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Analysis of response systems in Pavlovian 
conditioning reveals rapidly versus slowly 

acquired conditioned responses: 
Support for two factors, implications 

for behavior and neurobiology 

ROBERT C. LENNARTZ and NORMAN M. WEINBERGER 
University of California Irvine, California 

A review of the literature on aversive Pavlovian (classical) conditioning was conducted to de
termine whether various conditioned responses (CRs) develop at the same or at different rates. 
Statistical analyses revealed a bimodal distribution of the rates of acquisition of various types 
of CRs. Rapid acquisition (M = 5.7 trials to fIrst consistent CR) occurs for conditioned suppres
sion and changes in galvanic skin response, blood pressure, respiration, pupil size, and heart rate. 
Slower acquisition (M = 71.3 trials) characterizes nictitating membrane, eyelid, and flexion CRs. 
Differences in conditioned stimulus intensity, unconditioned stimulus intensity, intertrial inter
val, and interstimulus interval between the two groups cannot explain the dichotomy. Studies 
of concurrent measurement of more than one type of CR further support the "fast/slow" CR dis
tinction. The fIndings support two-factor theories of Pavlovian conditioning. The results are dis
cussed with regard to various two-factor learning theories, and the implications for behavioral 
and neurobiological studies of learning are considered. 

Since the pioneering work of Pavlov (1927), classical 
conditioning has been used in an enormous array of be
havioral and neurobiological studies. The fact that this 

research continues unabated is a testament to the power 
and richness of Pavlovian classical conditioning as a re
search tooL It also indicates that a satisfactory understand
ing of such learning is still sought. 

Many different behavioral response systems have been 
studied. A question that arises is, How "equal" are the 
various systems that have been recorded in Pavlovian con
ditioning? As an example, consider a hypothetical exper
iment in which simultaneous recordings are obtained from 

all possible response systems. Would conditioned re
sponses (CRs) appear in all systems at the same time? A 
number of theorists have suggested that the answer to this 
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question is "no." They have argued for a bimodal distri
bution of acquisition rates, and for two-process theories 
of conditioning (Konorski, 1967; Mowrer, 1947; Schlos

berg, 1937). 
The purpose of this article is to assess whether the ac

quisition rates in the various response systems are the 
same throughout Pavlovian defensive (aversive) condition
ing. If not, do the findings support specific two-process 
theories? To obtain data relevant to this issue, we sur
veyed and systematically analyzed the literature for nine 
different response systems. Although Weinberger (1982) 
provided a small review of this type earlier which sug
gested a bimodal distribution, the survey presented here 
is considerably more extensive and is analyzed statisti
cally. We will also explicitly consider problems involved 

in drawing conclusions from acquisition data (Rescorla, 
1988). 

RESPONSE SYSTEMS REVIEWED 

The responses that have been reviewed for this paper 
comprise the galvanic skin response; changes in heart rate, 
blood pressure, respiration, and pupil size; suppression 
of barpressing/licking; nictitating membrane extension; 
eyelid closure; and leg or tail flexion. In this section of 
the paper, we present a brief overview of each of these 
responses. This is not meant to be an exhaustive review 

of any system. 

Copyright 1992 Psychonomic Society, Inc. 
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Galvanic Skin Response 

The galvanic skin response (GSR) reflects changes in 

the activity of sweat glands, with a resultant change in 
the electrical properties of the skin, such as conductance. 

According to a review by Fowles (1974), this conclusion 

is based on the following findings: (1) The basal level of 

conductance is highest where sweat gland density is 

greatest; (2) phasic conductance changes are more fre

quent in these same areas; (3) blocking sweat gland ac

tivity eliminates the conductance changes; (4) stimulating 

the nerves that innervate the glands produces these 

changes; and (5) peripheral nerve section or sympathetic 
ganglionectomy eliminates sweat gland activity, decreases 
the basal conductance level, and abolishes the conductance 

changes. 

In research done with humans, the GSR is commonly 

recorded from the palm of the hand, the sole of the foot, 

or the distal and middle phalanges of the fingers (Grings, 
1974). With animals, the GSR is recorded from the pads 
of the feet (see, e.g., Holdstock& Schwartzbaum, 1965, 

who used this procedure with rats). The majority ofGSR 

conditioning studies have been done with humans. 
GSR conditioning has been questioned but found to be 

associative. For example, Stewart, Stem, Winokur, and 
Fredman (1961) suggested that in previous examinations 

of conditioned GSR, researchers may actually have stud

ied sensitization effects. This conclusion was based on a 

list of criteria for defining a "conditioned anticipatory re

sponse," which included the stipulation that the response's 

latency be outside the latency range of the "unconditioned 
response" to the conditioned stimulus (CS). The impor
tance of controls for nonassociative factors was empha

sized by Lockhart and Grings (1963). Subsequently, 
McDonald and Johnson (1965) found that conditioning 

developed with pairing but not without pairing-that is, 

in a sensitization control group. 

Heart Rate and Blood Pressure 

In this section, we briefly review CRs of heart rate and 
blood pressure, which are related but separable. Both are 

associative, as indicated by the use of sensitization con
trols or discrimination training paradigms, but there are 

some unresolved issues. For example, a review of visceral 

and autonomic learning (Harris & Brady, 1974) revealed 

that cardiac CRs may consist of either increases (tachy

cardia) or decreases (bradycardia) in heart rate; moreover, 

these different forms of the CR have been found by dif
ferent investigators using the same procedures (e.g., with 
rats, see Fehr & Stem, 1965, for acceleration, and Hold

stock & Schwartzbaum, 1965, for deceleration), and they 

have even been found within training groups in which sub

jects apparently received identical procedures. 

For example, Gantt (1960) reported that in both humans 

and dogs the CR usually is tachycardia, with a minority 
of subjects developing a bradycardia CR. He found that 

within subjects, whatever the direction of the cardiac com

ponent of the orienting response, the subsequent cardiac 
CR was in the same direction, suggesting an individual 

difference factor. Soltysik, Wolfe, Garcia-Sanchez, and 

Nicholas (1982) reported that cats which developed con
ditioned tachycardia also later developed a leg flexion CR; 

those with a bradycardia CR crouched or were motion
less. Thus, the direction of the CR may depend on the 

individual subject's mode of dealing with anticipatory 

fear. 

The intensity of the unconditioned stimulus (US) ap

pears not to explain CR direction (Fitzgerald & Teyler, 

1970), but restraint and movement appear to be relevant 

variables. Teyler (1971) used two degrees of restraint (un

restrained or restrained) and two US locations (chest or 

tail) in rats. No consistent cardiac CR occurred in the un
restrained footshock groups, but the three other groups 
demonstrated bradycardia. Only the unrestrained foot

shock group showed escape type movements, suggesting 

that these may mask an underlying bradycardia CR. 

Stronger evidence that tachycardia CRs in rats appear to 
be associated with body movements was provided by Mar

tin and Fitzgerald (1980), who used a discrimination par
adigm. They reported bradycardia CRs in restrained rats 

and tachycardia CRs in unrestrained animals; the latter 
also developed conditioned body movements. 

Iwata and LeDoux (1988) have pointed out that the basal 

heart rate of restrained rats is higher than that of unre

strained animals. Furthermore, studies in which the sub

jects have been restrained have tended to result in a 

bradycardia CR, whereas those done with freely moving 
animals have yielded tachycardia CRs. Thus, consistent 

bradycardia CRs may best be observed when basal heart 

rate is elevated. 
Bradycardia CRs also develop in rabbits (Yehle, Dauth, 

and Schneiderman, 1967), guinea pigs (Anderson, 1972; 

Edeline & Weinberger, 1991a, 1991b, 1992), and lizards 
(Davidson & Richardson, 1970). Conditioned tachycardia 

is found in the dog (Gantt, 1960; Fitzgerald 1966) and 

the pigeon (Cohen & Durkovic, 1966). However, in all 

of these cases, the subjects were restrained, indicating that 
restraint does not preclude tachycardia CRs and suggest

ing a difference in the cardiovascular response of dogs 
and birds in comparison with other species. 

Pharmacological studies have implicated vagal activity 

in cardiac CRs (e.g., Dykman & Gantt, 1959; fitzger
ald, Martin, & O'Brien, 1973). In a review of the litera

ture, Cohen and Randall (1984) concluded that the vagal 

influence is more important in conditioned bradycardia 

and that sympathetic control is more important for con

ditioned tachycardia. Whichever the direction of the re

sponse, the shortest latency change is vagal, and the 
changes seen early in training seem to have more of a sym
pathetic component, with the responses later in training 

being mediated by either type of innervation. 
Obrist (see, e.g., Obrist, Sutterer, & Howard, 1972) 

has argued that cardiac CRs are very much related to so

matic responses, and that there is no evidence that heart 

conditioned changes are reflections of anything else, such 

as emotional responses. Cardiac CRs are not artifacts of 
movements, because they develop at a normal rate with 
subjects under neuromuscular blockade (Black, 1965). 
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However, according to Obrist et al. (1972), this does not 

eliminate the possibility that heart rate changes are reflec

tions of central nervous system processes that prepare the 

animal for somatic responses. This is beyond the scope 

of the present review. The two main points here are 

(1) that heart rate is a commonly recorded response in 

conditioning studies, although the direction of the response 

varies, and (2) that heart rate CRs do not simply reflect 

feedback from somatic responses. 

Respiration, which will be covered separately, does af

fect heart rate. Huttenlocher and Westcott (1957) dem

onstrated that varying the speed or form of the respira

tion (such as different types of gasps) causes changes in 

heart rate. Clynes (1960) found that biphasic reflexes (ac

celeration and then deceleration) occur with both inspi

ration and expiration. Westcott (1959, cited in Shearn, 

1961) controlled for respiration effects during condition

ing by having the subjects breathe in time to a metronome; 

a conditioned tachycardia was demonstrated, thus indicat

ing that cardiac responses are not simply the result of 

respiratory rate changes. Black's (1965) previously cited 

studies with paralyzed dogs can be considered as control

ling for respiration effects, because the animals were ar

tificially ventilated. Thus, although the two systems are 

interrelated, heart rate conditioning can be distinguished 

from respiration effects. 

