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Abstract 

Two of the goals of the study of Pavlovian conditioning are to understand (a) 

the nature of the relationships between the conditioned stimulus (CS) and the 

unconditioned stimulus (US) that give rise to excitatory and inhibitory conditioning 

and (b) the nature of the excitatory and inhibitory conditioned responses (CRs). 

These goals still challenge students of Pavlovian conditioning phenomena. In the 

explicitly unpaired procedure the CS and the US occur on separate trials. 

Furthermore, the CS is made contiguous with the omission of the US. Expectancy 

of the US is mediated by the excitatory contextual cues. Although in most reports 

the explicitly unpaired procedure has been shown to yield a conditioned inhibitory 

CS some studies have not obtained this result. The current experiments were aimed 

at examining the conditions under which the explicitly unpaired procedure does not 

yield an inhibitory CS. These experiments showed that the explicitly unpaired CS 

was an inhibitor when the CS and US trials had been alternated singly or randomly 

under both extensive (60 sessions) and moderate (20 sessions) amounts of training. 

The single alternation variant of the explicitly unpaired procedure yielded a 

conditioned inhibitor with intertrial intervals which were either long (420 s) or 

intermediate (45-55 s) with extensive and moderate training, respectively. An 

explicitly unpaired CS also became inhibitory following extensive training with 

short intertrial intervals (25 s). However, following limited training (8 sessions) 

the explicitly unpaired CS (10-s or 60-s long) with intermediate or short intervals 

functioned as a conditioned excitor relative to the latent inhibition control. This 

excitatory property was not affected by a lengthy retention interval during which 

rats remained in their home cage but was weakened by prolonging the conditioning 

phase. The excitatory property of the explicitly unpaired CS was also weakened by 

increasing the interval separating the onset of the CS and the US by either 

lengthening CS-duration or lengthening the intertrial interval. Finally, the explicitly 

unpaired CS functioned as a conditioned inhibitor if it had undergone extinction 

following either limited or prolonged training. The inhibitory effect of ti. \ explicitly 

unpaired CS was also manifested when only the contextual cues of the conditioning 

chamber were extinguished following limited conditioning. ThL latter finding was 

taken as evidence that a CS-context within-compound association had been formed 

which imbued the CS with enough excitation to not only obscure inhibition but to 

make the CS a net excitor. 
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General Introduction 

The primary goal of students of animal learning is to understand the 

environmental conditions that give rise to the various forms of learning. Pavlov 

(1927) discovered two kinds of conditioned responses (CRs), which he called 

excitatory and inhibitory. Although ever since Pavlov's time much effort has been 

put into understanding the conditions which give rise to Pavlovian excitatory and 

inhibitory conditioning, these phenomena remain a challenge. In both excitatory and 

inhibitory conditioning a relationship is arranged between the conditioned stimulus 

(CS), e.g., a visual or an auditory stimulus, and the unconditioned stimulus (US), 

e.g., food or electric shock. Both the nature of this relationship and the nature of the 

CR distinguish excitatory from inhibitory conditioning. 

In Pavlovian excitatory conditioning procedures, it is arranged that the US is 

more likely to occur shortly after the CS than at other times. This relationship 

between the CS and the US gives rise to conditioned responses (CRs) to the CS 

which did not occur previously. A number of theorists have asserted that as a result 

of excitatory conditioning the CS acquires the ability to evoke the representation of 

the US and that the CR reflects activation of the US representation when the CS 

occurs (for example see Wagner, 1981; Wagner & Brandon, 1989; for a review see 

Mackintosh, 1974; 1983). 

The following is an example of excitatory conditioning in the rat A flashing 

light (CS) is presented for a short period of time and upon its offset a brief, mild 

electric footshock (US) occurs. Furthermore, it is arranged that the likelihood of 

shock occurring at the offset of flashing light is much higher than at all other times 

during the experimental session. Following repeated pairings of the flashing light CS 

and trie shock US the CS is presented on test trials, without the US, while the rat is 

performing an operant response, such as lever-pressing, to obtain food (Estes & 

Skinner, 1941). Food reinforced lever-pressing will be severely suppressed during 

the CS compared to the intertrial interval (Annau & Kamin, 1961). Alternatively, if 

the rat has been trained to avoid shock by repeatedly performing an operant, such as 

hurdle-jumping, the rate of hurdle-jumping will be increased during the CS (Rescorla 

& LoLordo, 1965). Third, if the rat is given an opportunity to exit the experimental 

apparatus the latency to perform this "escape" response will be shorter during the CS 

trial than during the intertrial interval (Randich & Ross, 1984). As a result of having 

been paired with a mildly aversive footshock, the flashing light has become an 

1 
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excitatory CS, one which has acquired the ability to elicit an emotional response, fear, 

which will result in the suppression of "food-seeking" behaviors, will increase shock 

avoidance behaviors and will increase readiness to escape the experimenal context 

wherein shock is imminent 

On the other hand, in inhibitory conditioning it is arranged that the US is less 

likely to occur during the CS than at other times. Experience with a negative 

contingency between the CS and the US will endow the CS with the ability to elicit 

conditioned responses which oppose those e'icited by an excitatory CS based on the 

same US (Rescorla, 1969a). A number of theorists (Konorski, 1948; Rescorla & 

Holland, 1977) have asserted that as a result of inhibitory conditioning the CS 

acquires the ability to elevate, the threshold of activation of the US representation (for 

a review see LoLordo and Fairless, 1985). 

The description of conditioned inhibition as a process that opposes conditioned 

excitation is captured in the tests which have been proposed to measure inhibition, 

namely, the summation and retardation of acquisition tests (Rescorla, 1969b). In the 

summation test the putative inhibitor is presented in compound with an excitor. A 

putative inhibitor passes the summation test if it attenuates excitatory CRs elicited by 

the conditioned excitor more than a control stimulus does (Rescorla, 1968). The 

putative inhibitor passes the retardation of acquisition test if the rate with which i; can 

be transformed into a conditioned excitor as a result of repeated pairings with the US 

is slower than for a control stimulus. 

The following is an example of inhibitory conditioning in the rat White noise 

and shock are presented on different trials of the experimental session such that the 

likelihood that shock will occur on the same trial as white noise is zero, while the 

likelihood that shock will occur at other times during the experimental session is 

moderate. Following such an inhibitory conditioning procedure, the associative 

status of the white noise can be assessed by presenting it in compound with an 

excitatory CS, for example the flashing light from the previous example, while the 

subject is lever-pressing for food. In such a summation test, if the white noise is a 

conditioned inhibitor there will be less suppression of food-reinforced lever-pressing 

during the compound than during flashing light alone, or during flashing light in 

compound with a control stimulus, e.g., a stimulus trained in a zero contingency 

procedure. Likewise, in the presence of the compound stimulus of white noise and 

flashing light the rate of shock avoidance behaviors will decrease (Rescorla & 

LoLordo, 1965) and the latency to exit the conditioning chamber will increase (Grelle 
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& James, 1981) compared to flashing light by itself or to flashing light presented in 

compound with the control stimulus. In addition, when white noise is paired with 

shock in a retardation of acquisition test, if the noise is an inhibitor it will be slower to 

acquire the ability to suppress food-reinforced lever-pressing than a control stimulus. 

The aforementioned procedure whereby the CS and the US are negatively 

correlated by being presented on different trials is referred to as the explicitly unpaired 

procedure (Rescorla, 1968; 1969a; 1969b). Most of the p»' "ished reports involving 

the explicidy unpaired procedure have demonstrated that the CS trained with that 

procedure functions as a conditioned inhibitor, as assessed by summation and 

retardation of acquisition tests (Baker, 1977; Durlach, 1986; Hearst & Franklin, 

1977; Kaplan, 1984; Rescorla & LoLordo, 1965; Suiter & LoLordo, 1971; 

Weisman&Litner, 1969; Williams, 1986; Williams, Dvck & Tait, 1986; Williams 

& Overmier, 1988). These studies have utilised both appetitive and aversive 

paradigms and have been conducted on rats and pigeons. 

On the basis of current theories of Pavlovian conditioning (Mackintosh, 1975; 

Rescorla & Wagner, 1972; Pearce, 1987; Pearce & Hall, 1980), it is not surprising 

that the explicitly unpaired procedure yields an inhibitory CS. After all, not only is 

the CS negatively correlated with the US but, importandy, the CS is made contiguous 

with the omission of the otherwise expected, US. Expectancy of the US is mediated 

by the contextual cues of the conditioning chamber which become highly excitatory as 

a result of conditioning. This happens because the USs are not signalled by a discrete 

cue; thus, there can be no competition between a discrete cue and the contextual cues 

for excitatory associative strength (Ayres, Bombace, Shurtleff & Vigorito, 1985). 

That the explicitly unpaired procedure yields an inhibitory CS is not surprising 

for the thecv. proposed by Wagner called Standard Operating Procedure or 

Sometimes-opponent process theory (1981; Wagner & Brandon, 1989; Wagner & 

Larew, 1985) known by the acronym SOP. The following is a simplified version of 

SOP which spares the reader all the mathematical formulae which make SOP an 

"episodic model of associative learning". According to SOP stimuli are represented 

in "nodes" which can become interconnected via excitatory or inhibitory links. A 

stimulus node is composed of a finite collection of "elements" which are "activated" 

from an "inactive state", I, to either of two alternative memory states, namely, a 

"primary state", Al, or a "secondary state", A2. The Al and A2 memorial states 

have "limited capacity" while I has "infinite capacity". Elements which are activated 

into Al "naturally decay" into A2 and then into I with the passage of time. 
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Alternatively, elements of one stimulus which may be either in Al or A2 will be 

"displaced" into A2 and I, respectively, if elements of another stimulus are activated. 

Elements of a stimulus node are activated into Al only once the stimulus is physically 

present. Elements of a stimulus node are activated into A2 in either of three ways, 

i.e., (a) these elements may have naturally decayed from Al into A2, (b) a proportion 

of these elements may have been displaced by activation of elements of another 

stimulus node, or (c) they may have been activated into A2 by an "associated" 

stimulus. The theory postulates that an excitatory link will be formed between two 

stimulus nodes if a proportion of elements of both stimulus-nodes has been 

concurrently activated into Al. That being the case, presentation of one stimulus will 

activate elements of the "associated" stimulus into A2. The theory postulates that an 

ihibitory link will be formed if a large proportion of the elements of one stimulus-

node is activated into the primary state, Al, while, concurrently, a large proportion of 

elements of the second stimulus-node is activated into the secondary state, A2. 

Thus, according to the theory, a CS will become excitatory if CS-elements and 

US-elements have been concurrently activated into Al. Alternatively, a CS will 

become inhibitory if CS-elements and US-elements have been activated into Al and 

A2, respectively. As mentioned above, activation of CS-elements into Al occurs 

when the CS is physically present. Activation of the US-elements into A2 occurs 

either because the US-elements have naturally decayed into that state before 

eventually decaying into the inactive state (I) or because US-elements have been 

evoked into A2 by an excitatory stimulus. Thus, processing of the CS in Al can be 

made coincident with processing of the US in A2 by selecting temporal parameters 

which ensure that despite the natural decay across different states (A1-A2-I) there is 

still a large proportion of US-elements in A2 when the CS occurs. Alternatively, 

processing of the CS in A1 can be made coincident with processing of the US in A2 

by arranging for an excitatory cue to be present at the time the putative inhibitory CS 

is presented. In the case of the explicitly unpaired procedure the contextual cues may 

play the role of the excitatory stimulus (Baker, 1977), although how contextual cues 

may trigger processing of the US in A2 it is not strictly specified by the theory 

(Wagner, 1981; Mazur & Wagner, 1982). 

That the CS trained with the explicitly unpaired procedure functions as a 

conditioned inhibitor is similarly not surprising for a different class of theories which 

are collectively referred to as comparator theories (Balsam, 1984; Gibbon & Balsam, 

1981; Kasprow, Schachtman & Miller, 1987; Miller & Schachtman, 1985). These 
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arc performance theories, rather than learning theories. According to one compara' . 

theory, known by the acronym SET (Balsam, 1984; Gibbon & Eisam, 1981) 

inhibitory performance does not reflect an underlying inhibitory CS-US association. 

Instead, it reflects the outcome of a comparison of the strength of two associations, 

namely, the association between the target CS and the US, which is the US-

expectancy during the CS trial (hT), and the association between the US and the 

experimental context, which is the background US-expectancy (hC). Both of these 

associations are assumed to be excitatory. Their strengths increase as a direct 

function of the rate with which the US is presented during the target CS and during 

the experimental context, respectively. Inhibitory performance arises if the 

expectancy ratio (hT/hC) of the US-expectancy during the target CS and the 

background US-expectancy is smaller than a threshold level (Balsam, 1984; Kaplan, 

1985). In the case of the explicitly unpaired procedure the rate of US presentations in 

the context far exceeds the rate of US presentations during the target CS. Thus, the 

expectancy ratio is lower than threshold and the explicitly unpaired target CS is 

predicted to perform as an inhibitor. 

Although the majority of studies have successfuly demonstrated inhibition with 

the explicitly unpaired procedure, there have also been studies that have demonstrated 

that the explicitly unpaired procedure does not yield an inhibitory CS (Kleiman & 

Fowler, 1984; Maier, Rapaport & Wheatiey, 1976; Plotkin & Oakley, 1975). These 

studies have posed a challenge to the theories of Pavlovian conditioning, described 

above, which predict that the explicitly unpaired CS should function as an inhibitor. 

These studies have been conducted on rats and nave predominantly used an aversive 

paradigm. There are three variables that mainly distinguish between the studies that 

have demonstrated inhibitory conditioning and those that have produced the negative 

result These variables have been introduced in various combinations. The first of 

these variables concerns the sequence of the CS and the US trials. In the studies that 

have produced the negative result the CS and the US trials have been presented in 

single alternation. The second variable concerns the length of the acquisition phase. 

In the studies that have produced the negative result animals have been trained for a 

limited period of time. Lastly, the third variable concerns the length of the intertrial 

interval. In the studies that have produced the negative result fairly short intertrial 

intervals have been used. 

The single alternation sequence can disrupt inhibitory conditioning for the 

following reason. Many theorists (Mackintosh, 1975; 1983; Pearce & Hall, 1980; 
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Rescorla & Wagner, 1972) have postulated the rule that in order for a CS to become 

inhibitory it has to be made contiguous with the omission of a highly expected US. 

This rule is commonly referred to as the negative discrepancy rule (Rescorla & 

Wagner, 1972) and has been proposed as one of the conditions which underly 

inhibitory conditioning. A single alternation sequence may violate this condition if 

animals which have been so trained can predict when the US will occur. If they can 

predict when the US will occur they will not be expecting the US at the time the CS is 

presented. A way in which this can occur is if animals can learn that the CS and US 

trials alternate singly (LoLordo and Fairless, 1985). 

In a single alternation sequence, the US is always presented at the end of the 

intertrial interval which began following a CS trial and never al the end of the interval 

which began following the US trial. If animals can distinguish between the CS itself 

and the intertrial interval that follows, and can discriminate between the intertrial 

interval which began following a CS trial and the intertrial inteival which began 

following a US trial, then they will not be expecting the US at the time the CS is 

presented. Learning the sequence of singly alternating CS and US events may 

disrupt inhibitory conditioning only if sequence learning occurs before the acquisition 

of conditioned inhibition. If violation of the discrepancy rule, resulting from learning 

the sequence of CS-US trials, were to occur after inhibition has been acquired, then 

inhibitory performance should not be affected (e.g., Williams, 1986; Zimmer-Hart & 

Rescorla, 1974). 

With respect to the second variable, the amount of training, in the studies 

which have produced the negative result animals have been trained for a limited 

period of time. For example, Plotkin and Oakley (1975), who used the rabbit 

nictitating membrane preparation, trained the rabbits for five sessions during each of 

which there were twenty-five CS and twenty-five US trials. In the study by Maier, et 

al., (1976) rats were trained for four sessions during which there were twenty trials 

of each event. Last, in the study by Kleiman and Fowler (1984) there were either six 

(in Experiment One) or sixteen (in Experiment Two) sessions during which there 

were seven trials of each event In the latter two studies the rats were trained in a 

CER preparation. Thus, the negative result may reflect a preasymptotic effect and it 

should be possible to demonstrate inhibition by extending the training phase. 

The negative finding is interesting even in the case where the explicitly 

unpaired procedure has not produced a conditioned inhibitor because of insufficient 

training. It is interesting because in the studies which have reported the negative 
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result other procedures which were concurrently administered to other groups, for 

example the backward conditioning procedure (Kleiman & Fowler, 1984; Maier, et 

al, 1976; Plotkin & Oakley, 1975) and the trace conditioning procedure (Kleiman & 

Fowler, 1984), did in fact yield conditioned inhibitors with the training parameters 

that proved to be insufficient for the explicitly unpaired procedure. 

Lastly, with respect to the third variable, namely, the length of the intertrial 

interval, the theories would predict that if shortening the intertrial interval has any 

effect on inhibitory conditioning and/or performance that effect should be favc *nble, 

and not detrimental. According to the Rescorla-Wagner model (1972) the effect of 

shortening the intertrial interval would be to limit the extent to which the contextual 

cues become extinguished. This would increase the negative discrepancy between 

expectation of reinforcement and the outcome of reinforcement omission when the 

explicitly unpaired CS is presented, and thus would enhance inhibitory learning. 

According to Wagner's SOP theory (1981) a greater proportion of US elements will 

still be activated in A2 with shorter intertrial intervals than with longer intervals, 

during which more US elements will have decayed into the inactive state (Wagner & 

Larew, 1985). Since the strength of the inhibitory CS-US link is directly influenced 

by the proportion of CS and US elements activated in Al and A2, respectively, 

inhibitory learning will be stronger the shorter the intertrial interval. 

Comparator theories note that for a constant forward CS-US interval the rate of 

presentation of the US in the experimental context, i.e., per session, increases with 

decreases in the intertrial interval. Thus, the expectancy ratio will be smaller with 

shorter intertrial intervals than with longer ones and the typically observed trial-

spacing effect should occur (Gibbon, Baldock, Locurto, Gold & Terrace, 1977; 

Kaplan, 1985; Weisman & Litner, 1971). Moreover, if the CS-US interval is a 

substantial fraction of the intertrial interval, the CS should control inhibitory 

performance. However, this reasoning would not apply to variations in intertrial 

interval in the case of the explicitly unpaired procedure. This is because the CS-US 

interval is net held constant given such variations. For example, in cases where the 

explicitly unpaired CS is placed in the middle of the interreinforcement interval, when 

the intertrial interval is increased the CS-US interval is also increased. Thus, SET 

would predict that as long as the explicitly unpaired CS is placed in the middle of the 

interreinforcement interval, inhibitory performance of the target CS should not vary 

as a function of the length of the intertrial interval (Balsam, 1984). 



The length of the intertrial interval may affect inhibition to the target explicitly 

unpaired CS if, as a result of shortening the intertrial interval, the conditions are met 

for the target CS to form an excitatory association (Tait & Saladin, 1986; Williams & 

Overmier, 1988; Williams, Travis & Overmier, 1986) in addition to the inhibitory 

association. Some recent theories of Pavlovian conditioning, for example SOP 

(Mazur& Wagner, 1982; Wagner, 1981; Wagner & Larew, 1985) and AESOP 

(Wagner & Brandon, 1988) as well as Pearce (1987) and Pearce and Hall (1980), 

together with the ancestral theories of Pavlov (1927) and Konorski (1948) commonly 

hold that a CS can simultaneously form excitatory and inhibitory associations. If the 

strength of the excitatory association is greater than the strength of the inhibitory 

association the CS will function as an excitor. If the reverse is true the CS will 

function as an inhibitor, whereas if the two associations are of equal strength the CS 

will function neither as an excitor nor as an inhibitor but rather as a neutral stimulus. 

