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ABSTRACT

Swiss-Webster male, albino mice were used in either 

a habituation or positive reinforcement experiment to test 

Carlton’s (1969) suppression of behavior theory. Twenty-six 

mice were habituated to a beam of light presented for 5 sec 

with a 25 sec inter-trial period during two 10 sin sessions. 

Scopolamine hydrobromide (1ag/kg) or physiological saline 

was injected 50 min before testing 5 days later. Scopol

amine reversed habituation to the light so that Session #2 

differed significantly from the test session by Student’s t 

and Mann-Whitney 0 analysis. The test session was similiar 

to Session #1 suggesting scopolamine reversed habituation 

to the light. Thirty mice were trained on a simple approach, 

positive reinforcement contingency to respond to a similar 

beam of light during the 5 sec, 25 sec schedule in two 

10 min sessions. Scopolamine caused a decrease in per

formance of the learned response. The effect of scopolamine 

on habituation and positive reinforcement could not be 

attributed to reduced fluid consumption, reduced motor 

activity or dissociation. Carlton’s suppression of behavior 

was supported by the habituation experiment but not by the 

positive reinforcement schedule.
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IKTRODUCTIOH

Individuals may differ in their learning capabilities 

due to differences in brain biochemistry. This seems plausible 

since the recognition that chemicals play a large role in 

transmitting neural signals. Acetylcholine (ACh) is one of 

these transmitters of which the chemical action is partially 

understood, but the subsequent effect on behavior is unclear. 

Two prevalent hypotheses on the role of ACh in learning theory 

will be discussed in this study.

Anthony Deutsch (1971) proposed the theory that the con

centration of ACh in the synapse determines the performance 

of a learned response. According to him, a high level of ACh 

within limits results in good memory expression or a high level 

of correct performance. Thus, the underlying role of ACh is 

to function as an active agent in memory.

Carlton (1969) hypothesized that ACh may also have an 

alternate role. ACh causes the suppression of behavior, so 

that as the level of ACh rises a greater suppression of be

havior occurs. For instance, an organism will not continuously 

react to non-reinforcing stimuli; a certain behavior pattern 

has been suppressed. The suppression of this behavior is due 

to high levels of ACh in the synapse. If the level of ACh is
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reduced, the behavior pattern would be expressed or "non- 

suppreased” as though the stimuli had changed to reinforcing 

events. The theory can be viewed in this manner: ACh causes 

the recognition of non-reinforcing stimuli and thus suppresses 

a particular behavior pattern elicited by these stimuli.

Both theories of ACh are simultaneously supported in 

certain behavior patterns. Avoidance conditioning requires 

the learning of a significant degree of inhibition in which 

a behavior pattern is suppressed. Essential to this condi

tioning are the two criteria that a learning event must 

occur and that this learning event focuses on the suppression 

of a behavior pattern. Deutsch (1971) proposed that memory 

is expressed when an organism emits the correct responses 

in subsequent testing. Carlton (1969) says behavior is sup

pressed. Both the criteria, expression of memory and suppres

sion of behavior will increase as the ACh level increases.

Other behavior patterns do not meet both requirements 

and can be used as testing ground for the two hypotheses. In 

positive reinforcement, a minimum of suppression is learned. 

The criteria of a learning experiment is met, but not the 

suppression of behavior. Deutsch (1971) predicted that a 

decrease in performance if the level of ACh is lowered by 

drugs because memory is not facilitated. Carlton (1969) 

predicted no change in performance because suppression is
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is initially designed to be minimal. ACh would be initially 

very low because suppression is low.

Another behavior pattern that tests both hypotheses is 

habituation to non-significant stimuli. Traditionally hab

ituation is considered in the classical conditioning paradigm, 

an autonomic rather than a voluntary response. Habituation 

does not meet the criterion of a learned response, but it 

does follow the alternate criterion of suppression of behavior.

A significant degree of inhibition is required to "non-orient" 

to stimuli in the environment. Deutsch’s memory theory (1971) 

may not b® applicable because learning has not occurred.

Carlton (1969) predicted that a decrease of the ACh level 

would increase orientation to non-reinforcing stimuli, A 

lower level of ACh would change non-reinforcing stimuli to 

reinforcing ones that elicit a behavior pattern. Behavior 

is "non-suppressed".

Several drugs can change the level of ACh in the synapse. 

The resulting change .In behavior may indicate which theory of 

behavior is correct depending on the role of ACh in the synapse. 

In this thesis two approaches are used to shed light on the

roles of ACh. The methods of research utilize the effect

of neurochemicals on behavior
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LITERATURE REVIEW

CHEMICAL ACTION OF ACETYLCHOLINE (ACh)

A difference In learning capabilities of different in

dividuals may be due to the amount or manner of distribution 

over the brain of particular essential chemicals. The dif

ference in learning may also result from the distribution 

of antagonistic chemicals which must be maintained in deli

cate balance for the proper functioning of the mind (Hilgard 

and Bower, 1975). A special form of this hypothesis (Morgan, 

1965) proposes that learning experiences initiate processes 

that cause ’’cholinergic” synapses in the reinforced neuronal 

pathways to produce ACh. An electrical impulse traveling 

down the presynaptlc axon causes pockets of ACh to be released 

from tiny vesicles of the presynaptlc terminal* These vesicles 

move across the synaptic cleft to fit into tailor-made 

receptor sites on the postsynaptic terminal and generate 

small shifts in electrical potential across the postsynaptic 

membrane. An appreciable potential shift is Integrated so 

that an impulse will be generated down the postsynaptic mem

brane if enough "transmitter” ACh is absorbed. The ACh is 

neutralized or "eaten up" by cholinesterase (ChE) soon after 

it is released. The synapse Is then returned to its prior 

state and is ready to conduct further signals. Molecules of
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ChE are continuously available in some concentration in the 

solution surrounding the synapses. If the ACh is produced 

in excess or is not destroyed by ChE the poetsynaptic terminal 

will be ’’locked up” (hyperpolarized) and unable to fire again 

until the excess ACh has been cleaned away.

Changes in the synaptic conductance can be altered by 

the amount of transmitter emitted at the presynaptic ending 

or by varying sensitivity of the poetsynaptic terminal. To 

determine which terminal is altered, Deutsch (1971) injected 

subjects with carbochol (carbamoyl choline chloride), a 

cholinomimetic acting like ACh on the posteynaptic membrane. 