Cardiovascular CRs also include changes in blood pres

sure. Yehle et al. (1967), working with both paralyzed 

and nondrugged rabbits, found a conditioned increase in 

blood pressure. Because the heart rate response was a de

crease, they concluded that this was a compensatory mech

anism for the arterial blood pressure increase, acting via 

a vagal influence. However, 5 % of the blood pressure 

responses occurred in the absence of a heart rate deceler

ation, and 16% of the heart rate decreases appeared with 

no blood pressure increases. Hoffman and Fitzgerald 

(1978) found both the cardiac rate and the arterial blood 

pressure changes to an aversive CR to be decreases; this 

would seem to rule out an explanation made purely in 

terms of compensation. In addition, they used two dif

ferent USs-ammonia fumes or shock to the chest-and 

found that whereas the heart rate CRs were greater when 

the ammonia fume US was used, the blood pressure CRs 

were the same regardless of the US. Earlier, Schneider

man et al. (1969) used both alpha-adrenergic and choliner

gic blockade in a discrimination classical conditioning par

adigm with rabbits; they found cardiac CRs in the absence 

of blood pressure changes, but also suggested that the 

compensatory vagal reflex may play a role in the elabo

ration of the cardiac response. 

Blood pressure CRs have been demonstrated repeatedly. 

The CR is seen to be a change in blood pressure; this 

change consists largely in an increase that (1) has a pat

tern similar to but significantly greater in magnitude than 

that of the blood pressure orienting response, and (2) is 

definitely associative, as has been revealed by compari-

sons with sensitization and other control groups (e.g., 

Iwata & LeDoux, 1988). 

In summary, three main points can be drawn from this 

overview of cardiovascular conditioned responses: (1) The 

direction of the cardiac CR is likely to be affected by the 

degree of restraint or movement or both; (2) conditioned 

changes in heart rate do not occur in a "vacuum," but are 

integrated with other components, such as blood pressure, 

and with other systems, such as the respiratory system; 

and (3) the effects of conditioning on one component can 

be isolated from the effects on another component. Shearn 

(1961) has noted that whether the heart or another sys

tem actually "learns" may be a matter of degree, because, 

as we have noted, it is unlikely that heart rate is com

pletely free from the influence of other systems. 

Pupil 

In a 1916 paper (from a speech given to the American 

Psychological Association) in which Watson explained 

why the conditioned reflex was the best method for study

ing behavior in animals and humans, one reflex that he 

found to be inappropriate for such studies was that of the 

pupil. Watson described attempts to condition pupillary 

constriction in humans by using a strong light as the US; 

the results were inconsistent. Voigt (1968) has reviewed 

the history of pupillary conditioning for the 50 years fol

lowing Watson's attempt. Two factors seem to explain 

failures to obtain pupillary conditioning: an insufficient 

US, and subjectivity in pupil measurements. 

Electric shock is far superior to changes in illumination 

as a US. For example, Gerall and Obrist (1962) demon

strated no conditioning of a pupillary dilation with light 

offset as the US but good conditioning with light offset 

and electric shock as the US. However, light offset is not 

required for the establishment of a pupillary dilation CR. 

Weinberger and colleagues have done several studies with 

cats, in which they have demonstrated conditioned pupil 

dilations with mild shock as the US (Oleson, Westenberg, 

& Weinberger, 1972; see Weinberger, 1982, and Wein

berger, Diamond, & McKenna, 1984, for reviews). In 
these studies, an infrared pupillometer was used to mea

sure the diameter of the pupil and its responses objectively. 

The iris muscles comprise the sphincter pupillae, which 

constrict the pupil, and the dilator pupillae, which dilate 

it. Both are doubly innervated by the sympathetic (adre

nergic) and parasympathetic (cholinergic) systems (re

viewed in Lowenstein & Loewenfeld, 1969). Spontane

ous and evoked pupillary dilations appear to occur through 

initial inhibition of parasympathetic activity followed by 

excitation of sympathetic afferents (Ashe & Cooper, 

1978). The major component of the conditioned pupil re

sponse seems to occur via inhibition of the parasym

pathetic system, because CRs can be found when the iris 

is sympathetically denervated (Ashe, Cooper, & Wein

berger, 1978b). 
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Respiration 

Classical conditioning of respiration was reported by 
Watson (1916) in humans and birds. Since then, various 
types of conditioned respiratory responses have been 
found: rate increases in pigeons (Durkovic & Cohen, 
1969) and rabbits (Yehle et al., 1967), rate decreases in 
goldfish (Wolach, Breuning, Roccaforte, & Solhkhan, 
1977), and "sharp inspirations" in rats (Kappauf & 

Schlosberg, 1937). Typical ways of measuring respira
tion rate consist of using a thermistor to measure expired 
air temperature, or of using a pneumograph around the 
thorax. Because there are various fonns of changes in 
respiration (e.g., increases or decreases in rate and/or am
plitude), respiration CRs may not be as easy to quantify 
as are heart rate changes or other CRs. However, Solty
sik, Nicholas, and Wilson (1984) found that the condi
tioned respiration response is much less variable among 

individual cats than is the heart rate response, and that 
it consists of an increase in rate and decrease in ampli
tude. The responses are sometimes complex. For exam
ple, Horton (1933) found that in the guinea pig, the CR 
was initially an increase in respiration rate along with a 
startle response. Later in training, the response consisted 
of a decrease in rate and amplitude. 

The respiratory rhythm is controlled by the medulla; 

the pons mediates stability and coordination under differ
ent conditions. The brain centers receive information from 
various receptors. The lungs contain stretch receptors, and 
there are chemical receptors in the paraganglia derived 
from the parasympathetic system and in the brainstem (the 
chemoreceptors monitor changes in blood gas levels and 
blood pH) (Thews & Vaupel, 1985). The brain respira
tion centers also receive input from the cortex, hypothala
mus, and reticular formation (Stein & Luparello, 1967). 
In addition to lung inflation and deflation and chemical 
changes, other factors that can influence the rate and depth 
of respiration include emotions, sleep, lung irritants, 
changes in temperature and light, and speech require
ments. Neurons in the medullary centers integrate all of 
these influences (Eckert & Randall, 1978). 

Conditioned Suppression 

Estes and Skinner (1941) first used conditioned suppres
sion to measure the magnitude of the emotional state dur
ing anticipation of an aversive stimulus. They demon
strated that if a tone is paired with a footshock while a 
rat is barpressing for food, the tone will soon come to 

suppress the barpressing. The procedure has since been 
used widely, with lick suppression of water-deprived an
imals sometimes substituting for barpressing. The proce
dure used by Estes and Skinner is called conditioning on 

the baseline, because the CS-US pairings were done 
against a baseline responding of ongoing pressing. Often, 
the conditioning phase is done with the bar removed; this 

is the off-baseline procedure. 
The conditioned suppression paradigm is thus used as 

an index of conditioning to a CS, although the exact be
havioral responses are not recorded. Rats usually freeze 

in response to an aversive CS, which would account for 
suppression. Whereas conditioning observed in other re
sponse systems covered here is measured by changes in 
some specified effector-a decrease in heart rate or a blink 
of an eyelid, for example-conditioned suppression is lim
ited to the effects of a CS on perfonnance of a learned 
instrumental response. The effect of a CS on instrumen
tal responding was reviewed by Rescorla and Solomon 
(1967), who explained such classical-instrumental inter

actions as being due to emotional reactions to previously 
neutral CSs. 

Nictitating Membrane 

The nictitating membrane (NM), the "third eyelid," 
is found in dogs, cats, monkeys, and rabbits, and is ex
tended over the animal's eye presumably to serve a pro

tective function. Gonnezano, Schneiderman, Deaux, and 
Fuentes (1962) first demonstrated the NM CR in rabbits, 
and a summary of the first 20 years of this research is 
available (Gonnezano, Kehoe, & Marshall, 1983). The 
NM preparation has been used for behavioral studies by 
many investigators and has become the most extensively 
used model for neurobiological studies of associative 
learning of discrete skeletal CRs in vertebrates. 

In the initial studies, a puff of air to the eye was used 
as the US, but shock to the area of the eye is also widely 
used (Gonnezano et al., 1983). The response in the rab
bit preparation is usually detected by a thread attached 
to the membrane and leading to a potentiometer (for ex
ample, in Gonnezano et al., 1962). NM conditioning has 
also been obtained in other animals, such as toads 
(Yarernko, Boice, & Thompson, 1969) and sharks (Gru
ber & Schneidennan, 1975). Its wide use indicates its ef
fectiveness in the investigation of various phenomena in 
classical conditioning (Gonnezano, Prokasy, & Thomp
son, 1987). 

The mechanism of NM extension has been studied in 
the rabbit. Originally it was thought to be controlled by 
the abducens nucleus (Cegavske, Thompson, Patterson, 
& Gonnezano, 1976); it now appears that the accessory 
abducens nucleus is more important (Cegavske, Harri
son, & Torigoe, 1987). The retraction of the NM is pas
sive, resulting from eyeball retraction by the retractor 
bulbi muscles. 

Eyelid 

Early work on the conditioning of the rabbit outer eye
lid was established by Gonnezano and colleagues (Schnei
dennan, Fuentes, & Gonnezano, 1962). The US and the 
measurement techniques employed are very similar to 
those used for the NM responses, but the EMG of rele
vant muscles is often recorded instead. McCormick, La
vond, and Thompson (1982) recorded NM responses (via 
a potentiometer) and eyelid responses (by recording from 
the relevant muscles) simultaneously. Blinks of the eye
lid almost always accompanied spontaneous NM exten
sions, but NM extensions did not always accompany spon
taneous eyelid blinks. However, the two responses were 
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highly correlated during learning. This correlation ob

tained in both the decreases in latency and the increases 

in amplitude of the responses. 

Eyelid conditioning has also been obtained in dogs 
(Vardaris & Fitzgerald, 1969) and, with a glabellar tap 

as the US, in cats (Woody, Yarowsky, Owens, Black

Cleworth, & Crow, 1974). 

Leg/Tail Flexion 

The movement of a limb or of the tail has been mea

sured during Pavlovian defensive conditioning. The flex

ion conditioning procedure involves pairing a CS with a 

shock delivered to either the leg or the tail. The flexions 

have been recorded with various methods, such as the use 

of a thread attached to a transducer (Plumer, Siegel, & 

Cicala, 1973). 

Leg flexion conditioning has been accomplished with 

rats (Ginn, Valentine, & Powell, 1983), cats (O'Brien & 

Packham, 1973), dogs (Barnes, 1956), and lizards (David

son & Richardson, 1970). Tail flexion CRs have been ob

served in rats (Chacto & Lubow, 1967; Miller, Greco, 

& Vigorito, 1981). Konorski (1967) has pointed out that 

anticipatory general motor restlessness develops as a con

ditioned defensive behavior within a small number of 
trials. This behavior could produce apparent limb or tail 

flexion CRs, as will be discussed in the survey results 

section. 

SURVEY OF THE LITERATURE 

Domain of the Survey 
Location of Papers 

The papers in the survey were located through the use 

of several different sources. One of these was a Dialog 
search of the Psych information database, using the items 

"animal" and "classical conditioning" as the key words. 

