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ABSTRACT 

The purpose of the present investigation was to 

determine pigeons' abilities to discriminate drug induced 

internal stimulus states. Also, this study sought to 

compare the similarities and differences of drug states as 

stimuli with external sensory events as stimuli. This was 

accomplished via a six phase test procedure designed to 

eliminate certain methodological and interpretational 

limitations inherent in techniques more traditionally used 

to assess stimulus control by drug state stimuli. 
• * 

Following four pretraining phases designed to 

acclimate subjects to the experimental situation and to 

measure behavior prior to any differential treatment, forty 

pigeons were given discrimination training. All subjects 

received 20 one-hour sessions of training with a VI 60 sees 

reinforcement schedule in effect associated with the adminis

tration of 15 mg/kg phenobarbital (S+). Twenty one-hour 

sessions of S- training were pseudo-randomly alternated with 

S+ training. S- sessions entailed reinforcement availa

bility subject to a VI 10 min reinforcement schedule. Sub

jects were divided into ten groups on the basis of which 

drug and drug dosage were administered prior to S- training 

sessions. Each of four subjects received administrations of 

the following drugs and dosages on S- training days: 

ix 



Group Drug Dose Level 

1 d-Amphetamine .75 mg/kg 
2 d-Amphetamine .50 mg/kg 
3 d-Amphet amine .2 5 mg/kg 
4 THC .07 5 mg/kg 
5 THC .0 50 mg/kg 
6 THC ,025 mg/kg 
7 Pentobarbital 7 mg/kg 
8 Pentobarbital 5 mg/kg 
9 Pentobarbital 3 mg/kg 
10 Phenobarbital 15 mg/kg 

The ability of subjects to discriminate their 

respective drug state S+ and S- conditions was assessed 

through a discrimination ratio defined as the percentage of 

total responses to S+ within each of ten 4 session training 

blocks. 

Following discrimination training, subjects were 

tested for stimulus generalization to five dose levels of 

phenobarbital (the S+, two lower dosages, and two higher 

dosages) using a train, test probe, retrain procedure. 

Control by the S+ training stimulus was assessed by deter

mining the percentage of total test responses recorded 

during the test session involving the S+ dose level. The 

similarity of the S+ and S- drug state stimuli was assessed 

by determining the relative symmetry of the generalization 

gradients for each group. 

The results indicated that THC and d-amphetamine 

were about equally easy to discriminate from phenobarbital. 

THC and d-amphetamine did not appear to have an action 

similar to phenobarbital as indicated by the symmetry of the 
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generalization gradients obtained from these groups. 

Pentobarbital, on the other hand, was significantly more 

difficult to discriminate from phenobarbital than were THC 

or d-amphetamine. Pentobarbital was shown to have an action 

similar to phenobarbital as evidenced by the asymmetry of the 

post-discrimination generalization gradients obtained from 

these groups. 

The results are discussed as supporting the use

fulness and advantages of the drug-drug discrimination/ 

stimulus generalization test procedure in assessing drug 

action similarities. The possibility of its use in deter

mining (1) how drugs serve as discriminative stimuli/ (2) 

drug state stimulus versus external sensory event stimulus 

similarities, and (3) a behavioral taxonomy of drug action, 

are discussed as well. 



INTRODUCTION 

A discriminative stimulus is any feature of an 

animal's environment that is correlated with a schedule of 

reinforcement. Operant behavior that is reinforced only in 

the presence of a specified stimulus soon occurs with 

greater frequency in the presence of that stimulus than in 

its absence, and the behavior is then said to be "under the 

control" of that stimulus (Hulse, Deese, and Egeth, 1975). 

Drugs which act on the central nervous system can serve as 

discriminative stimuli. A rat may learn to make one choice 

in a maze if it is injected with a particular drug, and to 

make a different choice in the same maze when it is under 

the influence of a second drug (Overton/ 1968a). No dis

criminative conditions other than the drug injections are 

necessary to allow the rat to respond appropriately. This 

indicates that the drug acts as a "cue" (discriminative 

stimulus) which controls the behavior. 

Drug-No Drug Discrimination Training 

Establishing ED^Q 

When a drug discriminative stimulus serves to signal 

one response pattern, while drug absence (vehicle) signals 

an alternative response (i.e., drug-no drug discrimination— 

DND), several important problems may be investigated. For 
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example, if following DND discrimination training, drug 

appropriate responding is elicited by a higher but not lower 

dose of the training drug, it is possible to obtain a 

quantitative measure of ED^Q (effective dose with 50% 

probability of eliciting the specified response for drug). 

Determining the test dosage which elicits an equal frequency 

of the alternative choices (drug appropriate responding and 

saline appropriate responding) permits a rapid estimation 

of the minimally effective dose (ED^Q) of a given drug. 

Such information is useful in establishing the potency of 

drugs and the dosage at which a detectable effect is re

ported. Barry and Buckley (1966) have emphasized the ad

vantage of this single standardized measure of drug potency. 

Investigating Biochemical Mechanisms 

The DND discrimination technique is used also to 

study the biochemical mechanisms by which drugs achieve the 

their behavior effects. For example, Huang and Ho CI974) 

trained rats on a d-amphetamine vs saline discrimination 

and then tested subjects for generalization to various 

amphetamine derivatives for the production of d-amphetamine 

appropriate responding. Those derivatives producing d-

amphetamine-like responses were assumed to have similar 

biochemical action to that of d-amphetamine. Those deriva

tives eliciting saline-like responses presumably produce 

biochemical action dissimilar to d-amphetamine. Using the 
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DND discrimination permits inferential investigation of the 

relevant molecular structures of the derivatives involved in 

the generation of amphetamine action. 

Behavioral Taxonomy of Drugs 

Another important facet of drug discrimination re

search is its usefulness in establishing a behavioral 

taxonomy of drug action. An important activity in pharma

cological research is to compare behavioral effects of 

different drugs. Such comparisons are especially important 

when investigating the effects of a new drug in order to 

determine its classification and its potency relative to 

other drugs. A variety of tests have been devised to 

measure specific drug effects for use in classification: 

blood pressure, biogenic amine levels, righting reflex, 

response to painful stimulation, appetite for food, etc. 

(c.f., Barry, 1974). In particular, established tests are 

used to identify the effect of a new drug and thus establish 

its similarity to other drugs which have the same effect on 

the same test, However, two drugs may have the same effect 

as measured by these indicators, but by different mech

anisms. For example, diminished food intake may be caused 

by decrease in hunger, by sickness, by the distracting 

effect of general stimulation, or by a generalized depres

sion of all responses. However, with the DND discrimination 

procedure, the drug state itself is the condition measured 



by the test, instead of the measurement of the effect of a 

drug on a particular function. An important advantage of 

the DND discrimination test is the provision for a more 

direct measure of differential responses to the drug effect. 

Tests under novel drug conditions can indicate whether these 

conditions may be classified as similar or dissimilar to the 

effect of the drug used in training. 

Internal State Model 

While the DND discrimination procedure has proved 

useful in many ways, an understanding of how drugs serve as 

discriminative stimuli could be even more valuable. If we 

could determine more precisely how a drug functions as a 

stimulus event we might be able to determine the brain 

mechanisms involved in sensory selection, processing, and 

response output. We are accustomed to the fact that the 

brain can store a variety of learned responses, and that 

only one of these may be performed on a particular occasion. 

A relatively trivial sensory event may determine which 

response occurs. Such discriminative control utilizes 

elaborate neural mechanisms for the detection and inter

pretation of sensory events. Response selection may depend 

also on naturally occuring internal states such as hunger, 

rage, fatigue, etc. We usually assume that specific neural 

systems detect or generate such internal states and these 

systems are interconnected with the rest of the brain to 



control behavior appropriate to the internal states. The 

discriminative stimulus properties of drugs offer a unique 

model for exploring these latter states. Centrally acting 

drugs produce an internal state which can be associated with 

learned responses and their environmental consequences. By 

investigating the role of central processes in how drugs 

exert stimulus control we may come to understand how central 

mechanisms are involved in stimulus selection, processing, 

and response output with "naturally" occurring internal 

states. 

State Dependent Learning 

The analysis of drug effects on learned behaviors is 

a topic which has generated considerable research. In con

sidering the interaction of drug effects and learning/ 

performance a knowledge of how drugs function as a dis

criminative stimuli would be most useful. For experimental 

psychopharmacology/ the discriminative stimulus control by 

internal states poses methodological problems. It is common 

practice to evaluate the effect of a drug on learned be

havior by first training an animal and then observing 

changes in performance when the drug" is adminstered (condi

tion A). Generally, drugs impair performance. However, if 

training takes place while the animal is drugged a similar 

deterioration in performance sometimes can be observed also 

when drug administration is terminated (condition B). In 
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these cases, it is typically incorrect to conclude that the 

drug impairs performance. Instead it appears to be the 

drug state change which is responsible. One may question 

how much of the change in learning/performance measured in 

condition A is due also to a state change rather than a 

specific drug effect. Obviously/ this phenomenon (drug 

stimulus control) complicates the task of determing the 

effects of drugs on learned behaviors. If we understood 

how drugs function as stimulus states we might understand 

better drug effect-learning/performance relationships. 

Sometimes, after a response has been learned in a 

particular drug state, it appears "conditional" on the drug 

state (Anokhin, 1961) and the animal does not perform the 

response under drug conditions different from those present 

when it was learned. When this happens, learning is said 

to be "state dependent" or "dissociated." The impairment 

of learned performance following drug withdrawal in the 

example previously described (condition B) illustrates 

this phenomenon. 

The fact that drugs produce state dependent learning 

has interesting and important implications for clinical 

psychopharmacology. Perhaps new behaviors acquired via 

psychotherapy by a petient who is drugged can no longer be 

performed when drug treatment is discontinued because they 

are state dependent (and therefore governed by the presence 

of the drug discriminative stimulus). This is suggested 
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strongly by a wealth of psychotherapy-drug treatment work by 

Otis (1965), Kamano (1966), and Stroebel (1967) among 

others. This notion is supported also by the human drug 

research of Bustamonte, Rossello, Jordan, Phadere, Martinez, 

and Insua (1966); Osborn, Bunker, Cooper, Frank, and 

Hilgard (1967); Storm and Caird (1967); and others who have 

demonstrated state dependent learning in humans using a 

variety of tasks and a diversity of drugs and doses. 

Again, an understanding of how drugs establish a 

stimulus state and how this state gains such powerful 

control over behavior could be useful to the development of 

drug therapy programs and possibly to an understanding of 

psychological drug dependency (Harris and Balster, 1970; 

Overton, 1972). 

Internal and External Stimuli 

Several theories have been proposed to explain drug 

stimulus control and how drugs serve as discriminative 

stimuli. Unfortunately, contradictory data question, the 

validity of each of these theories. More data directed 

toward specific issues are needed before a comprehensive 

theory can be generated. If we wish to determine how drug 

states function as discriminative stimuli perhaps a good 

approach would be to determine how drug stimuli are similar 

to, or different from, other stimulus states. Discovering 

that drug stimuli have properties similar to those of 
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sensory stimulus events might lead us to conclude that 

similar mechanisms are involved in the control of behavior 

by "internal" and "external" discriminative stimuli. While 

the dichotomy of internal and external stimuli is arbitrary, 

it is useful for the sake of description and discussion and 

will be used in the present study. 

We may first ask what is currently known about the 

similarities and differences between centrally acting drug 

stimuli and external events such as visual and auditory 

stimuli. Obviously, both centrally acting drugs and 

external events can serve as discriminative stimuli. For 

drugs, this has been adequately replicated since first 

demonstrated by Girden and Culler (1937). However, dis

criminative stimulus control by drugs is known to be limited 

to only those that act centrally. Peripherally acting drugs 

have uniformly been shown ineffective in establishing 

control over discriminative behavior (reviewed, by Overton, 

1971). Thus, it is not simply all drugs, but only those 

with strong central action that can be used effectively as 

discriminative cues. 

Overton (1971) suggests that each class of drugs 

constitutes the basis for something equivalent to a sensory 

continuum with various doses of each drug producing dif

ferent points along the continuum. Rats can differentiate 

between drug conditions on the different continua (which are 

produced by drugs in the different classes), Along a given 
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continuum high (intense) doses may be differentiated from 

saline more rapidly than low doses, and rats may differ

entiate between a high and a low dose of a single drug 

(Overton/ 1968a). This is in line with our knowledge of 

visual and auditory stimulus dimensions. I will return to 

this point later. 

Not only do drugs have discriminable effects but 

they often seem more potent than those of external sensory 

stimuli. Overton (1971) has shown that many drugs acquire 

stimulus control more rapidly than a variety of more tradi

tionally investigated external stimuli including color, 

brightness, and auditory tones. Harris and Balster (1971) 

suggest that this is true for at least two reasons. First, 

drugs reside within and are unique to the organism. Gener

alizations to stimulus sources emanating from the external 

environment are less likely to occur with drugs than with 

sounds or lights. Second, drugs are pervasive and intense 

in their action. Animals cannot attenuate the stimulus 

properties of drugs in the manner possible with external 

stimuli, for example, by changing position or closing their 

eyes. 

Drug state stimulus control of responding is re

tained well. After a drug acquires response control, 

training may be discontinued or completely different 

training instituted, but when the original conditions are 

reinstated control by the drug is frequently retained 
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(Overton, 1968b). It is not therefore a transient phenom

enon, but one which remains in the face of changing environ

mental circumstances. This is consistent also with our 

knowledge of external events as stimuli (Skinner, 1960). 