Since carbochol is not destroyed by the enzyme ChE, injection 

of carbochol tests the sensitivity of the poetsynaptic mem

brane. The resulting shifts in memory retention suggested 

that the sensitivity of the poetsynaptic membrane varies in 

neural transmission (Deutsch, 1971).

HOLES OF ACh IN BEHAVIOH

The chemical role of ACh is better understood than its 

role in behavior. Deutsch (1971) suggested changes occur 

in memory synapses with time after training as illustrated 

in Fig 1. Increasing consolidation of a long-term change 

in effective ACh occurs at the learning synapses. In
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aPeriod of time from training session to testing 
session

Fig. 1. Hypothesized changes in "memory" synapses. 
(Adapted from Deutsch, 1971)

Deutsch's view (1971) this consolidation is autonomous and 

continues over a few weeks. After a few weeks without further 

use, the ACh substrate of the habit begins to diminish, lead

ing to "forgetting" due to disuse of the habit.

The relationship of ACh levels to synaptic efficiency
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and behavior performance is complex. Below a given low thres

hold, there has not been sufficient change in the synaptic 

efficiency to successfully fire the synapses mediating per

formance of the learned ace. Above an upper threshold there 

is more ACh than can be neutralized by ChE producing hyper- 

polarization and ’’locking up” of the synapse (Deutsch, 1971),. 

Optimal performance should occur when the effective ACh is 

in the middle range (Hilgard and Bower, 1975)*

Huppert and Deutsch (1969) undertrained animals on a 

reinforcement contingency (shock escapes) in order to check 

the consolidation hypothesis of spontaneous memory improvement 

over time without drugs. In support of the hypothesis, animals 

tested a 7 or 10 days had better memory than animals tested 

after 1 or 3 days or after several weeks.

The previous data (Deutsch, 1971) describe ACh as a 

neural transmitter resulting in performance of a learned 

response. Carlton (1969) is the main proponent of an alternate 

action of ACh. One of his students (Manto, 1963) noticed that 

defecation was a common sign of emotionality in rats. During 

a learning situation, defecation under parasympathetic con

trol is frequent. However, stress in any environment should 

be under the other autonomic system, the sympathetic (Dushkln, 

1970). Manto (1968) suggests stress may Induce a sympathetic
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(or adrenergic) reaction which in turn triggers a parasym

pathetic (or cholinergic) rebound. Thus, presentation of 

epinephrine or norepinephrine, the adrenergic agents, causes 

a rebound of ACh, the cholinergic agent, as illustrated in 

Fig 2. Supporting this view Manto (1967) showed epinephrine

SYMPATHETIC PARASYMPATHETIC
REACTION REBOUND

stress -----> adrenergic -----> cholinergic ------suppression
agent agent

(epinephrine) (acetylcholine)
(norepinephrine)

Fig. 2. Hypothesized neurochemical reaction upon 
presentation of stress.

produced significant depression in behavior indicated by a 

decline of gross motor activity. Inherent in this hypothesis 

is “the most reasonable assumption ... that the general in

hibitory process requires the activity of brain ACh..*. The 

drift of all the data is that the inhibitory process requires 

the normal activity of ACh” (Carlton, 1969)* Inhibited 

behavior requiring the normal activity of ACh had consistently 

been decreased when ACh levels were decreased (Carlton, 1968). 

The resulting behavior of the organism was an increase in the

frequency of responses to non-reinforcing stimuli.
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CUaRxIsT LxAaSI&G

Two traditional schools of learning have been advanced 

to explain behavior in organisms. The first is classical 

conditioning initiated by Pavlov in 1903. This Russian 

physiologist discovered that presentation of an unconditioned 

stimulus elicits a specific reflex action. In addition, if 

a conditioned stimulus is paired with the unconditioned one 

for a given time, the conditioned stimulus by itself can 

elicit the reflex response (Pushkin, 1979).

An unconditioned response relevant to this stud;. is the 

orientation reflex, the tendency to pay attention to any 

novel stimulus without regard to its significance (Greenfield 

and Sternbash, 1972). The physiological indacators of 

orientation have been BEG activity, blood pressure or blood 

flow and galvanic skin responses. The behavioral correlates 

are adjustment of sense organs such as head turning or pricking 

up ears. This alertness is also revealed in a lowering of 

sensory thresholds (Sokolov, 1963). The adaptive signifi

cance of orientation response is two-fold. First, in pre

paring for environmental events that may call for swift 

action (emergency reactions) and second, through a process of 

habituation in preventing the animal from orienting repeatedly 

to monotonous repetitive stimuli of no biological significance
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(Hilgard and Bower, 1975) •

The second school of learning deals with the voluntary 

or operant behavior emitted by an organism. This behavior 

can be conditioned by reinforcement or punishment. Rein

forcement results in repetition of either an approach or an 

avoidance behavior pattern whereas punishment suppresses 

behavior. Two aspects in the area of reinforcement are: 

approach behavior occurring with positive reinforcement and 

avoidance with negative (Sarason, 1972).

An elaboration of operant learning is the association 

of stimulus cues to reinforcement. The organism discriminates 

to certain stimuli in the environment. If reaction to these 

stimuli results in reinforcement, the orgsni.m will increase 

the frequency of responding to the conditioned stimulus.

For instance, association of light with food will increase 

the frequency of response to light (Dushkin, 1970). Hours 

of food deprivation are important in determining the rate 

of responding in these experiments (Hilgard and Bower, 1975)*

Several types of avoidance conditioning are used in 

behavioral studies. Discrete trial avoidance conditions 

the animal to make an escape response in each trial to some- 

cue present before the threatened punishment (Guthrie, 1935)* 

Discrimination learning (Spence, 1933) is the second type.
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In the simpliest discrimination set up, called go-no go 

type, the subject is positively reinforced for responding 

to one stimuli (S+) and not reinforced for responding to 

another (S-). It is assumed that cumulative effects from 

reinforced responding to the positive stimuli would build 

up a strong excitatory tendency at S+. Similiarly, conditioned 

inhibition accumulates at S- from frustration consequent 

upon non-reinforced responses* The excitatory and inhibitory 

tendencies generalize to other stimuli, generalization de

creasing with decreasing similiarity. The net tendency to 

respond to any stimulus is given by generalized excitation 

minus generalized inhibition (Hilgard and Bower, 1975)*

Continuous (Sidman type) inhibition relies on the re

versibility of steady-state behavior. Reversibility means 

that a particular steady state behavior under specified con

tingencies can be recovered repeatedly after the subject has 

been shifted temporarily to other conditions and then returned 

to the original contingencies. These ”with-in" subjects may 

have transfer effects from the earlier condition®, but these 

are considered important to the study (Hilgard and Bower,

1975)