In addition, the Psychological Abstracts indexes were 

manually scanned for the period 1984-1985, and the cu

mulative indexes were scanned for the period 1927 -1983; 

the heading •• classical conditioning, " as well as headings 

for the various response systems (if there were such head

ings) were examined. Some of the papers were located 

through use of the reference sections in other papers. Each 
paper was read to determine whether its data met the cri

teria necessary to measure acquisition of the CR in 

question. 

Criteria for Selecting Papers 
The criteria used to select papers are explained below. 

English language. Papers in foreign languages were 

omitted, owing to the difficulty in extracting the relevant 
information. 

Nonhuman subjects. These were selected in order to 
avoid variables such as experimenter instructions. How

ever, most of the studies summarized for GSR condition

ing had human subjects. This was necessary, owing to 

the paucity of such experiments on nonhumans. 

"Normal" environmental stimuli that engage exterocep

tors. The sample was restricted to studies in which both 

the CS and the US were applied to normal sensory recep

tors. This eliminated the use of brain stimulation as a stim

ulus. Also, comparisons between papers are likely to be 

more valid if the analysis is restricted to the use of nor

mal sensory stimuli. For instance, in an NM study by Pat

terson (1970), the CS was stimulation of the inferior col
liculus. Although conditioning was obtained with an 

interstimulus interval (lSI) of 50 msec, Smith, Coleman, 

and Gormezano (1969), in an earlier NM study, failed 

to get conditioning with this same lSI using a tone CS. 

In addition, it is difficult to interpret what is occurring 

when brain stimulation is performed, and for a survey 
such as this, it is important to obtain "normal" data first. 

No discrimination tasks. Data from discrimination par

adigms were not used to obtain information on acquisi

tion rate, with the exception noted below, because they 

could not be combined with data obtained from simple 

conditioning paradigms. This is because the rate of devel
opment of a CR can be affected by the presence of a non

reinforced stimulus on some trials (Mackintosh, 1974). 

An exception to this criterion was made if conditioning 

in the experiment started with a CS + only, and if the CS -
was added in a second phase (e.g., Ryugo and Wein

berger, 1978); in these cases, data from the acquisition 
phase were used. Studies in which discrimination learn

ing was examined in mUltiple response systems simulta

neously within subjects are considered separately. 

Clear presentation of acquisition data. Acquisition data 

were obtained from published graphs of performance 

versus trial blocks, because tables of acquisition data are 

seldom published. It was therefore necessary for the trial 

graphs to be presented in a manner that was sufficiently 

clear to determine the trial or trial block during which 

the first consistent CRs appeared. 

Data presented in blocks of no more than about 50-«1 
trials. It is customary to plot acquisition data in blocks 

of trials. This procedure yields a smoothing function and 

also allows a more efficient way to present data when the 

learning occurs over many trials. Papers in which the data 

were graphed in blocks of more than about 50-60 trials 

were generally avoided, because if learning was obtained 

in the first block, it would be impossible to make a very 
accurate determination of the trial of the first CR. How

ever, if no learning was observed in the first block, the 

data could be included because trials to the first consis

tent CR could be established as at least greater than the 
number of trials in the first block. For example, an eye

lid experiment of Gutmann, Brozek, and Bures (1972) had 

l00-trial blocks, but without clear learning until the sec

ond (with an auditory CS) or fourth (visual CS) block. 

Ten to fifteen papers for each response system. This goal 

was set to obtain a sufficient sample, without requiring 
complete inclusion of every publication in the relevant 

conditioning literature. However, the minimum number 

was not met in some instances: for blood pressure, only 

2 papers met the criteria outlined above; for respiration, 

there were 7; and for limb/tail flexion, there were also 

7. For GSR, heart rate, pupil, conditioned suppression, 
eyelid, and nictitating membrane, the goal of 10-15 papers 
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was met. However, 8 out of 10 of the GSR papers were 

reports on experiments with human subjects. 

For conditioned suppression studies, only those with an 
on-baseline procedure were summarized. Because the on

baseline procedure in conditioned suppression involves 

giving the CS-US trials while the animal is performing 

some task (as opposed to not testing the effects of the CS 

on performance until after several pairings), it was thought 

that this procedure was better for determining the first 

CR. Sometimes the data in such cases were presented for 

single trials. 

Pretreatments prior to conditioning training were elimi
nated. If data were subject to influence by pretreatments, 

such as extensive CS preexposure to induce latent inhibi

tion, they were not used in the survey. 

Multiple Data Sets Within a PubUcation 

Because of the nature of some of the experiments, sev

eral sets of data could sometimes be obtained from the 

same paper. An example is a publication in which the ef

fects of shock duration on conditioned suppression were 

examined (Riess & Farrar, 1973); each group of subjects, 

with a different US duration, was used for the present 

analysis. In addition, if several experiments were done, 

each with a control group that demonstrated acquisition, 

then each control group's data were used. 

Information Obtained From Each Paper 

The following information was recorded from each 

paper reviewed. Only those meeting the criteria listed 

above were included in the actual literature survey. 

1. Citation 

2. Subject (species) 

3. Preparation (restrained, paralyzed, etc.) 

4. Behavioral measure (heart rate, eyelid, etc.) 

5. CS parameters (type, intensity, duration, etc.) 

6. US parameters (type, intensity, duration, etc.) 

7. CS-US relation (trace or delay) 

8. CS-US interval 

9. Pretreatment 

10. Intertrial interval (lTI) 

11. Number of conditioning trials per day 

12. Number of test trials per session, if any 

13. Nature of conditional response (heart rate in-

crease, blink, etc.) 

14. Number of trials to first consistent CR 

15. Number of trials to experimenter's criterion 

16. Number of trials to asymptotic performance 

17. Number of trials per block in acquisition plots 

18. Presence or absence of control groups for nonas

sociative effects 

Determining the Acquisition Values 

All three of the recorded acquisition values (first con

sistent CR, experimenter's criterion, and asymptotic per

formance) were recorded in terms of the trial block. For 

instance, if the first CR occurred in the third 100trial block 

of trials, this would be recorded as Trials 21-30. A CR 

cannot, of course, be observed to the first CS presenta

tion, because the US has not been previously paired with 

it. Thus, in the example just given, if learning occurred 

in the first block, it would be recorded as 2-10 and not 

1-10. 

The first consistent CR is defined as the first trial block 

in which the response was above the control baseline (e.g., 

sensitization or pseudoconditioning groups). In order to 

be considered consistent, the CR had to remain above this 

baseline. 

Control data were often not available. In their absence, 

it was difficult to determine the first CR. Sometimes re

sponses during the first block or two of trials were at or 

near the zero response level, making the task somewhat 

easier. But, particularly with eyelid and NM data, such 

was not often the case. For such data, a sensitization base
line of approximately 10% was assumed, based largely 

on published control group data. This 10% value might 

be considered too large, providing an overestimate of trials 

to the first CR. However, review of data with this poten

tial problem, using the lowest possible trial number and 

thus risking errors of commission, had no effect on the 

results of the statistical analyses. 

For graphical and statistical purposes, we used the value 

of the midpoint of the trial block in which the first CR 

occurred. For example, if the first CR appeared in the 

first block, and the trials were in five-trial blocks, then 

the value used for statistical purposes was 3.5 (midway 

between 2 and 5). 

Although the "number of trials to criterion" and the 

"number of trials to asymptote" were recorded, no anal

yses of these are presented here. Neither is an optimal 

measure for comparing learning rates because the crite

ria, when stated, varied widely among authors. The 

"number of trials to asymptote" proved not to be useful, 

because asymptotic data were not sufficiently reported. 

RESULTS OF THE SURVEY 

All of the data included in the survey are listed in Ap

pendix A, with a separate table for each response system 

(Tables AI-A9). 

Number of Trials to First CR 

The mean numbers of trials to the first CR across the 

various types of CRs are presented in Figure 1. The data 

are on a log scale, and they are arranged from lowest to 

highest values (fastest to slowest acquisition). They are 

discussed in the same order here. 

Galvanic Skin Response 

As explained earlier, the majority of the data summa

rized here are from human subjects. A comparison of the 

data from the human GSR studies with those from studies 

done with rats (Holdstock & Schwartzbaum, 1965) and 

cats (Van Twyver & King, 1969) reveals a similarity in 

number of trials to the first CR; for all three species, this 
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response occurred within the first six trials; the mean was 

2.7 (±0.23 SEM). 

Conditioned Suppression 
Conditioned suppression, along with the pupil, had the 

highest degree of homogeneity with regard to species; 
here, all of the subjects were rats. The most common CS 
was noise; tone seemed to be more prevalent for the other 

responses. There was little variation in number of trials 

to the first CR (M = 3.9±0.43). 

Blood Pressure 
Only two papers met the criteria; they yielded four sets 

of data. Yehle et al. (1967) used a restrained and a para
lyzed group, and Hoffman and Fitzgerald (1978) used two 

different USs (shock and ammonia fumes). Still, this re
sponse system is the most underrepresented of any of the 

nine. The two papers were consistent in the rate of acqui
sition: in one, the first CR was reported as occurring in 
Trials 2-10 (Yehle et al., 1967); in the other, in Trials 

2-6 (Hoffman & Fitzgerald, 1978); the mean was 5.0± 
0.58 trials. 

Respiration 
Eight groups from seven papers are summarized; in four 

of the groups, and in three of the papers, the subjects were 

fish (Davis & Holmes, 1971; Wolach et al., 1977; Wood

ard, 1971). Fish seem to achieve the first CR in about 

the same number of trials as do mammals or birds. The 

mean number of trials for all of the eight groups was 

7.8± 1.6 trials. 

Pupil 
All of the pupil studies are from the cat. Also, aU but 

one of the studies are from the Weinberger laboratory; 

this reflects the fact that the pupil is rarely used as a re

sponse index in animal classical conditioning. The mean 

number of trials to the first CR was 7.9± 1.5. 

Heart Rate 
This response system had the widest range of species 

represented: rat, rabbit, dog, pigeon, guinea pig, and liz

ard. The mean and standard error (8.4± 1.7) would have 

been smaller if not for the fact that in three of the pigeon 

papers (Cohen & Durkovic, 1966; Cohen & Pitts, 1968; 
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Durkovic & Cohen, 1969), unusually large (for heart rate 
conditioning) trial blocks were reported-20 trialslblock. 

Nictitating Membrane 
Nictitating membrane is represented by 24 groups of 

animals. There were wide ranges of values for the first 
CR, from 2-30 in the toad (Yaremko et al., 1969) to 
201-300 in a rabbit study (Graves & Solomon, 1985). 

The mean value was 59.2 ± 11. 8. 

Limb/Tail Flexion 
The mean value for trials to the first CR was 62.2±32.9. 