Furthermore, drugs are effective stimuli for demonstrating 

many of the traditional learning phenomena including 

stimulus generalization (Harris and Balster, 1971; Waters, 

Richards, and Harris, 1972), learning set (Overton, 1971), 

and discrimination reversals (Harris and Balster, 1971), 

Thus, drug states appear to be very similar to 

external stimuli in many respects. This leads to certain 

predictions regarding the stimulus function of drugs in 

situations not yet thoroughly investigated. One of the 

purposes of the present study was to extend our knowledge 

of how drug stimuli compare to external stimuli. For 

example, saliency or attention value of centrally acting 

drugs appears to be very strong as indicated by their 

rapidly acquired control of discriminative behaviors. As 

Harris and Balster (1971) indicated this may be due to the 

pervasive and intense action of the drug as well as its 

resistance to interference from outside stimulus sources. 

One method used in assessing the saliency or attention value 

of external stimuli is the form of stimulus generalization 

gradients obtained following training experience with a 

single value of a stimulus dimension (non-discrimination 

conditions). For pigeons given appetitive training, visual 
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stimuli such as colors appear to be high in the hierarchy 

of stimulus saliency while auditory information such as 

tone frequency is much lower (.Terrace, 1966; Foree and 

LoLordo, 1973). This is inferred from the fact that 

stimulus generalization gradients obtained following 

training with a single color stimulus have greater than zero 

slope. Maximum responding is recorded during presentations 

of the training stimulus while the degree to which other 

stimuli control responding decreases as the distance between 

the test and training stimuli increases along the stimulus 

dimension (Guttman and Kalish, 1956). Tonal frequency, on 

the other hand, does not appear to be as salient a stimulus 

dimension for pigeons. The slope of generalization 

gradients following training with a single tonal frequency 

are typically flat (zero slope), indicating that any control 

of behaviors acquired by the training stimulus is not 

specific to that particular value but rather generalizes to 

all stimuli along the tonal frequency dimension (Jenkins and 

Harrison, 1960). Hypothetical gradients demonstrating zero 

and non-zero slopes are shown in Figure 1. If, as sug

gested by Overton (1971), drug dose levels do form the 

equivalent of a sensory continuum, the question of drug 

stimulus saliency could be addressed by observation of 

generalization gradients obtained following training with a 

single value along a drug dose dimension. The present study 

obtained such gradients from pigeons trained to key peck for 
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grain reinforcement under the influence of a single dose 

level of phenobarbital (.15 mg/kg) . Response rate general

ization to 5, 10, 15/ 20, and 25 mg/kg phenobarbital was 

measured using a train, test probe, retrain procedure (see 

method section). The form of these gradients provides 

assessment of the saliency of phenobarbital as a drug 

stimulus. 

If drug dose effects constitute a stimulus dimension, 

certain predictable phenomena should be observed following 

discrimination training with drugs from the same dimension 

as opposed to those from different dimensions. Hanson's 

(1959) study of post-discrimination generalization gradients 

showed that following discrimination training involving 

stimuli from the same dimension (colors), the peak of the 

gradient was displaced away from the stimulus correlated 

with reinforcement (S+) in a direction which moved it 

further from S- (the stimulus correlated with extinction or 

a less dense schedule of reinforcement). Furthermore, along 

the stimulus continuum the distribution of area above and 

below S+ was unequal. Asymmetrical gradients were formed 

where a higher percentage of area under the curve was 

distributed across those stimulus values on the side of the 

continuum opposite to the S-. The amount of asymmetry and 

displaced responding varied as a function of the distance 

between S+ and S- along the dimension. The closer the S+ 

and S- (the more similar the stimuli) the greater the 
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gradient asymmetry. This may be contrasted with the form 

of post-discrimination generalization gradients following 

training experience with an S+ and S- from orthogonal 

stimulus dimensions. If training between a color S+ and a 

line-angle S- is required, followed by tests for stimulus 

generalization along the color dimension, relatively little 

asymmetry occurs. The gradients are steeper (greater 

slope) than those obtained following single stimulus color 

training as previously described, but the area under the 

curve is about equally distributed on both sides of the S+ 

(color training stimulus), See Figure 2 for examples of 

hypothetical gradients demonstrating symmetrical and asym

metrical form. 

Drug-Drug Discrimination Training, Stimulus 
Generalization Testing 

Hanson's (1959) findings have important implications 

for the study of drug discriminative stimuli. If two drugs 

used as discriminative stimuli (S+ and S-) are similar in 

their action, asymmetrical generalization gradients should 

be obtained during tests with various doses of the S+ 

training stimulus. The degree of asymmetry should reflect 

the degree of similarity between the original training 

drugs. On the other hand, if discrimination training in

volves dissimilar drug states, tests for stimulus generali

zation using different doses of the S+ training stimulus 

should reveal symmetrical gradients surrounding the S+ 
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STIMULUS VALUES FROM THE S+ STIMULUS DIMENSION 

Figure 2. Hypothetical Stimulus Generalization Gradients Demonstrating Symmetrical 
and Asymmetrical Form m 
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training stimulus. Such a procedure has tremendous ad

vantages over the drug-no drug test procedure, which entails 

methodological problems not present in the test design just 

described. For example, assume that discrimination training 

between some dose of phenobarbital (S+) and saline (S-) is 

given where S+ signals one response pattern and S- cues 

another. Following training, subjects are tested with novel 

doses of pentobarbital for the production of phenobarbital-

like responding. Certain doses of pentobarbital are found 

to produce 100% responding appropriate to the phenobarbital 

state. It is concluded from this that at some doses pento

barbital has an effect similar to that of phenobarbital. 

While this may be true, certain interpretational limitations 

become apparent. Since subjects are given a choice only 

between responding appropriate to a drug state (pheno

barbital) and responding appropriately to a non-drug state 

(saline), how can one precisely quantify the similarity of 

test doses of pentobarbital and the training doses of 

phenobarbital? The fact that pentobarbital elicits 

phenobarbital-like response patterns may simply indicate 

that the pentobarbital drug state is more similar to another 

drug state (phenobarbital) than to a non-drug state (saline). 

Indeed, almost any drug state is, presumably, more similar 

to another drug state than to a non-drug state. When test 

doses of various drugs elicit saline rather than training 

drug appropriate responding should we conclude that the test 



17 

drug has an action similar to saline? Certainly not! This 

indirect measurement of the similarity of drug states via 

tests following drug/no drug discrimination training leaves 

much to be desired. Overton (1974) has pointed to the 

advantages of drug-drug (DD) discrimination training as a 

more effective means of assessing drug state similarities. 

If discrimination training between phenobarbital and 

pentobarbital is given and subjects fail to master the 

discrimination at certain doses this is certainly more con

vincing data supporting the similarity of drug states than 

are the DND procedure results. 

While the DD discrimination procedure has definite 

advantages over the DND test procedure it has not been 

widely used up to now and provides only a limited measure

ment of drug state similarity, Drugs may be indiscriminable 

because they produce the same effect, but the mechanisms 

which produce that effect may be different. Thus, if 

animals fail to master a drug^-drug discrimination we infer 

that the two drug states are similar. But if the drug 

states are produced by different mechanisms they would not 

form a common stimulus dimension. Tests for stimulus 

generalization gradient symmetry-asymmetry would provide 

additional evidence for the similarity of the drug action 

mechanisms; If the drug states are the same (both in their 

effects and the mechanisms that produce them) this should 

be reflected in asymmetrical generalization gradients 
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(i.e., both drugs from a single, common internal stimulus 

dimension). If the mechanisms of drug action are different 

this would be reflected in symmetrical generalization-

gradients (i.e., orthogonal dimensions). 

The fact that reliably greater than zero sloped 

generalization gradients are obtained following DND dis

crimination training when subjects are tested with novel 

doses of the training stimulus (Hirschhorn and Winter, 

1971; Kubena and Barry, 1972; Schechter and Rosecrans, 

1971) suggests that tests for stimulus generalization 

following discrimination training should be reliable also. 

Based on the discussion above and on the research involving 

external stimulus discriminations, it is logical to assume 

that generalization gradients obtained following DD training 

reflect the similarity or dissimilarity of the drug training 

stimuli, 

The present study sought to test this possibility 

using pigeons trained to discriminate doses of drugs from 

within the same class (intradimensional discrimination 

training) or from different classes of drugs (intern-

dimensional discrimination training), followed by testing 

for stimulus generalization to various values (doses) of 

the S+ training stimulus. The results of such research has 

both methodological and theoretical implications. The 

methodological advantages have been detailed already. As 

previously mentioned the present study sought to compare 



19 

the similarities and differences of drug internal stimuli 

with sensory external stimuli. Tests for stimulus 

generalization provide an ideal comparison of drug states 

as stimuli with sensory events as stimuli because of the 

preponderance of research already available on the effects 

of external stimulus discrimination on stimulus generaliza

tion, Thus, tests for stimulus generalization following 

different types of drug*-drug discrimination training 

provide a direct comparison with previously established 

data demonstrating the effects of external events as 

discriminative stimuli. This line of research would permit 

theoretical formulations of drug discriminative stimulus 

control within the framework of existing knowledge regarding 

external stimulus control. 

As Overton (1974) notes, the results of discrimina

tion training involving various drugs and doses provide 

important information in and of itself, The rapidity with 

which differential responding occurs can be used also as a 

measure of drug state discriminability. The more dissimilar 

the drug states, the more rapid and complete should be the 

discrimination formation. Thus, the results of the dis

crimination phase of the present experiment provide data 

important to an understanding of the similarity and dis

similarity of drug states as well. 
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Drugs and Dose Levels 

The drugs and dose levels used in the present 

experiment were selected for specific reasons. Three groups 

of subjects were given discrimination training between 

15 mg/kg phenobarbital (S+) and one of three doses of 

pentobarbital (3, 5, or 7 mg/kg). These three groups were 

used to test for the production of asymmetrical generaliza

tion gradients following training between drug stimuli with 

similar effects. Animals were tested for generalization to 

5, 10, 15, 20, and 25 mg/kg phenobarbital, Overton (1966) 

and others have shown that at specific doses phenobarbital 

and pentobarbital are indiscriminable (using the DND test 

procedure). If these drugs form a common stimulus dimension 

due to the similarity of their action, generalization 

gradients should reflect this relationship by asymmetry. 

The degree of asymmetry should be dependent upon the 

relative similarity of the s+ (15 mg/kg phenobarbital) and 

each of the S- stimuli (3, 5, and 7 mg/kg pentobarbital), 

A second set of three groups was given discrimina

tion training between 15 mg/kg phenobarbital (S+) and one 

of three doses of d-amphetamine (.25, .50, and ;75 mg/kg). 

These training conditions resemble external interdimensional 

stimulus discrimination training (.orthogonal S+ and S-) , 

If the same principles hold true, subjects from these groups 

tested for generalization to 5, 10, 15, 20, and 25 mg/kg 

phenobarbital should show symmetrical generalization 
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gradients with maximum responding recorded during adminis

trations of the training stimulus. Previous studies by-

Over ton (1966) and Barry and Krimmer (1972) have shown that 

using the DND test procedure there is little if any transfer 

from barbiturates to stimulants. The present study sought 

to test the hypothesis that they have dissimilar effects 

more directly using DD discrimination training and tests for 

stimulus generalization. 

A third set of three groups received training with 

15 mg/kg phenobarbital as the S-h, but with either ,025, 
g 

.050, or ,075 mg/kg A -tetrahydrocannabinol (THC) as the S-. 

This condition poses an interesting question. How will 

various doses of THC (relative to phenobarbital) be per*-

ceived by subjects? THC is known to have a dual action, 

both activating and depressing different neural sites, 

Barratt and Adams (1972). reported that THC increased 

behavior activity following administration in cats, This 

accompanied "fixated" or cataleptic'-like behaviors and EEG 

changes suggesting an "activation" of neural activity. This 

suggests that marihuana has some effects similar to 

amphetamines, Furthermore, the work reviewed by Pradhan and 

Bailey (1972) demonstrating marihuana derivative enhancement 

of a wide range of amphetamine induced behaviors provides 

additional support for this point. On the other hand, 

marihuana derivatives appear to have some effects similar 

to barbiturates. The depressant effects of marihuana 
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derivatives are evidenced by their potentiation of 

barbiturate-induced hypnosis (Pradhan and Bailey, 1972). 

Also, Adams and Barratt (1972) review a diversity of 

research demonstrating "sedative-like effects" of marihuana 

derivatives on both behavior and spontaneous EEG, 

The third set of drug discrimination groups used in 

the present study should help elucidate this dual action of 

marihuana derivatives. If subjects receiving phenobarbital 

vs. THC discrimination training show slower differential 

response acquisition than those subjects receiving pheno*-

barbital vs. d*-amphetamine discrimination training, we may 

infer that the "sedative" effects of THC make it more 

difficult to discriminate from phenobarbital. Tests for 

stimulus generalization using dose levels of phenobarbital 

following THC training experience should reveal some degree 

of overlap between the effects of phenobarbital and THC, 

Generalization gradients obtained from the THC experienced 

subjects should be less uniformly symmetrical than those 

obtained from the groups experienced with an amphetamine S*-, 

But the gradients of the THC animals should be more 

symmetrical than those from the phenobarbital vs. pento

barbital discrimination groups. This would reflect that 

THC effects have some degree of similarity to those of 

phenobarbital (more so than d-amphetamine) but less 

similarity than the effects of pentobarbital, 
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At present the only comparisons which have been 

made between the discriminative stimulus properties of 

marihuana derivatives and those of barbiturates has been 

conducted via the DND test procedure (Barry and Kubena, 

1972), Their results indicated very little transfer from 

THC to pentobarbital. That is test doses of pentobarbital 

elicited more saline appropriate responding than marihuana 

derivative appropriate responding. The present study used 

a procedure which offers a more direct comparison of 

marihuana derivative and barbiturate induced discriminative 

stimulus properties. 