The behavior pattern can terminate according to both 

schools of learning, classical and operant. In classical



12

conditioning, an organism produces a specific action upon 

initial presentation of a stimulus but fails to respond upon 

continual exposure. For instance, a rat in a novel environ

ment emits exploratory behavior initially, but habituates to 

the surrounding stimuli (Cushkine, 1970). The habituation 

can be seen not only in the sensory cortex but also far down

stream at essentially the first sensory relay station beyond 

the receptor. Such habituary control is presumably designed 

to disengage the high brain centers from dealing with stimuli 

that have ceased to have any significance unless the stimuli 

is altered (Hilgard and Bower, 1975)•

In operant conditioning, the behavior pattern will ter

minate or extinguish if it is not reinforced (Sarason, 1972) 

One plausible theory suggests that during extinction the 

animal simply learns to expect no rewards and stops responding 

because of that expectancy. An alternate theory suggests 

that non-reward is actually aversive and sets up active in

hibitory processes which compete with performance of former 

rewarded response (Hilgard and Bower, 1975)*

AhTICHOLiNEoT^RASE ASD BEHAVIOR

Rapid destruction of ACh occurs during normal trans

mission by the enzyme ChE. Anticholinesterase drugs, such
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as physostigmine and dllsopropyl fluorophosphate (DIP), in

activate ChE. Therefore, they indirectly prevent the des

truction of ACh (Hilgard and Bower, 1975)• Because subaaximum 

doses of these drugs inactivate not all but only a part of 

the ChE present, they slow down but do not stop the destruc

tion of ACh. The overall effect of such eubmaxiEum levels of 

anticholinesterase is to increase by some constant the life

time of any ACh emitted into the synapse, thus increasing 

the concentration of ACh (Deutsch, 1971). This effect is not 

always enhancement. Anticholinesterase increases the effi

ciency of conduction if ACh levels are low (Hilgard and Bower, 

1975), hut above these low limits which are set by the sen

sitivity of postsynaptic membranes, any further increase in 

ACh concentration produces a synaptic block (Goodman and Gil

man, 1965, Voile and Koelle, 1961). This hyperpolarization 

causes a lowering of net synaptic transmission (McLenna, 1965).

The effect of anticholinesterase is to elevate the entire 

memory curve of Deutsch (1971) as illustrated in Fig 3. The 

data appear to support this assumption. First of all, the 

initial acquisition rate of discriminatory learning experi

ments was facilitated by physostigmine injections of a low 

dosage (Whitehouse, I963). Animals receiving anticholin

esterase showed good memory if injected and tested at 1 and 

3 days (Deutsch and Wiener, 1968), poor retention at 1 or 2

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 5960T
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aPeriod of time from training session to testing 
session

Fig. 3. Hypothesized changes in '’memory” synapses 
due to anticholinesterase injection. 
(Adapted from Deutsch, 1971)

weeks (Deutsch, Hamburg and Dahl, i960; Deutsch and Weimar, 

I968; Hamburg, 1967), but good retention if injected and 

tested after a 4 week delay (Deutsch and Leitzky, 1967; 

Deutsch and Weimar, 1$66). The poor retention after 1 or 2 

weeks was produced by the synaptic block of excess ACh
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(Hilgard and Bower, 1975). The ratio at which ACh production 

reaches its highest point, the height of the peak, and the 

temporal duration of the highest level of ACh availability 

is probably determined by several factors: the type of task 

learned, degree of learning, strain of rat, and metabolic 

state (Deutsch and Wiener, 1968). Squire, Click and Goldfork 

(1971) noticed poor retention at 1 day and facilitation at 

7 and 14 days with mice on a negative reinforcement contin

gency.

Additional support for this hypothesis was obtained from 

animals given a difficult as opposed to an easy brightness

discrimination test. Easier discrimination should result 

in more consolidated memory than the difficult discrimination, 

As expected, DFP injection after 6 days caused forgetting 

with the easy habit but an enhancement in performance for the 

difficult one (Hilgard and Bower, 1975)*

Carlton (I969) discussed the effect of ACh increase due

to anticholinesterase in a different manner. ACh caused

Inhibition of behavior. High concentrations were needed for 

error elimination; low concentrations resulted in poor per

formance. If the level of ACh rises too high a cholinergic

blocking occurs, in agreement with Deutsch, but the inter
pretation of subsequent behavior differs. Cholinergic 

blocking inactivates ACh’s role on the postsyaaptic membrane,
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preventing ACh’s inhibition of behavior. Incorrect per

formance results (Carlton, 1969). Thus DFP facilitated per

formance in undertrained animals with increased inhibition 

and caused blocking in overtrained ones due to excess and 

inactive ACh (Leibowitz, 1963).

ANTICHOLISSRGICS AMD DZHAVIOfi

A second method relating neurochemistry to behavior is 

the study of the anticholinergics, scopolamine and atropine, 

in behavior. Anticholinergics take up receptor sites of the 

postsynaptic terminal without depolarization and excluding 

ACh (Deutsch, 1971). These blocking drugs decrease the sen

sitivity of postsynaptic terminals for a given concentration 

of ACh in both the peripheral and central nervous system 

(Goodman and Gilaar, 1955; Longo, 1966). In neurochemical 

terms, anticholinesterases increase the effective concentra

tion of ACh whereas anticholinergics decrease it*

It is essential that scopolamine and atropine block ACh 

in the central nervous system for their effect on behavior. 

Whitehouse (I964) compared the effect of atropine with methyl 

atropine in behavior. Whereas atropine passes freely from 

the bloodstream into the brain, methyl atropine does so 

poorly. Atropine, but not methyl atropine, clearly interfered
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with maze learning, a central nervous system function.

In terms of peripheral effects (depression of food intake), 

both drugs had similiar effects as a result of similiar 

concentrations (Carlton, 1969)* Comparable effects have been 

demonstrated with scopolamine and methyl scopolamine although 

the effect of scopolamine is 10 to 20 times greater than 

atropine (Carlton, 1966).

Anticholinergic drugs, in addition to being potent 

parasympathetic blocking agents, produce marked changes in 

the electrical activity of the brain. Electroencephalograph 

changes are very similiar to those ocdurring during rest or 

sleep and are broadly classified as BEG synchronization.