This response showed the largest standard error. The 
range of values was from a low of 2-4 trials (Barnes, 
1956) to a high of 401-500 trials (Miller et al., 1981). 
This wide range, unique among the response systems sur

veyed, merits detailed consideration. Limb and tail flex
ion will be discussed separately. 

Limb flexion. The extremely large range of trials to the 
first CR suggests problems in underestimating or overesti
mating the rate of conditioning. With respect to extremely 
low values, there is a potential problem in distinguishing 
specific leg flexion from general motor restlessness. Very 
rapid development of conditioned leg flexion in the dog 
(Barnes, 1956) was found in eight groups. A 2 x 4 de
sign was used in this experiment; there were two values 
for CS intensity and 4 different degrees of the CS over
lapping the US. All eight groups displayed the first CR 
in 2-16 trials. A flexion response was defined as a femoral 
rotation of 5° or more. This seems to be a very lenient 
criterion. Furthermore, there was no control for nonas
sociative effects. Although the response did increase in 
frequency over trials, it is not clear how much of this was 
an actual flexion as opposed to leg movements due to con
ditioned motor restlessness, which conditions rapidly 
(Konorski, 1967). 

Another rapidly acquired CR, in the lizard (Davidson 
& Richardson, 1970), suffers from the same two prob
lems as does the Barnes (1956) experiment: there is no 
control for sensitization effects, and the definition of a 
flexion CR appears too lenient-"movement of the leg 
in any direction." Still, the experimenters' criterion of 
80-100% CR frequency for 3 consecutive days was 
achieved in 150 trials, compared to less than 20 trials for 
respiration and 110 trials for pulse rate. 

Tail flexion. The two tail flexion studies (both done 
with rats) resulted in extremely different numbers of trials 
to the first CR. Chacto and Lubow (1967) reported 2-50 
trials, and Miller et al. (1981),401-500 trials. Both of 
these experiments had either an unpaired or a random con
trol group. It is difficult to determine from the papers 
whether or not one of the two tail movement monitoring 
systems was more sensitive than the other. The Chacto 

and Lubow study might have detected tail movements sec
ondary to body restlessness. 

In conclusion, the flexion data are problematic. Although 
many studies that could not be included in this survey have 
definitely established the flexion response as a genuine 

CR (Mackintosh, 1974), some of the flexion papers in 
this survey may include overestimates of acquisition rate 
(underestimates of trial to the first CR) due to a failure 
to distinguish flexion from general body movements. 

Eyelid 
Data from 18 groups are included in the survey, repre

senting nine pUblications. The mean number of trials to 
the first CR is 95.2±28.6. This large standard error 
reflects the large range of values, from a low of 2-20 trials 
(Vardaris & Fitzgerald, 1969, for the dog) to a high of 
301-400 trials (Gutmann et al., 1972). 

"Fast" and "Slow" Conditioned 
Response Systems 

The data in Figure 1 fall into a bimodal distribution, 
with GSR, conditioned suppression, blood pressure, respi

ration, pupil, and heart rate all with a mean number of 
trials to the first CR ofless than 10, and with NM, flex
ion, and eyelid all with values between 50 and 100. Thus, 
there is a group of rapidly acquired ("fast") and a group 
of slowly acquired CRs. 

The distinction seems to be between CRs that are spe
cific to the US location (the "slow" CRs) and those that 
are not thus specific (the "fast" CRs). This will be dis

cussed more completely later. For statistical purposes, the 
"slow" CRs were combined into one group and the 
"fast" CRs into another group. The combined group data 
are shown in Figure 2. There is a clear distinction be
tween the two types of CRs; the difference is statistically 
significant ("fast" = 5.7±0.53, "slow" = 71.3±13.4, 
P :5 .0001, two-tailed unpaired t test). 

Thus, the studies surveyed in this review do support 
the notion of two classes of CRs with respect to the rate 
ofCR development. In the next section, we will consider 

possible explanations of this distinction other than the two 
types of response system. For brevity of expression, the 
response systems are hereafter referred to as "fast" and 
"slow"; no surplus meaning is intended beyond the use 
of these terms to refer to the six response systems, all 
of which had mean trials to first CR value of less than 
10 trials (range = 2.7-8.4), and the three response sys
tems, all of which had a mean value greater than 50 trials 
(range = 59.2-95.2).1 

Other Variables That Might Account For 
Differences in Learning Rate 

The response system measured is not necessarily the 
only difference in the conditioning procedures between 
the two groups in Figure 2. Four variables that affect 
learning rate are considered here (see Mackintosh, 1974, 
for a review): CS intensity, US intensity, lSI, and IT!. 
The data for these variables are shown in Figure 3. 

CS Intensity 
The rate of acquisition could be affected by CS inten

sity. We analyzed this parameter in the case of auditory 
stimuli. Figure 3A depicts the CS intensity data for the 
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fast and slow CR groups. The mean intensity was not sta
tistically different [fast (45) = 74.7 dB±15.8 SD; slow 
(43) = 79.4 dB±9.6 SD, p > .05]. Thus, differences in 
the CS intensity cannot account for the fast-slow dis
tinction. 

US Intensity 
The intensity of the US is obviously a major parameter 

in conditioning. We analyzed US intensity for electrical 
shock between the fast and slow groups. The shock inten
sities are expressed in terms of coulombs (C) rather than 
amperes; the former unit includes current duration, which 
contributes to the aversiveness of the US. Figure 3B pre
sents the mean US intensities used for the two groups of 
CRs. The graph, which is on a log scale, shows that the 
mean US in the fast group (n = 64) (3.7 mC±7.9 SD) 

was higher than the mean value for the slow group (n = 
38) (0.39 mC±0.87 SD). This was statistically signifi
cant (p ~ .02). Thus, the more intense US used in the 
studies of rapidly acquired CRs might account for the dif
ference in acquisition rate. However, two factors suggest 
that this is not the case. 

First, the fast-slow distinction is still observed when 
the two types of CRs are measured simultaneously within 
the same subject, where there is only one US intensity, 
which is obviously the same for all response systems. 
These data are presented in Table I and will be discussed 
in a later section. 

Second, we used a subset of the data whose means are 
given in Figure I to obtain a set of studies in which the 
difference in US intensity was eliminated by matching 
based on US intensity. Data from the two larger groups 
(slow and fast) were matched so that the USs were 
±O.ISO mC or less of each other. This resulted in a group 
of27 fast CRs (representing 15 conditioned suppression, 
4 GSR, 3 heart rate, and 3 respiration groups, as well 
as I blood pressure and I pupil group) and 27 slow CRs 
(with 13 nictitating membrane, 8 eyelid, and 6 flexion 
groups). (The studies used for the matching are listed in 
Appendix B). The fast CR group had a US intensity of 
0.30 mC (±0.19 SD), and the slow CR group, a US in
tensity of 0.29 mC (±0.19 SD). (See Figure 4A.) This 
difference was not significant (p > 0.05). Figure 4B 
shows that when the number oftrials to the first CR were 
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Figure 3. Variables that may affect rate 01 learning. Mean conditioned stimulus (CS) intensity, unconditioned stimulus (US) intensity, 
lSI, and 111 are shown lor the two types of response systems ("last" and "slow,,). Values in panels 8 and C are on log scales. Although 
the differences lor US intensity, lSI, and 111 were different between the two groups, they are not likely explanations of the learning 
rate differences (see text). For all four variables, the error bars represent standard deviations. 

determined for the two matched groups, there was still 

a significant difference (p ::5 .0002) between the fast 

(4.9±0.66 trials) and slow (82.4± 19.6 trials) groups. 

Thus, eliminating the US intensity difference did not elim

inate the fast-slow distinction. 

Interstimulus Interval 
The lSI (CS-US) can affect the rate of conditioning. 

The mean ISIs for the two groups of CRs are given in 

Figure 3C. The lSI is longer for the fast CRs (36.8 

±61.2 sec) than for the slow CRs (0.75±1.3 sec); this 

is a significant difference (p ::5 .00(1). Conditioned sup

pression studies contribute greatly to this difference be

cause of the very long CS-US intervals (M = 100 sec) 

that are used to assess the suppression of an ongoing oper

ant. However, even if suppression is eliminated from the 

analysis, the quickly acquired CRs still have longer ISIs 

(M = 5.2 sec, compared to 0.75 sec for the slow re

sponses; p ::5 .00(1). One might argue that the differ

ences in trials to the first CR are attributable to this dif-
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ference. If so, it is not obvious why a longer lSI should 

favor more rapid conditioning. 

Matching fast and slow response systems on lSI is not 

really possible, because not enough studies of the two 

types of response systems have overlapping ISIs. Un

doubtedly, this reflects an extensive literature which dem

onstrates that various response systems have different op

timal ISIs for conditioning (for a review, see Mackintosh, 

1974). For example, the use of an lSI greater than 1.0 sec 

to study NM conditioning makes little sense, because the 

NM exhibits much worse conditioning at such intervals 

than it does at fractions of a second. Although not as ex

tensively studied, autonomic responses such as heart rate, 

blood pressure, and GSR not only are likely to have op

timal lSI of several seconds, but in practice require longer 

ISIs to show full expression during the CS-US interval 

(but see below: Powell & Levine-Bryce, 1988). There is 

no such constraint on NM, eyelid, and flexion responses, 

all of which reflect the rapid actions of skeletal muscula

ture acting for a brief period. In any event, even if studies 

could be matched on the basis of lSI, such data would 

not be illuminating because the lSI selected would likely 

favor one type of response system over the other. 

Although the fast and slow CRs differ significantly on 

lSI, it is not necessary to conclude that the difference in 

rates of acquisition is due to the difference in lSI, for two 

reasons. First, the mean ISIs for the slow and fast response 

systems are near their optimal values, (0.75 and 5.2 sec, 

respectively). Thus, it could be argued that even with the 

lSI near optimal for a particular system, the slow-fast dis

tinction is still present. 

Second, studies with concurrent recording of the NM 

and heart rate responses (within subjects) show faster ac

quisition of heart rate than of NM CRs (Table 1 and see 

below). One particularly relevant study involved the con

comitant recording of eyeblink and heart rate, using a 

short lSI (powell & Levine-Bryce, 1988). Whereas an lSI 

of several seconds is used in most studies of heart rate, 

in this study the lSI was 0.5 sec, and heart rate was as

sessed on a beat-by-beat basis during the lSI. The authors 

found that the heart rate CR developed prior to the eyelid 

CR, even with an lSI of 0.5 sec, which is near optimal 

for eyelid conditioning. Overall, then, despite the differ

ence in lSI for rapidly and slowly acquired CRs, the dif

ferential rates of conditioning appear to reflect the types 

of response systems, not merely their ISIs. 2 

Intertrial Interval 
The m can affect acquisition rate; longer intervals 

("distributed trials") might promote learning, relative to 

shorter ITIs ("massed trials") (Mitchell, 1974; Prokasy 

& Ebel, 1964). Figure 3D presents the mean ITIs for the 

fast and slow groups. (Conditioned suppression was 

dropped from this analysis, because the m was often not 

reported or was 24 h-i.e., 1 trial/day.) The difference 

in ms between the two groups is significant (fast = 
166±126.2 sec; slow = 93.9±87.6 sec, p ::s;; .(02). 