Behavioral Tolerance 

An additional purpose of the present study was to 

measure discrimination performance and stimulus generalizat

ion involving phenobarbital following behavioral tolerance. 

Many studies have investigated drug discrimination per

formance prior to drug tolerance. However! in such cases 

changes in responding due to drug regime instigation are 

confounded with changes in responding due to the acquisition 

of differential responding, A more convincing demonstration 

of stimulus control by drugs is afforded by permitting 

tolerance to develop prior to the initiation of differential 

conditioning using drug stimuli, Overton (1974) suggests 

this procedure be used to avoid certain interpretative 

limitations, The present experiment instituted an initial 
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non-drug baseline phase useful in comparing the effects of 

drug administrations given during later phases. A drug 

baseline training phase followed during which all subjects 

received training experience with only the phenobarbital S+ 

dose (15 mg/kg), This permitted behavioral tolerance to 

develop prior to discrimination training and also served as 

a training condition affording later assessment of stimulus 

generalization following single stimulus training as 

previously discussed. 

The successful design and test of the drug-drug 

discrimination, stimulus generalization test procedure would 

be of significant value to all areas of drug research where 

the drug/no drug test procedure is used currently. It 

permits more direct comparisons of drug states and offers 

more information relevant to the drug state mechanisms. 

It is hoped that the results of the current experiment will 

serve as an impetus for the use of this procedure in other 

studies and by other investigators. The comparison of 

specific drugs used in the present experiment is important 

in its own right. It is helpful to the establishment of a 

behavioral taxonomy of drug action and to an understanding 

of the similarities and differences between drug action as 

stimuli and external sensory events as stimuli. 



METHODS 

Subjects 

The subjects were 40 experimentally naive adult 

pigeons (mixed strains) obtained from a local supplier. 

Each bird was assigned randomly to one of 10 groups, For 

the duration of the experiment, each bird was maintained 

at 70»-75% of their free feeding weight. Water and grit were 

continuously available in the home cage. 

Four pigeon chambers housed within commercially 

available insulation chests were used. The internal 

dimensions of the chambers were as follows: 13-1/2 inches 

long, 13r-l/2 inches wide, and 12 inches high. Each chamber 

was equipped with a transparent plexiglass response key, 

inches in diameter, located 9 inches above the chamber 

floor and directly above a 2 inches long by 1-1/2 inches 

high opening which provided access to mixed grain when a 

hopper located behind the front wall was elevated. The 

opening was located 3 inches above the floor. A house 

light, IT-1/2 inches in diameter and located 10 inches above 

the floor provided a low level of illumination. This house 

light was 8 inches to the right of the response key. A fan 

25 
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provided ventilation and masking noise. The chambers were 

controlled by electromechanical programming equipment 

located in the same room. 

Drug Preparations 

Sodium phenobarbital was dissolved in isotonic 

saline to produce five different doses: 5, 10, 15, 20, and 

25 mg/kg body weight. Three different doses of d-

amphetamine (.25, t50. and .75 mg/kg body weight) were 

9 produced using an isotonic saline vehicle. A -

tetrahydrocannabinol was mixed with a drug vehicle consist

ing of 96% isotonic saline and 4% tween 80 to produce .025, 

.050, and .075 mg/kg body weight solutions. 

Injection volume for all drugs and doses was 

constant for all subjects. Intramuscular injections (IM) 

of THC were given in the chest muscle two hours before 

training. All other solutions were administered IM 30 

minutes prior to training. The site of administration 

varied randomly from rostral to caudal and distal to 

proximal along the breat bone ridge on either side. 

Procedure 

Six phases of training were involved in the present 

experiment. Table 1 lists the various stages each group 

completed. Phase I (Preliminary Training) included training 

the animals to key-peck a blank (unlighted) disk and then 

gradually changing the reinforcement schedule from continuous 



Table 1. Design of the Experimental Procedures 

Phase I 

Preliminary 

Training 

rhase II 

Non-Drug 

Baseline 

Phase III 

Drug 

Baseline 

Phase IV 

Pre-Dis-

crimination 

Generalization 

Testing 

Phase V 

Discrimination 

Training 

Phase VI 

Post-Dis

crimination 

General ization 

Testing 

Drugs 

Administered 

None Hone 15 mg/kg Pheno-

barbital 

Regime Magazine a"<3 key 

peck training 

Continuation o£ 

key peck train

ing 

Test Days: 

Either 5, 10, 

15, 20, or 25 

mg/kg Pheno-

barbital 

Retraining Days: 

15 mg/kg 

Phenobarbi tal 

Continuation of 

key peck train

ing 

Test Day 1 fol

lowed by re

training to 3 
day responses 

stability cri

terion: test day 
2 followed by re

training to 3 day 

response stabil

ity criterion; 

test day 3, etc. 

S+ Days: Test Days: 

15 mg/kg Fheno- Either 5, 10, 

barbital 15, 20, or 25 

S- Days: mg/kg Pheno-

Grp Drug barbital 

1 .025 mg/kg THC Retraining Days: 

2 .050 mg/kg THC S+ and S-

3 .075 mg/kg THC Training Doses 

4 . 2S mg/kg <3-

Amphetamine 

5 .50 mg/kg d-

Amphetamine 

6 .75 mg/kg d-

Amphetamine 

7 3 mg/kg 

Pentobarbital 

8 5 mg/kg Pentobar 

Pentobarbital 

9 7 mg/kg 

Pentobarbital 

10 15 mg/kg 

Phenobarbi tal 

Alternation of 

S+ S- days 

according to 

Gellerman (1933) 

series 

Test Day 1 fol

lowed by 10 

days discrimina

tion retraining: 

test day 2 fol
lowed by 10 days 
discrimination 

retraining; test 

day 3, etc. 



Table 1.—Continued 

Phase I 

Pre] iminary 

Training 

Phase II 

Non-Drug 

Baseline 

Phase III 

Drug 

Baseline. 

Phase XV 

Pre-Dis-

crimination 

Genera1i zntion 

Testing 

Phase V 

Discrimination 

Training 

Phase VI 

Post-Dis

crimination 

Generalization 

Testing 

Schedule Gradual change 
from CRF to 
VI 60 sees 

VI 60 sees VI 60 sees VI 60 sees VI 60 sees Test Days: 

VI 60 sees 

S+ Days: 

VI 60 sees 

S- Days: 

VI 10 mins 

Criterion for 

Advancement to 

Next Stage 

Completion of 5 

training ses

sions 

Completion of a 

minimum of 20 

Phase II train

ing days and 

achievement of 

5 day response 

rate stability 

requirement 

Completion of a Achievement of 

minimum of 20 

Phase III train

ing days and 

achievement of 

5 day response 

rate stability 

requirement 

3 day response 

rate stability 

criterion fol

lowing Test Day 

5 

Completion of 

40 total train

ing sessions 

(20 S+ seFsions, 
20 S- sessions) 

Completion of 

Test Day 5 
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reinforcement (CRF) to a variable interval 60 sees (VI 60 

sees). Variable interval schedules program reinforcement 

availability contingent upon the passage of an average 

amount of time, but the actual intervals between reinforce

ment access vary. On the first day each subject learned to 

peck the response key, they were allowed to .earn 50 CRF. 

During each of the next two sessions, subjects were placed 

in the chambers and allowed to respond for an additional 

50 CRF. Reinforcement consisted of a 3 second access to a 

mixed grain pigeon feed. On the fourth day, the reinforce

ment schedule was changed to VI 15 sees. Subjects were 

trained for 15 minutes. The fifth training day involved a 

VI 30 sec reinforcement schedule and a session length of 

30 minutes. When each subject had completed this pre

liminary training they were advanced to the second phase of 

the experiment referred to as the Nom-Drug Baseline Stage 

(Phase II), During Phase II, all subjects were trained 

daily for 1 hour. The reinforcement schedule was now VI 60 

sees. This stage was designed to acclimate subjects to the 

chamber and training regime and to establish a stable rate 

of responding prior to the drug administration phases. 

Subjects remained in this training stage until a response 

rate stability criterion was achieved. This criterion 

required subjects to demonstrate less than + 5% deviance 

from the mean response rate of 5 consecutive training days 

on any of those five days; This requirement was combined 
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with the restriction that no less than 20 days of Phase II 

training would be conducted. When subjects completed a 

minimum of 20 days of training according to the non-drug 

baseline regime and then had achieved the response rate 

stability criterion they began Phase III training. 

During Phase III (Drug-Baseline Condition), all 

training procedures remained the same as those of Phase II, 

but now included administrations of 15 mg/kg phenobarbital. 

This phase was designed to measure behavioral tolerance. By 

comparing response rates obtained following drug administra

tion training (Phase III) with those obtained during the 

non-drug stage (Phase II), the development of drug tolerance 

could be observed. Training during this period also estab

lished a baseline against which to compare the effects of 

generalization testing (Phase IV) and discrimination train

ing (phase V). Phase II was terminated when subjects had 

completed a minimum of 20 drug baseline training sessions 

and then, re-established the 5 day response rate stability 

criterion used during the non-drug baseline phase. 

In the next stage of training (Phase IV), animals 

were tested for response rate generalization to each of 5 

dose levels of phenobarbital, Training during Phase IV 

(also referred to as the Prer-discrimination Generalization 

Test Phase) proceeded in this manner. On the first day of 

Phase IV subjects were administered either 5# 10, 15, 20, 

or 25 mg/kg phenobarbital. The order in which each dose 



level was given each subject was randomly determined. The 

reinforcement schedule remained VI 60 sees and training 

lasted 1 hour. During the next sessions animals received 

retraining subject to the drug-baseline (Phase III) condi

tions. That is, administrations of 15 mg/kg phenobarbital, 

1 hour training sessions, and VI 60 sec reinforcement 

schedule in effect. This retraining continued until the 

response rate during each of three consecutive training 

sessions did not deviate more than + 5% from the mean of 

those three training days. On the day following criterion 

performance, subjects were tested again for response rate ' 

generalization to another of the 5 test dosages of pheno^ 

barbital. Which dose level was administered was determined 

randomly with the restriction that no subject received the 

same dosage more than once. All other conditions remained 

constant. This sequence of test, retrain, test, retrain, 

etc. continued until each bird had been tested with each of 

the 5 dosages of phenobarbital and had established the 3 day 

stability criterion following the fifth test. This stage 

was designed to measure response rate generalization 

following experience with a single drug dose. This is 

analogous to generalization testing following "single 

stimulus training" with external stimuli. This test pro*-

vided a measure of the subjects' attention to the drug 

state and the saliency of the drug stimulus, It also 

provided a measure of generalization with which to compare 
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the results of generalization following discrimination 

experience. 

When subjects had been retrained following the final 

generalization test of Phase IV, they began Discrimination 

Training (Phase V), During this stage, half of the training 

days were the same as those of Phase III (Drug Baseline) in 

that subjects were trained each day for 1 hour, with a VI 

60 sec reinforcement schedule programmed, and given 

administrations of 15 mg/kg phenobarbital (S+), During the 

remaining half of the training sessions a less dense 

reinforcement schedule was programmed (VI 10 mins) and a 

different drug administered (S-), with the exception of the 

control group. The sequence of S+ and S- training days was 

determined using a Gellerman (1933) series of random 

numbers. Discrimination training (Phase V) continued for 

40 days (20 sessions S+, 20 sessions S-), 

During ST training sessions subjects ivn Groups 1 

through 10 received the following drug administrations; 

Groups 

1 3 mg/kg pentobarbital 
2 5 mg/kg pentobarbital 
3 7 mg/kg pentobarbital 
4 .25 mg/kg dt-amphetamine 
5 .50 mg/kg d*-amphetamine 
6 .75 mg/kg d-amphetamine 
7 ,025 mg/kg THC 
8 .050 mg/kg THC 
9 .075 mg/kg THC 
10 15 mg/kg phenobarbital 
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The first three groups were employed to test dis

crimination performance involving drugs from the same 

pharmacological class (barbiturates-depressants), while 

conditions for groups 4, 5, and 6 tested subjects' ability 

to discriminate stimulus states produced by drugs from 

widely divergent pharmacological classes (depressant [S+] 

vs, stimulant [S-] ) , The groups receiving THC on S" days 

served in a discrimination condition involving an Sr whose 

properties are somewhat like those of depressants, but also 

somewhat like those of stimulants. Group 10 served as a 

control. Since the same dosage of phenobarbital was 

administered on both S+ and S- days, the results from this 

group were used to determine the degree of response dif

ferentiation due to the discriminative cue properties of the 

schedules on S+ and S- training days. 

Discrimination training (Phase V) terminated after 

40 sessions at which time subjects began a second 

generalization test phase, Phase VI will be referred to 

also as the Postt-Discrimination Generalization Test Phase. 

During this final stage of training, subjects were tested 

again for response rate generalization to each of 5 dose 

levels of phenobarbital; 5, 10, 15, 20, and 25 mg/kg, On 

Day 1 of this training stage, subjects were administered 

one of the 5 doses (randomly determined for each subject). 

The following 10 days involved retraining on the dis

crimination task (i,e., 5 days of S+ training randomly 
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alternated with 5 days of S- training), The day following 

retraining subjects were given a second "probe" test. The 

dosage administered each subject was restricted to one not 

previously experienced by that subject during the post-

discrimination generalization test period. Training 

proceeded in this manner (i.e., test, 10 sessions dis

crimination retraining, test, 10 sessions discrimination 

retraining, etc.) until each subject had been tested for 

response rate generalization to each of the 5 phenobarbital 

dose levels, This final phase was used to determine changes 

in response generalization as a function of discrimination 

training. 