Thus, in the case of "mixed" stimuli, i.e., CSs which have formed both excitatory 

and inhibitory associations with the US, assessment of the conditioned response does 

not fully reflect the underlying associative structure. Instead it reflects the strength of 

the excitatory association relative to the strength of the inhibitory association. The 

excitatory and inhibitory associations are differentially sensitive to the operation of 

extinction. The excitatory association is weakened by repeated presentations of the 

CS while the inhibitory association is not affected. Thus, in cases where the 

inhibitory association is obscured by an excitatory association the former can be 

revealed by extinguishing the CS (Williams & Overmier, 1988; Williams, Travis & 

Overmier, 1986). 

Li the case of the explicitly unpaired procedure, let us assume that an inhibitory 

association is formed between the CS and the US since the two are negatively 

correlated and furthermore, the CS occurs at times when there is a high expectation of 

the US mediated by the contextual cues. Additionally, if temporal contiguity is 

necessary for the formation of a direct CS-US association (e.g., Durlach, 1989), an 

excitatory CS-US association will be formed in the case where the intertrial interval is 

short. With limited training the inhibitory association will be weaker than the 

excitatory CS-US association. This will be so because in order for the inhibitory 

association to become stronger it is necessary that the contextual cues mediate a high 

expectancy for the US at the time the CS occurs (this is the negative discrepancy rule 

which was described above). Thus, in order for the CS-US inhibitory association to 

become stronger the contextual cues first must become excitatory. With extensive 
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training the inhibitory CS-US association will be strong. If the inhibitory association 

is stronger than the excitatory association the CS will function as an inhibitor. 

The following experiments were aimed at examining the conditions under 

which the explicitly unpaired procedure does not yield an inhibitory CS. Experiment 

One assessed whether the CS would function as an inhibitor if it was presented in the 

single alternation variant of the explicitly unpaired procedure, as opposed to the 

random alternation variant. Experiment Two addressed the same question, but 

included fewer conditioning sessions. Experiment Three assessed whether inhibition 

would be abolished by decreasing the length of the intertrial interval. Experiment 

Four assessed whether inhibition would be abolished if in addition to decreasing the 

intertrial interval the number of conditioning sessions was also reduced. Experiment 

Four also assessed the effect of post conditioning extinction of the explicitly unpaired 

CS. 

Experiment 1 

The purpose of this experiment was to examine whether a stimulus would 

function as a conditioned inhibitor if it was presented in the single alternation variant 

of the explicitly unpaired procedure, as opposed to the random alternation variant 

Furthermore, this experiment also assessed whether the sequence in which the CS 

and US were presented during conditioning influenced appetitive food-reinforced 

lever-pressing during the acquisition phase in a way indicative of whether rats had 

learned the CS-US sequence. To that end, rats were trained with an explicitly 

unpaired procedure whereby the CS and US were presented on separate trials with a 

fixed and long intertrial interval. For different groups, white noise (CS) and electric 

footshock (US) were presented either in single alternation (CS-US-CS) or in random 

alternation. An additional group, trained with a zero-contingency procedure, served 

as the non-associative control group. 

In an effort to assess whether different patterns of food-reinforced lever-

pressing would arise as a result of the different Pavlovian conditioning procedures the 

acquisition phase was carried out on baseline, i.e., rats had the opportunity to lever-

press for food reinforcement throughout the conditioning sessions. Since in both 

variants of the explicitly unpaired procedure the CS was negatively correlated with the 

US, if the rats learn this negative relationship, the rate of food-reinforced lever-

pressing should be higher during the CS than during the intertrial interval. This 

change in the rate of food-reinforced lever-pressing should not be seen during the 



zero-contingency CS in the control group. In the zero-contingency control group the 

momentary probability of US occurrence was the same during the intertrial interval 

and during the CS. Furthermore, since in both variants of the explicitly unpaired 

procedure the intertrial interval was of fixed duration, and the USs were unsignalled, 

the time cues at the end of the intertrial interval should be more excitatory than the 

time cues at the beginning of the interval. Translated in terms of operant 

performance, this type of learning should be reflected in a progressive decrement of 

the rate of food-reinforced lever-pressing as the intertrial interval comes to an end 

(Anger, 1963). The zero-contingency control group should not show this pattern of 

lever-pressing since the probability of US occurrence was equal throughout the 

session. 

If the rats which were trained with the single alternation explicitly unpaired 

procedure learn the sequence, and to the extent that this learning affects lever-pressing 

during the conditioning phase, the partem of behavior obtained with single alternation 

of CS and US should be different from that with random alternation. Specifically, 

rats which have learned the single alternation sequence would be able to anticipate the 

US on the basis of the previous trial having been a CS trial. Consequently, the rate 

of food-reinforced lever-pressing would decrease during the intertrial interval which 

followed the CS trial, in anticipation of the US. No such decrement would be 

observed during the intertrial interval following a US trial. On the other hand, rats 

trained with the random alternation variant would progressively suppress lever-

pressing during the intertrial interval irrespective of whether a CS or a US preceded 

it. 

In order to assess conditioned inhibition acquired during the Pavlovian 

conditioning phase, rats trained with the two variants of the explicitly unpaired 

procedure were tested using summation and retardation of acquisition tests (e.g., 

Hearst, 1972; Rescorla, 1969b) and their performance was compared to that of the 

zero-contingency control group. As noted earlier, a stimulus passes the summation 

test if there is less suppression of the food-reinforced lever-pressing on trials where a 

reference excitor is presented in compound with the putative inhibitor than on trials 

where the reference excitor is presented alone. The explicitly unpaired stimulus 

would function as an inhibitor in this test if it alleviated suppression of food-

reinforced lever-pressing more than the zero-contingency stimulus did. The explicitly 

unpaired stimulus would pass the retardation of acquisition test if it were slower to 

oecome an excitatory CS in the test phase than the zero-contingency stimulus. 
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Method 

Subjects: Twenty-four experimentally naive, male Sprague Dawley rats were 

obtained from Charles River Inc. Canada, St Constant Quebec. Rats were 

approximately oae hundred days old at the beginning of the experiment. All rats were 

maintained on a 12 hour light/12 hour dark cycle. Rats were individually housed in 

wire mesh cages (20 x 24 x 18 cm), and were given free access to water. However, 

they were maintained at 80% of their free-feeding body weights. Rats were fed 20 g 

of Purina lab chow at the end of each day. 

Apparatus: Eight operant conditioning chambers (23 x 24 x 27 cm) served as 

apparatus in all phases of the experiment. The operant conditioning chambers were 

enclosed individually in sound attenuating cubicles (67 x 45 x 45 cm) made of 

plywood with the interior walls lined with acoustic tiles. A fan mounted on the 

outside wall of each cubicle provided an ambient noise of 60 dB. The front panel and 

the back wall of the operant conditioning chambers were made of aluminum, whereas 

the side wall, the ceiling, and the door were made of clear Plexiglas. The floor was 

made of 5-mm stainless steel grids spaced 1 cm from center to center and was 

connected to a shock scrambler and shock generator (Shock Generator E6070B, 

Grason Stadler, W. Concord, Mass.) to provide 0.5-s, 0.8-mA aversive foot-shocks. 

The food-magazine (3x3 cm) and the response lever (5 cm long) were located on the 

front panel. For all conditioning chambers the food-magazine was located at the 

center of the panel 1.5 cm above the floor. The response lever was located above the 

food-magazine, 10 cm from the floor for half of the conditioning chambers, and for 

the other half it was located on one side, 6 cm from the door, and 16 cm from the side 

wall. Lever-presses were reinforced with a 0.45-mg Noyes food pellet delivered into 

the food-magazine. 

A 7.5-W, 115-125-V houselight provided 11 lx diffuse illumination of the 

conditioning chamber. The houselight was located on the outside of the conditioning 

chamber and rested on a white plastic panel that was located above the ceiling. The 

houselight turned on automatically at the beginning, and remained on throughout, 

each of the sessions. The houselight also provided a visual conditioned stimulus in 

the form of a light flashing on and off at a rate of 1 Hz. The speaker was located on 

the front panel at floor level, 3 cm from the side wall and 18 cm from the door. The 

speaker was connected to a noise generator (Noise Generator model 901B, Grason 
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Stadler, W. Concord, Mass.) to provide an auditory CS in the form of an 80-dB 

white noise. The operant chambers were connected to electromechanical equipment 

which contolled the stimuli, delivered food pellets and recorded the lever-press food-

reinforced lever-presses (in Experiments 5,7,8 and 9 the operant chambers were 

connected to an Apple lie computer via a custom made interface). 

Procedure: The experiment was divided into three phases, namely, (a) 

Pretraining, (b) Conditioning and (c) Testing. All phases were carried out in the 

operant chambers. All experimental sessions were 90-min long. The beginning of 

each session was signalled by the onset of the houselight which remained on 

throughout the session. 

(a) Pretraining: Rats were acclimated to the colony conditions for 

approximately ten days. During this period rats had free access to food and water, 

and were handled daily both individually and in groups. Subsequently, the rats' 

body weights were reduced to 80% of their free-feeding weights. Boc-y-weight 

reduction was accomplished by totally food depriving the rats for three days and 

subsequently partially depriving them, by feeding them 10 g of food daily, for two 

days. Once rats had reached the desired weight, and for the duration of the 

experiment, they were fed 20 g of food daily at the end of the experimental session. 

Rats were sut <?quently magazine trained and trained to lever-press for food 

reinforcement A schedule of continuous reinforcement was in effect at the beginning 

of operant training and for two consecutive sessions. The operant schedule was then 

changed to a variable interval-60 s (VI-60 s) schedule. Rats were trained on this 

schedule for approximately ten days, until they reached a steady rate of lever-

pressing. Following operant training rats were randomly assigned to groups (N=8) 

which were matched on baseline lever-press rates. Rats were given two additional 

sessions of operant training following group assignement. 

(b) Conditioning: Conditioning was conducted on baseline; throughout the 

conditioning phase rats had the chance to lever-press and earn food on the VI-60 s 

schedule. There were a total of sixty conditioning sessions. 

Two groups, EUPs and EUPr, were trained with the explicitly unpaired 

procedure. During each conditioning session the CS, a 60-s white noise, and the 

US, the electric footshock, were each presented five times. For group EUPs the CS 

and the US were presented in single alternation (s denotes single alternation). The 

interval from the onset of the CS to the onset of the US was 480 s, leaving a 420-s 

gap between the termination of the CS and the onset of the US. The interval between 
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the offset of the US and the onset of the subsequent CS was also 420 s. For group 

EUPr the CS and US were presented in random alternation (r denotes random 

alternation). The ordering of the five CS and five US events varied from session to 

session and was decided quasi-randomly. There were no restrictions as to how many 

like events could occur in succession. The interval between the offset of the 

stimulus, either the CS or the US, and the onset of the next stimulus was 420 s. For 

both EUPs and EUPr groups the first stimulus to occur was a CS on half the 

conditioning sessions, and a US on the rest; the order of these sessions was decided 

quasi-randomly. 

The third group, RNDs, was a zero-contingency control group. Five CSs 

were presented on each conditioning session; they occurred at exactly the same time 

as in group EUPs. Five USs were also presented on each session. The session was 

subdivided into 5-s bins and a US was scheduled to occur in each of these bins with 

equal probability. Thus, a US could occur before, during or after the CS. There 

were no restrictions as to the number of USs that could occur in succession. It was 

arranged, however, that the first event of the session, whether a CS or a US, was the 

same for the explicitly unpaired and for the zero-contingency groups. 

In order to ensure that there were no disruptions of the operant baseline during 

conditioning, since the USs were unsignalled, the number of USs, and concomitantly 

of CSs, was increased gradually. Thus, on the first three conditioning sessions there 

were only three US and three CS trials, on the fourth and fifth session there were 

four, and from the sixth session onward there were five trials of each kind. The 

temporal spacing of the CS and US trials was as described above, however, the first 

stimulus was presented several min into the session, such that the interval between 

the offset of the last stimulus and the termination of the conditioning session remained 

invariant, at 420 s, across all the conditioning sessions. 

On sessions thirty-one, thirty-eight and forty-five of conditioning all rats 

received a single alternation sequence of five CS and five US events. Data from these 

three sessions were used to determine whether there were any patterns in the operant 

baselines that would distinguish among the treatments received by the explicitly 

unpaired groups with single and random alternation sequences and the zero-

contingency control. 

(c) Testing: Upon completing the conditioning phase, rats were given two 

consecutive sessions of lever-pressing on the VI-60 s schedule in the absence of any 

events. Rats subsequently received excitatory conditioning of the 60-s flashing light 
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CS, which would later serve as the reference exciior in the summation test There 

were nine excitatory conditioning sessions during each of which there were three 

trials separated by intertrial intervals of approximately fifteen to twenty min. The first 

trial occurred twenty min after the initiation of the session to allow lever-pressing 

rates to stabilize before the electric footshocks occurred. All trials were reinforced 

during the first three sessions. However, for the remaining six sessions only two of 

the three trials were reinforced. The position of the nonreintorced trial was 

determined at random. On reinforced trials the electric footshock occurred at the 

offset of the 60-s flashing light CS. 

Following completion of excitatory conditioning rats were tested using a CER 

summation test Rats were left to lever-press for food reinforcement on the VI-60 s 

schedule in order to establish a steady baseline for the first twenty min. 

Subsequently, four nonreinforced trials separated by intertrial intervals of 

approximately fifteen min were presented. On two of the trials flashing light was 

presented for 60 s by itself (A). On the remaining two trials flashing light was 

presented for 60 s in simultaneous compound with the white noise (AX). The order 

in which these trials were presented was counterbalanced within groups and also 

between sessions, such that half of the rats were tested with the order A, AX, AX, A 

on the first session and with the order AX, A, A, AX, on the second session while 

for the remaining rats the reverse was true. 

Following the completion of the summation test all rats were tested with a 

retardation of acquisition test for seven consecutive sessions. On each session rats 

were left to lever-press for the first twenty min and subsequently were presented with 

three trials which were separated by an intertrial interval of approximately twenty 

min. On each trial white noise was presented for 60 s; shock occurred at the 

termination of the CS. 

Results 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of lever-presses emitted during each of the sessions of operant training. 

At the end of operant training all rats were lever-presssing rapidly. There was no 

difference in the mean number of lever-presses among the groups on either of the two 

training sessions following group assignement 
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Conditioning: During the conditioning phase the operant baselines were 

examined thoroughly on sessions thirty-one, thirty-eight and forty-five. On each of 

these sessions a record was made of the total number of food-reinforced lever-presses 

during the five CS trials, each of the seven 60-s intervals following termination of 

each of the five CS trials, and each of the seven 60-s intervals following the 

termination of each of the five US trials. Since the pattern was consistent across the 

three sessions the data were collapsed by adding all the food-reinforced lever-presses 

across sessions for each of the intervals separately. The data are summarized in 

Figure 1.1 which shows, for each of the groups, the cummulative mean lever-press 

rates during the CS trials, during the first and seventh 60-s intervals following the CS 

trials, and during the first and seventh 60-s intervals following the US trials. The 

most dramatic effect was an abrupt increase in the number of food-reinforced lever-

presses during the CS period in group EUPr. 

(Insert Figure 1.1) 

These data were subjected to a split plot ANOVA which yielded a significant 

effect of intervals (F(4,84)=4.435) and a significant intervals by groups interaction 

(F(8,84)=3.817). These values as well as the values from all subsequent analyses in 

all experiments were compared to critical F values with Ea<0.05 obtained from 

Rodger's (1975) tables. Subsequently, data for each of the groups were analyzed 

with randomized blocks ANOVA. A common within-subjects error term which was 

obtained from the split plot ANOVA was used. The F values from each of the 

randomized blocks analyses were compared to a critical F(4,84) obtained from 

Rodger's tables. A significant effect of intervals was obtained for group EUPs 

(F(4,48)=1.561) and group EUPr (F(4,48)=10.267). Post hoc contrasts using 

Rodger's (1974) method showed that for group EUPr the number of food-reinforced 

lever-presses during the CS was larger than the number of food-reinforced lever-

presses during the first and seventh post-CS and first post-US periods, which did not 

differ, and which in turn was larger than the number of food-reinforced lever-presses 

during the seventh post-US period. On the other hand, for group EUPs it was not 

possible to find a set of rejectable contrasts. 

The operant baselines were also subjected to a between-groups analysis. 

Specifically, groups were compared during the CS and during the first and seventh 

post-CS and post-US intervals by performing five separate ANOVAs. A common 
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Figure 1.1: Mean response rates during the CS trials (Co), during the first (1) and 

seventh (7) 60-s intevals following the CS trials, and during the first (1) 

and seventh (7) 60-s intervals following the US trials for the explicitly 

unpaired groups trained with the single (EUPs) and random (EUPr) 

alternation variants and the zero-contingency control group (RNDs) of 

Experiment 1. 
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error term was used which was calculated by averaging the error terms of the five 

separate ANOVAs. The F values were compared to a critical F(2,43) obtained from 

Rodger's tables; the denominator degrees of freedom were calculated using 

Sattsrthwaite's (1946) correction formula. There was a significant difference among 

the groups only during the CS (F(2,43)=2.626). Contrasts showed that the mean for 

group EUPr was larger than that for groups EUPs and RND, which did not differ. 

Taken together these data showed that the rates of lever-pressing during the intertrial 

interval were equivalent among the three groups and invariant across the first and 

seventh post-CS and first and seventh post-US intervals. On the other hand, in 

group EUPr, unlike groups EUPs, and RND, there was an increment in food-

reinforced lever-pressing during the CS relative to the intertrial interval. 

Following conditioning rats were given two sessions to regain their operant 

baseline. There were no differences in any group in the mean number of lever-

presses on either of the two sessions compared to the baseline at the end of the 

pretraining period. 

Testing: The dependent variable during excitatory conditioning of the reference 

excitor was the total number of food-reinforced lever-presses during the session. 

There was no difference among the groups in the mean number of lever-presses 

across the sessions of excitatory conditioning. 

There were two dependent variables during the summation and retardation of 

acquisition tests, the total number of food-reinforced lever-presses during the baseline 

period and the suppression ratio; these were calculated as follows. The baseline 

period was the one min period just before each of the trials. The total number of 

lever-presses during the baseline period was denoted by the letter "P". For each of 

the two sessions of the summation test "P" was calculated separately for A and AX 

by combining the two trials of each kind. Similarly, for each of the sessions of the 

retardation of acquisition test "P" was calculated by combining the three trials. 

Suppression ratios were calculated using the formula SR=D/(D+P) where the letter 

"D" denoted the total number of food-reinforced lever-presses during the stimulus 

and "P" denoted the total number of food-reinforced lever-presses during the baseline 

period (Annau & Kamin, 1961). Suppression ratios were calculated for each of the 

sessions of the summation test for A and AX by combining the two trials. Similarly, 

suppression ratios were calculated for each of the sessions of the retardation of 

acquisition test by combining the three trials. A suppression ratio of 0.00 shows total 

suppression of lever-pressing during the stimulus. A suppression ratio of 0.50 
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shows no change in rate, and suppression ratios approach 1.00 with increasing 

facilitation of lever-pressing. 

During the summation test there were no differences among the groups in the 

total number of food-reinforced lever-presses during the baseline period, "P", on 

either the A or AX trials on either session. The mean suppression ratios for A and 

AX across the two sessions are presented in Figure 1.2 for the explicitly unpaired 

groups and the zero-contingency control. Data were subjected to a split plot ANOVA 

which yielded a significant effect of groups (F(2,21)=2.894), trials (F(3,63)=20.500 

and a significant group by trials interaction (F(6,63)=7.643). Subsequently, data for 

each group were subjected to randomized blocks ANOVAs. A common within 

subjects error term was used which was obtained from the split plot table. The F 

values from all analyses were compared to a critical value F(3,63), with a rejection 

rate Ea<0.05, which was obtained from Rodger's tables. 

(Insert Figure 1.2) 

For both EUPs and EUPr groups, the suppression ratios were higher on AX 

trials than on A trials on both sessions. On the other hand, for group RNDs there 

was no difference in the suppression ratios for A compared to AX on either session. 