This difference probability reflects the fact that some of 

the fast CRs (such as heart rate) require a longer time to 

return to baseline after a CR than do the responses such 

as NM, eyelid, and flexion, which are very brief in dura

tion. In any event, the difference in ITI favors the fast 

versus the slow CRs, because trials for the former are 

"distributed," relative to the latter ("massed trials"). 

Thus, the difference in ITI might account for the differ

ence in acquisition rates between the fast and slow CRs. 

However, two considerations suggest that the differ

ence in rates of learning is not due to the difference in 

ITI. First, the fast-slow distinction is present for within

subject experiments in which a fast and a slow CR are 

recorded simultaneously and there is only a single ITI. 

For example, when heart rate and NM are measured to

gether (Table 1), the slow-fast distinction remains; heart 

rate generally conditions in fewer trials than does the NM. 

Second, as in the case of US intensity, we eliminated 

the difference in ITI by matching studies that were based 

on this parameter. This yielded 23 fast (blood pres

sure = 2, GSR = 7, heart rate = 2, pupil = 10, and 

respiration = 2) and 15 slow groups (eyelid = 6, 

NM = 9) (see Appendix B). The mean ITIs for these 

groups were as follows: fast = 73.5±30.5 sec, slow = 

90.7±49.5 sec, (p < .19, two-tailed unpaired t test). 

However, the difference in trials to the first CR was still 

present: fast = 5.5±3.8 sec, slow = 43.7±32.3 sec 

(p < .0001). Moreover, seven groups from the slow cat

egory had particularly long ms; their addition yielded 

a reversal of the initial m relationships, so that there were 

significantly greater ITIs for the slow versus the fast 

group: slow (22) = 147.5±98.3 sec, fast (23) = 73.5 sec 

(p < .(01). Yet the difference in mean trials to the first 

CR was still present: slow (22) = 54.1 ±45.5 sec, fast 

(23) = 5.5±3.8 sec (p < .0001). In summary, differ

ences in mean ITI do not account for the difference in 

learning rate between the fast and slow response systems. 

Multiple Response Systems 

A direct way to compare the learning rates of two sys

tems is to record both simultaneously. A summary of 

studies in which multiple responses were recorded simul

taneously from the same animal is provided in Table 1. 

Discrimination experiments are included because of the 

paucity of nondiscrimination multiple response system 

studies that met the criteria outlined earlier. Moreover, 

their inclusion produces no problems, because the com

parisons are within experiment. In the discrimination 

studies, the trials to the first CR were determined for the 

CS +. Because of the mixture of discrimination and non

discrimination studies, summary statistics were not cal

culated for these data. 

Heart rate was recorded in all the studies. In rows 1-12 

(Table 1), one or two additional fast responses were mea

sured. Rows 1 and 2 summarize data from two studies 

in which conditioned suppression was measured. Both 

heart rate and conditioned suppression responses occurred 

within 20 trials. In both cases, the suppression occurred 
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Table I 
Multiple Response Systems Recorded Simultaneously During CIusk:aI Conditioniaa 

Number of Trials Until First CR 

Conditioned Blood 
Row Subject Heart Rate Suppression GSR Pressure Respiration Flexion NM lSI Citation 

1 Rat· 7-12 2-6 90 Parrish. 1967 
2 Rat· 13-16 2-4 180 deToledo &. Black. 1966 
3 Rat 2-8 2-6 5 Holdstock &. Schwarttbaum. 1965 
4 Rat 2-8 2-6 5 Holdstock &. Schwarttbaum. 1965 
5 Rabbitt 2-10 2-10 4 Yehle. Dauth. &. Schneiderman. 1967 
6 Rat 2-6 2-6 6 Hoffman &. Fitzgerald. 1978 
7 Rat 2-6 2-6 6 Hoffman &. Fitzgerald. 1978 
8 Rabbit 2-10 2-10 2-10 4 Yehle. Dauth. &. Schneiderman. 1967 
9 Pigeon 2-20 2-20 6 Durkovic &. Cohen. 1969 

10 Pigeon 2-20 2-20 6 Cohen &. Durkovic. 1966 
11 Lizard 2-10 2-10 2-10 10 Davidson &. Richardson. 1970 
12 Rabbit 2-24 2-24 25-48 0.7 Yehle. 1968 
13 Rabbit 2-24 25-48 I Yehle. Spaulding. &. Lai. 1970 
14 Rabbit 2-40 41-80 0.75 VanDercar &. Schneiderman. 1967 
15 Rabbit 2-40 41-80 2.25 VanDercar &. Schneiderman. 1967 
16 Rabbit 2-40 41-80 0.35 Meredith &. Schneiderman. 1967 
17 Rabbit 2-40 81-120 1 Meredith &. Schneiderman. 1967 
18 Rabbit 2-40 81-120 1 Meredith &. Schneiderman. 1967 
19 Rabbit 41-80 NoCR 6.75 VanDercar &. Schneiderman. 1967 
20 Rabbit 2-40 2-40 0.25 VanDercar &. Schneiderman. 1967 
21 Rabbit 2-40 2-40 0.35 Meredith &. Schneiderman. 1967 

Note-CR. conditioned response; GSR. galvanic skin response; NM nictitating membrane; lSI. interstimulus interval. ·Unrestrained. tOrug 
pariiiysis. All other subjects were restrained. undrugged. 

before the heart rate CR. This may be confounded by the 

involvement of heart rate changes in skeletal movements 

such as barpressing. In addition, the actual behavior of 

the animal during conditioned suppression is unknown. 

Rows 3-4 each contain data for the GSR and heart rate 

in the same animal. Here, the first CR for the two sys

tems appears within eight trials. Rows 5-8 all are from 

groups in which blood pressure and heart rate were mea

sured in the same animal. Within each subject, the first 

CR appeared in the same trial block for the two responses 

(within 10 trials). In addition, the data in row 8 include 

respiration, for which the first CR appeared in the same 

block of trials (2-10) as did heart rate and blood pres

sure. Respiration was also measured in rows 9-12; the 

two conditional responses (heart rate and respiration) de

veloped in the first 10 (row 11) or 20 (rows 9-10) trials. 

Thus, the data in rows 3-12 emphasize how the quickly 

acquired CRs develop quickly and concurrently. The 

studies of most interest in the present review are summa

rized in rows 11-21. In these experiments, a fast and a 

slow CR were measured concurrently. 

The data in row 11 show a skeletal response-flexion

occurring in the same number of trials as does heart rate 

in the lizard. However, as discussed earlier, it is not clear 

that this was a true flexion response. 

Rows 12-21 are for the concurrent measure ofNM and 

heart rate. In 2 out of 10 groups, NM and heart rate CRs 

appeared in the same trial block (rows 20 and 21). In con

trast, in most cases (7 out of 10), heart rate CRs were 

acquired first. In one group, heart rate CRs, but not NM 

CRs, developed (row 19). Thus, the heart rate response 

developed before the NM CR in 8 out of 10 cases. This 

was true even though this was not the optimal condition 

for assessing such differences because the data were re

ported in large trial blocks (40 trials). The group in row 12 

also had a respiration measurement, for which the first 

CR appeared in the same block as did heart rate, both 
before the NM CR. 

One might argue that the difference in learning rate 

reflects the use of an lSI that was optimal for heart rate 

but at which NM conditioning is retarded or impossible. 

For example, the data in row 19 come from a study (Van

Dercar & Schneiderman, 1967) in which the lSI was 

6.75 sec; the cardiac CR did appear (although retarded 

compared to the results of other studies, 41-80 trials), 

but the NM CR did not develop. Because this long lSI 

was beyond the range of NM conditioning, the difference 

in conditioning rate cannot be attributed to the type of re

sponse system studied. This is a fully justified argument 

in this case. A similar argument could be made for the 

data summarized in row 15, for which the lSI was 

2.25 sec. Moreover, in two studies for which the heart 

rate and NM CRs were acquired in the same trial block 

(rows 20 and 21), the ISIs were much smaller-O.25 and 
0.35 sec, which are near optimal for the NM. As dis

cussed previously, large trial blocks (in these cases, blocks 

of 40 trials) make it difficult to detect a difference in ac

quisition rate; recall that the mean for heart rate condi

tioning is 8.4 trials, whereas the mean for NM is 59.2 
trials (Figure I). 

In any event, further inspection of Table I indicates that 
this argument does not explain other findings. For exam

ple, ISIs of 0.35, 0.70, and 0.75 sec were used in the 

studies whose data are summarized in rows 16, 12, and 

14, respectively. In all three cases, heart rate condition

ing developed in the block of trials preceding that in which 
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the NM CR developed, despite the use of large trial blocks 

(25 or 40 trials), which would tend to obscure such dif
ferences. 

Sorely needed are more experiments to compare the ac

quisition of different responses within the same animal. 

Moreover, it would be extremely informative to concur

rently measure several systems and have as independent 

variables a variety of the factors known to affect acquisi

tion rate-CS intensity and so forth. This would allow an 

analysis of whether various CRs are differentially affected 

by these variables. For example, reliable, fast cardiac con

ditioning can be obtained in the guinea pig using an ex

tremely weak CS of 0 dB (Anderson, 1972). Can other 

CRs be acquired with a CS of this Iowan intensity? Such 

experiments would provide a rich database for discover

ing relationships among various response systems and so 

provide a more comprehensive understanding of how var

ious conditioned responses are related to the overall adap

tive behavior of an organism. 

Summary of Results 

The data for the single response systems and the multi

ple response systems within an animal indicate a bimo
dal distribution of the number of trials to first CR in the 

various response systems. There appears to be a group 

of responses that show fast acquisition during condition

ing and a group for which acquisition is slower. The 

former group consists of GSR, conditioned suppression, 

blood pressure, respiration, pupil, and heart rate, and the 

latter group consists of flexion (tail or limb), NM, and 

eyelid. Furthermore, other variables such as CS inten

sity, US intensity, m, and lSI do not account for this 

dichotomy. 

VALIDITY OF THE SURVEY 

In this section, we will examine the validity of the sur

vey with respect to (1) percent versus magnitude as mea

sures of CR, (2) trial block size, and (3) the problem of 

relying on acquisition data. 