It is important to note that during all training 

sessions with 15 mg/kg phenobarbital the reinforcement 

schedule in effect was VI 60 sees (with the exception of 

Group 10 ST- days), This same schedule was used during the 

test probe sessions of the third and sixth phases of 

training. This was done to hold constant discriminative 

reinforcement cues during testing. If subjects displayed 

response differentiation during discrimination training 

based solely on detection of discriminative reinforcement 

cues (.VI 60 sees on S+ days, VI 10 mins on S- days) , then 

no systematic generalization to novel test doses should 

appear. If, however, rates differ during test days (as 

compared with the previous retraining session totals) this 

could not be attributed to differences in the reinforcement 
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schedule but rather would indicate stimulus generalization. 

This latter would be a particularly cogent demonstration if 

the number of reinforcements earned on test days was 

constant but the response rates varied directly as the 

distance from 15 mg/kg phenobarbital varied. 



RESULTS 

Non-Drug and Drug Baseline Training 
(Phases II and III) 

Phase II (non~drug baseline) established a stable 

rate of responding. Subjects then advanced to the drug 

baseline (Phase III) during which 15 mg/kg phenobarbital was 

administered prior to each training session. An analysis 

of variance was performed to determine differences in the 

response rates of the last five days of non-drug baseline 

training, the first five days of drug baseline training, and 

the last five days of drug baseline training. The analysis 

failed to reveal differences in these rates 73) = 

< 1.00] . 

Pre-Discrimination Generalization 
Testing (Phase IV) 

Following the drug baseline condition (Phase III) 

all subjects were tested for generalization of response rate 

following administrations of 5, 10, 15, 20, and 25 mg/kg 

phenobarbital using a train, test probe, retrain procedure 

(see Methods section). The response rates during sessions 

when each of the test dosages was administered were recorded 

and an analysis of variance performed on them to assess 

their reliability. While the form of the gradients tended 

to peak at the training dosage (15 mg/kg phenobarbital) the 

36 
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gradients were not reliable. That is, the rates of 

responding under the influence of each test dose did not 

differ reliably from each other = 2.41]. No 

stimulus control by the training dose was obtained. 

Discrimination Training 
(Phase V) 

The results of discrimination training were analyzed 

in 4 day blocks, A discrimination ratio was computed for 

each subject for each block according to the following 

formula. The mean percentage of S+ responding for each 4 

day block served as the measure of discrimination per

formance. For example, if a subject's mean response rate 

for the S+ sessions was 100.00 and the mean response rate 

for the S- sessions was 100.00, the discrimination ratio 

(percentage responses to S+) for that training block would 

equal 100/(100 + 100) = 50%. Such a score would indicate 

no response differentiation. The larger the ratio the 

greater the response differentiation and thus the greater 

the discriminability of the drug state stimuli. 

The discrimination training data for the nine 

experimental groups and the control group were analyzed 

together by a mixed design analysis of variance (Table 2) 

and Newman-Keuls a posteriori tests of significance (Winer, 

1971) (c.f., Tables 3*-5) . 
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Table 2. Analysis of Variance of the Discrimination Ratios 

Source s SS df MS F 

Between Subjects 14848. 91 38 

Drug 16238. 76 3 5412. 9 14. 75** 

Dose Level 464. 06 2 232. 03 <1. 00 

Drug x Dose Level 3240. 07 6 540. 01 1. 47 

Error 9906. 20 27 366. 89 

Within Subjects 22542. 96 441 

Training Blocks 11158. 59 9 1239. 84 55. 3 7* * 

Drug x Training Blocks 3096. 87 27 114. 70 5. 12** 

Dose x Training Blocks 235, 65 18 13. 09 <1. 00 

Drug x Dose Level x 
Training Block 592. 55 54 10. 97 <1. 00 

Error 7459.30 333 22. 39 

**p < ,01. 
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Table 3. Newman-Keuls Test of Significance of the Differ
ences in the Discrimination Ratios Due to Drug 
Condition 

Group Control Pentobarbital d-Amphetamine A9-THC 

6027 

7229 

7715 

7775 

6027 7229 

* 

7715 

* 

7775 

a = ,05, 

*p < .05, 

-p > ,05. 



Table 4. Newman-Keuls Test of Significance of the Differences in Discrimination 
Ratios Across Training Blocks 

Training Block 
1 

2391 
2 

2571 
3 

2761 
4 

2817 
5 

2874 
7 

2984 
8 

3037 
6 

3043 
9 

3090 
10 
3158 

2391 * * * * * * * * * 

2571 * * * * * * * * 

2761 -
* * * * * * 

2817 — * * * •k * 

2874 * * * * * 

2984 - - - •* 

3037 - - * 

3043 - * 

3090 -

3158 

a = ,05, 

*p < ,D5. 

-P > * 05, 



Table 5. Newman-Keuls Test of Significance of the Drug x Training 
Block Interaction of Discrimination Ratios 

Drug CP CCCCACC CPCTPCP 
Training 2 1 1 8  5  7  1  4  1 0  9  2  3  1  3  6 . 4  
Block 540 568 579 588 591 591 599 603 615 618 618 630 645 653 672 692 

540 
568 
579 
588 

591 

591 
599 
603 
615 
618 
618 
630 
645 
653 
672 
692 

702, 

711 
723 
725 
753 
758 
764 
780 
780 
780 
792 
792 

794 

796 
796 
797 
805 
815 
816 
836 
840 
841 
859 
869 

g 
£* = ,05f *p < ,05> -p > ,05, Keyi C = control; P = Pentobarbital; T = A -THC; 

A = di-ftmphetamine 
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Phenobarbital (S+) Versus d-
Amphetamine (S-) 

The discrimination ratios for the control group 

(S- = 15 mg/kg phenobarbital) and for the three groups 

receiving d-amphetamine on S- training days are shown in 

Figure 3, The response rate per minute scores and the dis

crimination ratios for individual experimental subjects are 

presented in Table 14 (Appendix A)T while those for the 

control group are presented in Table 17 (Appendix A). 

As seen in Figure 3 all of the d-amphetamine groups 

evidenced significantly greater discrimination ratios than 

the control group which never differed significantly from the 

5 0% level. The experimental groups demonstrated signifi

cantly higher discrimination ratios over the last five 

training blocks compared with the first five training 

blocks. After the fourth training block the highest group 

discrimination ratios were obtained from the group receiving 

the high dosage of d-amphetamine. The lowest ratios were 

recorded for the group receiving the low dose of d-

amphetamine while the group receiving the intermediate dose 

level of dr-amphetamine demonstrated discrimination ratios 

intermediate to the high and low dose d-amphetamine groups. 

However, none of these latter differences reached statistical 

significance. 
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Phenobarbital (S+) Versus THC (S-) 

Figure 4 depicts the discrimination ratios for the 

three experimental groups receiving THC and for the control 

group. Individual subject data are presented in Table 15 

(Appendix A). 

Note that the discrimination ratios are similar to 

those obtained from the d-amphetamine groups. All experi

mental groups demonstrated discrimination ratios signifi

cantly higher than the control group with the differences 

increasing as training progressed. Furthermore, following 

the second block of training, the group receiving the 

largest dose of THC showed the greatest percentage of 

responses to S+, followed by the group receiving the 

intermediate dose level of THC, followed by the low dose 

group. Again, however, none of these dose dependent trends 

were statistically reliable, 

Phenobarbital (S+) Versus Pentobarbital (S-) 

Data for the three groups receiving pentobarbital 

and for the control group are presented in Figure 5, 

Table 16 (Appendix A) consists of the individual subject 

data for the pentobarbital groups. Only after the third 

training block did the discrimination ratios of the 

experimental groups become significantly greater than those 

of the control group, The results of the pentobarbital 

(ST) groups are just the opposite of those recorded for the 
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d-amphetamine and THC conditions. Following the third 

training block, the group receiving the low dose of 

pentobarbital shows the highest discrimination ratios. 

The lowest ratios were recorded for the group receiving 

the high dose of pentobarbital. The group receiving the 

intermediate dose level of pentobarbital showed dis

crimination ratios intermediate to those obtained for the 

groups receiving the low and high dose levels of this drug. 

These dose dependent effects, however, were not statistically 

reliable, but considering only drug versus control group, 

there was a significant increase in the obtained discrimina

tion ratios across training blocks, 

Combined Groups Analysis 

While the individual results of each drug condition 

are important, comparisons among the various drug and drug 

dose conditions must be investigated as well. As indicated 

by the results of the analysis of variance presented in 

Table 2, there was a significant drug effect, This means 

that which drug was used during S- training affected the 

degree of response differentiation. 

Table 3 shows the Newman-Keuls a posteriori test of 

significance on the drug group totals. Note that all drug 

groups were significantly different from the control group; 

however, there were no significant differences between the 
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three drug conditions (i.e., d-amphetamine, THC, and 

pentobarbital). 

The analysis of variance indicated a reliable 

difference in the overall discrimination ratios obtained 

across training sessions. The Newman-Keuls test of 

significance (Table 4) was performed on these data. The 

a posteriori; test showed that some adjacent training blocks 

early in training (e.g., blocks 3 and 4 and blocks 4 and 5) 

or late in training (e.g., blocks 6, 7, 8, and 9) did not 

differ significantly from each other, However, each of the 

first five training blocks evidenced values significantly 

lower than each of the last five training blocks. This 

reflects the tendency for the discrimination ratios to 

increase across training sessions for all experimental 

groups as evidenced in Figures 3-5, 

A significant drug by training block interaction was 

obtained from the analysis of variance as well. Table 5 

presents the results of the Newman-Keuls test of signifi

cance performed on these data. While rather complex it 

basically shows that the discrimination ratios of the 

experimental groups reach a much greater value across 

training blocks compared to the control groups. It also 

supports the results presented in Table 4 (the performance 

across training blocks without regard to drug condition). 

That is, while training blocks either early or late in 

training may not differ significantly from each other, there 
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was a significant increase in performance scores late in 

training compared with early in training. 

Analysis of the Last Training Block 

While all experimental subjects showed an increase 

in the percentage of S+ responses as training progressed, 

the rate at which the discrimination ratios increased was 

not constant across subjects. This makes comparisons of 

group differences difficult to assess across all 10 training 

blocks and possibly masks some statistically significant 

effects which seem to be reflected in Figures 3-5. For 

this reason, a separate analysis of variance was conducted 

to determine drug group and dose level differences at the 

end of training when the level of performance for each 

subject was more stable. The results of the analysis perr 

formed on the group data obtained during the last training 

block is presented in Table 6, When only the final 4 days 

of discrimination training are considered, significant 

differences due to drug and dose level are obtained, as well 

as a significant drug by dose interaction. The Newman-Keuls 

test of significance performed on the totals for each of the 

three drug conditions and the control group showed that the 

values obtained under each condition are significantly dif

ferent from every other condition. This is shown in Table 7, 

Note that when dose level within drug condition is not 

considered the greatest percentage of responses to S+ was 
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Table 6. Analysis of Variance of the Discrimination Ratios 
of the Final Training Block 

Source SS df MS F 

Drug 3520. 90 3 1173. 60 77.31** 

Dose Level 109. 30 2 54. 30 3.57* 

Drug x Dose Level 505. 01 6 CO
 

• 17 5.55** 

Error 546. 70 36 15. 18 

*p < .05. 

**p < .01, 

Table 7. Newman-Keuls Test of Significance of the Differ
ences in the Final Discrimination Ratios Due to 
Drug Condition 

Drug Control 
. - - ^ 
Pentobarbital D-Amphe tam i ne A~9THC 

615 815 859 869 

615 * * * 

815 * * 

859 * 

869 

a - ,05, 

*p < .05, 

-p > ,05, 
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evidenced under THC. The next highest discrimination ratios 

were obtained from the d-amphetamine condition, followed by 

the pentobarbital condition, and finally the control group. 

When dose level is considered (without regard to 

drug condition) significant differences between the high 

dosage and both the low and intermediate dosages are 

apparent. As Table 8 shows, the greatest discrimination 

ratios were obtained under the high dose condition, followed 

by the intermediate and low dosage conditions respectively 

(these latter conditions were not significantly different 

from each other). 

Table 8. Newman*-Keuls Test of Significance of Differences 
in the Final Discrimination Ratio Due to Dose 
Level 

Dose Level Low Intermediate High 

1027 1046 1085 

1027 - * 

1046 * 

1085 

a = , 05, 

*P < .05. 

-P > .05, 
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The Newman-Keuls test comparing the performance of 

each group relative to every other group is depicted in 

Table 9, It indicates that there were no significant 

differences between any of the groups receiving the low dose 

level of their respective drug condition. No significant 

differences were observed among groups receiving the inter

mediate dose level of their respective drug condition, 

However, the groups administered the high dosage of their 

respective drug conditions did show significant differences. 

The high THC and d-amphetamine groups were not significantly 

different from each other, but both differed reliably from 

the high dosage pentobarbital group, demonstrating the 

interaction effect revealed by the F-test. All drug dose 

groups were significantly different from the control group 

as well. Table 9 also demonstrates that within each drug 

condition, at least the low and high dose groups differed 

significantly from each other for each drug condition, For 

the THC drug condition, the intermediate dosage group also 

was significantly different from the high dose level group, 

Post-Discrimination Generalization Testing 
'(Phase' VI)' 

The results of generalization testing conducted 

following discrimination training were analyzed to determine 

group differences in the control exerted by S+ (the training 

dosage of phenobarbital) and group differences in the 

symmetry-asymmetry of the gradients. The responses per 
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Table 9, Newman-Keuls Test of Significance of Differences 
in the Final Discrimination Ratios Due to the Drug 
x Dose Level Interaction 

Drug 
Dose P T P A A P T A T 
Level Control H L I L I L I H H 

205 258 263 270 272 282 287 289 305 317 

205 * * * * * * • * * 

258 *•» to* - - * * * 

263 - - - * * 

270 - - - - * * 

272 - - - * * 

282 - - - * 

287 * 

289 

305 

317 

* ' "" " - -• - -

a = ,05, 

*p < .05. 