Randomized blocks ANOVAs showed a significant difference among the suppression 

ratios only in groups EUPs and EUPr (EUPs: F(3,63)=14.000; EUPr: 

F(3,63)=21.429). Post hoc, orthogonal contrasts showed that in both groups the 

suppression ratios on the A trial were lower than those on the AX-trial, on both 

sessions. Taken together, the results from the summation test indicated that there was 

less suppression of lever-pressing during the compound stimulus of flashing light 

and white noise, compared to flashing light alone, if white noise had been presented 

in an explicitly unpaired procedure, irrespective of whether the CS and US had 

alternated singly or randomly. Suppression ratios on compound and reference excitor 

trials did not differ if white noise had been presented in a zero-contingency 

procedure. 

In the retardation of acquisition test there were no differences among the 

groups in the rate of lever-pressing during the baseline period, "P" on any of the four 

sessions. The data from the retardation of acquisition test are presented in Figure 

1.3. Suppression ratios are plotted for each of the sessions for each group. The rate 



Figure 1.2: Mean suppression ratios for A and AX trials on days 1 and 2 of the 

summation test for the explicitly unpaired groups trained with the single 

(EUPs) and random (EUPr) alternation variants and the zero-contingency 

control group (RNDs) of Experiment 1. 
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of excitatory conditioning in groups EUPs and EUPr was slower than that in group 
RNDs, while this rate was comparable for group EUPs and group EUPr. 

(Insert Figure 1.3) 

These data were subjected to a split plot ANOVA which yielded a significant 
effect of groups (F(2,21)=6.247), sessions (F(6,126)=26.750) and a significant 
groups by sessions interaction (F(12,126)=2.333). Subsequently, data were 
analysed by perfonriing separate ANOVAs on each of the six sessions. A common 
error term was used which was calculated by averaging the six error terms obtained 
from the six separate ANOVAs. The F values from each of the analyses were 
compared to a critical value F(2,67), with a rejection rate Ea<0.05, which was 
obtained from Rodger's tables; the denorrrinator degrees of freedom were calculated 
by using Satterthwaite's (1946) correction formula. A significant difference among 
the groups was found on the second (F(2,67)=6.429), third (F(2,67)=13.429), 
fourth (F(2,67)=5.548, fifth (F(2,67)=3.837) and sixth (F(2,67)=2.748) sessions. 

Post hoc, orthogonal contrasts yielded the following results. On the second 
through the fourth sessions the suppression ratios for groups EUPs and EUPr, which 
did not differ, were larger than that for group RNDs. On the other hand, on the fifth 
session the suppression ratio for group EUPr was lower than that of group EUPs but 
higher than that of group RNDs, while on the sixth session the suppression ratio for 
group EUPs was lower than that for group EUPr but higher than that for group 
RNDs. Taken together the data of the retardation of acquisition test showed that 
acquisition was retarded in groups EUPs and EUPr compared to group RNDs. 

Discussion 

This experiment examined whether stimuli would function as net inhibitors, as 
assessed by summation and retardation of acquisition tests, if they had been presented 
in an explicitly unpaired procedure whereby the CS and US occurred either in single 
or in random alternation. Furthermore, this experiment also assessed: (1) whether 
patterns in the appetitive operant baseline would reflect inhibitory learning in the 
explicitly unpaired groups, vis-a-vis the control, and (2) whether these patterns 
would distinguish between the single vs. random alternation procedures, possibly 
revealing learning of the single alternation sequence. 



Figure 1.3: Mean suppression ratios for the sessions of the retardation of 

acquisition test for the explicitly unpaired groups trained with the single 

(EUPs) and random (EUPr) alternation variants and the zero-contingency 

control group (RNDs) of Experiment 1. 
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Data from both the summation and retardation of acquisition tests of inhibition 

revealed that the single and random alternation variants of the explicitly unpaired 

procedure yielded equivalent inhibitory CSs. With respect to the summation test, 

each explicitly unpaired stimulus alleviated suppression of food-reinforced lever-

pressing when it was presented in compound with the reference excitor. The 

alleviation of suppression of food-reinforced lever-pressing produced by the 

explicitly unpaired stimulus trained with the single alternation procedure was 

equivalent to that produced by the explicitly unpaired stimulus trained with the 

random alternation procedure. There was no alleviation of suppression of lever-

pressing when the zero-contingency stimulus was presented in compound with the 

reference excitor. In the retardation of acquisition test the rate of excitatory 

conditioning was retarded, vis-a-vis the zero-contingency stimulus, when the 

explicitly unpaired stimuli were paired with shock. Thus, based on the results of 

both tests of inhibition, the explicitly unpaired procedure, irrespective of whether the 

CS and US trials were presented in single or random alternation, yielded a CS which 

functioned as an inhibitor, vis-a-vis a zero-contingency control. 

Although the single alternation and random alternation variants of the explicitiy 

unpaired procedure yielded CSs which functioned similarly in the summation and 

retardation of acquisition tests for inhibition, the two variants produced different 

patterns of food-reinforced lever-pressing during the conditioning phase. Compared 

to the rate of food-reinforced lever-pressing during the intertrial interval, there was a 

dramatic increase in rate during the explicitly unpaired CS in the group trained with 

random alternation. This was not the case in either the group trained with single 

alternation or in the zero-contingency control group. The finding that there was an 

increase in the rate of food-reinforced lever-pressing during the explicitly unpaired 

CS presented in random alternation with the U3 is not surprising in view of the 

results of the summation and retardation of acquisition tests for inhibition which 

showed that the CS had been rendered an inhibitor. 

It is surprising that the explicitiy unpaired CS which singly alternated with the 

US did not evoke a similar increment of food-reinforced lever-pressing given the 

finding that in the summation test that CS functioned as an inhibitor. Perhaps the 

explicitly unpaired CS trained with a single alternation procedure failed to perform as 

an inhibitor during the conditioning phase because there was not enough excitation 

present at the time of each CS presentation for inhibition to be manifested (e.g., 

Kaplan, 1985; Kaplan & Hearst, 1985; Lysle & Fowler, 1985; Williams, Overmier 



& LoLordo, in preparation). However, there was no pattern in the data indicating a 

difference in the amount of excitation among the groups. A between-groups 

comparison of the operant baselines during the interevent interval revealed no 

difference. Thus, if there was a difference among the groups in the amount of 

excitation during the interevent interval it did not differentially affect the operant 

baselines. 

There was no convincing evidence that the explicitly unpaired groups showed 

temporal conditioning. In the random alternation EUPr group there was a significant 

decrement in the rate of food-reinforced lever-pressing on the seventh interval 

following the US, i.e., at the end of the intertrial interval. However, there was no 

decrement in food-reinforced lever-pressing on the seventh interval following the CS 

in either one of the explicitly unpaired groups. Moreover, there was no evidence that 

rats trained with the single alternation EUP procedure had learned the sequence of 

trials. In the overall pattern of food-reinforced lever-pressing the explicitly unpaired 

group was very similar to the zero-contingency control group. 

It is possible that temporal conditioning had in fact occurred in the two 

explicitly unpaired groups but that our measure of performance, lever pressing, was 

not sensitive to it. Had an alternative measure been used, as for example escape from 

the operant chamber (Grelle & James, 1981), evidence for temporal conditioning 

might have been obtained. On the other hand, however, it is possible that excitation 

conditioned to the contextual cues may have obscured excitation by the temporal cues 

associated with the termination of the intertrial interval. On that account if rats had 

been brought to a neutral context we might have been able to assess excitatory 

conditioning of the temporal cues. Williams, Frame and LoLordo (manuscript in 

preparation) have shown that excitatory CRs, eg., freezing, elicited by the temporal 

cues associated with the presentation of unsignalled shocks may be evident in a 

neutral context even when they are masked by contextual conditioning in the original 

conditioning context 

Thus, this experiment demonstrated that the explicitly unpaired procedure 

yielded a CS which functioned as a conditioned inhibitor, as assessed by both 

summation and retardation of acquisition tests for inhibition, whether the CS and the 

US had been presented in single or in random alternation. Although the two variants 

were indistinguishable in terms of their performance during the summation and 

retardation of acquisition tests for inhibition, they did differ in one respect During 

the acquisition phase there was increased food-reinforced lever-pressing during the 



CS only in the random alternation variant This finding may be sufficient grounds to 
argue that the two variants are distinctive although they both produce an inhibitory 
CS. 

Given the findings of this experiment use of the single alternation sequence 
was not by itself responsible for the negative results in the literature, i.e., that the 
explicitly unpaired procedure did not yield an inhibitory CS. If the single alternation 
sequence is at all responsible it must be in combination with another variable. This 
issue was explored in the subsequent experiment which compared the inhibitory 
strength of explicitly unpaired CSs presented either in single or random alternation 
with the US for fewer sessions of conditioning. 

Experiment 2 

The purpose of this experiment was to examine whether an explicitly unpaired 
CS presented in single alternation with the US would function as a conditioned 
inhibitor after substantially fewer conditioning sessions (twenty) than in the previous 
experiment The training parameters selected for this experiment were quite similar, 
though not identical, to those by Kleiman and Fowler (Experiment Two, 1984) who 
trained their rats for sixteen sessions, and found that the single alternation explicitly 
unpaired procedure failed to yield a conditioned inhibitor. In this experiment, and all 
subsequent experiments, the conditioning phase was carried out off-baseline, i.e., the 
response levers were retracted. The conditioning phase was carried out off-baseline 
in order to avoid disruptions of lever-pressing which may have occurred if 
unsignalled shock occurred following a lever-press. 

Method 

Subjects: Thirty-two male albino rats were used in the experiment. The strain, 
age, and the conditions under which the rats were kept were as described previously. 

Apparatus: The apparatus was identical to the one described previously. 

Procedure: The pretraining phase of this experiment was identical to the one 
used previously. The conditioning phase was also very similar except there was a 
total of twenty conditioning sessions. During each session there were seven CS and 
seven US trials. Furthermore, the conditioning sessions were run off-baseline, i.e., 
the response levers were retracted. As was the case in the previous experiment, two 
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groups, EUPs and EUPr, were trained with the explicitly unpaired single alternation 

and random alternation procedures, respectively. In this experiment zero-

contingency control groups, RNDs and RNDr were matched to each of groups EUPs 

and EUPr, respectively. Following conditioning, rats were given two sessions in 

order to regain their operant baseline. Then they received conditioning of the 

reference excitor, the 60-s flashing light, for four sessions. During the first two the 

stimulus was reinforced on all three trials, and for the remaining sessions on two out 

of three trials. Subsequendy, the summation test and the retardation of acquisition 

test were carried out as described previously. 

Results 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of lever-presses emitted during each of the operant training sessions. 

At the end of operant training all rats were lever-presssing rapidly. There was no 

difference in the mean number of lever-presses among the groups on either of the two 

training sessions following group assignement 

No data were collected from the conditioning phase since it was carried out off 

baseline. Following conditioning rats were given two sessions to regain their operant 

baseline. There were no differences in any group in the mean number of lever-

presses on either of the two sessions compared to the baseline at the end of the 

pretraining period. 

Testing: The dependent variable during excitatory conditioning of the reference 

excitor was the total number of food-reinforced lever-presses during the session. 

There was no difference among the groups in the mean number of lever-presses 

across the sessions of excitatory conditioning. There were two dependent variables 

during the summation and retardation of acquisition tests, i.e., the total number of 

food-reinforced lever-presses during the baseline period, "P", and the suppression 

ratio; these were calculated as described previously. 

During the summation test there were no differences among the groups in the 

total number of food-reinforced lever-presses during the baseline period, "P", on 

either the A or AX trials on either session. The mean suppression ratios for A and 

AX across the two sessions are presented in Figure 2.1 for the explicitly unpaired 

groups and the zero-contingency controls. Data were subjected to a split plot 

ANOVA, which yielded a significant effect of trials (F(3,84)=30.676) and a 
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significant group by trials interaction (F(9,84)=3.560). Subsequently, data were 

subjected tc randomized blocks ANOVAs performed for each of the groups 

separately. A common within subjects error term which was obtained from the split 

plot table was used. The F values from all analyses were compared to a critical value 

F(3,84), with a rejection rate Ea<0.05, which was obtained from Rodger's tables. 

(Insert Figure 2.1) 

For both groups EUPs and EUPr the suppression ratios were higher for AX 

trials than A trials on both sessions. On the other hand, for groups RNDs and RNDr 

there was no difference in the suppression ratios for A and AX on either session. 

Randomized blocks ANOVAs showed a significant difference among the suppression 

ratios in all groups (EUPs: F(3,84)=10.408; EUPr: F(3,84)=l 5.624; RNDs: 

F(3,84)=9.961 and RNDr: F(3,84)=5.363). Post hoc, orthogonal contrasts showed 

that in groups EUPs and EUPr the suppression ratios on the A trials were lower than 

the AX-trials for both sessions. For groups RNDs and RNDr the suppression ratios 

for A were equal to those for AX on both sessions, however, overall there was less 

suppression on session two than on session one. Taken together, the results from the 

summation test indicated that there was less suppression of food-reinforced lever-

pressing during the compound stimulus of flashing light and white noise, than during 

flashing light alone, if white noise had been presented in an explicitly unpaired 

procedure, with either single or random alternation of CS and US. White noise failed 

to alleviate suppression if it had been presented in a zero-contingency procedure. 

In the retardation of acquisition test there were no differences among the 

groups on the rate of food-reinforced lever-pressing during the baseline period, "P" 

on any of the four sessions. The data from the retardation of acquisition test are 

presented in Figure 2.2. Suppression ratios are plotted for each of the six sessions 

for each of the groups. 

(Insert Figure 2.2) 

The rate of excitatory conditioning in groups EUPs and EUPr was slower than 

in groups RNDs and RNDr. These data were subjected to a split plot ANOVA which 

yielded a significant effect of groups (F(3,28)=4.419), a significant effect of sessions 

(F(5,140)=99.863) and a significant groups by sessions interaction 



Figure 2.1: Mean suppression ratios for A and AX trials on days 1 and 2 of the 

summation test for the explicitly unpaired groups trained with the single 

(EUPs) and random (EUPr) alternation variants and the zero-contingency 

control groups (RNDs and RNDr) of Experiment 2. 
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Figure 2.2: Mean suppression ratios for the sessions of the retardation of 

acquisition test for the explicitly unpaired groups trained with the single 

(EUPs) and random (EUPr) alternation variants and the zero-contingency 

control groups (RNDs and RNDr) of Experiment 2. 
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(F(15,140)=2.175). Subsequently, data were analyzed by rjerforming separate 

ANOVAs on each of the six sessions. A common error term was used which was 

calculated by averaging the six error terms obtained from the six separate ANOVAs. 

The F values from each of the analyses were compared to a critical value F(3,40), 

with a rejection rate Ea<0.05, which was obtained from Rodger's tables; the 

denominator degrees of freedom were calculated by using Satterthwaite's (1946) 

correction formula. A significant difference among the groups was found on the 

second (F(3,40)=5.399), third (F(3,40)=6.481), fourth (F(3,40)=4.601) and fifth 

(F(3,40)=3.078) sessions. 

Post hoc, orthogonal contrasts yielded the following results. On all sessions 

the suppression ratios for groups EUPs and EUPr, which did not differ, were larger 

than those for groups RNDs and RNDr, which did not differ. Taken together, the 

results of the retardation of acquisition test showed that the rate of acquisition in the 

explicitly unpaired groups was substantially retarded compared to the zero-

contingency groups. Retardation of acquisition was equivalent in the two explicitiy 

unpaired groups. 

Discussion 

The purpose of this experiment was to examine whether a CS presented in 

either the single altemation or the random alternation variant of the explicitly unpaired 

procedure would fail to function as an inhibitor after a smaller number of conditioning 

sessions than in the previous experiment The data from this experiment showed that 

twenty conditioning sessions were sufficient to produce explicitly unpaired CSs 

which functioned as inhibitors, as assessed by summation and retardation of 

acquisition tests. Based on these results it can be argued that extent of training, 

alone, is not solely responsible for the finding that a CS presented in an explicitly 

unpaired procedure does not function as an inhibitor, reported in the literature. 

However, it is possible that although rats in this study were trained with parameters 

similar to those used by Kleiman and Fowler (1984, Experiment Two) a further 

reduction in the number of conditioning sessions is required to obtain the negative 

result. This issue will be taken up again in Experiment Four. The subsequent 

experiment examined whether the length of the intertrial interval is the factor 

responsible for the aforementioned negative result. 



Experiment 3 

The purpose of this experiment was to examine whether the length of the 

interval separating the CS and US trials in the explicitly unpaired procedure is a factor 

which importantly determines the associative status of the explicitly unpaired CS. In 

the current experiment the intertrial interval was substantialy reduced. Two groups of 

rats were trained with a single altemation explicitly unpaired procedure with intervals 

which were shorter than the interval of 420 s used in the first two experiments. For 

one group, which was trained with intermediate intervals, the interval separating a CS 

trial from the subsequent US trial was 45 s and the interval separating the US trial 

from the subsequent CS trial was 55 s. For the other group, which was trained with 

the short intervals, the intertrial interval was 25 s. The values used in the current 

experiment were matched to those used by Kleiman and Fowler (1984). In their 

experiments a 10-s CS was placed in the middle of a 110-s inter-US interval such that 

the interval between the offset of the CS and the US was 45 s and the interval 

between the US and the subsequent CS was 55 s. The short interval group trained in 

the current experiment was matched to the group in Kleiman and Fowler's research in 

terms of the inter-US interval, which was 110 s. 

Method 

Subjects: Twenty-four male albino rats were used in the experiment The 

strain, age, and the conditions under which the rats were kept were as was described 

previously. 

Apparatus: The experimental apparatus was identical to that used previously. 

Procedure: The pretraining phase was as described previously. The 

conditioning phase was conducted off baseline, i.e., the response levers were 

retracted. There were fifty-two conditioning sessions. Each conditioning session 

was approximately fifteen min long. 

Two groups, EUPb and EUPi, were trained with the explicitly unpaired 

procedure. During each conditioning session the CS, a 60-s white noise, and the 

US, the electric footshock, were each presented five times. The CS and the US were 

presented in single alternation. For group EUPb the CS and US trials were separated 

by short intervals (b stands for brief). The interval between the onset of the CS and 

the onset of the US was eighty-five s, leaving a 25-s gap between the termination of 



36 
the CS and the onset of the US. The interval between the offset of the US and the 

onset of the subsequent CS was also 25 s. For group EUPi the intervals were of 

intermediate duration (i stands for intermediate). The interval between the onset of 

the CS and the onset of the US was 105 s, leaving a 45-s gap, while the interval 

between the offset of the US and the onset of the CS was 55 s. For half of the 

conditioning sessions the first stimulus to occur was a CS and for the remaining half 

it was a US; the order of these sessions was decided quasi-randomly. 

The third group, RNDb, was a zero-contingency control group. Five CSs 

were presented during each conditioning session; they occurred at the same time as 

for group EUPb. Five USs were also presented during each session. The USs were 

scheduled as was described previously. 

Testing was carried out as described previously. Upon completing the 

conditioning phase rats were given two sessions in order to regain their baseline. 

Subsequently they received six excitatory conditioning sessions with the 60-s 

flashing light reference excitor. On the first two sessions all trials were reinforced 

while on the remaining four sessions two out of three trials were reinforced. Rats 

were given summation and retardation of acquisition tests as described previously. 

Results 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of food-reinforced lever-presses emitted during each of the sessions of 

operant training. At the end of operant training all rats were lever-pressing rapidly. 

There was no difference in the mean number of food-reinforced lever-presses among 

the groups on either of the two training sessions following group assignement 

No data were collected from the conditioning phase since it was carried out off 

baseline. Following conditioning, rats were given two sessions to regain their 

operant baseline. There were no differences in any group in the mean number of 

food-reinforced lever-presses on either of the two sessions compared to the baseline 

at the end of the pretraining period. 

lesiing: The dependent variable during conditioning of the reference excitor 

was the total number of food-reinforced lever-presses during the session. There was 

no difference among the groups in the mean number of lever-presses across the 

sessions of excitatory conditioning. 
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There were two dependent variables during the summation and retardation of 

acquisition tests, the total number of food-reinforced lever-presses during the baseline 
period, "P", and the suppression ratio; these were calculated as described previously. 
During the summation test there were no differences among the groups in the total 
number of food-reinforced lever-presses during the baseline period, "P", on either the 
A or AX trials on either session. The mean suppression ratios for A and AX across 
the two sessions of the summation test for the explicitly unpaired groups and the 
zero-contingency control are presented in Figure 3.1. Data were subjected to a split 
plot ANOVA which yielded a significant effect of groups (F(2,21)=5.273), trials 
(F(3,63)=18.900), and a significant group by trials interaction (F(6,63)=3.100). 
Subsequently, data were subjected to randomized blocks ANOVAs performed for 
each of the groups separately. A common within subjects error term which was 
obtained from the split plot table was used. The F values from the analyses were 
compared to a critical value F(3,63), with a rejection rate Ea<0.05, which was 
obtained from Rodger's tables. 