CR Measurement 

Classical conditioning can be assessed either as a mag

nitude change or in terms of percent CRs. This could 

potentially complicate the interpretation of the present sur

vey, because we made no attempt to control for this fac

tor. Indeed, it would be extremely difficult to do so, be

cause, for example, while heart rate and conditioned 

suppression are usually measured in terms of magnitude 

of response (amount of change of heart rate or suppres

sion), responses such as flexion and NM extension are 

often measured in percent CRs (percent of responses ex

ceeding some criterion). In classical conditioning studies 

in which the CRs have been measured in two different 

ways, the results of the investigations have been similar 

regardless of the method used. VanDercar and Schneider

man (1967), in their simultaneous measurement of heart 

rate and NM, measured heart rate as both magnitude of 

change and percent CRs. Their findings about optimal lSI 

for heart rate were unaffected by the method of measure

ment. Similarly, Smith (1968), in an NM study ofCS-US 

interval and US intensity, found that measuring the per

cent CRs or amplitude of CRs yielded the same results. 

Thus, it is highly unlikely that differences in how the con

ditioning is assessed can explain the results of the present 

survey. 

Trial Block Size 

Determining the appearance of the first consistent CR 

was somewhat hampered by the fact that many studies use 

blocks of 25 or more trials in their acquisition graphs. 

Large trial blocks could yield a conservative estimate of 

the rate of acquisition. Moreover, they could prevent de

tection of a difference in trials to the first CR for differ

ent response systems. An analysis of trial block size re

veals that researchers lise larger trial blocks for slower 

CRs than for the faster CRs (33.9±38.3 vs. 5.8±5.2 

trials, p S .0001) (Figure 5). 

It might be argued that the large block size tends to 

give a false overestimate for the slow CRs, because the 

midpoint of a larger trial block is larger than the mid

point of a smaller block with the same starting point. Thus, 

a greater value for the first CR for the slow CRs might 

simply reflect a larger block size. However, in many cases 

in which the trial blocks were large, the first CR did not 

appear in the first block; such cases almost exclusively 

were for NM, flexion, and eyelid conditioning. There

fore, block size is not responsible for the differences in 

acquisition rate. 
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Figure 5. Trial block size used in preseDtatioDs of leaming rate 
curves for "fut" and "slow" systems. It is clear that the "slower" 
systems are presented in larger blocks of trials. 1be error bars rep

resent standard deviations. 
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It should be stressed that trial block size is decided by 

the experimenter. This choice is not arbitrary; it is based 

on the rate of acquisition of the response. Thus, the re

sponses that condition more slowly are presented in larger 

trial blocks-smaller blocks would result in a graph in 

which the first CR was not apparent until well into the 

graph. Such large blocks summarize the data more effi

ciently, and they give the graph a "smoother" ap
pearance. 

TIle different ways in which acquisition data for the slow 

and fast responses are presented are especially apparent 

in a report of conditioning of heart rate and NM (not con

currently) in the rabbit (Lavond, Lincoln, McCormick, 

& Thompson, 1984). In this paper, heart rate is plotted 

in blocks of 5 trials, whereas the NM data are presented 

in blocks of 30 trials. 
In summary, the different sizes of trial blocks in re

ports of acquisition functions cannot explain the differ

ences in acquisition rates between the fast and slow re

sponse systems. 

Reliance on Acquisition Data 

Acquisition data are subject to performance variables 

such as attention and motivation, so that some workers 

believe that such data should never be used in the attempt 

to understand either the behavioral or the neurobiologi

cal aspects of conditioning (see, e.g., Rescorla, 1988). 

In spite of such admonitions, the present article is quite 

specifically and deliberately based on acquisition data, for 

two reasons. First, alternative data are not available. 3 Sec

ond, detailed consideration of the acquisition data, rather 

than a priori dismissal of these data, reveals that alleged 

performance factors cannot account for the bimodal dis

tribution of learning rates between the two types of CRs, 
as follows. 

First, performance variables during acquisition could 

not enable slowly acquired CRs to appear to be rapidly 

acquired CRs. This might occur for sensitized responses, 

but there are adequate controls for nonassociative factors 

in the survey. For example, rapidly acquired pupillary 

dilation CRs are due to associative factors rather than to 

sensitization. TIlerefore, we conclude that rapidly acquired 

CRs are not actually slowly acquired CRs whose rate of 

development has been somehow greatly facilitated by 

some performance factor. It follows that rapidly acquired 

CRs are real. Moreover, it follows that either all CRs are 

rapidly acquired or only some are rapidly acquired. 

Second, if all CRs develop rapidly but performance fac

tors retard the rate at which this development is expressed 

for NM, flexion, and eyelid response systems, these 

slowly acquired CRs must actually develop as rapidly as 

do the rapidly acquired CRs, although this development 

would be confined to the brain and not expressed behav

iorally until much later. But slowly acquired CRs charac

teristically become precisely timed to appear immediately 

before presentation of the US. Even when they appear 

early in a CS-US interval, the maximum response often 

increases its latency over many trials to "peak" immedi

ately before US onset. TIle idea that precise timing ofNM, 

eyelid, or flexion CRs develops neurally during the first 

5-10 trials of training is extremely difficult to reconcile 

with the finding that this timing develops behaviorally over 

a much larger number of trials. 

Third, to argue that the eyelid, NM, and flexion CRs 

are rapidly acquired within the brain but not expressed 

because of some performance factors, within-subject find

ings must be accounted for. Within-subject simultaneous 

measurement of heart rate and NM CRs shows that the 

former develop more rapidly than the latter (see also 

Powell & Levine-Bryce, 1988). One would have to ar

gue that certain performance factors act specifically to 

retard the appearance of the NM CR but have no effect 

on the heart rate CR. The existence of such factors re

mains to be demonstrated. 

Martin and Levey (1969) postulated that during classi

cal conditioning, a "crude" model of the response forms 

at the cortical level, and that various factors (UCS inten

sity, inhibition build-Up, state of the animal) determine 

whether the overt behavioral response appears. This was 

based partly on observations made in human eyeblink con

ditioning. When a subject produces the first CR relatively 

late in training compared to the group data, the efficiency 

of the CR (which is partially reflected as CR amplitude) 

is normal compared to the group data at that point, sug

gesting that there was development of some covert re

sponse previous to the overt response. However, in the 

rabbit NM preparation, actual neural recordings from the 

cerebellum (the locus of the putative "engram" for this 

response) reveal that conditioned neural responses do not 

appear much earlier, if they appear at all, than the behav

ioral responses (McCormick, Clark, Lavond, & Thomp

son, 1982). In this preparation, neural response changes 

do appear in the hippocampus within 10 trials (Berger & 

Thompson, 1978), but changes are also observed in the 

hippocampus during conditioned suppression training 

(Edeline, Dutrieux, & Neuenschwander-EI-Massioui, 

1988); thus, the hippocampal responses do not seem to 

be specific to the NM response. 

The present survey may at least prove to be heuristic 

even for workers who would categorically ignore any find

ings based on acquisition data, without closer examina

tion of the data themselves. The alternative is to discard 

an extensive literature because some alleged and possi

bly nonexistent factors might affect the NM, eyelid, and 

flexion CRs but not other CRs. This is unreasonable. In 

summary, an a priori and categorical dismissal of the ac

quisition data in the present survey is unwarranted. The 

differences in acquisition rates between the fast and slow 

CRs are not explicable by performance factors. 

INTERPRETATION OF FINDINGS 

The major finding of this literature survey was that the 

responses in one group (GSR, conditioned suppression, 

blood pressure, respiration, pupil, and heart rate) develop 

a conditional response before those in another group (flex

ion, NM, and eyeblink). Furthermore, this bimodal dis

tribution is best explained as being a result of the response 
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system itself, rather than being due to other variables that 

affect the rate of conditioning. What is the significance 

of this finding? To put it another way, what is the nature 

of this dichotomy? Below, we will briefly consider dif

fuse versus precise, autonomic versus skeletal, prepara

tory versus consummatory, and specific versus nonspecif

ic CRs as representing four types of distinction. 

Diffuse-Precise 

Schlosberg (1937) distinguished between rapidly ac

quired diffuse and more slowly acquired precise CRs. He 

considered the diffuse responses to be "emotional" or 

"anticipatory," and the precise ones, "adaptive." How 

well do the results of the present survey fit this 

framework? 

Without too much difficulty, the NM, eyeblink, and 

flexion responses can be viewed as precise. Each of these 

is specific to the US delivered. But, how adaptive are 

they? An eyeblink or NM response might ameliorate the 

effects of an air puff. But how does such a response 

ameliorate an eye shock, or, in the case of footshock, how 

does a leg flexion decrease the noxious quality of this stim

ulus? (But see Behavioral Inquiry, below.) Also, the 

rapidly acquired CRs could serve some adaptive function, 

or at least index a central state of preparedness that might 

reduce the overall noxious effects of the US. A precise 

explication of the meaning of adoptive is probably needed 

before the various CRs can be assessed in the terms ad

vanced by Schlosberg. 

As for referring to the other responses as "diffuse" and 

"preparatory," these terms are not well defined. If dif

fuse is taken to refer to general responses that are not adap

tive with regard to a certain US, then perhaps heart rate, 

GSR, etc., can be considered diffuse; they occur in re

sponse to a shock regardless of where it is applied. In any 

event, Schlosberg's use of the precise-dijJuse distinction, 

while perhaps valid, suffers from unclear definition. 

Autonomic-Skeletal 

Mowrer (1947) proposed a distinction between auto

nomic and somatic CRs. The findings of the survey ap

pear to generally fit this distinction. GSR, blood pressure, 

pupil, and heart rate CRs are all autonomic, and NM, eye

lid, and leg flexion CRs are somatic. Respiration, how

ever, can be controlled voluntarily. If the conditioned 

component is autonomic, this could be classified with the 

autonomic responses. But this still leaves conditioned sup

pression. Little is known about the physiological and be

havioral processes during suppression, so it is difficult 

to categorize this CR. Perhaps, because it involves ces

sation of motor activity (bar pressing), suppression can 

be considered somatic. If so, it must be an anomaly, for 

Mowrer maintained that such skeletal responses are ac

quired more slowly than autonomic responses are. 

In addition, Konorski (1967) cited motor arousal as an 

example of an early CR. This is a somatic response, yet 

it conditions rapidly. The autonomic-skeletal distinction 

thus seems to be inadequate to explain all of the data. 

Preparatory-Consummatory 

The preparatory-consummatory distinction was devel

oped by Konorski (1967). More specifically, with regard 

to defensive conditioning, the separation was made be

tween fear CRs and shock CRs. The fear CRs are char

acterized by sympathetic outflow, and the shock CRs, by 

responses such as flexion. According to Konorski, the 

preparatory CRs develop first. 