-p > .05 

Key: Top: pr—pentobarbital 
T-*-THC 
AT—d-Amphetamine 

Bottomi Ht—High 
I-~Intermediate 
L-T-Low 
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minute recorded under the influence of each test dosage were 

converted into a percentage of total responses for each 

subject. This equates response rate for each subject and 

allows investigation of the distribution of responses rather 

than differences in absolute rates. Control exerted by S+ 

was assessed by determining the percentage of total test 

responses recorded during the test session involving the 

training dosage of phenobarbital (15 mg/kg), The relative 

symmetry of the gradients was measured by subtracting the 

percentage of total responses recorded for the two test 

dosages lower than the training dose (i.e., 5 and 10 mg/kg) 

from the percentage of total responses recorded for the two 

test dosages higher than the training dose (i.e., 20 and 25 

mg/kg), Thus, a value of ,00 indicates a perfectly 

symmetrical gradient, A negative value indicates skew 

toward the lower dosages, while a positive value reflects 

a shift toward the higher dosages. 

Group differences in the control exerted by S+ and 

in the relative symmetry of the gradients were assessed 

using a mixed design analysis of variance (Table 10) and 

Newmanr-Keuls a posteriori tests of significance (c.f,, 

Tables 11-13). It should be noted that the variable 

labelled "response distribution" in these tables is a 

meaningless concept, This was a repeated measure involving 

the control by S+ factor and the gradient asymmetry factor. 

Changes in the differences between these two factors was 
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Table 10. Analysis of Variance of the Differences in S+ 
Control and Differences in Relative Gradient 
Symmetry 

v Source 
v. 

SS df MS F 

Between Subjects 1116. 00 35 

Drug 156. 25 2 78. 13 7, 35** 

Dose Level 118.08 2 59. 04 5. 56** 

Drug x Dose Level 554, 67 4 138. 67 13, 04** 

Error 287, 00 27 10. 63 

Within Subjects 4940. 00 45 

Response Distribution 3094, 22 1 3094, 22 478, 20** 

Drug x Response Distribution 697. 53 2 348. 77 53. 91** 

Dose Level x Response 
Distribution 494, 37 2 247, 19 38. 20** 

Drug x Dose Level x 
Response Distribution 4201 88 4 105. 22 16, 26** 

Error 233, 00 36 6. 47 

**p < ,01. 
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Table 11. Newman'-Keuls Test of Significance of Differences 
in S+ Control- and in Relative Gradient Symmetry 
Due to the Drug Condition x Response Distribution 
Interaction 

A T P P T A 
A A A  S +  S +  S +  

75 

82 

195 

247 

285 

292 

75 82 195 247 285 292 

* * * * 

* * * * 

* * 

* 

* 

* 

a = .05 . 

*p < .05. 

*-p > .05. 

Key: Top: A^d^-Amphetamine 
Pr'-Pentobarbital 
T*-~A9-THC 

Bottom: A—Gradient Asymmetry 
S+-T-S+ Control 
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Table 12. Newman-Keuls Test of Significance of Differences 
in S+ Control and in Relative Gradient Symmetry 
Due to the Dose Level x Response Distribution 
Interaction 

1 * 
H L I L I H 
A A A S+ S+ S+ 

65 123 164 242 271 311 

65 * * * * * 

123 * * * * 

164 * * * 

242 

271 

311 

a = ,05, 

*P < .05, 

Key i Topt H-<-High 
I»- '-Intermediate 
L—Low 

Bottoms A^-Gradient Asymmetry 
S+T-T-S+ Control 



Table 13. Newman-Keuls Test of Significance of Differences in S+ Control and in 
Relative Gradient Symmetry Due to the Drug Condition x Dose Level x 
Response Distribution Interaction 

P A T A A T T P P P T A P A T A P 
H L I I H L H L L I L L H I H H I 
A A A A A A A A S S S S S S S S S 

10 23 24 26 26 29 29 71 76 81 82 84 90 95 108 113 114 
10 — — — — — * * * * * * * * * * 

23 * * * * * * * * * * 

24 — _ _ * * * * * * * * * * 

26 _ * * * * * * * * * 

26 T- *- * * * dt * * * * * * 

29 * * * • A * * * * * 

29 * * * * * * * * * * 

71 — — * * * * 

76 ** — — — * * * 

81 —• — * * * 

82 — — — * * * 

84 — — * * * 

90 — * * •k 

95 — * * 

108 - — 

113 — 

114 

_9 a = .05; *p <; ,05; -p > .05. Key: Topi P^-Pentobarbital, T--A THC, A--d-
Amphetamine-, Middle* H—High, I—Intermediate, L—:Low; Bottom: A—Gradient 
Asymmetry, S—S+ Control. 
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not a variable of concern to the present study. However, by 

combining these factors, one analysis (rather than two) was 

possible. 

The results of generalization testing for the 

control group were not included in the above analyses. No 

reliable gradients were obtained from subjects in this 

group. Furthermore, no statistical comparisons between the 

group gradients obtained prior to and following discrimina

tion training were performed due to the unreliability of 

the pre-discrimination generalization gradients = 

2,41], Including these data would only serve to inflate the 

error term, 

d-Amphetamine (S-) Groups 

The results of generalization testing following 

discrimination training for the three groups subject to a 

dr*amphetamine condition are presented in Figure 6, 

Individual subject data appear in Table 18 (Appendix A), 

Note the general symmetry of the gradients obtained 

from each drug dose group. The greatest group deviation 

from perfect symmetry (i.e., 0%) was only slightly greater 

than 5%. This indicates that each group gradient was very 

nearly symmetrical in formi There were no differences 

among groups in terms of this relative symmetry measure, 

Now observe the group differences in the control 

exerted by S+, The d-amphetamine group receiving the high 
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dose shows the greatest percentage of total responses to S+. 

The next highest S+ percentage was obtained from the intert-

mediate dose group, followed by the lowest percentage which 

was achieved by the low dose group. Stimulus control by S+ 

was significantly greater for the high dose group relative 

to the low dose group. No other drug dose group comparisons 

were statistically reliable, 

THC (S-) Groups 

Figure 7 presents the results of post-<-discrimination 

generalization testing for the three THC (S-) groups. Refer 

to Table 19 (Appendix A) for the individual subject data 

for these groups. 

Note that each of the drug dose group gradients 

tends to be symmetrical. Here the greatest deviation from 

perfect symmetry was only slightly greater than 6%. There 

was no significant differences in the relative symmetry of 

these group gradients. 

As seen in the gradients of the d-amphetamine groups, 

the higher dose THC group shows the greatest control by S+, 

followed by the intermediate and low dose THC groups 

respectively. The percentage of total responses to S+ was 

significantly higher for the high dose group relative to 

either the intermediate dose group or the low dose group 

(which were not reliably different from each other), 
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Pentobarbital (S-) Groups 

A distribution of total response percentages unlike 

those of the d-amphetamine and THC groups was obtained from 

the three pentobarbital (S-) dose groups. These group data 

are depicted in Figure 8, while the data from individual 

subjects is contained in Table 20 (Appendix A). 

The gradients for the pentobarbital groups show no 

significant differences in the control by S+, but large 

differences in the relative symmetry of the gradients. The 

low dose group gradient shows a reliable positive asymmetry 

(area shift toward the higher phenobarbital dosages).with 

the peak centered around the 20 mg/kg dose level stimulus. 

The intermediate dose group gradient demonstrates signifi

cantly greater positive asymmetry than the low dose group 

gradient. For the intermediate dose group, the modal 

response rate category was the 25 mg/kg dosage stimulus. 

The high dose group gradient also shows asymmetry signifi

cantly different from the other two pentobarbital groups, 

but in the opposite direction. Here there is an area shift 

toward the lower dosages of phenobarbital, The peak of the 

group's gradient centers around the 10 mg/kg drug stimulus. 

Control Group 

Figure 9 shows the generalization gradients obtained 

from the control group following discrimination training 

(see Table 21, Appendix A, for the individual subject data), 
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Recall that this group received injections of 15 mg/kg 

phenobarbital on both S+ and S- discrimination training 

days. As may be noted in Figure 9, the form of the group 

gradient is irregular in form. The peak of the gradient 

falls at the 5 mg/kg phenobarbital dosage. The gradient 

shows what may be simply a dose response curve. As with 

the data obtained in the pre-discrimination generalization 

test phase, this gradient is not statistically reliable, 

no point is significantly different from any other. 

Combined Groups Analyses 

Drug Condition (Exclusive of Dose Level)t Compari

sons of control by S+ for each drug condition (exclusive of 

dose levels) indicated a significant difference between the 

pentobarbital condition and the d-amphetamine and THC 

conditions (.which did not differ reliably) , Control by S+ 

for the pentobarbital condition was significantly less than 

that obtained under either of the other two drug conditions. 

Similarly, there was a significant difference in the degree 

of asymmetry across drug conditions. The pentobarbital drug 

condition produced significantly more gradient asymmetry 

than did the d-amphetamine or THC drug conditions (which did 

not differ from each other), 

Dose Level (Exclusive of Drug Condition), The 

analyses presented in Tables 10-13 show that the high dose 
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condition produced significantly more control by S+ than 

either the intermediate or low dose conditions which also 

differed reliably. This effect was due to the results of 

the d-amphetamine and THC drug conditions, since there were 

no dose dependent differences in S+ control among the 

pentobarbital dose groups. 

The analyses also indicated reliable differences 

in the degree of gradient asymmetry due to dose level. 

While all dosage conditions reliably differed from each 

other, this effect must be attributed to the influence of 

the pentobarbital condition. Recall that no significant 

differences in symmetry were found among dose level com*-

parisons within the dr-amphetamine or THC drug conditions. 

Indeed, the dose condition differences are directly in line 

with the significant differences found within the pento

barbital drug condition. That is the greatest asymmetry 

was obtained from the intermediate dosage, the least amount 

of asymmetry was produced by the high dosage, with the low 

dosage associated with an intermediate degree of gradient 

asymmetry. 



DISCUSSION 

The results of the present experiment provide many 

insights into the manner in which drug states are dis

criminated, In addition, the drug-drug comparisons provide 

information useful to the establishment of a behavioral 

taxonomy of drug effects. The experiment also offers 

strong support for the contention that the drug-drug 

discrimination, stimulus generalization test procedure is a 

valid and useful technique for assessing the similarity or 

dissimilarity of drugs and dose levels. This procedure 

provides methodological and interpretational advantages not 

available through the use of either the drug-no drug test 

procedure or the drug-drug discrimination procedure alone. 

Furthermore, the results provide valuable information about 

the similarities and differences of drug states as stimuli 

and external sensory events as stimuli. Each of these 

statements will receive discussion in the sections that 

follow, 

Drug States Versus External Sensory Events as Stimuli 

The results of the present experiment indicate that 

drug states can function as discriminative stimuli in a 

manner similar to that accomplished by external sensory 

events (i.e., lights, tones, etc,). When discrimination 

68 
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training was instituted, subjects quickly learned to 

associate drug state-reinforcement schedule-response rate. 

In most cases, response differentiation began to develop 

within the first eight to twelve days of discrimination 

training. This is consistent with the findings of Overton 

(1971) and Harris and Balster (1971). To understand the 

significance of this rapid response differentiation, one 

must understand the role of the training phases effective 

prior to discrimination sessions. All subjects had 

completed a minimum of 20 days of training under each of 

three different conditions, First subjects received key 

peck training with a VI 60 sec schedule in effect and no 

drug stimulus (non^drug baseline). Next they were trained 

under the same conditions, but given phenobarbital adminis

trations prior to each session (drug baseline). During 

the third series of training sessions, conditions remained 

the same except that test probes involving novel dosages of 

phenobarbital were interspersed during training (pre-

discrimination generalization testing). Thus, all subjects 

received a minimum of 60 days training prior to the dis

crimination phase, and in most cases, subjects had received 

even more. Throughout this early training, subjects 

continued to respond appropriate to a VI 60 sec reinforce^ 

ment schedule, which later was the schedule in effect on 

S+ discrimination training days. None of this early 

training required the subject to associate any specific 
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stimuli with this reinforcement schedule. It was only 

during the discrimination phase that subjects actually had 

to associate this schedule with the appropriate stimulus 

condition (drug) in order to maximize reinforcement and 

minimize effort. This type of pretraining tends to retard 

discrimination acquisition when external sensory events 

serve as discriminative stimuli. It is as if subjects learn 

not to associate stimulus events and reinforcement schedule 

during pretraining because they are not differentially 

correlated in any way. When transferred to training in 

which discriminative stimuli do predict differential , 

response outcomes, learning this association is retarded. 

This did not seem to be the case in the present experiment. 

The experimental subjects all showed response differentia

tion in a relatively short number of trials. The control 

group, of course never showed any significant response 

differentiation, Apparently, reinforcement cues were not 

stimuli the control subjects could effectively use to 

differentiate which schedule was in effect from session to 

session. This strongly suggests that little if any of the 

response differentiation evidenced by the experimental 

groups was due to the discriminative properties of the 

reinforcement schedules. While other investigators have 

shown that subjects rapidly learn to associate reinforcement-

drug state stimuli, the present experiment offers a 
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particularly dramatic demonstration of this ability. 