In high doses, physiological sensory stimuli no longer have 

an activating or desynchronizing effect. On the hippocampal 

level, anticholinergics abolish theta activity by reducing 

the synchronous firing of the Septal B units or pacemakers 

(Douglas & Isaacson, 1966). The effect of scopolamine and 

atropine have been widely compared to decortecation (Whit©, 

et aL, 1961), hippocampal ablation (Meyers et al, 1964; 

Whitehouse, 1964), and bilateral lesions of the posterior 

hypothalamic-thalmic complex (Torii and Wilder, 1966).

Perhaps discrepancies among these data will become clarified 

once the notion is accepted that discrete and mutually
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interacting brain systems are cholinergic in nature and all 

involved in the central effect of the drug (Longo, 1966}.

An antagonism by anticholinergic drugs exists for 

Changes in cerebral electrical activity induced by ACh and 

ChE inhibitors (Longo, 1966). Atropine abolishes ACh- 

induced activation of EEG (Rinaldi and Himlvich, I95O).

Grand aal EEG pictures and motor convulsions induced by DFP 

injections are terminated or prevented by atropine.

Anticholinergics effect neural functions by decreasing 

the effective concentration of ACh in the synapse and by 

altering the electrical activity of cholinergic neurons 

through LEG synchronization. The former effect is the specific 

concern of this study.

Aftl3^Liiflliaj3rglca...aad, .Cla.asl.cal Conditioning

Habituation is evidently a relatively primitive form of 

behavior by which the effects of a stimulus are decreased 

according to two simple rules. First, relatively protracted 

exposure to the stimulus is required. Second, the stimulus 

must not itself be a biologically significant factor for the 

survival of the individual or species (Carlton, I968). Hab

ituation is thus an inhibitory process by which an organism

suppresses behavior to a non-reinforcing stimuli. In the
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classical conditioning paradigm, anticholinergics attenuate 

the inhibitory process of habituation by changing non

reinforcing stimuli to reinforcing ones (Carlton, 1969)*

The following experimental data give support to this theory.

Carlton and Vogel (1965) capitalized on the fact that 

thirsty animals will explore a novel environment before it 

drinks. The hypothesis states that the non-excosed group 

will take a longer time to initiate drinking than the pre

exposed group. Scopolamine injected rats, habituated to the 

chamber, took as long a time to initiate drinking as non- 

exposod ones. Scopolamine had attenuated the effects of

habituation.

Other experiments also verify this role of scopolamine. 

Normally subjects alternate entrance into both arms of a ¥- 

maze. Scopolamine reverses this tendency by interfering 

with the inhibitory processes engendered by non-reward. 

Non-rewarding stimuli of one arm to which the organism nor

mally habituates is made reinforcing by scopolamine. The 

stimuli of one arm thus elicits response from the subject 

(Carlton, 19695 Douglas and Isaacson, 1966; Mayors and 

Domino, 1964). Increased responses to toys (Louton, 195?), 

increased lever depression (Carlton, 1966), and increased 

response to light (Carlton, i960) also suggest scopolamine 

blocks the inhibitory action of ACh.
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There is no evidence of memory deficit for habituation 

due to scopolamine (Carlton, 1968). Shock was given to sub

jects placed in a chamber (Carlton, 1968). Both saline- 

and scopolamine-injected groups had a substantial suppression 

of behavior on subsequent testing. Also, tone paired with 

shock led to substantial suppression for both saline- and 

scopolamine-injected subjects. Both groups ’’remembered** that 

the tone correlated to shock. There is no evidence that 

scopolamine effects memory (Carlton, 1968).

Only drugs that attenuate the action of ACh should 

reverse habituation if ACh causes habituation. Atropine and 

scopolamine had this effect, whereas the stimulant amphetamine 

sulphate and the depressant pentobarbital didn’t (Carlton, 

1968).

Even though scopolamine reverses habituation not due to 

a deficit in general memory, there is still another question 

as to the validity of interpreting the deficits in terms of 

habituation (Carlton, 1968). The effect could be due to 

dissociation. The term dissociation refers to the fact that 

animals can discriminate a drug state from a non-drug state; 

the presence or absence of a drug’s effect can have a dis

criminative control on behavior (Overton, 1964). Habituation 

with drug may differ from subsequent test without drug because 

of dissociation. This seems unlikely for several reasons.
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First, the drugs amphetamine and pentobarbital should have 

the same effect as scopolamine and atropine if this were 

true. This was not verified. Also scopolamine did not effect 

testing when shock was given upon placement in a chamber or 

upon presentation of a tone. If drug-non drug dissociation 

was acting, scopolamine would have changed behavior.

Oliverio (1967) has designed an experiment that both 

verifies and questions Carlton’s view. As expected, scopol

amine attenuated the habituation of pre-exposed mice condi

tioned to a learned response. But some mice were both 

habituated and conditioned to a reinforcement cue under the 

influence of scopolamine. The performance of this group 

was lower than non-habituated and drug conditioned mice.

The performance of these two groups should have been similiar 

since the only variable was non-habituation or habituation 

under scopolamine. This should have been the case if sco

polamine attenuates habituation under all circumstances 

(Oliverio, 1967). Oliverio (1967) suggests scopolamine has 

a dissociation effect, especially for learning of a condi

tioned response. Results suggesting that anticholinergics 

produce a drug state in which learning is dissociated from 

learning under a non-drug state were reported by Oliverio 

(1966) and Overton (1966). A dissociative state could account 

for the results reported by Carlton and Vogel (1965) and
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Vogel (196?) suggesting attenuation of habituation by scopol

amine (Oliveric, 1967).

Anticholinergics..and .go..sltiv.e....B.£inXQ,r,C,Sffi.SJlfc

Positive reinforcement is a learned approach behavior 

pattern in the operant conditioning paradigm. Carlton (1969) 

adds the consideration that a minimal amount of inhibition 

usually occurs in positive reinforcement. In fact, Carlton 

(1969) has found that only simple approach behavior and re

ward are not affected by anticholinergics. Scopolamine did 

not reduce the frequency of positive reinforcement during 

testing for Vogel (1968). No inhibition had occurred so 

scopolamine was ineffective for behavior (Carlton, 1969).

Khavarl (1971) also found that scopolamine was ineffective 

on positive reinforcement, but it increased responses to 

non-reinforced stimuli. Khavarl (1971) discussed this be

havior in light of Carlton’s hypothesis. Scopolamine did 

attenuate the suppression of behavior to non-reinforcing 

stimuli by making these stimuli rewarding to the organism, 

similar to the effect of scopolamine in habituation. But 

in the same experiment an Inhibition of response had also 

been learned during inter-trial periods. Scopolamine had 

no effect on this suppression. Khavari (1971) proposed 

that scopolamine blocks memory specifically related to
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reinforcement cues. The animal Is able to differentiate a 

trial period by presentation of cues, but it cannot remember 

if the trial is reinforcing.