(Insert Figure 3.1) 

For both groups EUPb and EUPi, the suppression ratios were higher for AX 
trials than A trials on both sessions. On the other hand, for group RNDb there was 
no difference in the suppression ratios for A and AX on either session. Randomized 
blocks ANOVAs showed a significant difference among the suppression ratios only 
in the EUPb and EUPi groups (EUPb: F(3,63)=12.100; EUPi: F(3,63)=12.700). 
Post hoc, orthogonal contrasts showed that in both group EUPb and EUPi the 
suppression ratio on the A trial was lower than that on the AX-trial for both sessions. 
Taken together, the results from the summation test indicated that there was less 
suppression of food-reinforced lever-pressing during the compound stimulus of 
flashing light and white noise, than during flashing light alone, if white noise had 
been presented in an explicitiy unpaired procedure with either short or intermediate 
intertrial intervals. If white noise had been presented in a zero-contingency 
procedure, food-reinforced lever-pressing on A and AX trials did not differ. 

In the retardation of acquisition test there were no differences among the 
groups on the rate of food-reinforced lever-pressing during the baseline period on any 
of the four sessions. The data from the retardation of acquisition test are presented in 
Figure 3.2. Suppression ratios are plotted for each of the four sessions for each of 



Figure 3.1: Mean suppression ratios for A and AX trials on days 1 and 2 of the 

summation test for the explicitly unpaired groups trained with the single 

alternation variant with the short 25 s (EUPb) and intermediate 45-55 s 

(EUPi) intertrial intervals and the zero-contingency control group 

(RNDb) of Experiment 3. 
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the groups. The rate of excitatory conditioning in groups EUPb and EUPi was lower 

than that in group RNDb. Moreover, the suppression ratios were comparable for 

EUPb and EUPi on all but the third session. 

(Insert Figure 3.2) 

These data were subjected to a split plot ANOVA which yielded a significant 

effect of groups (F(2,21)=5.000) and of sessions (F(3,63)=58.917). Subsequently, 

data were analyzed by performing separate ANOVAs on each of the four sessions. A 

common error term which was calculated by averaging the four error terms obtained 

from the four separate ANOVAs was used. The F values from each of the analyses 

were compared to a critical value F(2,77), with a rejection rate Ea<0.05, which was 

obtained from Rodger's tables; the denominator degrees of freedom were calculated 

by using Satterthwaite's (1946) correction formula. A significant difference among 

the groups was found on the second (F(2,77)=4.345) and third (F(2,77)=3.517) 

sessions. 

Post hoc, orthogonal contrasts yielded the following results. On the second 

session the suppression ratios for groups EUPb and EUPi, which did not differ, 

were larger than that for group RNDb. On the other hand, on the third session the 

suppression ratio for group EUPi was larger than those for groups EUPb and RNDb, 

which did not differ. Taken together, these data showed that the rate of acquisition 

was slower in groups EUPb and EUPi than in group RNDb. Moreover, group 

EUPb had already reached asymptote by the third session, while group EUPi reached 

asymptote on the fourth session. 

Discussion 

The aim of this experiment was to examine whether the length of the intertrial 

interval is a factor which determines whether a CS trained with an explicitly unpaired 

procedure will function as an inhibitor. The results of the summation and retardation 

of acquisition tests showed that the explicitiy unpaired CSs trained with intervals of 

either short or of intermediate duration functioned as conditioned inhibitors, vis-a-vis 

a zero-contingency CS. In the summation test the two explicitly unpaired CSs 

alleviated to an equal degree suppression of food-reinforced lever-pressing induced 

by the excitor. On the other hand, in the retardation of acquisition test there was 



Figure 3.2: Mean suppression ratios for the sessions of the retardation of 
acquisition test for the explicitly unpaired groups trained with the single 
alternation variant with the short 25 s (EUPb) and intermediate 45-55 s 
(EUPi) intertrial intervals and the zero-contingency control group 
(RNDb) of Experiment 3. 
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some evidence that the rate of excitatory conditioning was faster with the explicitly 

unpaired stimulus with the short interval than with the CS with the intermediate 

interval. 

Thus, data from the summation and retardation of acquisition tests showed that 

the explicitly unpaired CSs trained with either short or intermediate intervals 

functioned as conditioned inhibitors compared to a zero-contingency CS. However, 

it is still possible that the length of the interval, possibly combined with the extent to 

which rats are trained, is a decisive factor that influences whether the CS functions as 

an inhibitor. The next experiment tested this possibility by directly comparing 

explicitly unpaired stimuli presented in a single alternation procedure whereby the CS 

and US were separated by the intermediate interval following either a moderate (28) 

or a small (8) number of conditioning sessions. 

Experiment 4 

The final experiment of this series assessed the associative status of an 

explicitiy unpaired stimulus presented in single alternation with the US with an 

intermediate intertrial interval after even fewer (either eight or twenty-eight) sessions 

of conditioning than were used previously. In addition, this experiment examined 

whether extinction of the explicitly unpaired CS following Pavlovian conditioning 

would have an effect on inhibitory performance, in the event that eight sessions of 

conditioning would prove to be insufficient to render the explicitly unpaired CS an 

inhibitor. 

An important procedural variation which was introduced in this experiment was 

that the context in which the conditioning phase was carried out was distinctively 

different from the context in which testing occurred. All rats were tested in an 

associatively neutral context This was done in order to ensure that at the time of 

testing the associative value of the testing context would be equivalent among the 

groups. Thus, the interpretation of any differences in performance during the CS on 

the tests of inhibition would not be confounded by differences in the associative 

status of the conditioning context, as might have been the case if testing were to have 

taken place in the conditioning context 

The associative staiv of the conditioning context might be different in the two 

experimental groups which received eight and twenty-eight conditioning sessions. It 

is possible that eight sessions of conditioning might not be enough for the 



conditioning context to acquire asymptotic excitatory strength. Moreover, the 

associative strength of the conditioning context for the third experimental group might 

be zero. This is because folic wing eight sessions of Pavlovian conditioning and just 

prior to receiving extinction of the CS, this group received eight sessions of 

extinction of the contextual cues of the conditioning chamber. The conditioning 

context was itself extinguished before the extinction of the explicitly unpaired 

stimulus for the following reason. A number of theories of inhibitory conditioning 

(Mackintosh, 1975; Rescorla & Wagner, 1972; Wagner & Larew, 1985) predict that 

if a CS is presented together with cues which are excitatory and the US is omitted the 

CS will be rendered a conditioned inhibitor. As a result of conditioning with the 

explicitiy unpaired procedure, in which USs are unsignalled, the contextual cues 

become excitatory. If CS extinction is carried out in the excitatory conditioning 

chamber, without prior extinction of the contextual cues, inhibition might have been 

conditioned to the CS during the extinction phase. The aim of these experiments, 

however, was to assess the magnitude of inhibition which had been acquired during 

the Pavlovian phase of explicitiy unpaired conditioning and not during CS-extinction. 

Thus, CS-extinction was carried out in the conditioning context after it had undergone 

extinction. 

Moreover, comparisons between the experimental groups and the zero-

contingency control groups would be problematic, if such comparisons were made in 

the conditioning context. This is because by the end of conditioning the excitation to 

the contextual cues might be different for groups trained with negative versus zero-

contingency procedures. In the case of the explicitly unpaired groups all US trials 

were unsignalled. In the zero-contingency group by mere chance some CS and US 

trials occurred together. These chance pairings between the CS and the US, in the 

zero-contingency group might retard excitatory conditioning to the contextual cues 

(Kremer, 1974) relative to the explicitiy unpaired groups. This problem was avoided 

by testing rats in the alternative test-context 

Excitatory conditioning to the contextual cues was assessed throughout the 

conditioning phase. This was achieved by measuring the rats' latency to escape from 

the conditioning chamber to an adjacent chamber in which they had never been 

shocked. Escape latencies were also assessed during extinction of the contextual 

cues. This was done in order to ensure that the eight sessions of context extinction 

were sufficient to eliminate excitation to the conditioning chamber. Escape latencies 

were also assessed during CS extinction. In order to ensure that the testing context 



was neutral for all the groups, escape latencies were assessed in the test chambers 
when rats were returned there to re-establish their operant baselines. 

Method 

Subjects: Forty male albino rats were used in this experiment The strain, age, 
and the conditions under which the rats were kept were as was described previously. 

Apparatus: The experimental phases were carried out in the operant chambers 
which were as described previously. However, since this experiment involved a 
context manipulation half of the conditioning chambers (context 1) had blank walls, 
and contained no artificial odorant The rest of the conditioning chambers (context 2) 
had walls with black and white stripes (1 cm wide, spaced 2 cm from center to 
center), and an artificial odorant (Pine Sol, No. 16392, American Cyanamid 
Company, Wayne, N.J. USA 07470) placed on the tray under the floor of the 
conditioning chamber. The odorant was diluted in water (20 ml of Pine Sol mixed 
with 400 ml of tap water). One ml of the mixture was squirted on each of the four 
comers of the tray at the beginning of each session. For half of the rats context 1 
served as the operant context and the response levers were present Context 2 served 
as the conditioning context, in which the response levers were retracted. For the rest 
of the rats context 2 was the operant context with the response levers present, while 
context 1 was the conditioning context with the response levers retracted. Thus, the 
specific features which composed the operant context and the conditioning context 
were counterbalanced within groups. 

The escape chambers (13 x 8 x 30 cm) were made of clear Plexiglas with the 
side walls and floor painted black. The roof of the chamber was clear to permit 
viewing. The escape chamber was attached to the door of the conditioning chamber 
at the center and on floor level. A manually operated sliding door (9x8 cm) was 
raised to give the rat access to the escape chamber. The roof of the escape chamber 
could also be raised so that the rat could be removed, following an escape response, 
without detaching the escape chamber from the operant chamber (Randich & Ross, 
1984). 

Procedure: There were three phases, pretraining, conditioning and testing. 
The pretraining and testing phases were conducted in the operant context while the 
conditioning phase was conducted in the conditioning context. Pretraining was 
carried out as described previously. 



During conditioning three groups of rats, EUP, EUPc and EUPe were trained 

with the explicitly unpaired procedure. During each fifteen-min conditioning session 

the 60-s white noise CS was presented seven times, and the electric footshock US 

was also presented seven times. The CS and the US were presented in single 

altemation. The interval between the onset of a CS and the onset of the next US was 

105 s, leaving a gap of forty-five s between the offset of the 60-s CS and the onset of 

the US. The interval between the onset of the US and the onset of the subsequent CS 

was fifty-five s. Groups EUP and EUPe were trained for a total of eight sessions, 

while group EUPc was trained for a total of twenty-eight sessions (the letter c denotes 

continuous training). Following Pavlovian conditioning group EUPe received 

additional sessions which were aimed at extinguishing first the contextual cues and 

subsequently the CS (the letter e denotes extinction). There were eight sessions of 

extinction of the contextual cues of the conditioning chamber. During each session 

rats were placed in the conditioning chamber for fifteen min and no events occurred. 

Subsequently group EUPe received twenty fifteen-min sessions of extinction of the 

explicitly unpaired CS. During each session rats received seven CS trials scheduled 

as during conditioning, but no US trials occurred. The remaining two groups, RND 

and RNDc, were zero-contingency control groups; they were trained as described 

previously. Like the corresponding explicitly unpaired groups, group RND was 

trained for eight sessions and group RNDc was trained for twenty-eight sessions. 

Rats were tested with summation and retardation of acquisition tests which were 

conducted as described previously. 

In order to train the escape response rats were presented with the escape 

chamber for the first time at the beginning of the first session of operant training with 

the VI-60 s reinforcement schedule. Rats were given accesss to the escape chamber 

until they entered it by placing all four feet on the floor of the chamber. The rat was 

gently removed by raising the roof of the escape chamber. Escape latencies were 

obtained at the beginning of the session on the last session of the pretraining phase, in 

the operant context and on the first session of conditioning, in the conditioning 

chamber. These latencies served as the "baseline escape latencies" (B). Escape 

latencies were additionally obtained to monitor the associative status of the 

conditioning context on each of the sessions of the conditioning phase. For group 

EUPe latencies were also obtained to monitor the context on each of the eight 

sessions of context extinction and each of the twenty sessions of CS extinction. 

Lastly, escape latencies were obtained on the first session when rats were shifted 
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back to the operant context to regain their operant baseline (BR), wherein testing later 

took place. For all these sessions the rats were permitted access to the chamber until 

they made an escape response or for 60 s, whichever occurred first An escape 

response was recorded when the rat had placed all four feet on the floor of the escape 

chamber. The escape latency was defined as the time that elapsed from raising the 

door of the escape chamber until the completion of the escane response. If the rat 

failed to escape it was assigned a latency of 60 s, which was the maximum latency. 

Results 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of food-reinforced lever-presses emitted during each of the operant 

training sessions. At the end of operant training all rats were lever-pressing rapidly. 

There was no difference in the mean number of food-reinforced lever-presses among 

the groups on either of the two training sessions following group assignment. 

Assessment of the escape latencies on the last session of operant training (in the 

operant context) and on the first conditioning session, before the beginning of the 

conditioning trials (in the conditioning context) showed that there were no differences 

between groups, nor between the two contexts. For all groups the mean escape 

latencies were approximately 60 s. In subsequent analyses the escape latencies 

obtained in the operant and conditioning contexts were combined into a single number 

which will be referred to as the "baseline latency" (B). 

Conditioning: Except for the escape latencies, no other data were collected 

from the conditioning phase since it was carried out off baseline. Following the 

conditioning phase rats were given two sessions to regain their operant baseline. 

There were no differences in any group in the mean number of food-reinforced lever-

presses on the second session compared to the baseline at the end of pretraining. 

(Insert Figure 4.1) 

Figure 4.1 shows escape latencies plotted for each of the groups across the 

various phases of the experiment All groups acquired the escape response. The 

escape latencies over the first eight sessions of conditioning were progressively 

shorter than the baseline escape latency (B). Furthermore, the escape latencies 

reached asymptote at an equal rate and to an equal degree among the explicitiy 



Figure 4.1: Mean escape latencies during the baseline period (B), during the initial 

eight conditioning sessions (1-8) during the additional sessions (1 and 2) 

and during the postconditioning baseline period (BR) for the explicitly 

unpaired groups trained with the single alternation variant with the 

intermediate 45-55 s intertrial intervals (EUP, EUPc and EUPe) and the 

zero-contingency control groups (RND and RNDc) of Experiment 4. 

Group EUP received eight and group EUPc received twenty-eight 

sessions of conditioning. Group EUPe received eight sessions of 

conditioning, eight sessions of context extinction and twenty sessions of 

extinction of the CS. 
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unpaired and zero-contingency control groups. Additional sessions of conditioning 

did not further reduce the escape latencies. On the other hand, extinction of the 

contextual cues resulted in lengthening the escape latencies. At the end of the context 

extinction phase the latency for group EUPe was equivalent to the baseline latency 

(B). Extinction of the CS had no further effect on the escape latency of this group. 

Both the explicitly unpaired and the zero-contingency control groups discriminated 

between the conditioning context and the operant context, wherein testing later 

occurred. The escape latencies (BR) when rats were later returned to the operant 

context were equivalent to the baseline latency (B). 

These observations were supported by ANOVAs. The baseline escape latency 

(B), the escape latencies from each of the first eight sessions of Pavlovian 

conditioning, and the escape latency (BR) from the first session of retraining of the 

operant baseline were subjected to a split plot ANOVA. The analysis yielded a 

significant effect of sessions (F(9,315)=20.086) and a significant sessions by groups 

interaction (F(36,315)=0.720). In order to determine whether there were any 

differences among the groups on any of these sessions ANOVAs were performed on 

each of the ten sessions separately; a common error term which was calculated by 

averaging the ten error terms from each of the analyses was used. The F values from 

each ANOVA was compared to a critical value F(9,128); the denominator degrees of 

freedom were calculated using Satterthwaite's (1946) correction formula. There was 

no difference among the groups on any of the sessions. 

Randomized blocks analyses were carried out for each of the groups separately 

in order to determine (1) whether the escape response had been acquired during the 

conditioning phase, and (2) whether the rats were able to (hscdminate between the 

operant and the conditioning contexts following their respective conditioning 

treatments. A common error term which was obtained from the split plot ANOVA 

was used; the F values for each of the analyses were compared to a critical F(9,315). 

There was a significant effect of sessions in all the groups (EUP:F(9,315)=5.028; 

RND:F(9,315)=3.122; EUPc:F(9,315)=5.222; RNDc:F(9,315)=5.968; 

EUPe:F(9,315)=3.625). Post hoc contrasts showed that in all groups there was a 

decrease in the escape latencies which reached asymptote between the fourth and fifth 

session of conditioning. Furthermore, there was clear evidence of discrimination 

between the operant and the conditioning contexts since the escape latency (BR) when 

the rats were returned to the operant context following their respective conditioning 

treatments was equal to the baseline escape latency (B). 
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Additional analyses were performed on the escape latencies for groups EUPc, 
RNDc and EUPe in order to assess: (1) whether there was any change in the escape 
latencies as a result of the additional conditioning sessions administered to groups 
EUPc and RNDc, and (2) in order to determine whether extinction had occurred 
during the contextual extinction phase for group EUPe. The additional analyses were 
performed on all the escape latencies for the above mentioned groups. These 
included, for groups EUPc and RNDc the baseline escape latency (B), escape 
latencies from each of the initial eight conditioning sessions, the mean latencies for 
the first ten-session block (sessions 9-18) and second ten-session block (sessions 19-
28) of the additional twenty conditioning sessions, and the first session (BR) of 
retraining of the operant baseline following conditioning. For group EUPe they 
included the baseline escape latency (B), escape latencies from each of the initial eight 
conditioning sessions, the mean latency for the last three of the eight sessions of 
context extinction, the mean latency of the twenty sessions of CS extinction, and the 
first session (BR) of retraining of the operant baseline. A split plot ANOVA yielded a 
significant effect of sessions (F(l 1,231 )=11.640) and a significant sessions by 
groups interaction (F(22,231)=1.251). Randomized blocks analyses were performed 
for each of the groups separately using a common error term which was obtained 
from the split plot ANOVA; the F values were compared to a critical value 
F(l 1,231). A significant effect of sessions was obtained in all groups 
(EUPc:F(ll,231)=5.426; RNDc:F(ll,231)=5.442; EUPe:F(ll,231)=3.272). 
Contrasts perfomed on each of the groups showed that, for groups EUPc and RNDc 
there was no difference between the asymptotic latencies achieved by the end of the 
initial eight conditioning sessions and the latencies in the subsequent two blocks of 
ten sessions. On the other hand, for group EUPe there was a difference between the 
asymptotic level achieved by the end of the initial eight conditioning sessions and the 
latencies at the end of the context extinction phase and CS extinction phase, which did 
not differ from each other. 

Testing: The dependent variable during excitatory conditioning of the reference 
excitor was the total number of food-reinforced lever-presses during the session. 
There was no difference among the groups in the mean number of lever-presses 
across the sessions of excitatory conditioning. There were two dependent variables 
during the summation and retardation of acquisition tests, the total number of food-
reinforced lever-presses during the baseline period and the suppression ratio; these 
were calculated as described previously. 

& 
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During the summation test there were no differences among the groups in the 

total number of food-reinforced lever-presses during the baseline period, "P", on 

either the A or AX trials on either session. The mean suppression ratios for A and 

AX trials across the two sessions are presented in Figure 4.2 for the explicitly 

unpaired groups and the zero-contingency controls. Data were subjected to a split 

plot ANOVA which yielded significant effects of groups (F(4,35)=2.519), trials 

(F(3,105)=41.333) and a significant group by trials interaction (F(12,105)=3.000). 