Subjects showed a remarkable ability to associate drug 

state-differential reinforcement despite the extensive 

pretraining that preceded discrimination training. We 

would not have anticipated such rapid association had the 

more frequently investigated external sensory events been 

used as stimuli (i.e., lights, tones, etc.). 

This author suggests that this effect is due to the 

uniqueness of the drug state stimuli. Drug states such as 

those used in the present experiment are not usually 

encountered by pigeon in the "normal" environment. Perhaps 

because of their novelty subjects can more easily dis

tinguish them from other stimuli present during training 

and thus can more easily learn to associate them with 

reinforcement when necessary. However, by the same logic, 

one might assume that subjects would not normally associate 

such a novel stimulus with, reinforcement unless conr 

tingencies were arranged which made such associations 

beneficial. We might predict that because of the novelty 

of drug states, subjects would not readily associate them 

with the appropriate reinforcement-r-response rate until 

given discrimination training. Here the novelty effect 

would enhance the possibility of subjects distinguishing 

the drug state from other possible discriminative stimuli 

and thus facilitate the process of associating discrimina

tive stimulus*-reinforcement schedule. This contention 
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implies that the unique qualities of drug states serves to 

enhance stimulus-response associations within the dis

crimination paradigm, but decreases the probability of 

stimulus-response associations in other situations. Such a 

mini-theory would help explain the results of the pre-

discrimination generalization test phase. 

The results of the pre-discrimination generalization 

test phase showed no reliability in the gradients. No 

control by the training stimulus was obtained, indeed the 

gradients were nearly flat in most cases. Since it was not 

necessary for subjects to associate drug-reinforcement in 

order to maximize reward or minimize effort, the uniqueness 

of the drug state served to hinder such an association 

formation. We know that stimuli which the pigeon normally 

associates with food in the natural environment (i.e., 

visual input) are easily associated with reinforcement 

without specific discrimination training conditions, 

Guttman and Kalish (1956) and Lyons (.1969) have demonstrated 

reliable control by a visual training stimulus when tests 

for stimulus generalization involving different values along 

the appropriate visual dimension were obtained following 

training experience with only the visual training stimulus 

(.i.e., no discrimination requirements), Since drugs are 

not stimuli the bird would normally associate with food; 

it is logical to assume he will not do so unless placed in 

a situation that necessitates such an association. Then he 
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learns the association very rapidly because the uniqueness 

of the drug state makes it a stimulus distinguishable from 

others in the environment and one the subject might "test" 

as a probable predictor of the reinforcement schedule. Such 

was the case with the dimension of floor tilt used by 

Riccio, Urda, and Thomas (1966) which provides further 

evidence for the similarity of drug states as stimuli and 

sensory events as stimuli. 

How Subjects Learn Drug^Drug Discriminations 

The results of the present experiment indicate that 

subjects can learn to discriminate drug states involving 

drugs both from within the same drug class and from 

different drug classes, but with differential ease. Recall 

that overall, the subjects required to discriminate THC or 

d-amphetamine from phenobarbital showed significantly higher 

discrimination ratios than did the subjects in the pento

barbital drug condition. As with external sensory stimuli, 

discrimination learning involving interdimensional stimuli 

is superior to intradimensional discrimination learning. 

An important finding of the present experiment was 

the dose dependent effect on learning evidenced by the THC 

and d'-amphetamine groups. The fact that greater discrimina

tion ratios tfor the final training block) and stronger S+ 

control were obtained at the highest dosage and the lowest 

at the low dosage indicates that the drug dose dimension for 
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specific drugs is more analogous to an intensity continuum 

(such as brightness) than to a dimension such as color where 

each stimulus value has different physical qualities (i.e., 

wavelength duration and amplitude) 

hypothetical discriminations: 

s Se

bright intensity light 
intermediate intensity light 
dim intensity light 

colorj 
color2 
color-> 

Consider the following 

S+ 

tonej_ 
tonei 
tonei 

tone-j_ 
tone, 
tone-, 

CONDITION A 

CONDITION B 

If different groups of subjects were given discrimination 

training under each of these conditions, we might expect no 

difference in the learning rates of subjects in condition B, 

However, we would expect subjects in condition A to show 

differential learning rates. Here the greatest light 

intensity would be discriminated from the tone faster than 

the lowest light intensity. This probably relates to the 

fact that high intensity stimuli can be more easily dis

criminated from other stimuli in the environment, thereby 

producing superior discrimination learning. On the other 

hand, the colors of condition B do not provide any differ*-

ential qualities which make one color stimulus more distinct 

from the environment than any other color stimulus, In 

condition B we would predict equal learning rates for each 

group, 
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These examples of interdimensional discrimination 

tasks demonstrate at least two different factors involved in 

discrimination learning: (1) stimulus differentiation and 

(2) stimulus-response association formation. 

Before subjects can learn to associate discrimina

tive stimuli with an appropriate response, they must first 

learn to distinguish stimuli in the environment and deter

mine those relevant stimuli which might be predictors of the 

reinforcement schedule. In the case of conditions A and B 

described above we would expect the bright intensity light 

of condition A to be more discriminable from the surrounding 

environmental stimuli than would be the low intensity light. 

This property would facilitate stimulus differentiation and 

thus enhance the rate of S-R association formation. The 

color stimuli of condition B do not differ in any manner 

that would make one stimulus more distinguishable from the 

environment than the other color stimuli. Thus, stimulus 

differentiation should proceed at the same rate in each 

condition B group producing equally fast discrimination 

learning since no differences in the rate of association 

formation would be expected. 

Applying this analysis to the discrimination data 

of the present experiment we see that the dose levels of 

THC and d-amphetamine used in the S- condition are analogous 

to the light intensity group differences seen in the 

condition A example. The high dosages of THC and 
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d-amphetamine are stimuli more easily detected and dis

tinguished from other environmental stimuli than are the 

intermediate and low dosages. We can conclude that the 

differences in the ease of discrimination across dose level 

groups is due to differences in the process of stimulus 

differentiation than to any differences in the rate of S-R 

association formation. 

While increasing the intensity of a discriminative 

stimulus may lead to better discrimination performance when 

interdimensional stimuli are involved, this is not neces*-

sarily the case with intradimensional stimuli. In the 

pentobarbital (S*-) condition, the highest discrimination 

ratios were obtained from the group receiving the lowest 

dose level of pentobarbital. Here, additional factors must 

be considered. The data from the THC and d-amphetamine 

groups indicate that within each drug condition, differences 

in dose level produce differences in stimulus intensity, not 

effect. Thus, whatever the action of these drugs, differ

ences in the dose levels represent quantitative rather than 

qualitative differences. When two drug states with similar 

actions are used as discriminative stimuli (S+ and S-), 

stimulus intensity becomes even more critical. As the 

intensity of the S- dosage becomes more like the intensity 

of the S+ dosage, the drug states become more difficult 

to discriminate. Such was the case with the pentobarbital 

dose groups in the present experiment, A 7 mg/kg dosage of 
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pentobarbital is more similar in effect to a 15 mg/kg dosage 

of phenobarbital than is a 5 or 3 mg/kg solution of pento

barbital, Thus the greater the intensity differences of the 

S+ and S- drug states the more easily discriminable they 

are. As evidenced in Figure 5 and Tables 2«-9 the low dose 

pentobarbital group did discriminate best, followed by the 

intermediate and high dose groups. The results of the post-

discrimination generalization testing for the pentobarbital 

groups suggests several other important implications to be 

discussed in the next section. 

In summary, we may conclude that drug dosages form 

a type of stimulus continuum based on intensity differences, 

As a result, when used in an interdimensional discriminat

ion, higher dosages lead to faster learning. Drug-drug 

discriminations involving drugs with similar actions also 

seem to entail intensity discriminations. Here the more 

dissimilar the intensities of the S+ and S*-« drug states, the 

greater the discriminability. 

Establishment of a Behavioral Taxonomy of Drug Action 

An important purpose of the present experiment was 

to determine whether the drug*-drug discrimination, stimulus 

generalization test procedure could be used as an effective 

technique for classifying drugs into categories of similar 

and dissimilar action. The results of the experiment 

suggest that it is an effective means of establishing a 



78 

behavioral taxonomy of drug action based on discrimina-

bility. The method successfully distinguished dissimilar 

drug states (i.e., d-amphetamine and phenobarbital) and 

demonstrated the similarity of other drug states (i.e., 

pentobarbital and phenobarbital). Both the data from the 

discrimination training phase and the post-discrimination 

generalization test phase were necessary to provide a 

complete analysis of the relative similarity of the various 

drug states. Consider the data for the d-amphetamine groups 

and the pentobarbital groups. The d-amphetamine dose groups 

showed increasing discrimination ratios with increasing 

dosage, while the reverse was true with pentobarbital. 

Based on the notion of intensity differences, this itself 

suggests that d-amphetamine and phenobarbital have dis

similar effects while pentobarbital and phenobarbital have 

similar effectsi But the data from the post'-discrimination 

generalization test phase indicate even more strongly that 

this is the case. Based on our knowledge of the form of 

generalization gradients obtained following interdimensional 

and intradimensional discrimination training with external 

sensory events we would expect the shape of the gradient to 

reflect different outcomes for the d-amphetamine and 

pentobarbital groups. The results confirmed this expectat

ion. For the d*-emphetamine groups, discrimination training 

produced differences in the degree of control by S+, but no 

differences in the relative symmetry of the gradients. On 
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the other hand, discrimination training given the pento

barbital groups produced no differences in the control by 

S+, but large differences in the relative symmetry of the 

gradients. Discrimination training with dissimilar (inter-

dimensional) stimuli effects control by S+, while dis^ 

crimination training with similar (intradimensional) 

stimuli affects the relative symmetry of the gradients. 

This is quite consistent with our knowledge of the form of 

generalization gradients when external sensory events are 

used as stimuli (Hanson, 1959), Thus, while discrimination 

training may be partially effective in distinguishing 

relative drug state similarities, the results of generaliza

tion testing are equally important. 

While the results of discrimination training for the 

pentobarbital groups did indicate differential learning 

rates, it does not tell us at what point the S+ and S"- drugs 

overlap in effect, or at what dosage the S*- drug falls on 

the high or low side of the drug action continuum. To 

clarify this, consider the generalization test results, The 

gradient of the low dosage pentobarbital group showed an 

area shift toward the higher dosages of phenobarbital. 

Based on our knowledge of stimulus generalization functions 

involving external stimuli, we may conclude that 3 mg/kg 

of pentobarbital has a less intense effect than 15 mg/kg 

of phenobarbital (though similar in its action), Numerous 

studies using external stimuli have shown that the area 
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shift occurs to values on the side of the dimension opposite 

to the S- (Terrace, 1966), Since the low dosage pento

barbital group showed an area shift toward the higher 

intensity stimuli, we must assume it represents a lower 

intensity stimulus relative to the S+. Recall that the 

intermediate dose group also showed a positive area shift 

(shift toward the more intense stimuli). However, the 

gradient of this group was even more asymmetrical and showed 

even more of an area shift than that of the low dose 

pentobarbital group. From this we must conclude that 

5 mg/kg pentobarbital is also lower in intensity than the 

15 mg/kg phenobarbital drug state, but not as low as the 

intensity of the 3 mg/kg pentobarbital stimulus. Recall 

the work of Hanson (195 9) who showed that as stimuli become 

closer together along an intradimensional stimulus dimension 

they produce greater post-discrimination generalization 

gradient asymmetry, with greater responding recorded in the 

presence of stimulus values on the side of the dimension 

opposite to the S~, Applying this to the pentobarbital 

groups of the present experiment we conclude that 5 mg/kg 

pentobarbital and 15 rag/kg phenobarbital are closer together 

along the drug state intensity continuum than are 3 mg/kg 

pentobarbital and 15 mg/kg phenobarbital. Based on Hanson^s 

(1959) results we must conclude also that 7 mg/kg pento*-

barbital has an intensity effect greater than that of 15 

mg/kg phenobarbital. Recall that the generalization gradient 
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of this group showed a greater percentage of responding to 

low doses of phenobarbital than to high dosages. The area 

shift is in the opposite direction to those recorded for the 

low and intermediate pentobarbital dose groups. This indi

cates that the 7 mg/kg pentobarbital drug stimulus repre

sents a point on the high intensity side of the drug action 

continuum. Using these results, we may interpolate to 

determine what dosage of pentobarbital should be indis*-

criminable from the 15 mg/kg dosage of phenobarbital, A 

dosage somewhere between 5 and 6 mg/kg pentobarbital should 

fall at the same point along the drug action continuum as 

does the 15 mg/kg phenobarbital dose. These two dosages 

should not be discriminable. Other investigations using the 

drug»-no drug discrimination procedure confirm this value. 

Such a dosage of pentobarbital elicits nearly 100% phenor-

barbital appropriate responding following phenobarbitalf 

s^line, drug^-no drug discrimination training (Overton, 

1971), 

The results of the THC groups provide additional 

valuable information. Recall that previous investigations 

have shown that THC has a dual action, being both depressive 

and stimulatory in effect. It was hypothesized that THC 

would be more difficult to discriminate from phenobarbital 

than d*-amphetamine, It was suggested that the depressive 

effects of THC would overlap those of phenobarbital, while 

the stimulatory effects of d*-amphetamine would be clearly 
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distinct from the depressive effects of phenobarbital and 

thus more discriminable, The results of this experiment did 

not support this contention, THC and d-amphetamine were 

found to be about equally discriminable from phenobarbital. 

