

Source 58 daf MS F
Between 58.4 31

A 0.1 1 0.1

B 5.62 1 5.62 2.98
AR .03 1 0.03

Sub w. groups 52.85 28 1.88

/error (between)/

Within 68.0 128

C 2.9 4 0.73 1.49
AC 2.28 4 0.57 1.1e
BC 1.01 4 0.25

ABC 6.71 4 1.68 3.43 (p £ .05}
Cx Sub w. groups E5.1 112 .49

/error (within)/

Note: A - Tone vs. No tone
B - D vs. ND

C ~ Days
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TABLE X

MEAN MEDIAN LATENCIES, TESTING, ALL GROUPS

Source 58

Between 34953.68
A 2992.96
B 4445.064
AB 4006.31
Sub w. groups 23509.37

/error (between)/

Within 40764.34
C 30L7.69
AC 1596.74
BC 3767.0
ABC 3254.3
Cx sub groups 29128.61

/érror (within)/

Note: A - Tone vs. No tone
B - D-D~D wvs. ND-ND-ND wvs.

C - Days

56

256

12

12

224

D-ND-D

us

2992.96
1481.68
1335.44

419.81

754 .42
329.19
313.92
271.19

130.04

E

7.13

3.53

3.18

5.80

2.41

2.08

{(p
(p

(p

(p
(p
(p

(p

£ .01)
¢ .05)

£ -05)

¢ .0L)
£ -05)
Z .0L1)
& JHi83



MEAN MEDIAN LATENCIES, TESTING, EXPERIMENTAIL

Source
Between
A

B

AB

S's w. groups

/errox

Within
C

AC

BC

ABC

(betweenj/

C¥ Sub w. groups

/error

Note:

(within)/
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TABLE XT

ss
25393.69
5886.81
45.58
881.39

18579.91

30586.43

5549.91

3264.64

746.71

617.65

20407.52

A — Tone wvs. No tone

B - D-ND-D vs.

C — Days

ND-D-ND

28

128

=Y

112

5886.81

45.58

881.39

663.57

1387.48

8le.l6

ige.68

154.41

182.21

GROUFS

E

B.87

1.33

4.48

1.02

(p & .0L)

(p < .001)

(p ¢ -005)
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TABLE XII

MEAN MEDIAN LATENCIES, TESTING, CONTROL GROUPS

Source 28 af
Between 5282.33 31
A 0.42 1
B 121.74 1
AB 230.68 1
Sub w groups 4929.49 28

iﬁiror (between[?

Within sub's 10181.69 128
c 358,17 4
AC 253.5 4
BC 129.92 4
ABC 715.23 4
Cx sub w. groups 8724.87 112

/Jerror (within)7/

Note: A - Tone vs. No tone
B - D vs. ND

C - Days

53

0.42
121.74
230.68

176.05

89.54
63.88
32.48
178.81

77.90

z

1.31

1.15

(p ¢ -05)
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