Subsequently, data were subjected to randomized blocks ANOVAs with a common 

error term obtained from the split plot table. The F values from the analyses were 

compared to a critical value F(3,105), with a rejection rate Ea<0.05. 

(Insert Figure 4.2) 

For groups EUP, EUPc and EUPe, the suppression ratios were higher on AX 

trials than on A trials on both sessions. On the other hand, for groups RND and 

RNDc there was no difference in the suppression ratios on A and AX trials on either 

session. Randomized blocks ANOVAs showed a significant difference among the 

suppression ratios in all groups (EUP: F(3,105)=13.000; EUPc: F(3,105)=8.666; 

EUPe: F(3,105)=21.500; RND: F(3,105)=5.416 and RNDc: F(3,105)=4.666). 

Contrasts showed that in groups EUP, EUPc and EUPe the suppression ratios on the 

A trial were lower than those on the AX trial for both sessions. For groups RND and 

RNDc the suppression ratio for A was equal to AX on both sessions, however, 

overall suppression ratios were lower on the first session than on the second. 

Between-groups comparisons were conducted on "difference scores" which 

were calculated for each group by subtracting the value of the suppression ratio for 

AX from that for A for each of the two sessions of the summation test The A-AX 

difference score had a negative value if there was less suppression during the AX 

than during the A-trial and a positive value if there was more suppression during the 

AX-trial than the A-trial. The difference scores for all five groups had negative 

values. However, on the first session, the difference scores for group EUPe, which 

had a value of -0.30, was larger than the difference scores for groups EUP and EUPc 

which were -0.17 and -0.12, respectively. The latter were in turn larger than the 

difference scores for groups RND and RNDc, which were -0.06 and -0.04, 

respectively. On the second session, the difference scores for groups EUP, EUPc 

and EUPe, which were -0.27, -0.25 and -0.31, respectively, did not differ, but were 



Figure 4.2: Mean suppression ratios for A and AX trials on days 1 and 2 of the 

summation test for the expUcitiy unpaired groups trained with the single 

alternation variant with the intermediate 45-55 s intertrial intervals (EUP, 

EUPc and EUPe) and the zero-contingency control groups (RND and 

RNDc) of Experiment 4. Group EUP received eight and group EUPc 

received twenty-eight sessions of conditioning. Group EUPe received 

eight sessions of conditioning, eight sessions of context extinction and 

twenty sessions of extinction of the CS. 
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larger than the difference scores for groups RND and RNDc which were -0.09 and 

-0.08, respectively. 

These conclusions were the result of an analysis which began with a split plot 

ANOVA of the difference scores which yielded a significant effect of groups 

(F(4,35)=5.281) and sessions (F(l,35)=5.188). Subsequently, ANOVAs were 

conducted on the difference scores on each of the two sessions, separately. A 

common error term was used which was calculated by averaging across the two error 

terms obtained from the two separate ANOVAs. The F values from each of the 

analyses were compared to a critical value F(4,67); the denominator degrees of 

freedom were calculated using Satterthwaite's (1946) correction formula. A 

significant difference among the groups was found on both sessions (session 1: 

F(4,67)=3.666; session 2: F(4,67)=3.833). Contrasts showed that on the first 

session the difference scores for groups EUP and EUPc, which did not differ, were 

smaller than that for group EUPe and larger than those for groups RND and RNDc, 

which did not differ. On the second session the difference scores for groups EUP, 

EUPc and EUPe, which did not differ, were larger than those for groups RND and 

RNDc, which did not differ. 

Taken together, the results from the summation test indicated that there was 

more alleviation of suppression of food-reinforced lever-pressing during the flashing 

light and white noise compound stimulus, than during flashing light alone, when 

white noise had been presented in an explicitly unpaired procedure than when it had 

been presented in a zero-contingency procedure. Furthermore, the magnitude of 

alleviation of suppression of lever-pressing did not change as a function of the extent 

to which the rats were trained. However, and only on the first test session, the 

magnitude of alleviation of suppression of food-reinforced lever-pressing produced 

by the explicitly unpaired stimulus which had undergone extinction was greater than 

the alleviation produced by the other two, non-extinguished explicitiy unpaired 

stimuli. 

In the retardation of acquisition test there were no differences among the 

groups on the rate of food-reinforced lever-pressing during the baseline period on any 

of the four sessions. The data from the retardation of acquisition test are presented in 

Figure 4.3. Suppression ratios are plotted for each of the four sessions for each of 

the groups. 

(Insert Figure 4.3) 



56 
Figure 4.3: Mean suppression ratios for the sessions of the retardation of 

acquisition test for the explicitly unpaired groups trained with the single 

alternation variant with the intermediate 45-55 s intertrial intervals (EUP, 

EUPc and EUPe) and the zero-contingency control groups (RND and 

RNDc) of Experiment 4. Group EUP received eight and group EUPc 

received twenty-eight sessions of conditioning. Group EUPe received 

eight sessions of conditioning, eight sessions of context extinction and 

twenty sessions of extinction of the CS. 
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The rate of excitatory conditioning in group EUPc was lower than that in 

groups EUP, EUPe, RND and RNDc. These data were subjected to a split plot 

ANOVA which yielded a significant effect of groups 0?(4,35)=1.983), sessions 

(F(3,105)=63.077) and a significant groups by sessions interaction 

(F(12,105)=1.615). Subsequently, data were analyzed by performing separate 

ANOVAs on each of the four sessions. A common error term was used which was 

calculated by averaging the four error terms obtained from the four separate 

ANOVAs. The F values from each of the analyses were compared to a critical value 

F(4,85), with a rejection rate Ea<0.05; the denominator degrees of freedom were 

calculated by using Satterthwaite's (1946) correction formula. A significant 

difference among the groups was found on the third (F(4,85)=3.183) and fourth 

sessions (F(4,85)=2.693). 

Post hoc, orthogonal contrasts yielded the following results. On both sessions 

the suppression ratio for group EUPc was larger than those for groups EUP, EUPe, 

RND and RNDc, which did not differ. Taken together, the results of the retardation 

of acquisition test showed that acquisition was substantially retarded in the 

extensively trained, explicitly unpaired group, compared to the zero-contingency 

groups and the explicitly unpaired groups which had received limited amount of 

training, whether followed by CS extinction or not 

Discussion 

This experiment assessed inhibition acquired by an explicitly unpaired CS 

presented in a single alternation procedure for either very few (eight) or a moderate 

number (twenty-eight) of conditioning sessions. Furthermore, it also assessed the 

effect of post conditioning extinction of the explicitly unpaired stimulus. The results 

of this experiment indicated that in the summation test the explicitly unpaired CSs 

alleviated suppression of food-reinforced lever-pressing induced by the reference 

excitor more than did a zero-contingency stimulus. This was true irrespective of the 

amount of EUP training. However, following limited training extinction of the CS 

resulted in greater alleviation of suppression of food-reinforced lever-pressing at least 

on the first session of the summation test On the other hand in the retardation of 

acquisition test the explicitly unpaired CS presented for twenty-eight sessions was 

slower to become an excitor than the zero-contingency CSs and the explicitly 

unpaired CSs presented for only eight sessions, irrespective of whether the latter had 



undergone extinction or not Since testing occurred in a context which was 

discriminably different from the conditioning context the differences in performance 

among the groups cannot be attributed to a difference in the associative status of the 

contextual cues of the testing context 

These results indicate that twenty-eight sessions of conditioning with a single 

alternation procedure are sufficient to render an explicitly unpaired stimulus a 

conditioned inhibitor as assessed by both summation and retardation of acquisition 

tests of inhbition and compared to a zero-contingency stimulus. On the other hand, if 

only eight conditioning sessions are given the explicitly unpaired stimulus succesfully 

passes the summation test for inhibition but it does not pass the retardation of 

acquisition test, vis-a-vis a zero contingency stimulus. 

This result can be in rpreted by saying that eight sessions of conditioning were 

not sufficient to render the expUcitiy unpaired stimulus an inhibitor. This claim is 

supported by the finding that extinction of the CS following explicitly unpaired 

conditioning did not affect its status. Because it had acquired no inhibitory 

associative strength, in the retardation of acquisition test the explicitly unpaired CS 

acquired excitatory associative strength at the same rate as the zero-contingency 

stimulus. On this account, the alleviation of suppression of food-reinforced lever-

pressing observed during the summation test reflected generalization decrement when 

the reference excitor was for the first time presented in compound with the explicitiy 

unpaired stimulus. What remains to be accounted for is why generalization 

decrement was greater when the reference excitor was compounded with the explicitly 

unpaired stimulus than with the zero-contingency stimulus. It is possible that the 

amount of generalization decrement to the reference excitor was equivalent in both 

cases, however, the net effect was smaller in the case of the zero-contingency 

stimulus because the latter had acquired some excitatory associative strength (Ayres, 

Benedict & Witcher, 1975; Benedict & Ayres, 1972; Keller, Ayres & Mahoney, 

1977; Witcher & Ayres, 1980). The excitatory associative strength which had 

accrued to the zero-contingency stimulus summated with the associative strength of 

the reference excitor and that counteracted the generalization decrement. However, 

this interpretation leaves unexplained the reason why in the retardation of acquisition 

test the explicitiy unpaired stimulus acquired excitatory strength at the same rate as the 

zero-contingency stimulus. The zero-contingency stimulus, as described above, 

already had some excitatory associative strength as a result of the zero-contingency 

training phase. It is possible that acquisition occurred so rapidly that differences in 
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rate between the explicitly unpaired CS and the zero-contingency stimulus could not 

be assessed. 

The current experiment was informative with respect to the rate of acquisition 

of excitatory associative strength by the contextual cues during the negative and zero-

contingency conditioning procedures. The escape latencies revealed no difference 

between the negative and zero-contingency procedures either in the rate of acquisition 

or in the asymptotic level of excitation of the contextual cues of the conditioning 

chamber. Asymptote was reached early, on the fourth to fifth session of 

conditioning. The difference in performance on the tests for inhibition cannot be 

accounted for in terms of the status of the contextual cues of the training context 

This is because there was no observable difference in the excitatory strength of the 

conditioning context in the explicitiy unpaired and zero-contingency groups, with the 

exception of course of the group which received extinction of the contextual cues. 

This assertion is additionally substantiated by the finding that the two explicitiy 

unpaired groups which were trained for a limited number of sessions performed 

similarly in the two tests for inhibition. This was so although the associative status of 

the conditioning context was very different for the two at the time of testing. In 

group EUP it was excitatory, and in group EUPe it was not, since it had undergone 

extinction. Thus, differences in performance among the groups should be attributed 

only to differences in the associative strength of the CS. 

General Discussion 

The purpose of these experiments was to investigate the conditions under 

which the expUcitiy unpaired procedure would fail to yield a conditioned inhibitor as 

assessed by both summation and retardation of acquisition tests. To that effect, a 

number of different variables were manipulated, in various combinations. These 

variables included the sequence in which the CS and US trials were presented, i.e., 

single vs. random alternation, the length of the intertrial interval, and the number of 

conditioning sessions. Results showed that the expUcitiy unpaired procedure yielded 

a conditioned inhibitor, as assessed by both summation and retardation of acquisition 

tests vis-a-vis a zero-contingency procedure, when the CS and US trials had been 

alternated singly or alternated randomly under both extensive (60 conditioning 

sessions in Experiment 1) and moderate (20 conditioning sessions in Experiment 2) 

amounts of training. Furthermore, the single alternation variant of the explicitly 



unpaired procedure yielded a conditioned inhibitor with intertrial intervals which were 

either long (420 s in Experiments 1 and 2), or intermediate (45-55 s in Experiments 3 

and 4) with extensive (52-60 sessions of conditioning) and moderate training (20-28 

sessions of conditioning), respectively. An explicitiy unpaired CS also became 

inhibitory following extensive training (52 sessions of conditioning) with very short 

intertrial intervals (25 s in Experiment 3). 

It was only when the number of conditioning sessions was decreased to eight 

that the expUcitiy unpaired CS with the intermediate intervals failed to pass the 

retardation of acquisition test of inhibition, although it did successfully pass the 

summation test (Experiment 4). Since, in the same experiment the expUcitiy 

unpaired CS which was presented for 28 conditioning sessions passed both tests of 

inhibition, it can be argued that eight sessions of conditioning were not sufficient to 

produce an inhibitor. Extinction of the explicitiy unpaired stimulus following limited 

training did not reverse this result. 

The finding of no effect of postconditioning CS-extinction is in agreement with 

results obtained by Williams and Overmier (1988). WiUiams and Overmier showed 

that postconditioning extinction of the CS had no effect on the expUcitiy unpaired and 

differential (A+, X-) procedures. Post conditioning extinction of the CS, however, 

was effective in revealing inhibition conditioned with the backward, trace and 

Pavlovian conditioned inhibition (A+, AX-) procedures. This result was interpreted 

by the authors as evidence that the expUcitiy unpaired procedure and the differential 

procedure yield conditioned inhibitors which are "pure", i.e., do not carry "coUateral" 

excitation, unlike the "mixed" inhibitors produced by backward, trace and Pavlovian 

conditioned inhibition procedures. In the research by WUUams and Overmier the 

parameters used for the expUcitiy unpaired procedure were similar to the ones used 

here. In their experiments a 60-s auditory CS singly alternated with a shock US for 

either six or eighteen conditioning sessions. The expUcitiy unpaired CS was placed 

in the middle of a 320-s intershock interval, leaving a 130-s gap between the offset of 

a stimulus and the onset of a subsequent stimulus. In the current experiment the gaps 

were 45 and 55 s. It is noteworthy that in the research by WilUams and Overmier the 

expUcitiy unpaired stimulus was declared an inhibitor on the basis of a summation 

test; no retardation of acquisition test was administered. In the current research the 

explicitiy unpaired stimulus, following limited training, successfuly passed the 

summation test. It was on the basis of failing the retardation of acquisition test that 

we questioned its status as an inhibitor. Perhaps we were too strict in doing so. 



Taken together the results of these experiments convincingly argue that the 

expUcitiy unpaired procedure was very effective in yielding a conditioned inhibitor. 

The inhibitory property of the expUcitiy unpaired CS was expressed when the CS 

was tested in the original conditioning context (as shown in Experiments 1-3), and 

also when the CS was tested in a neutral context which was discriminably different 

from the conditioning context (as shown in Experiment 4). These experiments, 

however, are not very informative with regards to the mechanism underlying the 

acquisition of inhibition by the explicitly unpaired stimulus. It has been postulated 

that negative discrepancy between expectation of the US and the outcome of US 

omission when the putative inhibitor is presented is a necessary condition for 

inhbition to be acquired (Rescorla and Wagner, 1972). Since inhibition was obtained 

under a number of different intertrial interval values, which ranged from 420 s to 25 

s, it has to be assumed that the cue(s) responsible for activating the representation of 

the US at the time the CS trial occurred were as effective in doing so with long as 

with short intervals. 

If the cues which activate the representation of the US when the CS occurs are 

the contextual cues of the conditioning chamber, it will have to be assumed that these 

cues are equaUy excitatory throughout the intertrial interval. On the other hand, it is 

possible that the temporal cues at the end of the intertrial interval are the cues which 

evoke the representation of the US. To the extent that the data obtained in Experiment 

One bear on this issue, they are inconsistent with the view that there is temporal 

conditioning during expUcitiy unpaired training. These data showed that the rate of 

food-reinforced lever-pressing did not vary as a function of time daring the intertrial 

interval during expUcitiy unpaired conditioning. Furthermore, there was no 

difference in the rate of food-reinforced lever-pressing during the intertrial interval 

between the expUcitiy unpaired group and the zero-contingency group, for which the 

US was equally likely to occur at any time during the conditioning session. These 

data are more consistent with the view that it is the contextual cues that play a 

mediational role in explicitly unpaired conditioning and that these cues are equaUy 

effective in evoking the representation of the US throughout the intertrial interval. 

The same arguments apply with respect to Wagner's SOP account (1981). 

According to SOP a stimulus is rendered a conditioned inhibitor if processing of its 

elements in A1 is simultaneous with the processing of the US elements in A2. Upon 

being presented, the explicitly unpaired stimulus is automatically processed in Al. 

The US may be processed in A2 at the time the CS is processed in Al, either because 



i t the US, has decayed into A2 with passage of time foUowing the US trial, or 

because it has been evoked into A2 by a cue with which it has formed an excitatory 

association. Over short intertrial intervals it may be sufficient to assume that the US 

has naturaUy decayed into A2 when the expUcitiy unpaired CS is presented. 

However, over long intertrial intervals, e.g., the interval of 420 s used in the first two 

experiments, it is difficult to envision the US stiU being processed in A2 and has not 

decayed into the inactive state. Thus, under the long intervals it has to be assumed 

that the US is evoked into A2 by some excitatory cue(s). As was described 

previously, the excitatory cue may be either the contextual cues or the temporal cues. 

Since the pattern of operant responding during Pavlovian conditioning in Experiment 

One yielded no evidence of temporal conditioning it is not clear that temporal cues are 

the ones which trigger processing of the US into A2. To the extent that the temporal 

cues are analogous to discrete cues, if temporal cues were evoking processing of the 

US into A2, according to the theory one should observe freezing and suppression of 

food-reinforced lever-pressing. Freezing is the behavior typically seen as an 

aftermath of a US trial when the US has naturally decayed into A2. SOP has not 

formally postulated the conditions that yield excitatory conditioning of contextual cues 

and the rules of performance concerning these cues. Thus, it is not possible to 

evaluate the theory at this point The contextual cues, by default can be assumed to 

be the ones responsible for evoking processing of the US into A2 at the time the 

explicitiy unpaired CS is processed in Al, thereby giving rise to inhibition. 

Comparator theories, for example the theory proposed by Miller and 

Schachtman (1985), postulate that inhibitory performance, including the performance 

seen during summation and retardation of acquisition tests, does not reflect learning 

of an inhibitory association between the CS and the US. Instead, inhibitory 

performance reflects the comparison of the associative strength of the target CS and 

the current associative strength of the "comparator term" at the time of testing. The 

CS functions as an excitor if its associative strength exceeds that of the comparator 

term, as an inhibitor if the reverse is true, and as a neutral stimulus if the two are 

equal. In a series of experiments MiUer and his associates have demonstrated that 

irrespective of whether testing occurs in the conditioning chamber or in an alternative 

chamber the comparator term encompasses stimuU which were present during 

conditioning. These include the contextual cues of the conditioning chamber 

(Kasprow, Schachtman & Miller, 1987; Miller & Shachtman, 1985). 



In order to account for inhibitory performance on the summation test Miner's 

theory posits that the elements of a compound stimulus of the reference excitor and 

the putative inhibitor are each assessed against their respective comparators and are 

subsequently jointly assessed, through the process of averaging of the associative 

strengths of these stimuU. The result of this averaging process is that coUectively the 

compound is a weaker excitor than the reference excitor by itself. In a CER 

experiment for example there wiU be more suppression of responding to the reference 

excitor than to the compound of the reference excitor and putative inhibitor since the 

reference excitor is a stronger excitor than the compound. The theory assumes that 

only saUent stimuli enter the averaging process, and further assumes that putative 

inhibitors are more saUent than neutral stimuli. AU these assumptions are aimed at 

explaining why there is greater alleviation of suppression when a putative inhibitor 

rather than a neutral stimulus is compounded with the reference excitor. 

The comparator theory posits that in order for a stimulus to manifest excitatory 

properties in a retardation of acquisition test its associative strength has to surpass the 

current associative strength of its comparator term, namely the cues which had been 

present during conditioning including the cues of the context In order to explain 

why the putative inhibitor shows retarded acquisition of excitation relative to a novel 

stimulus, it is further assumed that in cases where the conditional probability 

P(US/CS) is zero latent inhibition has occurred. Latent inhibition decreases 

associabiUty of the putative inhibitor and as a result of this additional factor 

acquisition is retarded relative to the novel stimulus, which has not suffered any such 

decrement (Lubow & Moore, 1959). 