There were no significant differences in the discrimination 

ratios, control by S+, or relative gradient symmetry between 

the THC and d*-amphetamine drug conditions. This implies 

that either the depressive effects of THC are unlike those 

of phenobarbital, or that the stimulatory action of THC 

provided subjects a means of discriminating THC from 

phenobarbital. The drug-drug discrimination, stimulus 

generalization test procedure might be used to elucidate 

which of the possibilities was responsible for the results 

of the present experiment, A logical extension of the 

present study would be to train subjects on a THC versus 

d-amphetamine discrimination. Subjects might learn, this 

discrimination slower and less completely than a, 

amphetamine versus phenobarbital discrimination or the THC 

versus phenobarbital discrimination. If so, it would 

indicate that the stimulatory effect of THC is the primary 

cue in drug discriminations involving THC. 

We may conclude from the test results of the THC 

groups that subjects did not perceive THC and phenobarbital 

as having similar effects. Recall that there was almost no 

asymmetry in the gradients of the THC dose groups. If 

subjects did perceive THC and phenobarbital as similar in 
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action, we would have expected asymmetrical gradients 

similar to those obtained from the pentobarbital groups. 

^Methodological and Interpretational Advantages of the 
Drug'^Urug Discriflvinationv Stimulus~"Generalization 

Test Procedure 

In summary, the results of the present experiment 

support the use of the drug-drug discrimination, stimulus 

generalization test procedure as an effective means of dis

tinguishing drug state similarities. The methods tested in 

this experiment are the most sophisticated to date, pro

viding information about the relative similarities of drugs 

from both within and across the traditional pharmacological 

drug classifications. Unlike the drugr-no drug test pro

cedure, the technique used here provides direct comparisons 

of drug state discriminability. The procedure outlined here 

also permits more direct comparisons of drug states as 

stimuli with the already existing body of knowledge regard-t

ing external sensory eyents as stimuli( 

The results of this experiment indicate that the 

drug^drug discrimination, stimulus generalization test 

procedure can be used effectively in studying state dependent 

learning. The procedure, therefore, has merit when used as 

a model of drug psychotherapy and the phenomena reported in 

the human literature dealing with the stimulus control of 

drug states. 
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Furthermore, the procedure used in this experiment 

can be effectively used to generate a behcivioral taxonomy 

of drug action. This was demonstrated by the differential 

results obtained from the interdimensional and intra^-

dimensional drug stimuli discrimination tasks. Intra*-

dimensional drug stimuli (drugs with similar actions) 

affect the relative symmetry of post--discrimination 

generalization gradients while interdimensional drug stimuli 

(drugs with dissimilar actions) affect relative control by 

the S+ evidence in post*-discrimination generalization 

gradients. 

There are several important aspects of the procedure 

used in the experiment which could be refined. For example, 

to increase the accuracy of statements regarding the post-

discrimination generalization test gradients, more test dose 

levels closer together along the drug intensity continuum 

could be used. The present study used five dosages 

separated by 5 mg/kg steps, perhaps ten dosages separated 

by 2,5 mg/kg steps would provide even better assessment of 

the form of these gradients. 

While the present study used response rate as the 

measure of performance (although transformed into per

centage measures) an additional performance measure would 

be useful. For example, if a Tandem VI 10 min, DEL 5 sec 

schedule had been used during S** training sessions instead 

of the VI 10 min schedule alone, it would have been possible 



to measure response patterning differences as well. A 

Tandem VI 10 min, DEL 5 sec would provide access to 

reinforcement approximately every 10 minutes, but only if 

the subject spaced his responses at least 5 seconds apart. 

Using such a schedule would insure greater differences in 

the response rates recorded on S+ and S- training days. It 

would also allow investigation of differences in response 

patterning since responding under the S+ VI 60 sec schedule 

produces fairly constant rates while the tandem S- schedule 

would produce an irregular response pattern with bursts of 

responding separated by 5 second intervals. The use.of 

such a tandem schedule would not be expected to alter the 

form of the post-discrimination generalization test gradient 

from that obtained when using a simple VI schedule in the S-

component. 
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Table 14. Mean Response Rate per Minute Scores and Discrimination Ratios for the 
d-Amphetamine Subjects 

• ' • '• 11 1. • 1 

Training 
Block 
Subject I 2 3 4 5 6 7 8 9 10 

Z-10 S+ 34. 12 26.98 31. 72 25. 29 23. 55 20. 95 17.48 17. 39 16. 66 15. 36 
31. 59 19.55 22. 00 17. 28 11. 89 10. 49 7.55 6. 51 6. 21 5. 14 

D.R.  52 58 59 59 66 67 70 73 73 75 

Z-11 S+ 35. 38 3 61"93 23. 32 43. 66 42. 93 42. 44 47,63 47. 73 39. 34 42. 87 
S- 28. 76 20.28 8. 27 12i 06 11. 57 12. 23 14^26 12. 93 13. 43 12. 72 
D ,R,  55 65 74 78 79 78 77 79 75 77 

Zt13 S+ 79. 36 74.14 70. 87 54. 27 57. 48 72. 25 67.55 72. 67 83. 20 93. 56 
St 91. 78 64.84 48. 63 35. 76 34. 61 42. 50 31.36 24. 72 23. 05 24. 36 
D.R,  46 53 59 60 62 63 68 75 78 79 

Z-14 S+ 28. 36 38.38 43. 50 42. 63 49. 55 55. 43 50.50 51. 06 46. 71 43. 37 
s- 39. 51 31.94 29. 16 27. 50 28. 73 27. 75 25.77 26. 05 15. 62 15. 53 
D.R.  42 55 60 61 63 67 66 66 75 74 

Z-5 S+ 79. 79 74. 63 88. 55 75. 75 69. 39 84. 97 84.37 70. 01 76. 88 70. 95 
SF 47. 70 37. 97 60. 65 45. 20 42. 10 42. 64 39.05 27. 89 29. 93 24. 76 
D.R.  62 66 59 63 62 67 68 72 72 74 

Z^6 S+ 31. 32 34.08 28. 91 38. 22 35. 30 34. 69 37.28 32. 82 36. 70 37. 10 
S- 23. 91 26.63 20, 57 23. 72 21. 90 20. 53 22.46 20. 13 19. 42 19. 12 
D.R.  57 56 58 62 62 63 62 62 65 66 

Z-7 S+ 119. 80 105.60 141. 09 150. 76 145. 80 153. 36 127.40 153. 73 130. 90 155. 81 
ST 142. 02 54.16 73. 03 58. 68 47. 72 52. 25 46.33 47. 45 48. 13 51. 10 
D;R.  46 66 66 72 75 75 73 76 73 75 

00 



Table 14,—Continued Mean Response Rate per Minute Scores and Discrimination 
Ratios for the d-Amphetamine Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

ZT 9 S+ 56. 25 28. 80 21. 01 28. 83 48. 18 36. 22 24. 70 36. 42 40. 14 33. 56 
. s- 60. 13 17. 21 11. 94 16. 93 28. 85 19. 27 12. 86 19. 79 21. 82 16. 86 

D.R, 48 63 64 63 63 65 66 65 65 67 

N
 

1 H
 

s+ 30. 33 44. 54 32. 71 36. 16 36, 65 45, 33 43. 27 36. 33 38. 62 40. 14 
ST* 54. 13 35. 07 32, 81 21. 82 20. 47 23, 24 24. 07 19. 53 21, 50 19. 20 
D,R. 36 56 50 62 64 66 64 65 64 68 

ZT-2 s+ 64. 88 62. 33 56. 32 55. 14 62. 74 58. 74 59. 14 58. 32 56. 94 52. 37 
S*- 48. 60 46. 17 41, 34 40. 43 45. 14 43, 51 41. 11 37. 38 36, 20 33. 14 
D.R, 57 57 58 58 58 57 59 61 61 61 

Z-3 s+ 34. 50 29. 33 26. 92 25. 77 24. 42 24. 89 20. 14 23. 25 19. 88 21. 80 
Sr- 32. 89 24. 44 21. 75 14. 86 11. 00 9. 58 7. 99 4. 17 6. 62 6. 28 
D;R,  51 55 55 63 69 72 72 85 75 78 

Z-4 s+ 70. 04 69, 57 72, 74 78. 98 73. 26 84. 32 85. 79 79, 12 72. 83 67. 03 
ST- 79, 36 44. 61 42, 46 58. 99 54. 67 64. 74 58. 36 47. 66 40. 46 35. 65 
DtR, 47 61 63 57 57 57 60 62 64 65 



Table 15. Mean Response Rate per Minute Scores and Discrimination Ratios for the 
THC Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

Z-^27 S+ 
S-
D.R. 

54. 
35. 
61 

67 
55 

53. 
33. 
61 

64 
72 

66. 
34. 
66 

15 
75 

58. 
29. 
66 

74 
82 

61. 
31. 
66 

66 
78 

50. 
24. 
67 

03 
40 

51. 
25. 
67 

53 
89 

41. 
20. 
67 

74 
97 

27. 
9. 
74 

72 
73 

36. 
11. 
76 

75 
63 

Z-28 S+ 
S-
D.R. 

32. 
26. 
55 

50 
55 

34. 
20. 
62 

33 
91 

35. 
13. 
73 

85 
26 

41. 
21. 
66 

98 
41 

41. 
19. 
68 

87 
98 

41. 
19. 
68 

00 
45 

38. 
18. 
68 

06 
21 

48. 
18. 
72 

83 
71 

42. 
18. 
69 

44 
95 

55. 
22. 
71 

22 
72 

Z-29 S+ 
ST-
D.R. 

26. 
21. 
55 

25 
48 

19. 
9. 
66 

11 
65 

26. 
8. 

76 

56 
44 

29. 
6. 
83 

25 
06 

28. 
4. 
87 

37 
38 

29. 
2. 

93 

55 
16 

30. 
2. 

93 

14 
23 

27. 
1. 
93 

50 
97 

32. 
2. 

94 

03 
19 

27. 
2. 

93 

02 
06 

Z-3 0 S+ 
St 
D.R; 

38. 
35. 
52 

39 
93 

44. 
33. 
57 

66 
45 

51. 
38. 
58 

75 
24 

48. 
29. 
63 

81 
23 

40. 
23. 
63 

72 
50 

49. 
21. 
70 

27 
12 

47. 
21. 
69 

30 
50 

43, 
19. 
69 

77 
37 

34. 
15. 
69 

75 
44 

42. 
12. 
77 

46 
95 

Z-23 s+ 
s-
D.R. 

30. 
26. 
53 

20 
27 

33. 
22. 
60 

62 
56 

26. 
17. 
61 

80 
18 

29. 
18. 
62 

08 
18 

28. 
18. 
61 

78 
55 

31. 
19. 
61 

57 
86 

37. 
21. 
63 

10 
79 

33. 
18. 
64 

01 
24 

36. 
16. 
68 

51 
90 

39. 
15. 
72 

99 
87 

Z-24 S+ 
S-
D.R. 

70. 
66. 
52 

49 
21 

69. 
49, 
58 

88 
91 

62. 
42. 
60 

60 
01 

66. 
42. 
61 

37 
20 

56. 
22, 
71 

26 
80 

54. 
21. 
71 

43 
77 

53. 
23. 
69 

17 
61 

51. 
18. 
74 

35 
08 

55. 
18. 
74 

24 
97 

54. 
18. 
74 

48 
93 

ZR-25 S+ 
SR 
D.R, 

22. 
23, 
48 

06 
84 

25. 
19. 
60 

15 
96 

30. 
17. 
63 

01 
86 

28. 
17. 
62 

69 
65 

30, 
18. 
62 

77 
54 

28. 
16. 
63 

32 
86 

26, 
15. 
63 

73 
54 

26. 
13. 
67 

66 
40 

25. 
11. 
69 

40 
54 

25, 
10. 
72 

68 
19 



Table 15.—Continued Mean Response Rate per Minute Scores and Discrimination 
Ratios for the THC Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

2-26 S+ 48, 70 49. 17 45. 61 56. 91 30. 15 59. 62 52. 35 49. 16 49. 60 45. 43 
s- 44. 21 42. 76 30. 21 36;95 19. 33 37. 73 32. 92 28. 09 25. 97 18. 72 
D.R. 52 53 60 61 61 61 61 64 66 71 

Z-19 s+ 103. 40 103. 29 149. 73 151.62 132. 83 99. 69 125. 82 102. 16 92. 63 93. 99 
S- 84. 93 60. 13 79. 22 72.89 65. 43 51, 83 63. 48 48. 74 44. 99 41. 03 
D.R. 55 62 65 68 67 66 66 68 67 70 

Z-20 S+ 20. 35 19, 62 21. 13 12.41 14, 44 14, 32 18. 58 21. 22 21. 53 21. 62 
S - 16. 15 15. 09 15. 77 8.93 10. 78 10. 68 13. 33 15. 89 14. 45 13. 02 
D.R, 56 56 57 58 57 57 58 57 60 62 

Z-21 S+ 55. 38 49. 86 48, 60 72.86 76. 24 75, 45 69. 70 86. 54 73. 73 59. 84 
s- 45, 06 39. 26 35. 86 52. 04 53. 62 52. 40 46. 91 55. 47 44. 53 32. 17 
D,R, 55 56 58 58 59 59 60 61 62 65 

Z-22 s+ 82. 63 82. 70 90. 93 95.81 77. 42 94. 85 95. 33 78. 47 88. 47 90. 62 
, ST 80. 34 67. 91 72. 74 73. 92 55. 70 67, 75 60. 66 51. 97 49. 99 46. 47 

DtR. 51 55 56 56 58 58 59 60 64 66 



Table 16. Mean Response Rate per Minute Scores and Discrimination Ratios for the 
Pentobarbital Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

A-l s+ 
ST-
DtR. 