Some data question Carlton’s hypothesis by demonstrating 

a disruption of performance of positive reinforcement under 

anticholinergics. Deutsch’s theory (1970 is supported by

&
Period of time from training session to testing 
session

Fig. 4. Hypothesized changes in "memory” synapses
due to anticholinesterase and anticholinergic 
injection. (Adapted from Deutsch, 1970
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this data. Wiener and Deutsch (I96S) used successive re

versal reinforcement for their experiment. Scopolamine 

caused partial amnesia at 1 day after learning, substantial 

memory deficit at 3 days, remembrance at 7 - 15 days, Deutsch 

(1971) Included anticholinergics in the memory curve dis

cussed earlier suggesting that anticholinergics lower the 

memory curve by lowering the effective concentration of ACh 

as illustrated in Fig 4. Anticholinergics, in the memory 

theory, retard performance of the learned response. Longo 

(1966) has accumulated a comprehensive list of 20 different 

positively reinforced conditions all disrupted by scopolamine.

Antichollner^jes and. Negative Hain for cement 

Negative reinforcement requires the learning of an

avoidance behavior to bypass punishment, Carlton (1969) 

elaborates that an avoidance experiment produces suppression 

of behavior (1) during acquisition of learning and (2) 

during performance of the learned response. In the first 

Instance, the initial presentation of shock produces a non- 

responsive ’’numb” state in the organism. The stress of shock 

may induce a sympathetic reaction which in turn triggers a 

parasympathetic ACh rebound (Manto, i960). The resulting 

high levels of ACh cause suppression of behavior or complete 

inactivity which can interfere with the acquisition of an
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avoidance response (Carlton, 1969)* Administration of anti

cholinergics reduces the effective concentration of ACh, thus 

facilitating the acquisition of learning (Leaf and Muller, 

1966). This was substantiated by Suits and Isaacson (1968) 

in an avoidance experiment of two situations, one of maximum 

suppression and the other of minimum. Scopolamine produced 

a significant increase of performance when given before 

training for the maximum suppression compared to little 

effect on minimum suppression. In contrast, Herz (1965) 

used the ”pole-climbing” technique to demonstrate that 

atropine and scopolamine had deleterious effects on the 

formation of the avoidance reflex. Meyers (1965) confirmed 

these results, as did Whitehouse (1964)*

The second suppression of behavior described by Carlton 

(1969) occurs in the performance of the learned response. 

Avoidance conditioning inhibits certain behavior patterns by 

its nature. Carlton (196$) predicted that the performance 

of this learned inhibition requires high levels of ACh. 

Anticholinergics would retard this performance by reducing 

the level of ACh. Pazzqgli and Pepeu (19&4) found that 

(1) scopolamine reduced directly measure endogenous ACh in 

the brain,(2) scopolamine increased errors in rats that had 

previously been trained to avoid shock in a multi-unit maze,
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and (3) there was indeed an Inverse relation between errors

and brain ACh.

Thus, anticholinergics can have two effects: (1) facil

itate learning when initial suppression due to shock occurs, 

and (2) attenuate the inhibition of a negative reinforcement 

response during later learning (Carlton, 1969)* Oliverio 

(1967) verified both effects in his experimentation.

The other theory of behavior proposed by Deutsch (1971) 

relies on the previously discussed memory curve. Depending 

on the level of ACh, memory of the learned response is ex

pressed. As the ACh level increases, within limits, perfor

mance is facilitated. Anticholinergics cause a decrease in 

ACh level and decrease of performance.

Longo (1966) has accumulated the effects of anticholin

ergics on several types of avoidance conditioning for rats 

and mice as listed on Table 1. Discrete trial avoidance is 

seldom affected by atropine or scopolamine; some cases had 

improved performance. Adverse effects can sometimes be 

observed when the conditioned response has been acquired 

recently or with techniques involving more complex motor 

performance. Adverse effects were not observed more frequently 

than with simple avoidance in experiments involving discrim

ination. The efficiency of avoidance responding is sometimes 

lowered by the drugs at the doses tested in continuous
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avoidance (Sidman type) experiments, but more frequently it 

remained unchanged.

Table 1. Effects of Anticholinergics on Types 
of Avoidance Conditioning

Worsening of 
Performance

Discrete
Trial
Avoidance

Discrimination
Avoidance

Sidman
Continuous
Avoidance

No Change

9

4

Improvement of 
EagXQ,r.fflan,,c,a......

6

Both atropine and scopolamine cause a »»freezing” of 

previously learned tasks so that they become particularly 

resistant to the normal extinction processes for avoidance 

conditioning (Carlton, 1962) and for reward (Hearst, 1965)*
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METHODS

ANIMALS

The subjects were 60 Swiss-Webster, male, albino mice 

selectively bred for 60 years by the Rocky Mountain Institute 

in Hamilton, Montana. The mice weighed 12-15 grams and were 

given ad lib access to alfalfa pellets, carrots, and water, 

Subjects were randomly divided into four groups and housed in 

cages in a sun-lit room by day, dark at night. Electric 

lights were randomly switched on for brief periods of time 

day or night.

HABITUATION EXPERIMENT

The animals were nourished for three days. Two groups 

of 15 mice per group then underwent habituation training. 

Individual subjects were placed in the training box, 10 in by 

12 in by 12 in of plywood sides and sawdust floor. One 10 in 

by 12 in wall had a hole £ in in diameter in the middle of the 

wall 5 la from the floor. The training room was dimly lit 

and isolated from abrupt sound changes during the initial 

10 min non-stimuli period. Orientation lasted 10 min. A 

training session of 10 min then proceeded involving the 

presentation of a distinct beam of light through the £ in
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hole for 5 sec followed by a 25 sec dark, inter-trial period. 

The light was adjusted to prevent reflection which would have 

acted as an interfering stimulus. The simultaneous click of 

the light switch served as an auditory cue.

An orientation response during the 5 sec light period 

was recorded if the subject (1) turned and faced the light, 

(2) lifted or lowered its head to look at the light, (5) ap

proached the light and/or (4) sniffed the hole from which the 

light emerged. The 10 ©in training session was followed 

by free access to food and water in the home cage. The 

second habituation session, similiar to the first, was con

ducted 12-18 hours later.