The observed autonomic changes in the various studies 

summarized here could be indicators of fear, as could con

ditioned suppression (Estes & Skinner, 1941). Flexion, 

NM, and eyelid CRs are classified as consummatory; they 

are directed toward the US itself. 

The results of the survey fit the preparatory-consumma
tory distinction quite well. The problem is that the use 

of such labels implies acceptance of Konorski's theoreti

cal framework or at least his functional categories. How

ever, the functional interpretation requires independent 

verification. 

Nonspecific-Specific 

Konorski (1967) noted that CRs can be directed toward 

removal or relief from a noxious stimulus or be of a more 

general nature. Following this, Weinberger has emphasized 

this type of distinction, adhering to a functionally neutral 

classification, based solely on whether the CRs are spe

cific or not to the US (Weinberger, 1982; Weinberger, Di

amond, & McKenna, 1984). Specific CRs are those that 

occur in the response system of the unconditioned response. 
Nonspecific CRs occur regardless of the type or locus of 

the US. 

An example of a specific CR is that of the NM, which 

is not only specific to the eye but also localized to the left 

or right eye, depending. on which eye has received the US 

and produced a UR. The pupillary dilation CR is also an 

ocular CR, but its development does not require stimula

tion of the region of the eye, as for the NM response; more

over, it can develop with various USs, such as electro

cutaneous stimulation of various locations on the body 

surface, and others. The nonspecific CRs occur in any Pav

lovian defensive classical conditioning situation (Wein

berger, 1982; Weinberger, Diamond, & McKenna, 1984). 

Table 1 supports this idea: when two or more nonspecific 

CRs (heart rate, blood pressure, respiration, GSR) are re

corded simultaneously, they both or all develop quickly. 

With regard to the present review of the literature, the 

rapidly conditioning responses do seem to be nonspecific 

to the US, and the more slowly developing responses ap

pear to be specific to the unconditioned stimulus. For ex

ample, a leg flexion occurs in response to a footshock, 

an eyeblink to a shock in the face area, and a cardiac CR 
develops to both. 

Summary 

Four theoretical dichotomies have been considered 

within which the results of the present survey could be 

placed: diffuse versus precise, autonomic versus skele

tal, preparatory versus consummatory, and nonspecific 
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versus specific CRs. All have merit and are not neces

sarily incompatible. The nonspecific-specific distinction, 

with regard to the US, appears to be relatively neutral 
from a functional standpoint. Interpretations based on 

functional distinctions require experimental verification. 

Regardless of preference for one or another version of 
two-factor interpretations of Pavlovian defensive condi

tioning, this survey supports the view that the rate of ac
quisition is a function of the type of response system. 

IMPLICATIONS FOR BEHAVIORAL AND 
NEUROBIOLOGICAL STUDIES 

The apparent simplicity of recording a response seems 

to playa role in determining which response is measured 

in studies of classical conditioning. The assumption seems 
to be that as long as a CR is obtained, the response sys

tem is not critical. In light of the results of this review, 

such an assumption may be unwise. Some of the impli
cations of the dichotomy between quickly acquired and 

more slowly acquired CRs are discussed below. 

Behavioral Inquiry 

The results of the survey can lead to various functional 
interpretations, all of which require empirical study. We 
favor a type of interpretation similar to that advanced by 

theorists previous to the present finding of a bimodal dis
tribution of acquisition rates. The major implication is that 

Pavlovian aversive conditioning consists of two stages 

which are concerned with different aspects of learning. 

The first stage consists of learning an association be
tween the CS and the US. This is indexed by the develop
ment of nonspecific CRs. In a real sense, for example, 

the heart or the pupil is not being conditioned; rather, the 
organism is being conditioned. The rapidly developing 
CRs index this process. At this stage, the organism has 
not learned how to deal externally with the US. However, 

the first stage of conditioning may provide a means for 

lessening the noxious impact of the US within the brain. 

Thus, the CS appears to acquire the ability to produce 
analgesia (Bolles & Fanselow, 1980; Chance, White, Kry
nock, & Rosecrans, 1979; Fanselow & Bolles, 1979; see 
also Fanselow & Helmstetter, 1988). 

The second stage consists of learning an association be
tween a CS and a CR. That is, the animal learns to make 

a specific CR that is directed at the US, often with pre

cise timing. This is indexed by a slowly acquired CR. Al

though complete avoidance of the US is not possible in 

a well-constructed Pavlovian situation, amelioration of the 

noxious impact may be possible. During animal-initiated 
limb flexion, for example, cutaneous ascending volleys 

can be reduced at the synapses in the dorsal column medial 
leminiscus system, presumably by the established de

scending cortical control of afferent paths; this does not 
occur if the limb is flexed passively by the experimenter 

(Coulter, 1974; Ghez & Lenzi, 1971; Ghez & Pisa, 1972). 

Thus, flexion CRs could reduce the intensity of the nox
ious shock to the paw (US) centrally if not peripherally. 

Both stages are essential for behavioral adaptation. 

Thus, the fact that some CRs are acquired slowly does 
not in any sense render them less important or less inter

esting than CRs that are acquired rapidly. The only pri
macy that might accrue to the latter is that the processes 

involved in the acquisition of rapidly acquired CRs might 
be essential for or involved in some way in the acquisi

tion of the more slowly acquired, specific CRs. For ex
ample, rapid CS-US learning may represent a central 

motivational state, such as conditioned fear4 (Rescorla & 
Solomon, 1967), which is necessary for learning the ap

propriate specific CR for each situation. Alternatively, 

instead of a serial relationship, the two types of CRs might 
result from parallel processes, although we think this un
likely. The relationship between the processes underlying 

the two classes of CRs is not yet understood. 
In addition to providing strong support for two stages 

of conditioning, the present survey has practical implica
tions. For example, the response system that is chosen 
in behavioral studies may very well influence the results, 
as Yehle (1968) emphasized in his work on three-tone dis

crimination in rabbits. Yehle recorded heart rate, respi

ration, and NM responses concurrently. The behavior of 

these three response systems differed greatly. Yehle 
pointed out that if only heart rate had been measured, he 

would have concluded that some sort of adaptation or reac
tive inhibition had occurred; the response appeared early 

and demonstrated discrimination, but the response level 

decreased over trials. If only the NM responses had been 

recorded, the conclusion would have been that normal ac

quisition had taken place. And if only the respiration mea
sure had been recorded, the conclusion would have been 
that three-tone discriminations were beyond the rabbit's 

ability. 
In summary, a complete account of aversive Pavlov

ian conditioning, a paradigm that has been used exten

sively to understand learning, requires a theory that can 
transcend both any particular CR and a single class of 

CRs. As set forth here, the classes are distinguished on 
the basis of a bimodal rate of development of CRs. 

Implications for the Neurobiology of Learning 

A major implication for neurobiological studies of aver
sive conditioning is that the mechanisms of the learning 

that takes place in this situation are more extensive than 

the mechanisms that underlie a single selected CR. This 

follows from the fact that a single behavioral CR is not 

even an adequate behavioral indication of what is learned. 

Thus, it would be erroneous to focus on the neural mech
anisms underlying a single rapidly or slowly acquired CR 

in the quest to obtain an adequate account of condition

ing. This type of approach can yield only a fragmentary 
understanding of the neural bases of aversive conditioning. 

This is not to say that the neuronal laws of condition

ing can be gleaned only from an exhaustive analysis of 

all possible behavioral CRs. Neuronal laws discovered 

under one set of measurement circumstances can be tested 
for their general applicability to other measurement or 
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training circumstances, or both. The present findings sug
gest that the level at which fundamental differences in neu

rallaws of conditioning will be found pertains to the neu

ral processes that are reflected in the two types of 

behavioral CRs that have been revealed by the present 

analysis of the rates of conditioning. 

A practical neurobiological implication concerns poten
tial conclusions about critical brain structures in condi
tioning, which may be affected by the type of CR mea
sured. For example, Lavond et al. (1984) found that, 
within the same subjects, lesions of the medial dentate/lat

eral interpositus nuclei abolished the NM CR but that they 
had no effect on the heart rate CR. This assessment of 
the effects of a treatment on the two types (fast and slow) 
of CRs can help elucidate both the nature of the learning 
deficit and the relationship between the neural mechanisms 
of learning that are expressed in the two types of CRs. 
(See, e.g., Kao & Powell, 1986; Powell & Buchanan, 

1980; Powell, Mankowski, & Buchanan, 1978.) 
Finally, the results of this survey emphasize the cau

tion that one must exercise in referring to a classical con
ditioning preparation as a "model" preparation. It may 
very well only be a model for that class of response which 
has been selected for measurement. Workers in allied 
fields who are not conversant with fundamental aspects 
of learning and conditioning may wrongly conclude that 
certain findings provide insights into general neural laws 
of association when in actuality they apply only to a sin
gle response system or type of response system. 

CONCLUSIONS 

The simplicity of the procedures involved in Pavlov
ian aversive conditioning tends to obscure the complex
ity of the learning processes involved. To say that an an
imal has learned a conditioned leg flexion response or a 

conditioned heart rate response is not a complete descrip
tion of what has occurred. What researchers use to index 
learning is only one of many responses conditioned dur
ing aversive Pavlovian procedures; the parameters se
lected by the experimenter are usually the ones that are 
optimal for the behavioral response system under study. 
The differences in acquisition rates of the specific and non
specific CRs must be kept in mind in the design of exper
iments. In addition, the division of classically conditioned 
responses into the quickly learned nonspecific and the 
slower specific systems-and the possible dependence of 
the former on the latter-is further evidence that "sim
pie" classical conditioning is a misnomer. Mackintosh 
(1985) has stressed that the neurobiology of conditioning 
is far more interesting than most neuroscientists have ac
knowledged. The data reviewed and discussed here sup
port such a notion. The results also serve to warn those 

who are interested in behavioral and neurobiological as
pects of Pavlovian defensive conditioning that the choice 
of a response system should not be arbitrary, but should 
be made with due consideration to the type of question 
being asked, and that generalizations of the results need 

to be constrained by prior findings in the field of condi
tioning. Thus, analysis of a slowly acquired CR, such as 

the NM CR, should take into account findings from studies 
of rapidly acquired CRs, such as heart rate, and vice 
versa. 

Finally, it seems patently obvious that generalizations 
about either the behavioral or the neurobiological bases 
of Pavlovian conditioning should not be made on the ba
sis of investigating either a rapidly or a slowly acquired 
CR. It follows that the deliberate decision to limit the neu
robiological analysis of learning to the study of slowly 
acquired CRs (Schreurs, 1989) is wrong-minded, exces
sively narrow, misleading, and unfounded either in logic 
or in fact. 
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NOTES 

1. These fmdings do not imply that the slow responses cannot de

velop much more rapidly than the values reported in this survey. For 

example, the use of extremely long ITIs of 24 or 48 h (rarely employed 

in conditioning studies) results in the NM CR in 5-10 trials (Levinthal, 

Tartell, Margolin, & Fishman, 1985). It is the relative rates of develop

ment of the "fast" and "slow" responses which are at issue. Thus, 

in the case of rapid development of the NM CR, the question is whether 

or not, for example, the cardiac CR still develops hefore the NM re

sponse develops. 