27. 
48. 
37 

99 
58 

30. 
41. 
42 

75 
93 

35. 
38. 
48 

24 
72 

38. 
42. 
47 

29 
94 

35, 
32. 
53 

74 
09 

28. 
32. 
44 

22 
53 

31. 
26. 
54 

88 
97 

31. 
37. 
56 

67 
35 

32. 
50. 
49 

01 
73 

34, 
22. 
60 

15 
76 

G*-ll S+ 
S-
D.R. 

59. 
62. 
49 

53 
66 

67, 
70. 
49 

41 
22 

50. 
33, 
60 

60 
51 

52. 
23, 
69 

33 
92 

57, 
27. 
70 

17 
62 

55. 
28. 
66 

57 
94 

58. 
29. 
66 

02 
75 

56. 
26. 
68 

75 
70 

53. 
27. 
66 

98 
40 

60. 
35. 
63 

72 
29 

G-12 S+ 
Sr 
D,R. 

52. 
46. 
53 

36 
23 

36. 
28. 
56 

34 
79 

46. 
33, 
58 

84 
25 

49. 
30. 
62 

89 
42 

46. 
26. 
63 

44 
70 

46. 
24, 
66 

11 
02 

56. 
27. 
68 

63 
10 

58. 
29. 
67 

92 
54 

60. 
25. 
70 

95 
83 

56. 
26. 
68 

96 
62 

G-13 S+ 
S-
D, R, 

29. 
40. 
42 

11 
25 

23. 
35. 
40 

45 
72 

25. 
46. 
35 

60 
64 

29. 
42. 
41 

75 
95 

34, 
64. 
35 

20 
00 

40. 
23, 
64 

78 
30 

54. 
30. 
64 

95 
35 

52. 
30. 
63 

44 
31 

42. 
21. 
67 

08 
15 

53. 
26. 
67 

29 
00 

Grl4 S+ 
S-
D,R. 

38. 
31. 
55 

91 
69 

38, 
23. 
62 

36 
36 

44. 
25. 
64 

40 
19 

47. 
31. 
60 

07 
06 

43, 
23. 
65 

01 
38 

45. 
23. 
66 

19 
01 

47. 
24. 
66 

43 
83 

48. 
25. 
66 

92 
61 

50. 
25. 
66 

42 
77 

49. 
25. 
66 

38 
19 

G-15 S+ 
Sr 
D,R. 

14. 
23. 
39 

72 
42 

24. 
26. 
48 

72 
60 

24. 
29. 
46 

98 
75 

36. 
28. 
57 

99 
19 

31. 
21. 
60 

55 
20 

33. 
16. 
67 

36 
76 

26. 
12. 
67 

22 
98 

23. 
12. 
66 

58 
22 

21. 
10. 
67 

81 
85 

21. 
10. 
66 

29 
86 

I—i 1 0
 S+ 

S-
D.R. 

59. 
54. 
52 

05 
17 

54. 
42. 
51 

93 
56 

51. 
38. 
57 

71 
72 

38. 
35. 
57 

00 
85 

56. 
39. 
59 

27 
63 

42. 
21. 
66 

46 
66 

37. 
18. 
67 

72 
67 

41. 
17. 
70 

04 
92 

50. 
20. 
71 

94 
46 

50. 
20. 
72 

63 
09 



Table 16.--Continued Mean Response Rate per Minute Scores and Discrimination 
Ratios for the Pentobarbital Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

G-17 S+ 61. 63 36. 77 43. 90 45. 78 48. 85 47. 50 54. 06 53.39 52. 37 60. 89 
S- 36. 70 36. 17 34. 37 28. 90 27. 39 21. 75 29. 49 29.06 27. 86 30. 75 
D.R, 55 50 56 61 64 69 65 65 65 66 

AT 6 S+ 43. 90 57. 92 62. 78 47. 37 53. 70 46. 70 44. 98 53.12 61. 44 49. 78 
s- 41. 89 39. 64 47. 94 30. 25 31. 45 25, 52 24. 18 26. 90 31, 03 25. 27 
D,R. 51 57 57 61 63 65 65 66 66 66 

A-7 S+ 50. 81 51. 03 65. 62 52. 12 47. 00 51. 83 49. 94 50.48 56. 96 70. 06 
ST 44. 63 43. 99 45. 89 34. 52 32. 27 28. 72 25. 74 25.86 24. 40 25. 07 
D.R. 53 54 59 60 59 64 66 66 70 74 

Gt9 S+ 38. 64 34. 02 36. 39 34, 02 35. 15 44. 10 47. 40 55. 03 80. 95 62. 45 
ST 59. 00 21. 00 19. 25 19. 55 13. 02 13. 61 13, 74 19.11 29. 71 18. 92 
D.R. 40 62 65 64 73 76 78 74 73 77 

GTIO S+ 20. 39 23. 92 13. 61 20. 02 26. 68 28, 19 19. 60 15.87 24. 10 23. 66 
S T 28. 37 27. 18 14. 80 17. 67 18, 23 13, 98 9. 95 8,58 12. 17 10. 07 
D.R, 42 47 48 53 49 67 66 65 66 70 



Table 17. Mean Response Rate per Minute Scores and Discrimination Ratios for the 
Control Subjects 

Training 
Block 
Subject 1 2 3 4 5 6 7 8 9 10 

Z-15 S+ 29. 53 25. 91 26, 90 26. 72 17. 33 22. 15 19. 27 24. 29 23. 94 22. 75 
s- 21. 76 27. 66 22. 17 19. 13 20. 41 10. 55 11. 38 17. 34 11. 83 18. 74 
D,R, 50 48 54 59 46 68 63 52 67 54 

Z-16 S+ 12, 46 11. 50 17, 84 17. 96 18. 15 17, 10 19. 47 22. 74 22. 32 23. 28 
S- 15. 14 24. 48 23. 13 23. 16 22. 37 23. 40 34. 44 29. 45 30. 23 24. 70 
D.R. 45 32 44 44 45 42 36 44 44 49 

Z-17 S+ 45. 14 44, 81 51. 15 43, 81 36. 30 45. 33 47. 63 45. 46 52. 74 54. 26 
St- 45. 69 44. 46 51. 44 48. 58 44. 31 38. 74 59. 07 60. 74 62. 48 48. 90 
D.R. 50 50 50 47 45 54 44 43 46 53 

Z-18 S+ 88, 70 79. 70 97. 70 70. 99 105, 91 104. 19 97. 63 77. 88 88. 28 83. 81 
S*r 95, 56 77. 14 59. 95 67. 64 68. 73 69. 47 83. 60 57. 71 91. 80 87. 61 
D.R, 48 50 62 51 61 60 54 57 49 49 
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Table 18. Response Rate per Minute Scores and Percentage 
of Total Responses for the Post-Discrimination 
Generalization Gradients of the d-Amphetamine 
Subjects 

V 

Test Dosage 
(in mg/kg) 
Subject 5 10 15 20 25 

Z-10 Rs per minute 
% of Total Rs 

19. 
20 

60 12. 
13 

92 27, 
28 

58 21. 
22 

62 15. 
16 

90 

Z-ll Rs per minute 
% of Total Rs 

44. 
19 

60 46. 
20 

95 58. 
25 

69 43. 
18 

26 41. 
18 

27 

Z-13 Rs per minute 
% of Total Rs 

53. 
14 

05 86. 
22 

32 123. 
32 

22 70. 
18 

42 53. 
14 

50 

Z-14 Rs per minute 
% of Total Rs 

40. 
13 

32 68. 
23 

08 84. 
28 

41 48. 
16 

92 60. 
20 

29 

Z-5 Rs per minute 
% of Total Rs 

56. 
17 

67 61. 
19 

03 78, 
24 

40 73. 
22 

42 58. 
18 

98 

ZT-6 Rs per minute 
% of Total Rs 

34. 
18 

77 36. 
19 

43 44. 
24 

95 30. 
16 

63 41. 
22 

72 

Z^7 Rs per minute 
% of Total Rs 

148. 
20 

42 149. 
20 

40 178. 
24 

95 126. 
17 

07 142. 
19 

30 

Z-9 Rs per minute 
% of Total Rs 

64. 
23 

48 49. 
17 

60 65. 
23 

53 67. 
24 

68 38, 
13 

32 

ZtI Rs per minute 
% of Total Rs 

38,32 
17 

45, 
21 

84 46. 
21 

03 30, 
14 

35 58. 
27 

63 

ZT-2 Rs per minute 
% of Total Rs 

61, 
21 

50 58. 
20 

07 56, 
19 

23 59. 
20 

17 54. 
19 

80 

Z-3 Rs per minute 
% of Total Rs 

32. 
25 

20 20. 
16 

13 27, 
21 

15 26. 
20 

05 23. 
18 

80 

Z-4 Rs per minute 
% of Total Rs 

62, 
19 

07 68. 
21 

23 73. 
23 

82 66. 
21 

17 49, 
16 

90 
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Table 19. Response Rate per Minute Scores and Percentage 
of Total Responses for the Post-Discrimination 
Generalization Gradients for the A^-THC Subjects 

Test Dosage 
{in mg/kg) 
Subject 5 10 15 20 25 

Z-27 Rs per minute 41. 99 38. 42 59. 80 37. 00 40. 99 
% of Total Rs 19 18 27 17 19 

Z-28 Rs per minute 30. 23 48. 49 58. 53 46, 57 29. 80 
% of Total Rs 14 23 27 22 14 

Z-29 Rs per minute 19. 61 21, 17 31. 68 17. 81 22. 01 
% of Total Rs 17 19 28 16 20 

Z*-30 Rs per minute 42. 42 35, 37 58. 85 51. 95 38. 83 
% of Total Rs 19 16 26 23 15 

Z-23 Rs per minute 27. 45 35, 42 43. 15 36. 78 33, 05 
% of Total Rs 16 29 24 21 19 

Zt24 Rs per minute 65. 97 58, 72 65, 07 53. 63 55. £5 
% of Total Rs 22 20 22 18 19 

Z-!-25 Rs per minute 29. 33 35, 88 40, 74 30. 30 25, 97 
% of Total Rs 18 22 25 19 16 

Z-26 Rs per minute 49, 00 63, 21 71. 50 62. 50 54, 79 
% of Total Rs 16 21 24 21 18 

Z-19 Rs per minute 107, 68 98, 01 115, 71 97, 32 116, 00 
% of Total Rs 20 18 22 18 22 

Z-20 Rs per minute 23. 08 19, 18 25, 07 21. 75 26, 33 
% of Total Rs 20 17 22 19 23 

Zr 21 Rs per minute 73, 78 64, 75 69, 42 62. 55 71, 12 
% of Total Rs 22 19 20 18 21 

Zt-22 Rs per minute 62, 25 123. 95 75, 67 92. 98 74. 25 
% of Total Rs 14 29 18 22 17 
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Table 20. Response Rate per Minute Scores and Percentage 
of Total Responses for the Post-Discrimination 
Generalization Gradients for the Pentobarbital 
Subjects 

Test Dosage 
(in mg/kg) 
Subject 5 10 15 20 25 

A-l Rs per minute 
% of Total Rs 

32. 
15 

33 14. 
24 

92 34. 
26 

20 27. 
19 

87 27. 
16 

42 

G-11 Rs per minute 
% of Total Rs 

75. 
23 

05 69. 
21 

08 61. 
19 

19 54. 
17 

67 64. 
20 

05 

G-12 Rs per minute 
% of Total Rs 

47, 
18 

60 62. 
23 

27 52. 
20 

33 49, 
19 

78 55, 
21 

03 

GT-13 Rs per minute 
% of Total Rs 

48. 
17 

05 70. 
25 

08 56. 
21 

65 63. 
23 

49 37, 
13 

28 

G**14 Rs per minute 
% of Total Rs 

37. 
18 

28 14. 
7 
58 41. 

21 
37 37, 

19 
57 70. 

35 
70 

GT-15 Rs per minute 
% of Total Rs 

19. 
15 

03 19, 
16 

68 21. 
17 

08 34, 
28 

63 29. 
24 

55 

G-16 Rs per minute 
% of Total Rs 

19. 
7 
56 54. 

21 
59 59. 

23 
68 58, 

22 
05 72. 

27 
59 

Gr-17 Rs per minute 
% of Total Rs 

31, 
14 

12 32. 
15 

95 44, 
20 

07 63. 
29 

00 47. 
22 

42 

A<-6 Rs per minute 
% of Total Rs 

58. 
27 

18 11, 
5 
53 49. 

23 
75 62. 

29 
88 35. 

16 
40 

A«r7 Rs per minute 
% of Total Rs 

43; 
16 

97 61. 
23 

32 55; 
21 

63 72. 
27 

28 34. 
13 

26 

Gtt9 Rs per minute 
% of Total Rs 

40. 
17 

78 44, 
19 

65 37, 
16 

22 58, 
25 

82 56, 
24 

20 

Gr-10 Rs per minute 
% of Total Rs 

22, 
13 

53 42. 
25 

25 30. 
18 

88 32. 
19 

65 42, 
25 

67 
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Table 21. Response Rate per Minute Scores and Percentage 
of Total Responses for the Post-Discrimination 
Generalization Gradients for the Control Subjects 

Test Dosage 
(in mg/kg) 
Subject 5 10 15 20 25 

Z-15 Rs per minute 26. 20 22. 55 18. 65 15. 93 18. 13 
% of Total Rs 26 22 18 16 18 

Z-16 Rs per minute 51. 32 66. 93 81. 75 52. 90 33. 77 
% of Total Rs 18 23 29 18 12 

Z-17 Rs per minute 45. 78 45. 67 32. 33 38. 33 52. 23 
% of Total Rs 21 21 15 18 24 

Z-18 Rs per minute 104. 15 86. 30 97. 72 91. 67 99. 10 
% of Total Rs 22 18 20 19 21 
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