In accounting for the data of the current experiments, the comparator theory 

would posit that the expUcitiy unpaired stimulus produces inhibitory performance in 

the summation test because it and the reference excitor together are a weaker excitor 

than the reference excitor alone. The comparator theory would further posit that the 

zero-contingency stimulus is more excitatory than the expUcitiy unpaired stimulus 

since for the former stimulus P(US/CS) is greater than zero. For the explicitly 

unpaired CS P(US/CS) is equal to zero. Thus, the compound of the reference excitor 

and the expUcitiy unpaired stimulus is a weaker excitor than the compound of the 

reference excitor and the stimulus trained with the zero-contingency procedure. 

Thus, there is more suppression to the latter compound than to the compound of the 

expUcitiy unpaired stimulus and the reference excitor. 
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To account for inhibitory performance in the retardation of acquisition test, the 

comparator theory would posit that the CS from the zero-contingency procedure has a 

"head start" on the CS from the expUcitiy unpaired procedure. The excitatory 

associative strength of the zero-contingency CS should surpass that of the comparator 

(context) before the strength of the expUcitiy unpaired CS surpassess that of the 

context Note that in order to account for the differences in the rate of acquisition of 

the expUcitiy unpaired and zero-contingency CSs it is not necessary to assume 

differences in the excitatory strength of the contextual cues between the expUcitiy 

unpaired and zero-contingency procedures. 

In cases where the retardation of acquisition test occurs in the training context 

there is an additional factor which wiU produce further retardation, namely blocking 

by the more excitatory (relative to the CS) contextual cues (Baker & Mackintosh, 

1979; Baker, Mercier, Gabel & Baker, 1981). This factor of blocking could have 

operated in Experiments 1-3, in which testing occurred in the conditioning context 

The contextual cues were equaUy excitatory by the end of the conditioning phase in 

the expUcitiy unpaired and zero-contingency procedures, as suggested by the escape 

latency data obtained in Experiment 4. Thus, blocking of the CS by the contextual 

cues would have retarded to an equal degree excitatory acquisition of the expUcitiy 

unpaired and zero-contingency CSs. 

Blocking of the CS by the contextual cues would not have been a factor in 

Experiment 4. The tests occurred in a different context than the one in which 

conditioning occurred. Regarding the retardation of acquisition data of Experiment 4, 

it is possible to account for the difference in the rate of acquisition between the zero-

contingency group and the expUcitiy unpaired group trained with a moderate (28) 

number of sessions as was described previously. One would have to rely on the 

assumption that the zero-contingency stimulus is more excitatory than the explicitly 

unpaired stimulus (Ayres, et al., 1975; Benedict & Ayres, 1972; Keller, et al., 

1977; Witcher & Ayres, 1980). The comparator theory can also account for the 

difference in the rate of acquisition between the expUcitiy unpaired group which 

received moderate (28 conditioning sessions) training and that of the groups which 

received timited (8 conditioning sessions) training with and without the post 

conditioning extinction treatment. An account for this difference cannot rely on 

differences in the excitatory strength of the expUcitiy unpaired CSs since in aU cases 

P(US/CS) is zero. First the comparator theory would account for the finding that an 

expUcitiy unpaired stimulus presented for a moderate number of conditioning 
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sessions is slower to manifest excitatory properties than an expUcitiy unpaired 

stimulus which was presented for a Umited number of conditioning sessions. It 

would do so by positing that the former has suffered more loss of associability, due 

to latent inhibition, than the latter. This is because with moderate training there were 

more CS trials than with Umited training (196 vs 56 trials in total). Secondly, 

comparator theory would account for the finding that the expUcitiy unpaired stimulus 

which was presented for a moderate number of conditioning sessions is slower to 

become excitatory than a stimulus which was presented for a Umited number of 

conditioning sessions and then was extinguished as foUows. Although the two 

stimuli lost the same amount of associabUity due to latent inhibition (196 trials in total 

in both cases), after moderate training the contextual cues of the conditioning context 

were stiU excitatory at test. For the stimulus which was presented for a Umited 

number cf conditioning sessions and then was extinguished the contextual cues had 

undergone extinction before the CS was extinguished. Thus, the expUcitiy unpaired 

stimulus which was presented for a moderate number of conditioning sessions 

requires more conditioning trials to surpass the excitatory associative strength of its 

comparator (conditioning context) than does the CS which was presented for a Umited 

number of conditioning sessions and then was extinguished, since its comparator 

(conditioning context) had been extinguished. 

With respect to the comparator theory it would have been interesting to examine 

whether there would be differences in the rate of acquistion between an explicitly 

unpaired CS presented for a moderate number of conditioning sessions and a CS 

trained in an identical manner but which had the contextual cues of the conditioning 

chamber, i.e., the comparator cues, extinguished before testing. Comparator theory 

would predict factiitated acquisition in the case of the CS whose comparator term had 

undergone extinction relative to the case where the associative strength of the 

comparator term had been left unaffected (Hallam, Matzel, Sloat & MiUer, 1990). 

This issue was addressed in the last two experiments of the second series. 

Introduction to Section Two 

The experiments described in the first section were aimed at determining the 

conditions which would undermine the acquisition of conditioned inhibition with the 

expUcitiy unpaired procedure. Analysis of the experiments by Kleiman and Fowler 

(1984), Maier et al. (1976) and Plotkin and Oakley (1975), which obtained no 



evidence of inhibition with the expUcitiy unpaired procedure, suggests that the 

negative result may have been due to a combination of three variables, presenting the 

CS and US trials in single altemation, limiting the amount of conditioning, and using 

short intertrial intervals. Weak evidence for this suggestion was obtained in 

Experiment Four when all three variables were introduced. In that experiment a 60-s 

CS had been presented in single alternation with the US, with intertrial intervals of 45 

and 55 s, for only eight conditioning sessions. The CS failed to pass the retardation 

of acquisition test although it successfuly passed the summation test. This finding 

constitutes evidence for a negative result since a stimulus is required to pass both the 

summation and the retardation of acquisition tests of inhibition to be identified as a 

conditioned inhibitor (Rescorla, 1969b; Hearst, 1972). 

The same question was pursued in the experiments of the second series. With 

the exception of Experiment 5B a 10-s CS was used instead of a 60-s CS. The 

parameters used in this series of experiments, i.e., a 10-s CS singly alternating with 

the US, and intertrial intervals of 45 and 55 s, replicated the parameters used by 

Kleiman and Fowler. In the current experiments animals were trained for a total of 

eight conditioning sessions. Furthermore, with the exception of Experiment Seven, 

the control group was trained with a latent inhibition procedure (Lubow, 1973; 

Lubow and Moore, 1959) instead of a zero-contingency procedure. In a latent 

inhibition procedure animals are presented only with the CS. The US is omitted. 

Thus, although famiUarity with the CS may be equated between the latent inhibition 

group and the experimental group, the former is not exposed to a contingency 

between the CS and the US. A latent inhibition control group was preferred over a 

zero-contingency group since the latter has been shown to yield an excitatory CS 

under certain conditions. For example, Ayres and his collaborators (Ayres, et al., 

1975; Witcher & Ayres, 1980) have shown that the zero-contingency CS functioned 

as an excitor after training with a small number of conditioning sessions. 

Conditioning in the current experiments was limited to eight sessions. Thus, if the 

CS became excitatory as a result of zero-contingency training, any comparisons 

between it and a putative inhibitor, the explicitly unpaired CS, would overestimate the 

magnitude of the inhibitory effect. 

In the first experiment (Experiments 5A and 5B) of this series the duration of 

the expUcitiy unpaired CS was manipulated together with the intertrial interval. In 

Experiment 5A the duration of the expUcitiy unpaired CS was 10 s and the intertrial 

interval was either 45 and 55 s or much longer, 420 s. The intertrial interval of 420 s 



was comparable to the long intertrial interval used in some of the experiments of the 

first series. In Experiment 5B the duration of the expUcitiy unpaired CS was 60 s, as 

in the experiments of the first series. The intertrial interval was either brief, 25 s, 

intermediate, 45-55 s or long, 420 s. Thus, the different intertrial intervals used in 

the first series of experiments were combined into one experiment (Experiment 5B) in 

which aU the animals received only eight conditioning sessions. 

An attractive theoretical possibUity which was explored in the remaining 

experiments of the current series was that Kleiman and Fowler's failure to 

demonstrate inhibition did not reflect a failure of learning of an inhibitory CS-US 

relation, but instead a failure of that learning to be manifested. SpecificaUy, the 

current series of experiment; investigated whether as a result of conditioning with the 

expUcitiy unpaired procedure the CS formed both an inhibitory and an excitatory 

association with the US. 

The notion that a stimulus can simultaneously form excitatory and inhibitory 

associations with the US, is foreign to influential theoretical models such as Rescorla 

and Wagner (1972) and Mackintosh (1975). However, this notion has existed since 

Pavlov (1927) and Konorski (1948). More recently it has been incorporated into 

modem learning theories proposed by Pearce (1987); Pearce and HaU (1980) and 

Wagner (1981; Mazur & Wagner, 1982; Wagner & Brandon, 1989; Wagner & 

Larew, 1985). Furthermore, recent comparator theories of performance (Balsam, 

1984; Gibbon & Balsam, 1981; MiUer & Schachtman, 1985) have postulated that 

the same CS can function either as an excitor or as an inhibitor depending on whether 

its "comparator stimulus" is either less or more excitatory, respectively, than the 

target CS itself. These performance theories do not assume that two types of CS-US 

associations, namely excitatory and inhibitory, are formed. Instead they assume that 

the same excitatory CS-US association can give rise to either excitatory or inhibitory 

performance depending on the relative associative strengths of the target CS and the 

comparator. For one comparator theory (Balsam, 1984; Gibbon & Balsam, 1981) 

the comparator stimulus encompasses all the cues present during the test, including 

the contextual cues of the testing chamber. For an alternative comparator theory 

(MiUer & Schachtman, 1985) the comparator stimulus encompasses aU the cues 

which had been present during conditioning, including the contextual cues of the 

conditioning chamber. 

Evidence that a CS can simultaneously have both excitatory and inhibitory 

associations with a US has accumulated over recent years (Durlach, 1986; Nelson, 



1987; Tait&Saladin, 1986; WilUams & Overmier, 1988; WiUiams, Travis & 

Overmier, 1986; also see MUler & Matzel, 1987). In the study by WilUams, et al. 

(1986) the existence of excitatory and inhibitory associations was inferred in the case 

of stimuU trained in backward, trace, and Pavlovian conditioned inhibition 

procedures. The authors demonstrated that the CS from each of these procedures 

functioned as an inhibitor if foUowing conditioning it had undergone extinction. 

These non-reinforced presentations of the target CS were aimed at extinguishing the 

excitatory association between the CS and US while leaving the inhibitory association 

intact In this study care was taken to not affect the inhibitory association. This was 

achieved by extinguishing the CS in a context which was itself not excitatory. Thus, 

any inhibition recorded during the test could be attributed to the Pavlovian 

conditioning phase and could not be declared a byproduct of the extinction 

manipulation. Along the same lines, WilUams et al. (1986) showed that a stimulus, 

X, trained in a Pavlovian conditioned inhibition procedure (A+, AX-) functioned as 

an inhibitor foUowing postconditioning extinction of the training excitor, A. The 

effectiveness of this manipulation in unmasking inhibition revealed that the excitatory 

association need not be a direct CS-US association. Instead it may be a within-

compound association between the target CS (X) and another stimulus (A) which is 

excitatory. 

In the study by Tait and Saladin (1986) the existence of excitatory and 

inhibitory associations between the US and a backward CS was inferred by using 

two different responses, namely, the rabbit's nictitating membrane response (NMR) 

and water consumption. AU rabbits received backward conditioning of an auditory 

CS with paraorbital shock. Subsequently, in half of the rabbits the CS was icsted 

with a retardation of acquisition test Acquisition of NMR was retarded when the 

backward CS repeatedly preceded paraorbital shock. This was taken as evidence that 

the backward CS functioned as a conditioned inhibitor in one of the tests for 

inhibition, the retardation of acquisition test. For the remaining rabbits the backward 

CS was made contingent on drinking. These rabbits suppressed their water 

consumption when the CS was made contingent on drinking. This was taken as 

evidence that the backward CS also functioned as a conditioned excitor. 

Finally, Nelson (1987) reinforced a tone when it was presented alone. A light 

stimulus was trained in a Pavlovian conditioned inhibition procedure (A+, AX-). The 

compound of light (X) and tone (A) signaUed a 50% reduction in the probabUity of 

reinforcement signalled by the tone. In a subsequent smnmation test the Ught CS 



was compounded with transfer excitors which had signaUed either 86.7%, 25% or 

15% reinforcement during training. Results from the summation test showed that the 

light CS produced inhibitory summation when it was compounded with a transfer 

excitor which had been trained to signal 86.7% reinforcement The same CS 

produced excitatory summation when it was compounded with a transfer excitor 

which had been trained to signal either 25% or 15% reinforcement 

The last four experiments utilized some of the techniques described above to 

explore whether the expUcitiy unpaired CS had formed both inhibitory and excitatory 

associations with the US. SpecificaUy, in Experiments Six and Seven the expUcitiy 

unpaired CS was extinguished foUowing conditioning and before the test This was 

done in order to demonstrate that the CS, which did not function as an inhibitor if 

tested after expUcitiy unpaired conditioning, would function as an inhibitor if it had 

undergone extinction prior to the test 

The possibUity that inhibition may be obscured by excitation was considered 

viable despite evidence to the contrary provided by WUUams and Overmier (1988). 

Li the study by WiUiams and Overmier evidence that the explicitiy unpaired CS was 

inhibitory was obtained in a summation test administered foUowing Pavlovian 

conditioning. Furthermore, postconditioning extinction of the CS did not have an 

effect on the inhibitory status of the stimulus. This result was taken as evidence that 

the explicitiy unpaired stimulus was a "pure" inhibitor. However, the intertrial 

interval separating the CS (60-s auditory stimulus), which singly alternated with 

shock (US), and the US was relatively long (130 s). This long interval may have 

prevented a direct excitatory CS-US association from being formed. Li the current 

series the intertrial interval separating the CS and the US was 45 s. Furthermore, 

since the CS was only 10 s in duration the interval between the onset of the CS and 

the onset of the US was 55 s. The intertrial interval of 55 s was much shorter than 

the interval of 190 s in the WilUams and Overmier experiments. Thus, it is possible 

that an explicitiy unpaired CS may be rendered a "pure" inhibitor with long intertrial 

intervals and a "mixed" inhibitor with short Thus, postconditioning extinction of the 

CS may be effective in reveaUng inhibition in the latter case. 

In Experiments Eight and Nine an attempt was made to reveal inhibition by 

extinguishing the conditioning context only. This was done in order to assess 

whether a within-compound association had been formed between the CS and the 

excitatory conditioning context during the expUcitiy unpaired treatment. If extinction 

of the conditioning context was sufficient to eUminate excitation to the CS, thus 
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enabUng the CS to function as an inhibitor, one could claim that ihere was a within-

compound association between the CS and the contextual cues. The within-

compound association between the expUcitiy unpaired CS and the context may have 

mediated excitation to the CS (Rescorla, 1981; Rescorla & Durlach, 1981). The 

possibiUty of obtaining this result i.e., that extinction of the context would reveal 

inhibition to the explicitly unpaired CS, was attractive. It would help distinguish 

between learning theories and performance accounts of "mixed" excitatory-inhibitory 

CSs. SpecificaUy, if the conditioning context serves as the comparator term (MiUer 

and Schachtman, 1985), extinction of the conditioning context prior to the test should 

decrease and not increase inhibitory performance. On the other hand, if the testing 

context serves as the comparator term (Gibbon and Balsam, 1981) postconditioning 

manipulations of the conditioning context should have no effect on inhibitory 

performance. 

Experiments 

The purpose of this experiment was to assess the effect of the intertrial interval 

on the associative status of the expUcitiy unpaired CS. In Experiment 5A the duration 

of the CS was 10 s. The intertrial intervals were either 45-55 s long or 420 s long. 

In Experiment 5B the duration of the CS was 60 s. The intertrial intervals were either 

45-55 s, or 420 s, as in Experiment 5A, or 25 s. With the last interval, the intershock 

interval of 110 s matched the intershock interval with a 10-s CS and the 45-55 s 

intertrial interval. In both experiments rats were tra; 2d for only eight sessions. 

An important procedural modification was introduced in this experiment. The 

summation test did not compare rates of food-reinforced lever-pressing during non-

contingently presented reference excitors versus compounds of the excitor and the 

putative inhibitor, as was the case in the experiments of the first series. Instead it 

involved a conditioned punishment contingency. The reference excitor or a 

compound of that stimulus and the explicitly unpaired CS was presented contingent 

on food-reinforced lever-pressing. This procedural modification was deemed 

necessary because the duration of the CS in Experiment 5A (10 s) was too short to 

yield stable measures of the number of lever-presses during a CS. The punishment 

contingency summation test was also used in Experiment 5B to assess the associative 

status of the 60 s CS. The logic of the punishment contingency summation test is 

like that of the discrete trials-summation test If a stimulus from aversive Pavlovian 
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conditioning is an excitor it is expected to produce a suppression of the appetitively-

reinforced operant baseline when it is made contingent on lever-pressing, vis-a-vis 

the rate of lever-pressing when the punishment contingency is not in effect. On the 

other hand, when the compound of the reference excitor and an inhibitor is made 

contingent on fcod-reinforced lever-pressing the amount of suppression of the 

operant baseUne is expected to be less than that produced when the reference excitor 

alone is contingent on lever-pressing. The performance of the expUcitiy unpaired 

groups was compared to that of latent inhibition control groups which, during 

Pavlovian conditioning, were exposed only to the CS and had no exposure to the US. 

Experiment 5A 

The purpose of this experiment was to assess the effect of the intertrial interval 

on the associative status of a 10-s explicitiy unpaired CS. 

Method 

Subjects: Twenty-four male albino rats were used in this experiment. The 

strain, age, and the conditions under which the rats were kept were as described 

previously. 

Apparatus: The experimental apparatus was identical to that used in the first 

experiment. However, as was the case in Experiment Four, four of the conditioning 

chambers (context 1) had blank walls, and had no artificial odorant The remaining 

four chambers (context 2) had waUs with black stripes (1 cm spaced 2 cm from center 

to center), and an artificial odorant (Pine Sol, No. 16392, American Cyanamid 

Company, Wayne, N.J. USA 07470) placed on the feces tray under the floor of the 

conditioning chamber. The odorant was diluted in water (20 ml of Pine Sol mixed 

with 400 ml of tap water). One ml of the mixture was squirted on each of the four 

comers of the tray at the beginning of each session. For half the rats in each group 

the levers were inserted in context 1 and it served as the operant chamber whtie the 

levers were retracted in context 2, which served as the conditioning chamber. For the 

remaining half of the rats context 2 served as the operant chamber and had the levers, 

while context 1 with levers retracted served as the conditioning context 

Procedure: The pretraining and testing phases were conducted in the operant 

context whUe the conditioning phase was conducted in the conditioning context 



Pretraining was carried out as described eartier, with the exception that the operant 

baseline was trained with a variable ratio-35 (VR-35) schedule of reinforcement 

Conditioning was conducted off baseline for eight consecutive sessions. The 

conditioning sessions were approximately fifteen min long for the groups that were 

trained with the short intervals and approximately ninety min long for the groups that 

were trained with the long intervals. Two groups, EUP and EUPI, were trained with 

the expUcitiy unpaired procedure. Seven CS (10-s white noise) and seven US trials 

were presented in single alternation. For group EUP the interval between the onset of 

the CS and the onset of the US was fifty-five s, leaving a gap of forty-five s between 

the offset of the 10-s CS and the onset of the US; the interval between the onset of 

the US and the onset of the subsequent CS was also fifty-five s. For group EUPI the 

interval between onset of the CS and the US was 420 s, leaving a gap of 410 s 

between the offset of the 10-s CS and the onset of the US; the interval between the 

onset of the US and the onset of the subsequent CS was also 420 s. As in the 

previous experiments, for half the conditioning sessions the first stimulus was a CS 

and for the other half a US; the order of these sessions was decided quasi-randomly. 