Testing occurred 5 days after the second session.

50 min before the testing session, one group of subjects 

received a 0.2 ml intraperitoneal injection of 12.5 ©g 

of scopolamine hydrobromide dissolved in distilled water.

The other group received a 0.2 ml intraperitoneal injection 

of saline solution. The testing session duplicated the pro

cedure of the habituation sessions.

POSITIVE KEIflfOReSMENT

Two groups of mice (15 per group) were put on 12 hour

water deprivation on the fourth day after arrival. Individual
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subjects were then allowed a 10 min non-stiaulus period in 

the apparatus previously described except a second hole in 

in diameter had been drilled 2 in to the right of the center 

hole. In the subsequent 10 min training session a distinct 

beam of light was flashed through the middle hole for 5 sec 

and then followed by a 25 sec dark inter-trial period. The 

light dimly lit up the second hole for these 5 sec. The 

simultaneous click of the light switch served as an auditory 

cue. Reinforcement was given when the subject pressed its 

nose to the ’'light” hole during the 5 sec light period, 

Reinforcement for this response was given by a capillary 

dropper thrust through the second hole from which one drop 

of 20 percent sucrose solution was squeezed. A correct 

response was recorded if the subject pressed its nose against 

the light hole in 5 sec and consumed the drop of sucrose

solution. The first session terminated after 10 min of

training for each subject followed by a 50 min period of

ad lib access to food and water. The second session 12 to

Io hours later was identical to the first.

Testing occurred 5 days after the second session. In

jections similiar to the previous experiment were given 

50 min before the session. The number of correct responses 

was determined as in the training sessions.
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STATISTICAL AhALTSlS

The Student's t and Mann-Whitney U statistical tests 

were used to compare the two groups. The parametric Student's 

t for the difference between two means compared sample groups 

representing normally distributed populations with equal 

variances. The pooled estimate for both samples is found 

by the following:

8
n. + n 2

isl
2

n

n, + n2 2

The test statistic is

t
- y2) - o

s



32

For a two tailed statistical test the null hypothesis was:

H : u, - u_ =0
0 12

The alternate hypothesis was:

Ha: n, - u2 0, or u, > u2 , or u, < u£

To establish the rejection regions, let = .05 and

= .025. Then tQ « 2.069 for 24 degrees of freedom

(n1 + n2 - 2). When |tJ > |tQ|, Hq is rejected and 

is accepted.

The second statistical analysis was by the Mann-Whitney 

statistic U obtained by ranking all values in both sample groups 

in order of magnitude. This is a aon-paraaetric test eliminating 

the need for the restrictive assumptions of the parametric

Student’s t test. The value of U needed for the test is the

smaller one of the following:

U » n^n? + In^n^ + 1) - Tfl or

U = n1n2 + ln2(n2 + 1) * Tfl

where T is the rank sum for group a and Tb is the st.
rank sum for group b.
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The null hypothesis and the alternate hypothesis are:

V U1 “ U2 * 0

V U1 - u2 * 0

For this test, a two tailed statistic is used in which

a *05 or °s4. = .0255 zQ * 1.96. When lz1 j > |

8 is rejected and H is accepted;O a

z1 « V,. r. Mff.i

= U - •Jn_______
1/12 n^n2 (n1 + n^ + 1)
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RESULTS

HABITUATION EXPERIMENT

During the first 10 sin of orientation in th© training 

box, the mice ran around the periphery of the box sniffing 

the walls, jumping up the walls, digging in the sawdust, and 

grooming themselves. No abnormal tendency to orient to the 

hole in one of the walls was shown. Presentation of the

light and the simultaneous click of the switch usually 

caused an immediate startle reflex, in some cases freeqing 

occurred. Orientation to the light either began in this 

trial or in the subsequent one 50 sec later. The majority 

of orientation responses recorded was an approach to the 

light and pressing the nose in the light hole. As the session 

continued, the startle response to the light decreased, as 

though the subject recognized both visual and auditory stimuli 

Orientation to the light also decreased as subjects engaged 

in the variety of activities previously mentioned (Fig 5 and 

8).

The second session showed few startle reactions upon 

first presentation of light. A significant increase of 

activity not directed to the light was observed (Fig 6 and 9).
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One subject in the control group was discarded because an 

increase of response to the light occurred.

The activity during testing for the saline group was 

similiar to that of the second session (Pig 7). In contrast, 

the scopolamine-injected group showed high motor activity 

resulting in response increase to many surrounding stimuli 

including the light, as though they were hyperactive (Pig TO). 

They responded to the light as if it were a novel stimulus.

The light and click of the switch elicited a startle response 

in a majority of subjects.

POSITIVE HEIKPORCEMEKT EXPERIMENT

The subjects’ activity during the orienting 10 min period 

was similiar to the habituation group. Upon the initial pre

sentation of the light the majority of subjects either approached 

and pressed the light hole or the adjacent sucrose hole. A 

simple shaping procedure was employed in some cases by which 

general activity near the light hole resulted in reward. For 

all but three subjects, the conditioning to press the light 

hole -was learned rapidly and maintained for the remainder of 

the session (Fig 11 and 14).

Initial presentation of light in the second session

almost unanimously resulted in the mouse pressing its nose
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against the light hole and/or the sucrose hole. A high fre

quency of response was maintained, through the session (Pig 12 

and 15). Many subjects showed an increase of activity not 

directed toward the light during the inter-trial period, 

but oriented and responded to the light immediately upon 

its presentation.

The control group in the test session emitted responses 

similar to the second session.(Fig 13)» In contrast, the 

scopolamine-injacted group emitted a lower frequency of cor

rect responses (Fig 16). The experimental group response 

declined in the actual test session. A mean of 6.60 responses 

was made in the first 5 min, while 3.73 responses was made in 

the second half of the testing session. The subjects showed 

a tendency to Ignore the light hole and/or the sucrose hole 

evenwhen a drop of sucrose from the pipette was made avail

able. Motor activity was not effected.



r .W 37

Number of
correct responsesa

Individual subjects

Mean number of correct responses was 8.85.

Fig, 5. Results of habituation control group
in session #1.
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Number of a
correct responses

Individual subjects
^-lean number of correct responses was 6.15.

Fig. 6. Results of habituation control group
in session #2.
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Number of
correct responses51

12 3 4 5 6 7 8 9 W 11 12 13
Individual subjects

aMean number of correct responses was 5*70.