The remaining rats were assigned to two latent inhibition control groups, LI and LU; 

each group had four subjects. These groups were treated like the explicitiy unpaired 

groups except that they were never presented with the US. 

As described eartier, after conditioning rats were given two operant retraining 

sessions on the VR-35 schedule. Rats subsequently received four sessions of 

excitatory conditioning of the 10-s flashing Ught During each session there were 

three trials. AU three trials were reinforced for the first session whtie for the 

remaining three sessions only two of the three trials were reinforced; the 

nonreinforced trial was selected quasirandomly. 

Following the completion of excitatory conditioning rats were given the 

punishment contingency summation test Each session of this test lasted forty min, 

and was subdivided into two twenty-min periods. During the first period rats were 

left to lever-press for food reinforcement in order to establish a steady baseline; no 

other events occurred. During the second period the punishment contingency was in 

effect Each lever-press initiated a stimulus which remained on for ten s. A lever-

press after the end of the stimulus reinitiated i t whtie a lever-press during the 

stimulus had no effect on its duration, The test was a nonreinforced summation test 

i.e., no electric footshock USs were presented. The stimulus was either the flashing 

Ught alone (A), or the flashing light in simultaneous compound with the white noise 
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(AX). The two types of stimuli were never presented together on a single session of 

the summation test All rats received four test sessions. On the first and fourth 

sessions A was contingent on food-reinforced lever-pressing and on the second and 

third AX was contingent on lever-pressing. 

Results and Discussion 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of food-reinforced lever-presses emitted during each of the operant 

training sessions. At the end of operant training aU rats were lever-pressing rapidly. 

There was no difference in the mean number of lever-presses among the groups on 

either of the two training sessions following group assignment. 

No data were coUected from the conditioning phase since it was carried out off 

baseUne. FoUowing the conditioning phase rats were given two sessions to regain 

their operant baseline. There were no differences in any group in the mean number of 

food-reinforced lever-presses on the second session compared to the baseline at the 

end of pretraining. 

Testing: The dependent variable during excitatory conditioning of the reference 

excitor, i.e., the flashing light was the total number of food-reinforced lever-presses 

during the conditioning sessions. There was no difference across the groups in the 

mean number of lever-presses across the sessions of excitatory conditioning. 

There were three dependent variables during the punishment contingency 

summation test, total number of food-reinforced lever-presses during the baseUne 

block, denoted by the letter "P"; the suppression ratio calculated for each block for 

each of the two stimuli A and AX; and a difference score, denoted as "A-AX"; these 

were calculated as foUows. The 40-min test session was divided into two 20-min 

periods, the baseline period and the period during which the punishment contingency 

was in effect Each period was further divided into four 5-min blocks. The total 

number of lever-presses during the fourth 5-min block of the baseUne period 

represented the total number of lever-presses during the baseUne block, "P". For 

each of the tests for A and AX, a mean "P" was calculated for each of the groups. 

Suppression ratios were calculated for each of the four 5-min blocks of the 

second 20-min period, during which the punishment contingency was in effect 

Suppression ratios were calculated using the formula SR=D/(D+P) where the letter 

"D" denoted the total number of food-reinforced lever-presses during each of the 
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blocks and P denoted the total number of lever-presses during the baseUne block. 

Suppression ratios for each of the four blocks of A and AX were calculated for each 

group. A suppression ratio of 0.00 shows total suppression of food-reinforced lever-

pressing. A ratio of 0.50 shows no suppression of lever-pressing and ratios 

approaching 1.00 show faciUtation of lever-pressing. 

Difference scores "A-AX" were calculated for each group separately by 

subtracting the suppression ratio for AX from the suppression ratio for A for each of 

the four blocks of the test Difference scores which have a positive value show that 

the AX compound stimulus was more excitatory, in that it produced more 

suppression of food-reinforced lever-pressing, than A. Difference scores which have 

a negative value, on the other hand, show that the AX compound stimulus was less 

excitatory, in that it produced less suppression of food-reinforced lever-pressing, 

than A. Difference scores of zero show equivalent suppression of food-reinforced 

lever-pressing by AX and A. 

There were no differences across the groups in the total number of lever-

presses during the baseline block, "P", on either test for A or AX. Suppression 

ratios for A and AX for the expUcitiy unpaired and latent inhibition groups are shown 

in Figure 5A. 1. Mean suppression ratios are plotted for each of the four 5-min 

blocks. Since the performance of groups LI and LU was nearly identical they were 

combined into one group which wUl be referred to as group LI. Data were subjected 

to a split plot ANOVA which yielded a significant effect of blocks (F(7,147)=10.444) 

and a significant interaction (F(14,147)=2.333). Subsequently data for each group 

were analyzed separately using randomized blocks ANOVAs. A common within 

subjects error term which was taken from the spUt plot table was used for each of the 

randomized blocks analyses. The F values from each test were compared to a critical 

value F(7,147), with a rejection rate Ea set at 0.05, which was obtained from 

Rodger's (1975) tables. 

(Insert Figure 5 A. 1) 

For group EUP the suppression ratios were higher for A than for AX for the 

second, third and fourth blocks. On the other hand, for group EUPI the suppression 

ratios for AX were higher than for A on all four blocks. For group LI the 

suppression ratios for AX were higher than for A on the first two blocks. 

Randomized blocks ANOVAs showed a significant difference among the suppression 



Figure 5A.1: Mean suppression ratios for A and AX across the four 5-min blocks 

of the punishment contingency summation test for the explicitly 

unpaired groups which were trained with either short 45-55 s (EUP) or 

long 420 s (EUPI) intertrial intervals and the latent inhibition conttol 

group (LI) in Experiment 5A. The duration of the CS was 10 s. 
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ratios in all groups (EUP: F(7,147)=6.222; EUPI: F(7,147)=3.222; and LI: 

F(7,147)=5.778). Post hoc, orthogonal contrasts using Rodger's (1974) method 

revealed the foUowing patterns. For group EUP the suppression ratios for A and AX 

did not differ on the first block but did differ on aU the subsequent blocks, on which 

ratios for A were higher than for AX. For group EUPI the suppression ratios for AX 

were higher than for A on all four blocks. For group LI the suppression ratios for 

AX were higher than for A on the first two blocks only. 

Taken together, these results indicated that if white noise had been presented in 

an expUcitiy unpaired procedure with intermediate intertrial intervals there was greater 

suppression of food-reinforced lever-pressing when it initiated the compound 

stimulus of the flashing Ught and white noise than when lever-pressing initiated 

flashing light by itself. The CS functioned as a net excitor. On the other hand, when 

a CS which had been presented in an expUcitiy unpaired procedure with long intertrial 

intervals was presented in compound with the flashing light excitor, it aUeviated 

suppression of food-reinforced lever-pressing evoked by that excitor. The aUeviation 

of suppression of food-reinforced lever-pressing seen in the explicitiy unpaired group 

with the long intervals was also seen in the latent inhibition group. 

(Insert Figure 5A.2) 

The difference scores are presented in Figure 5A.2. "A-AX" scores are plotted 

for each of the four blocks of the punishment test for the three groups. The 

difference scores for group EUP have a positive value for aU test blocks. For group 

EUPI scores have a negative value and for group LI scores have a negative value, on 

the first two blocks and a value of zero on the remaining two. 

A sptit plot ANOVA showed a significant effect of groups (F(2,21)=3.590). 

Separate ANOVAs were subsequently performed on each of the four blocks of the 

test. A common error term was used which was calculated by averaging the error 

terms obtained from the four ANOVAs. The F values from each analysis were 

compared to the critical value F(2,32), with a rejection rate Ea<0.05; the denominator 

degrees of freedom were calculated using Satterthwaite's (1946) correction formula. 

A significant effect of groups was obtained only on the second block 

(F(2,32)=3.908). Post hoc, orthogonal contrasts showed that the difference scores 

for groups EUPI and LI were smaller than the difference score for group EUP. 



Figure 5A.2: "A-AX" difference scores across the four 5-min blocks of the 

punishment contingency summation test for the explicitly unpaired 

groups which were trained with either short 45-55 s (EUP) or long 420 

s (EUPI) intertrial intervals and the latent inhibition control group (LI) 

in Experiment 5A. The duration of the CS was 10 s. 
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This experiment was aimed at examining the effect of the intertrial inten'al on 

the associative status of a CS which was presented in an expUcitiy unpaired procedure 

in which the brief CS and US singly alternated for a Umited number of sessions. The 

results from the summation test revealed that the explicitiy unpaired CS with the short 

intertrial interval functioned as a net excitor. The excitatory property of the explicitiy 

unpaired CS was revealed in within-groups and between-groups comparisons. In the 

within-groups comparison there was more suppression of food-reinforced lever-

pressing when the explicitly unpaired CS was compounded with a separately trained 

excitor than when the excitor was presented alone. In other words, there was 

excitatory summation when the expUcitiy unpaired CS was presented together with 

the trained excitor. Secondly, in the between-groups comparison, there was more 

excitatory summation when the trained excitor was compounded with the explicitly 

unpaired CS than when it was compounded with a cue that had been pre-exposed for 

an equivalent amount of time in a latent inhibition procedure. 

On die other hand, the pattern of results was different with the explicitiy 

unpaired CS with the long intertrial interval. In the within-group comparison, the 

explicitiy unpaired CS aUeviated suppression of food-reinforced lever-pressing when 

it was presented in compound with the reference excitor. Although this pattern 

suggests that the explicitiy unpaired CS functioned as an inhibitor the fact that the 

latent inhibition control group showed a similar pattern invalidates that assertion. 

Experiment 5B 

The purpose of this experiment was to assess die effect of the intertrial interval 

on the associative status of a 60-s CS. 

Method 

Subjects: Forty male albino rats were used in this experiment. The strain, age, 

and the conditions under which the rats were kept were as described earlier. 

Apparatus: The apparatus was identical to the one used previously. 

Procedure: The pretraining and testing phases were conducted in the operant 

context whUe the conditioning phase was conducted in the conditioning context 

Pretraining was carried out as described previously. Conditioning was conducted off 

baseUne for eight sessions. For the group", that were trained with the short intervals 
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each conditioning session was approximately fifteen min long. For the group that 

was trained with the intermediate interval each session was twenty min long and for 

the groups that were trained with the long intervals approximately ninety min long. 

Three groups, EUPb, EUPi and EUPI, were trained with the expUcitiy 

unpaired procedure. During each conditioning session there were seven CS (60-s 

white noise) and seven US trials which were presented in single alternation. The 

lower case letter of the group name denotes the length of the interval separating the 

CS and US trials (b stands for brief, i for intermediate and 1 stands for long intertrial 

intervals). Group EUPb was trained with the short intervals. The interval between 

the onset of the CS and the onset of the US was eighty-five s, leaving a gap of 

twenty-five s between the offset of the 60-s CS and the onset of the US; the interval 

between the onset of the US and the onset of the subsequent CS was also twenty-five 

s. Group EUPi was trained with the intermediate interval. The interval between the 

onset of the CS and the US was 105 s, leaving a gap of forty-five s between the 

offset of the 60-s CS and the onset of the US; the interval between the onset of the 

US and the onset of the subsequent CS was fifty-five s. Group EUPI, on the other 

hand, was trained with the long intervals. The interval between the onset of the CS 

and the US was 480 s, leaving a gap of 420 s between the offset of the 60-s CS and 

the onset of the US; the interval between the onset of the US and the onset of the 

subsequent CS was also 420 s. The remaining rats were assigned to two latent 

inhibition control groups, Lib and LU, trained with intervals which matched to the 

short and long parameters; a latent inhibition group trained with intermediate intervals 

was not included. 

After the conditioning phase aU rats received two consecutive operant retraining 

sessions and four sessions of excitatory conditioning of the 60-s flashing light. 

During each of the latter there were three trials. All three trials were reinforced for the 

first session, while for the remaining three sessions only two of the three trials were 

reinforced. Subsequently, rats were tested with a punishment contingency 

summation test as described in Experiment 5A. 

Results and Discussion 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of food-reinforced lever-presses emitted during each of the operant 

training sessions. At the end of operant training all ravs were lever-pressing rapidly. 
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There was no difference in the mean number of lever-presses among the groups on 

either of the two training sessions following group assignment 

No data were coUected from the conditioning phase since it was carried out off 

baseUne. FoUowing conditioning rats were given two sessions to regain their operant 

baseUne. There were no difference in any group in the mean number of lever-

presses on the second session compared to the baseUne at the end of pretraining. 

Testing: The dependent variable during excitatory conditioning of the reference 

excitor, i.e., the flashing light was the total number of food-reinforced lever-presses 

during the conditioning sessions. There was no difference among the groups in the 

mean number of lever-presses across the sessions of excitatory conditioning. No 

data were collected to monitor the progress of excitatory conditioning. 

There were three dependent variables during the punishment contingency 

summation test, total number of food-reinforced lever-presses during the baseUne 

block, "P"; the suppression ratio calculated for each block for each of the two stimuli 

A and AX; and a difference score, denoted as "A-AX"; these were calculated as 

described in Experiment 5A. There were no differences among the groups in the total 

number of food-reinforced lever-presses during the baseline block, "P", on either test 

for A or AX. 

Suppression ratios for A and AX for the five groups are presented in Figure 

5B.1. Mean suppression ratios are plotted for each of the four 5-min blocks. Data 

were subjected to a sptit plot ANOVA which yielded a significant effect of groups 

(F(4,30)=2.873), blocks (F(7,210)=32.000) and a significant interaction 

(F(28,210)=3.000). Subsequently data for each group were analyzed separately 

using randomized blocks ANOVAs; a common within subjects error term which was 

taken from the split plot table was used for each of the randomized blocks analyses. 

The F values from each test were compared to a critical value F(7,210), with a 

rejection rate Ea set at 0.05. 

(Insert Figure 5B.1) 

For group EUPb the suppression ratios were higher for A than for AX for the 

second, third and fourth blocks. For group EUPi the suppression ratios for A were 

equivalent to those for AX, except for the first block where the suppression ratio for 

AX was higher than for A. On the other hand, for group EUPI on aU four blocks the 
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Figure 5B.1: Mean suppression ratios for A and AX across the four 5-min blocks 

of the punishment contingency summation test for the explicitiy 

unpaired groups which were trained with either short 25 s (EUPs), 

intermediate 45-55 s (EUPi) or long 420 s (EUPI) intertrial intervals 

and the latent inhibition control groups (Lis and LD) in Experiment 5B. 

The duration of the CS was 60 s. 
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equivalent to those for AX, except for tiie first block where the suppression ratio for 

AX was higher than for A. On the other hand, for group EUPI on aU four blocks the 

suppression ratios for AX were higher than those for A. For groups Lib and LI1 the 

suppression ratios for AX were higher than for A except for the last block. 

Randomized blocks ANOVAs showed a significant difference among the 

suppression ratios in all groups (EUPb: F(7,210)=6.857; EUPi: F(7,210)=4.571; 

EUPI: F(7,210)=8.714; Lib: F(7,210)=14.285; and LB: F(7,210)=9.857). Post 

hoc, orthogonal contrasts revealed the following patterns. For group EUPb the 

suppression ratios for A and AX differed on blocks 2-4, on which the suppression 

ratios for A were higher than those for AX. For group EUPi the suppression ratios 

for A and AX differed only on the first block, on which the suppression ratio for AX 

was higher than for A. For group EUPI the suppression ratios for AX were higher 

than those for A on the first three blocks. Similarly, for groups Lib and LI1 the 

suppression ratios for AX were higher than A on the first three blocks. 

Taken together, these results indicated that there was greater suppression of 

food-reinforced lever-pressing when it initiated the compound stimulus of the 

flashing Ught and white noise than when it initiated the flashing light by itself, if 

white noise had been presented in an expUcitiy unpaired procedure with short 

intertrial intervals but not if white noise had been presented in an explicitiy unpaired 

procedure with intermediate intervals. This pattern of results showed that the 

explicitly unpaired CS with short intervals functioned as a net excitor. On the other 

hand, when food-reinforced lever-pressing initiated the compound stimulus the white 

noise which had been presented in an expUcitiy unpaired procedure with long 

intertrial intervals alleviated suppression of lever-pressing evoked by the flashing 

light excitor. However, the alleviation of suppression of food-reinforced lever-

pressing seen in the explicitly unpaired group was also seen in the latent inhibition 

groups. Last, the white noise presented in an explicitly unpaired procedure with the 

intermediate intervals did not affect suppression produced by the flashing light 

(Insert Figure 5B.2) 

The difference scores are presented in Figure 5B.2. "A-AX" scores are plotted 

for each of the five blocks of the punishment test for each group. For most test 

blocks the difference scores for group EUPb have a positive value, scores for group 



87 

Figure 5B.2: "A-AX" difference scores across the four 5-min blocks of the 

punishment contingency summation test for the explicitiy unpaired 

groups which were trained with either short 25 s (EUPs), intermediate 

45-55 s (EUPi) or long 420 s (EUPI) intertrial intervals and the latent 

inhibition control groups (Lis and LU) in Experiment 5B. The 

duration of the CS was 60 s. 
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EUPi have a value of zero, and scores for groups EUPI and Lib and LB have a 

negative value. 

A spUt plot ANOVA showed a significant effect of groups (F(4,30)=9.214), 

blocks (F(3,90)=16.286) and a significant interaction (F(12,90)=1.571). Separate 

ANOVAs were subsequently performed on each of the four blocks. A common error 

term was used which was calculated by averaging the error terms obtained from the 

four ANOVAs. The F values from each analysis were compared to the critical value 

F(4,78), with a rejection rate Ea<0.05; the denominator degrees of freedom were 

calculated using Satterthwaite's (1946) correction formula. A significant efiect of 

groups was obtained on all blocks except the fourth (1st: F(4,78)=7.833; 2nd: 

F(4,78)=5.500; 3rd: F(4,78)=9.250). 

Post hoc, orthogonal contrasts were performed to determine the differences 

among the groups. On the first block the difference scores for groups EUPb and 

EUPi were larger than for groups EUPI and LI1 which were in turn larger than for 

group Lib. Contrasts performed on the difference scores of the second block 

revealed the same pattern as on the first block with the exception that on the second 

block the difference scores for groups EUPI, LH and Lib were equivalent Contrasts 

performed on the difference scores of the third block revealed the same pattern as on 

the first block. Taken together, the pattern of data from aU blocks revealed that the 

explicitiy unpaired CS with the short intervals functioned as a net excitor, vis-a-vis its 

respective control. The expUcitiy unpaired CS with the long intervals functioned as 

did the latent inhibition conttol. The effect of the CS with the intermediate interval 

was in between the effects of the other two EUP groups. 

This experiment was aimed at examining the effect of the intertrial interval on 

the associative status of a 60-s long expUcitiy unpaired CS. The results from the 

summation test revealed that as a function of the length of the intertrial interval the 

expUcitiy unpaired CS was either an excitor or a neutral stimulus. Specifically, the 

CS with the short interval functioned as a strong net excitor. The excitatory property 

of the expUcitiy unpaired CS was revealed by within-groups and between-groups 

comparisons. In the within-groups comparison there was more suppression of food-

reinforced lever-pressing when the expUcitiy unpaired CS was compounded with a 

separately ttained excitor than when the excitor was presented alone. In other words, 

there was excitatory summation when the explicitiy unpaired CS was presented 

together with the trained excitor. Secondly, in the between-groups comparison, there 

was more excitatory summation when the trained excitor was compounded with the 
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expUcitiy unpaired CS than when it was compounded with a cue that had been pre-

exposed in a latent inhibition procedure. 

On the other hand, in the within-group comparison, the expUcitiy unpaired CS 

with the long intertrial interval aUeviated suppression of food-reinforced lever-

pressing produced by the reference excitor. Although this pattern suggests that the 

expUcitiy unpaired CS functioned as an inhibitor, the similar effect of the CS from the 

latent inhibition control group invaUdates that assertion. Furthermore, in the 

between-groups comparison the inhibitory summation was equivalent in the expUcitiy 

unpaired and latent inhibition group. Thus, there is no basis for arguing that an 

expUcitiy unpaired stimulus with long intervals functioned as a conditioned inhibitor. 