Fig. 7. Results of habituation control group
in test session.
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Individual subjects

aMean number of correct responses was ?.69»

Fife. 8. Results of habituation experimental group
in session #1.
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Number of
correct responses3

Individual subjects

^•lean number of correct responses was 5*46.

Fig. 9. Results of habituation experimental group
in session #2.
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Number of
correct responses3

Individual subjects

aMean number of correct responses was 9*62.

Fig. 10. Results of habituation experimental group
in test session.
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Table 2. Student’s t values for the habituation 
experiment

Difference Accept or
of means s t reject 

Ho: u,-u2
Control Habituation

Session 1 to Session 2 2.70 1.63 4.22 Reject

Session 2 to Test Session 0.26 1.56 0.43 Accept

Experimental Habituation

Session 1 to Session 2 2.23 1.80 3.18 Reject

Session 2 to Test Session 4.16 3.00 3.56 Reject

Session 1 to Test Session 1.93 3.32 1.50 Accept

Comparison of Control to Experimental

Session 1 to Session 1 1.16 2.07 1.44 Accept

Session 2 to Session 2 0.69 1.27 1.38 Accept

Test Session to
Test Session 3.92 3.13 3.21 Reject
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Table 3. Mann-Whitney V 
experiment

values for the habituation

U z statistic
Accept or
reject ■
H s u,-u_ O 1 2

Control Habituation

Session 1 to Session 2 20.0 3.31 Reject

Session 2 to Test Session 69.0 0.19 Accept

Experimental Habituation

Session 1 to Session 2 28.5 2.87 Reject

Session 2 to Test Session 30.5 2.77 Reject

Session 1 to Test Session 53.5 1.59 Accept

Comparison of Control to Experimental

Session 1 to Session 1 52.0 1.6? Accept

Session 2 to Session 2 61.5 1.18 Accept

Test Session to
Test Session 32.5 2.67 Reject
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Number of . r 
correct responses3

a^ean number of correct responses was 7.60.

Fig. 11. Results of positive reinforcement control 
group in session #1.
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Number of
correct responses3

aMean number of correct responses was 15.80.

Fig. 12. Results of positive reinforcement control 
group in session #2.



Burnt er of 
correct responsesa

a.,
Mean number of correct responses was 15.80.

Fig. 13* Results of positive reinforcement control 
group in Test session.
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Number of
correct responses21

^ean number of correct responses was 6.06.

Fig. 14* Results of positive reinforcement experimental 
group in session #1.
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Number of
correct responses

aMean number of correct responses was 14.54.

Fig. 15* Results of positive reinforcement experimental 
group in session #2.
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Number of
correct responses

aMean number of correct responses was 10.33.

Fig. 16. Results of positive reinforcement experimental 
group in test session.
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Table 4. Student's t values for positive reinforcement
experiment.

Difference 
of means s t

Accept or 
reject

H°iUl-U2°

Control Positive Reinforcement

Session 1 to Session 2 8.20 2.87 7.74 Reject

Session 2 to Test Session 0.00 2.94 0.00 Accept

Experimental Positive Reinforcement

Session 1 to Session 2 8.48 5.56 6.84 Reject

Session 2 to Test Session 4.21 5.65 5.14 Reject

Session 1 to Test Session 4.27 4*46 2.59 Reject

Comparison of Control to Experimental

Session 1 to Session 1 1.54 5.91 1.08 Accept

Session 2 to Session 2 1.26 2.05 1.66 Accept

Test Session to
Test Session 5.47 4.20 5.55 Reject
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Table 5. Mann-Whitney U values for positive reinforcement 
experiment.

Accept or
U a statistic reject 

»o! V

Control Positive Reinforcement

Session 1 to Session Z 9.0 4.29 Reject

Session 2 to Test Session 102.5 0.41 Accept

Experimental Positive Heinforcemeat

Session 1 to Session 2 15.5 5.22 Reject

Session 2 to Test Session 52.0 2.51 Reject

Session 1 to Test Session 49.5 2.61 Reject

Comparison of Control to Experimental

Session 1 to Session 1 131.0 0.77 Accept

Session 2 to Session 2 71.0 1.72 Accept

Test Session to Test Session 45.0 2.80 Reject
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DISCUSSION AND CONCLUSIONS

STATISTICAL ANALYSIS OF HABITUATION EXPERIMENT

Comparison of the mean number of orientation responses

elicited by the habituation mice was made by Student’s t and 

Mann-Whitney U tests. For convenience the following abbre

viations will be used:

Control Session C1 
Control Session #2 C2 
Control Test Session CT

Experimental Session #1 E1 
Experimental Session #2 E2
Experimental Test Session ET 

It is first necessary to determine whether or not the 

training sessions met habituation criteria. Both Group Cl 

and Group El had a high frequency of responses (Fig 5 and 8) 

while Groups C2 and E2 responded less oft n (Fig 6 and 9)« 

Both the Student’s t and the Mann-Whitney U tests indicated 

a significant difference between these two sessions implying 

habicuatxon was occurring (Tables 2 and 55. Tnere m al»ao 

evidence that habituation had a uniform rate. The C1 and El 

groups do not differ significantly, nor do the C2 and E2 

groups (Tables22 and, 5). The entire population was similiar 

in performance at each training session. I concluded that on 

the basis of the similarity of responses for Groups C2 and CT



54

(Tables 2 and 3) habituation had occurred by the end of 

Session 2. If Group GT had had a significantly lower response 

rat© than C2, habituation would still be in progress. Both 

the Student’s t and the Mann-Whitney U analysis show no 

difference. In general, I concluded that the entire popula

tion was indeed habituating at a similiar rate that terminated 

at the end of Session #2.

Now the effect of scopolamine on habituation can be 

studied. Group ET differed from Group E2, whereas Groups 

CT and C2 were similiar. This suggests that habituation in 

the experimental group was altered due to the injection of 

scopolamine. Group ET also differed significantly from Group 

CT (Tables 2 and 3) indicating that scopolamine altered 

behavior by its chemical activity and that handling had no 

effect. Group ET’s similiarity to Group El (Tables 2 and 3) 

suggests that the responses emitted in testing under scopolamine 

are similar to the responses of the organism when it recog

nizes novel stimuli.