The aUeviation of suppression when food-reinforced lever-pressing produced the 

compound, as opposed to the excitatory element in the two latent inhibition groups 

and the expUcitiy unpaired group with the long intervals probably reflects 

generalization decrement GeneraUzation decrement may have occurred because the 

novel compound was rather different from the reference excitor. It is not clear, 

however, why the magnitude of the effect of generalization decrement was so 

extraordinarily large in this experiment. 

Discussion 

This experiment assessed the effect of the intertrial interval on the associative 

status of either a 10-s or a 60-s CS presented in a single alternation, expUcitiy 

unpaired procedure for only eight sessions. The results showed that the length of the 

intertrial interval had a substantial effect under both CS-duration conditions. 

Specifically, the 10-s CS functioned as an excitor if it had been presented in an 

expUcitiy unpaired procedure with the shorter intertrial interval. The CS from the 

procedure with the long intervals was neither an excitor nor an inhibitor. The 

remaining experiments of this series were aimed at examining the excitatory 

summation effect obtained with these parameters. 

The 60-s CS with the shortest interval (25 s) also functioned as an excitor. 

Lengthening of the intertrial interval (45-55 s) weakened the CS's excitatory capacity 

to the point where the 60-s expUcitiy unpaired CS with long intertrial intervals (420 s) 

was neither an excitor nor an inhibitor. The reader may recall that in Experiments 

One and Two the associative status of the 60-s CS had been assessed following 

training with long intervals for more extensive periods of time (sixty and twenty-eight 
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sessions, respectively) than the eight sessions used in this experiment The CS was 

inhibitory in both of those experiments when compared to an associativeUy neutral 

CS extensively presented in a zero-contingency procedure. Since with extensive 

ttaining the CS with long intervals had been rendered an inhibitor the result of the 

current experiment can be said to reflect a preasymptotic effect 

Similarly, the associative status of the CS with the intermediate intervals (45-55 

s) had been assessed in previous experiments foUowing either fifty-two (Experiment 

3) or twenty conditioning sessions (Experiment 4). That CS was inhibitory when 

compared to an associatively neutral CS extensively presented in a zero-contingency 

procedure. However, following training with only eight sessions (Experiment 4) the 

CS with the intermediate intervals ha Tanctioned as a weak inhibitor. Performance 

evoked by the expUcitiy unpaired CS in that experiment was compared to that evoked 

by a zero-contingency CS. Since there were only eight conditioning sessions it is 

possible that the zero-contingency CS was excitatory. Thus, the weak inhibitory 

performance to the expUcitiy unpaired CS may have been overestimated. In the 

current experiment the CS functioned as a weak excitor when it was compared to a 

latently inhibited CS which was devoid of any excitation. Thus it may have been 

premature to argue in the discussion of Experiment Four that there was no excitation 

to the expUcitiy unpaired CS although there was no effect of postconditioning CS-

extinction on its status. This discrepancy would have been resolved if in the current 

experiment the CS had undergone postconditioning extinction. If the CS was in fact 

weakly excitatory postconditioning extinction of the stimulus should have rendered it 

more similar to the latently inhibited stimulus. 

Last the associative status of the CS with the shortest interval had been 

assessed in Experiment Three. The 60-s CS with the short intervals which had been 

presented for fifty-two sessions functioned as an inhibitor when compared to an 

associatively neutral CS extensively presented in a zero-contingency procedure. 

Undoubtedly, it would have been fruitful to compare the different ttaining conditions, 

eight and fifty-two conditioning sessions, in a single experiment with common 

controls and testing methods (in the earlier experiment the summation test was 

conducted in the discrete trials procedure, whtie in the current experiment the 

summation test was conducted as a punishment contingency test). Likewise, it would 

have been fruitful to assess whether under the current training conditions 

postconditioning extinction of the CS would have had an effect in unmasking 

inhibition. At any rate, it is striking that as a result of the same intertrial interval 

i 
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parameters under Umited training conditions the CS was rendered an excitor and 

under extensive training conditions it was rendered an inhibitor. 

ParentiieticaUy, the result obtained in this experiment for the expUcitiy unpaired 

CS with the shortest interval, which functioned as an excitor, is not in agreement with 

results obtained by Kleiman and Fowler (1984, Experiment 1). In their experiment 

an 80-s CS placed in the middle of a 110-s intershock interval which was presented 

for six sessions functioned as an inhibitor in both the summation and retardation of 

acquisition tests, whereas a 45-s CS placed in the middle of the 110-s intershock 

interval was associatively neutral. 

Experiment 6 

This experiment was aimed at examining the associative status of a 10-s CS 

presented in an expUcitiy unpaired procedure for either eight, or twenty conditioning 

sessions. This was done in order to replicate the finding of the previous experiment 

which showed that the 10-s expUcitiy unpaired CS with the short intertrial intervals 

(45-55 s) functioned as an excitor after eight conditioning sessions. This experiment 

also examined whether more extensive training would enhance, or attenuate, the 

excitatory effect A second objective of this experiment was to examine the effect of 

post-conditioning extinction of the explicitiy unpaired CS foUowing either limited or 

extensive training. CS-extinction was expected to eliminate excitation and permit the 

assessment of inhibition which might have been acquired during the Pavlovian, 

expUcitiy unpaired conditioning treatment 

A number of theories of inhibitory conditioning (Mackintosh, 1975; Rescorla 

& Wagner, 1972; Wagner & Larew, 1985) predict that if a CS is presented together 

with cues which are excitatory and the US is omitted the CS will be rendered a 

conditioned inhibitor. As a result of conditioning with the explicitly unpaired 

procedure, in which USs are unsignaUed, the contextual cues become excitatory. If 

CS extinction had been carried out in the conditioning chamber, without prior 

extinction of the contextual cues, inhibition might have accrued to the CS during the 

extinction phase. The aim of these experiments, however, was to assess the 

magnitude of inhibition which had been acquired during the Pavlovian, expUcitiy 

unpaired conditioning treatment and not during CS-extinction. Thus, CS extinction 

was carried out in the conditioning context after that context had undergone 

extinction. 
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The summation test used in this and aU the remaining experiments was a 

punishment contingency summation test like the one described in the previous 

experiment. The performance of the expUcitiy unpaired groups was compared to 

latent inhibition conttol groups which, during Pavlr"»»- conditioning, had been 

exposed only to the CS and had no exposure to tht . 

Method 

Subjects: Sixty-four experimentally naive rats were used in this experiment. 

The strain, age, and the conditions under which the rats were kept were as described 

previously. 

Apparatus: The experimental apparatus was identical to that used previously. 

Procedure: The pretraining and testing phases were conducted in the operant 

context whtie the conditioning phase was conducted in the conditioning context. The 

pretraining phase was as described previously except that the operant baseUne was 

trained with a VI-60 s schedule of reinforcement Conditioning was conducted off 

baseline, i.e., the response levers were retracted and the rats did not have an 

opportunity to respond for food reinforcement Each conditioning session was 

approximately fifteen min in duration. Four groups, EUP, EUPe, EUPc, EUPc-e, 

were trained with the explicitly unpaired procedure. As in the previous experiments, 

during each conditioning session there were seven CS and seven US trials which 

occurred in single altemation. In this experiment, however, the CS was 10 s long 

and the interval between the onset of the CS and the onset of the US was fifty-five s, 

leaving a gap of forty-five s between the offset of the CS and "he onset of the US. 

The interval between the onset of the US and the onset of the subsequent CS was also 

fifty-five s. As in the previous experiments, for half the conditioning sessions the 

first stimulus was e CS, and for the other half it was a US; the order of these sessions 

was decided quasi-randomly. Two of the four groups, groups EUP and EUPe, 

received eight conditioning sessions. The remaining two groups, groups EUPc and 

EUPc-e, received twenty-eight conditioning sessions (the letter "c" stands for 

continuous ttaining, referring to the additional sessions of conditioning received by 

these groups). 

Upon the completion of conditioning, groups EUP and EUPc progressed to the 

subsequent test phase. The remaining two groups, groups EUPe and EUPc-e, 

received additional treatments aimed at extinguishing the context and, subsequently, 

l 



the CS (the letter "e" stands for extinction). First they received sessions of 

extinction of the conditioning context; group EUPe received eight and group EUPc-

e received twenty-eight such sessions. During each session rats were placed in the 

conditioning context where no events occurred. After the completion of context 

extinction, rats in both groups received twenty sessions of extinction of the white 

noise CS. During each of these sessions the 10-s white noise CS was presented 

seven times; the interval between consecutive CSs was 110 s. 

The remaining four groups, LI, Lie, Lie, LIc-e, were latent inhibition control 

groups. Each of these groups was treated like its respective explicitiy unpaired group 

but never received the US. 

Upon completing the conditioning phase, and on the subsequent session, rats 

in each of the groups were returned to the operant context for two consecutive 

sessions in order to regain their baseUne of food-reinforced lever-pressing. Rats 

subsequently received four sessions of excitatory conditioning of the 10-s flashing 

Ught CS later to serve as the reference excitor in the summation test; each session 

was forty-five min long. Three reinforced trials on which footshock occurred at the 

end of the CS were presented during each session, with an intertrial interval of 

approximately ten min. The first trial occurred ten min after the initiation of the 

session to aUow the rats to stabUize food-reinforced lever-pressing before the electric 

footshocks occurred. 

Following the completion of excitatory conditioning rats v/ere given the 

punishment contingency summation test. The test was conducted as described in the 

previous experiment except that all rats received only two sessions of the test as 

opposed to four in the previous experiment Food-reinforced lever-pressing 

produced A during one session and AX during the other. The order was 

counterbalanced within groups such that half of the rats in each group were tested 

with A on the first session and AX on tiie second session, whUe for the other half the 

order was reversed. 

Results 

Pretraining: The dependent variable for this phase of the experiment was the 

total number of food-reinforced lever-presses emitted during each of the operant 

training sessions. At the end of operant training all rats were lever-pressing rapidly. 



There was no difference in the mean number of food-reinforced lever-presses among 

the groups on either of the two training sessions foUowing group assignment 

No data were coUected from the conditioning phase since it was carried out off 

baseUne. FoUowing the conditioning phase rats were given two sessions to regain 

their operant baseline. There were no differences in any group in the mean number of 

food-reinforced lever-presses on either of the two sessions compared to the baseline 

at the end of pretraining. 

Testing: The dependent variable during excitatory conditioning of the reference 

excitor, i.e., the flashing Ught was the total number of food-reinforced lever-presses 

during the conditioning sessions. There was no difference among the groups in the 

mean number of lever-presses across the sessions of excitatory conditioning. 

There were three dependent variables during the punishment contingency 

summation test total number of responses during the baseline block, "P"; the 

suppression ratio calculated for each block for each of the two stimuti A and AX; and 

a difference score, denoted as "A-AX". These were calculated as described 

previously except ihat the baseUne period and the period during which the punishment 

contingency was in effect were divided into five 4-min blocks. Thus, the total number 

of responses during the fifth 4-roin block of the baseline period, denoted by the letter 

'F\ represented the total number of lever-presses during die baseUne block. The 

suppression ratios were calculated for each of the five 4-min blocks of the second 20-

min period, during which tiie punishment contingency was in effect. 

There were no differences among groups in the total number of food-reinforced 

lever-presses during the baseline block, "P", on either test for A or AX. Suppression 

ratios for A and AX are presented in Figures 6.1-6.4. Each figure presents data from 

the expUcitiy unpaired group and its paired latent inhibition conttol. Mean 

suppression ratios are plotted for each of the five 4-min blocks. Data were subjected 

to a spUt plot ANOVA which yielded a significant effect of groups (F(7,56)=2.027), 

blocks (F(9,504)=7.545) and a significant interaction (F(63,504)=1.636). 

Subsequently data for each group were analyzed using randomized blocks ANOVAs; 

a common within subjects error term which was taken from the spUt plot table was 

used for each of the randomized blocks analyses. The F values were compared to a 

critical value F(9,504), with a rejection rate Ea set at 0.05. 

(Insert Figure 6.1) 

r* 



Figure 6.1: Mean suppression ratios for A and AX across the five 4-min blocks of 

the punishment contingency sunanation test for the expUcitiy unpaired 

group (EUP) which received eight sessions of conditioning and the latent 

inhibition control gr )up (LI) in Experiment 6. 
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Data from groups EUP and LI, which received the "Umited" conditioning, are 

presented in Figure 6.1. Randomized blocks ANOVAs showed a significant 

difference among tiie suppression ratios only in group EUP (F(9,504)=2.00). Post 

hoc, orthogonal contrasts showed that the suppression ratios for A were higher than 

for AX on the third and fourth blocks. These results indicated that there was greater 

suppression of food-reinforced lever-pressing when it initiated the compound 

stimulus of the flashing Ught and white noise than when lever-pressing initiated 

flashing light by itself, only if white noise had been presented for a "limited" number 

of sessions in an explicitiy unpaired procedure. This was not the case if white noise 

had been pre-exposed in a latent inhibition procedure for the same number of 

sessions. Thus, the explicitiy unpaired CS functioned as a net excitor. 

(Insert Figure 6.2) 

Data from groups EUPe and Lie, which had received "Umited" conditioning 

foUowed by extinction of the context and then the white noise stimulus, are presented 

in Figure 6.2. For group EUPe the suppression ratios were higher for AX than A for 

most of the blocks. The same partem was observed for group Lie. 

Randomized blocks ANOVAs showed a significant difference among the 

suppression ratios for both groups (EUPe: F(9,504)=1.455; Lie: F(9,504)=3.818). 

For group EUPe, contrasts showed that the suppression ratios for A were lower than 

for AX on all five blocks. For group Lie, contrasts showed the suppression ratios 

for A were lower than for AX on all but the fifth block. There was less suppression 

of food-reinforced lever-pressing when it initiated the compound stimulus than 

flashing Ught alone, irrespective of whether white noise had been presented in an 

expUcitiy unpaired procedure or had been pre-exposed using a latent inhibition 

procedure. 

(Insert Figure 6.3) 

Data from groups EUPc and Lie, which received "extensive" conditioning, are 

presented in Figure 6.3. Randomized blocks ANOVAs showed a significant 

difference among the suppression ratios in both groups (EUPc: F(9,504)=4.00; Lie: 

F(9,504)=1.545). Contrasts showed that for group EUPc the suppression ratios for 

AX were lower than those for A on the first and fifth blocks. On the other hand, for 
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Figure 6.2: Mean suppression ratios for A and AX across the five 4-min blocks of 

the punishment contingency summation test for the expUcitiy unpaired 

group (EUPe) whicn received eight sessions of conditioning, eight 

sessions of context extinction and twenty sessions of CS extinction and 

the latent inhibition control group (Lie) in Experiment 6. 
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Figure 6.3: Mean suppression ratios for A and AX across the five 4-min blocks of 

the punishment contingency summation test for the expUcitiy unpaired 

group (EUPc) which received twenty-eight sessions of conditioning and 

the latent inhibition control group (Lie) in Experiment 6. 
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group Lie, although the ANOVA yielded a significant value, it was not possible to 

find a rejectable contrast. These results indicated that there was greater suppression 

of food-reinforced lever-pressing when it initiated the compound stimulus than when 

it initiated flashing light by itself, only if white noise had been "extensively" 

presented in an explicitly unpaired procedure and not if it had been pre-exposed in a 

latent inhibition procedure for the same number of sessions. Thus, an extensively 

ttained expUcitiy unpaired stimulus functioned as a net excitor. 

(Insert Figure 6.4) 

Data for groups EUPc-e and LIc-e, which received extensive conditioning 

foUowed by context extinction and then extinction of the white noise stimulus, are 

presented in Figure 6.4. For group EUPc-e, the suppression ratios were lower for A 

than for AX across aU blocks. On the other hand, for group LIc-e this pattern was 

true only on the first block. 

Randomized blocks ANOVAs showed a significant difference among the 

suppression ratios for both groups (EUPc-e: F(9,504)=3.909; LIc-e: 

F(9,504)=1.545). Contrasts revealed that for group EUPc-e the suppression ratios 

for AX were higher than for A across aU the blocks. On the other hand, the contrasts 

for group LIc-e revealed that the suppression ratio for AX was higher than for A only 

on the first block. This result indicated that there was less suppression of food-

reinforced lever-pressing when it initiated the compound than when it initiated 

flashing Ught alone, only if white noise had been presented in an expUcitiy unpaired 

procedure and not if white noise had been pre-exposed using a latent inhibition 

procedure. An extensively trained, explicitly unpaired CS that had undergone 

extinction following Pavlovian conditioning functioned as a net inhibitor. 

(Insert Figure 6.5) 

The difference scores are presented in Figure 6.5 where "A-AX" scores are 

plotted for each of tiie five blocks of the punishment test for each of the sight groups. 

A split plot ANOVA which was performed on the difference scores showed a 

significant effect of groups (F(7,56)=1.607), blocks (F(4,224)=2.000) and a 

significant interaction (F(28,224)=1.267). Separate ANOVAs were subsequently 

performed on each of the five blocks of the test A common error term was used 



Figure 6.4: Mean suppression ratios for A and AX across the five 4-min blocks of 

the punishment contingency summation test for the expUcitiy unpaired 

group (EUPc-e) which received twenty-eight sessions of conditioning, 

twenty-eight sessions of context extinction and twenty sessions of CS 

extinction and the latent inhibition control group (LIc-e) in Experiment 6. 
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Figure 6.5: "A-AX" difference scores across the five 4-min blocks of the 

punishment contingency summation test for the expUcitiy unpaired 

groups (EUP, EUPe, EUPc, EUPc-e) and the latent inhibition control 

groups CLI, Lie, Lie, LIc-e) in Experiment 6. 
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which was calculated by averaging the error terms obtained from the five ANOVAs. 

The F values from each analysis were compared to the critical value F(7,183), with a 

rejection rate Ea<0.05; the denominator degrees of freedom were calculated using 

Satterthwait's (1946) correction formula. A significant effect of groups was obtained 

on the first (F(7,183)=2.520), third (F(7,183)=1.320), fourth (F(7,183)=1.560) and 

fifth (F(7,183)=1.320) blocks of the test. 

Post hoc, orthogonal contrasts were performed on each of the above mentioned 

blocks to determine the differences among the groups. On the first block the 

difference score for group EUPc had a positive value which was larger than the 

values for groups EUP, EUPe and Lie, which did not differ. Furthermore, the 

difference scores for groups LI, Lie, EUPc-e and LIc-e did not differ, and had a 

value which was smaller than those of groups EUP, EUPe and Lie. In summary, on 

the first block, vis-a-vis their respective controls, the expUcitiy unpaired CSs which 

had been presented for eight and twenty conditioning sessions functioned as net 

excitors. In addition, on the first block, there was no. evidence that the explicitly 

unpaired CSs which had undergone extinction following eight and twenty 

conditioning sessions functioned as net inhibitors since there was no difference in the 

difference scores between the EUPe and EUPc-e groups and the corresponding Lie 

and LIc-e controls. 

Contrasts performed on the difference scores of the third block revealed that the 

values for groups EUP and LIc-e, which did not differ, were larger than the values 

for groups LI, Lie and EUPc, which in turn did not differ. Furthermore, the 

difference scores for groups EUPc-e, EUPe and Lie, which did not differ, were 

smaller than the scores of groups LI, Lie and EUPc. In summary, the pattern of data 

on the third block, in partial agreement with the pattern seen on the first block, 

showed that the explicitly unpaired CS which had been presented for eight 

conditioning sessions functioned as a net excitor, since the difference score for group 

EUP was larger than that for its LI control. The expUcitiy unpaired CS which had 

been presented for twenty conditioning sessions did not function as a net excitor on 

this block. Furthermore, unlike the pattern seen on the first block, on the third block 

there was evidence that an explicitly unpaired CS that had been presented for twenty 

conditioning sessions and had subsequently undergone extinction functioned as an 

inhibitor, since the difference score for group EUPc-e had a larger negative value than 

that of the corresponding LIc-e control. However, there was again no_evidence that 

the expUcitiy unpaired CS which had been presented for eight conditioning sessions 