STATISTICAL ANALYSIS OF POSITIVE REINFORCEMENT EXPERIMENT

For convenience, the following abbreviations will be

used: (next page)
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Control Session #1 
Control Session #2 
Control Test Session

Cl
C2
CT

Experimental Session #1 Cl 
Experimental Session #2 C2 
Experimental Test Session CT

As in the habituation experiment the positive reinforce

ment contingency was met in the training sessions. Both 

Groups C2 and E2 (Fig 12 and 15) had a higher frequency of 

responses than Groups C1 and El (Fig 11 and 14) • This dif

ference was significant (Tables 4 and 5)« There is also evidence 

that learning occurred at a uniform rate since Groups Cl and 

El were similarj Groups C2 and E2 were also similiar-(Tables

4 and 5). Finally, the highest degree of reinforcement was 

attained by the end of Session #2 since Group C2 did not 

differ significantly from Group CT (Tables 4 and 5). In 

general I concluded that the entire population had learned the 

reinforcement contingency at a similar rate which reached a 

maximum by the end of Session #2.

Scopolamine decreased the number of correct responses 

since Group E2 was significantly higher than Group ET (Tables 

4 and 5) This decrease was not affected by the injection 

procedure because Groups C2 and CT did not differ (Table 4

and 5);
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GENERAL DISCUSSION

One purpose of this study was to design a reinforce

ment contingency patterned as closely as possible to the 

habituation schedule. It has been substantially verified 

that scopolamine and atropine reverse habituation to many 

stimuli. But it has not been clearly shown how anticholin

ergics affect positive reinforcement. The data presented 

by Longo (1966) and Deutsch (1971) favor a decrease in per

formance. On the other hand, Carlton (I969) expects no 

effect. This was verified for one simple approach and 

reward behavior (Vogel, 1968). My study was designed so 

that the positive reinforcement cue of light during a 5 sec 

period was identical to the orientation response of the 

habituation schedule. One subject received reinforcement 

for responding to the light, whereas another was allowed 

to habituate to it. The assumption is that If the change 

of contingencies between the two experiments is minimal, 

the difference in neuronal activity will also be minimal.

The predicted affect of scopolamine should also be similar 

for both. This did not occur if one considers th© number 

of responses recorded. An increase of responses was emitted 

for habituation, whereas fewer were recorded for positive 

reinforcement. The direction of change in behavior may also 

be important instead of merely the end result. Habituation
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normally decreases responses whereas positive reinforcement 

increases. Scopolamine reversed the direction of both 

habituation and positive reinforcement.

A second purpose of this study was to test Carlton’s 

suppression of behavior phenomena. If Carlton’s theory is 

correct, habituation should be reversed by scopolamine, since 

habituation is a suppressive behavior induced by ACh in the 

synapse. In addition, scopolamine would have no effect on 

some positive reinforcement behavior if suppression is at 

a minimum. Reinforcement schedules in themselves may have 

a large degree of inhibition by requiring complex behavior 

patterns to be learned. For instance, Wiener and Deutsch 

(1968) presented light alternately in each arm of a Y-maze 

as a reinforcement cue. Re-entrance into the arm where

sucrose had just been received was inhibited. A degree of 

suppression had been learned. Hearst (1959) also required 

inhibition in his schedule by alternating depression activity 

on two levers. Scopolamine also decreased performance. In 

contrast, Vogel’s experiment (I96S) was one of simple approach 

(or minimum inhibition) to a hole for sucrose solution. 

Scopolamine did not affect behavior. My work added two other 

factors to that of simple approach. The sucrose solution 

was available from a different hole than the light stimulus.

Instead of one hole for approach and reinforcement, I designed
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the contingencies for two. Also, reinforcement was given 

only for correct responses during the 5 sec trial period. 

Vogel’s subjects could receive reinforcement at any time.

These two added criteria caused a negative effect of scopol

amine thus disagreeing with Vogel’s (1968) results.

The literature on positive reinforcement showed a major

ity of subjects learned Inhibition by the design of the 

experiment. Deutsch’s memory theory would receive more sup

port from these data than Carlton’s theory. In fact, only 

one experiment (Vogel, 1968) has verified Carlton’s conclu

sions.

Three physiological reasons must be considered why 

responses decreased in the positive reinforcement experiment 

if it is assumed that this effect was not due to the inhi

bition of ACh by scopolamine. Scopolamine could reduce the 

thirst drive or the amount of fluids consumed; thus, fewer 

responses would be expected in the drugged state. Vogel (1968) 

reported reduced Intake in drugged animals after the reward 

session, but at the same time he also reported the same con

sumption during the reward session for control and scopol

amine-injected groups. A logical conclusion would be that, 

if in fact scopolamine decreased water intake, the effect was 

not large enough to affect water consumption during the 

session because of the low amount available to the subject.

When ad lib access occurred after the trial, scopolamine
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reduced consumption. My data show a similar low availability 

of sucrose solution during the test session. Scopolamine 

probably does not affect the thirst drive for this low amount

A second physiological factor may be that scopolamine 

causes reduced motor activity resulting in low response rate. 

This is also unlikely, Carlton (1969) has reported that in

creased motor activity resulted from scopolamine injection.

In fact this same activity was noted for the habituation 

test group in my mice injected with scopolamine. Also, I 

observed normal motor activity for scopolamine-injected 

reinforced subjects immediately after th© testing session.

It is doubtful that scopolamine decreased motor responses.

A third physiological factor may be due to dissociation 

in which the mere presence of any drug causes behavior dif

ferent from that of a non-drug state. The change in behavior 

is not due to the specific chemical activity of anticholin

ergics but to the presence of any drug, Carlton (1969) and 

Overton (196*i) have indicated that not all drugs cause a 

change In behavior, so dissociation is probably not a factor.

My experimental dat indicates that Carlton’s suppression 

of behavior theory is applicable for habituation but not for 

positive reinforcement conditioning, even when specially 

designed to reduce inhibition. Scopolamine blocked simple 

reward response. Deutsch's memory theory is favored in the 

light of this data. This latter theory may be applicable
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also to habituation schedules if scopolamine caused the sub

ject to ’’forget” that the stimulus was non-reinforcing. This 

may simply be a matter of semantics.

I would alter one important aspect of this experiment 

in further research along this line. Instead of adding the 

two criteria of two holes for approach and reward, and res

ponses only during a trial period alternated with an inter

trial period, 1 would add only the latter or the former. The 

subject could receive reinforcement from a single hole that 

allows a light cue for the availability of reinforcement 

during a trial period. Another group of subjects would 

receive reinforcement at any time for approach to the light 

hole, but the sucrose would be given from the adjacent hole. 

More studies on positive reinforcement need to be designed 

as closely to simple approach and habituation as possible.
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