2. Eight of the groups in the survey were trained with a trace condi

tioning procedure. Because trace procedures can retard conditioning, 

all of the data were analyzed a second time with these groups elimi-

nated. Four GSR, three NM, and one eyelid group were omitted. This 

resulted in a group of fast CRs (5.86±0.55 trials to the first CR) and 

slow (62.7±11.8 trials) CRs, which were still significantly different 
from each other (p s .0001). Thus, the inclusion of some data from 

trace conditioning in the overall survey was not responsible for the bi

modal distribution of trials to the first CR. 

3. Potential alternative data on learning rates might corne from studies 

in which different groups are given various numbers of training trials 

and in which postlearning CR strength, probability, and so forth, are 

assessed. However, such data are rare. 

4. The idea of a separate mechanism for the acquisition of rapidly 

acquired emotional CRs is interesting in itself. Animals do seem to be 

able to associate CSs with the "affective" aspects of a US. For exam

ple, if a CS is paired with the omission of food, and if this CS is later 

presented in compound with a second CS and paired with shock, there 

will be less conditioned suppression to the second CS (Dickinson, re

ported in Dickinson & Dearing, 1979). This is the basic blocking pro

cedure, with food omission replacing the shock in Stage 1. The impli

cation is that shock and omission of food have the same blocking effects 

on later conditioning; this suggests that the emotional aspects of the US 

were somehow associated with the CS. 

APPENDIX A 
Learning Rate Data Tables 

In the tables in Appedix A, various abbreviations occur. 
In the Subject column: U, unrestrained; R, restrained; P, paralyzed. 
In the CS Type column: "W. noise," white noise. 
In the Control column: "Sensitiz." means that there was a separate sensitization (unpaired CS and US trials) group. "Sensitiz. 

WI" means that unpaired CS and US trials were delivered in a within-subject design. "Sensitiz. WIIND" means that within
subject sensitization trials were presented, but the data were not illustrated. "Random" means that a separate group received 

random CS and US presentation. 
For conditioned suppression, the ITI data are not presented in Table A2. Sometimes one trial per day was presented, and some

times the m was not reported. 
Question marks signify that values were unclear or unreported. 

Table Al 
Blood Pressure 

CS US 
Duration CS Duration US lSI 

1stCR Subject CS Type (sec) Intensity US Type (sec) IntenSity (sec) ITI (sec) Control Citation 

2-10 Rabbit (R) Tone 4 72 Eyeshock 20 rnA 4 120 Sensitiz. Yehle, Dauth, & 
Schneiderman, 1967 

2-10 Rabbit (P) Tone 4 72 Eyeshock 20mA 4 120 Sensitiz. Yehle, Dauth, & 
Schneiderman, 1967 

2-6 RaI(R) Tone 6.5 85 Thoracic 0.500 1.3mA 6 X =200 Sensitiz. Hoffman & Fitzgerald, 
shock 1978 

2-6 RaI(R) Tone 6.5 85 Ammonia -2.5-3.5 6 X =200 Sensitiz. Hoffman & Fitzgerald, 
fumes 1978 
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Table A2 

Conditioned Suppression 

CS US 
Duration CS Duration US lSI 

lstCA Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) ITI (sec) Control Citation 

5-8 Rat(U) W. noise 180 69dB Footshock 0.500 0.85 mA 180 None Kamin. 1963 
5-8 Aat(U) W. noise 180 70dB Footshock 0.500 -0.72 mA 180 None Kamin. 1961 

5-8 Rat(U) W. noise 180 70 dB Footshock 0.500 -0.85 mA 180 None Kamin. 1961 
4-6 Aat(U) Light 60 ? Footshock 0.200 0.5mA 60 None Aiess & Farrar. 1973 
7-9 Aat(U) Light 60 ? Footshock 0.500 0.5mA 60 None Aiess & Farrar. 1973 
2-3 Rat(U) Light 60 ? Footshock 1 0.5mA 60 None Aiess & Farrar. 1973 
2-3 Aat(U) Light 60 ? Footshock 3 0.5mA 60 None Aiess & Farrar. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 0.1 mA 25.5 None James e1 aI .. 1973 
2-3 Rat(U) W. noise 30 82dB Footshock 0.500 0.5mA 25.5 None James et aI .. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 1 mA 25.5 None James e1 aI .. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 2mA 25.5 None James e1 aI .. 1973 
2-3 Rat(U) W. noise 30 82 dB Footshock 0.500 0.1 mA 25.5 None James et aI .. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 0.5mA 25.5 None James et aI .. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 1 mA 25.5 None James e1 aI .. 1973 
2-3 Aat(U) W. noise 30 82 dB Footshock 0.500 2mA 25.5 None James et aI .. 1973 
2 Rat(U) W.noise 30 82 dB Footshock 0.500 0.8mA 25.5 None Burdick & James. 1973 
4 Rat(U) W. noise 180 75 dB Footshock 0.800 1 mA 180 None Aandich & Meixner. 1981 
2 Rat(U) Clicks 30 91 dB Footshock 0.500 lmA 30 None Gustafson et aI .. 1975 

2-4 Rat(U) Tone 120 71 dB Footshock 1 2mA 120 None Logan & Schnur. 1976 

3 Rat(U) W. noise 180 BOdB Footshock 0.500 lmA 180 None Gray. 1979 
4 Ra1(U) Light+W. 180 lOW. Footshock 0.500 lmA 180 None Gray. 1979 

noise BOdB 
3 Rat(U) Ught+W. 180 lOW. Footshock 0.500 lmA 180 None Gray. 1979 

noise BOdB 
9-12 Rat(U) W. noise 180 70 dB Footshock 0.500 0.49 mA 180 None Annau & Kamin. 1961 
2-4 Rat(U) W. noise 180 70dB Footshock 0.500 O.85mA 180 None Annau & Kamin. 1961 

5-8 Ra1(U) W. noise 180 70 dB Footshock 0.500 1.55mA 180 None Annau & Kamin. 1961 
2-4 Rat(U) W. noise 180 70dB Footshock 0.500 2.91 mA 180 None Annau & Kamin. 1961 

Table A3 
Eyelid 

CS US 
Duration CS Duration US lSI 

IS1CR Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) ITI(sec) Control Citation 

41-80 Rabbit (R) Tone 0.500 ? Cheek- -0.005 ? 0.400 60 None Frey & Butler. 19n 

shock 
41-60 Rabbit (A) Tone 0.550 BOdB Cheek- 0.050 3.5mA 0.500 180 None Frey & Butler. 1973 

shock 
21-40 Rabbit (A) Tone 0.800 BOdB Cheek- 0.100 3.5mA 0.500 180 None Frey & Butler. 1973 

shock 
21-40 Rabbit (A) Tone 0.700 BOdB Cheek- 0.200 3.5mA 0.500 180 None Frey & Butler, 1973 

shock 
101-200 Aabbit (A) Tone 0.400 70dB Airpuff 0.200 ? 0.400 60 None Gutman e1 aI .• 1972 
301-400 Rabbit (A) Ught 0.400 ? Airpuff 0.200 ? 0.400 60 None Gutman e1 aI .. 1972 

2-20 Dog(R) Tone 0.800 ? Airpuff 0.100 2 psi 0.500 X =45 Sensitlz. Vardaris & 
Fitzgerald. 1969 

2-25 Rabbit (A) Tone 0.500 75 dB Eyeshock 0.040 ? 0.500 X = 60 None Siegel. 1969 

361-540 CaI(R) Click 0.001 70 dB Glabellar ? ? 0.400 10 Aandom Woody et aI .• 1974 
tap 

26-SO Aabbit (A) Tone 0.500 82 dB Eyeshock 0.100 200 V 0.500 X=60 None Siegel. 1970 

26-SO Rabbit (A) Tone 0.500 82 dB Eyeshock 0.100 200 V 0.500 X = 60 None Siegel. 1970 

26-SO Aabbit (A) Tone ? 76dB Cheek- 0.100 3.6mA 0.250 X=300 None Frey & Aoss. 1968 
shock 

2-25 Aabbit(A) Tone ? 76dB Cheek-
shock 

0.100 3.6mA 0.400 X = 300 None Frey & Aoss. 1968 

51-75 Aabbit (A) Tone ? 76dB Cheek-
shock 

0.100 3.6mA 0.600 X = 300 None Frey & Aoss. 1968 

51-75 Rabbil(A) Tone ? 76 dB Cheek- 0.100 3.6mA 1 X =300 None Frey & Aoss. 1968 
shock 

176-200 Rabbit (R) Tone ? 76 dB Cheek-
shock 

0.100 3.6mA 2 X =300 None Frey & Ross. 1968 

56-116 Dog (A) Light ? lSOW Airpuff ? ? 0.375 20-40 Sensitiz. Hilgard & Marquis. 1935 
WVND 

26-50 Rabbit (A) Tone 0.500 82 dB Eyeshock 0.100 200 V 0.500 ? None Siegel & Domjan. 1971 
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Table A4 
Flexion (Limb/TaiI) 

CS US 
Duration CS Duration US lSI 

1stCR Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) ITI (sec) Control Citation 

201-300 Rat(R) Tone 0.500 ? Footshock 0.250 0.5mA 0.500 45 Random Ginn et al., 1983 

126-150 Cat(R) Ught ? ? Footshock ? 3mA 0.500 )(=15 Sensitiz. O'Brien & 
W Packham, 1973 

2-25 Cat(R) Ught ? ? Footshock ? SmA 0.500 )(=15 Sensitiz. O'Brien & 

W Packham, 1973 

2-10 Uzard (R) Ught+ 11 ? Legshock 0.1 mA 10 105 None Davidson & Richardson, 
tone 1970 

2-10 Cat(R) W. noise 0.600 so dB Footshock 0.100 150V 0.500 75 None Plumer et al., 1973 

401-500 Rat(R) W. noise 1 ? Tailshock 0.500 1.6mA 1 ? Random Miller et al., 1981 

2-50 Rat(R) Tone 1 72 dB Tailshock 0.175 1.5mA 1 )(=60 Sensitiz. Chaeto & Lubow, 1967 

2-4 Deg(R) Tone 1 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

2-4 Deg(R) Tone 6 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

2-4 Deg(R) Tone 16 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

2-4 Deg(R) Tone 31 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

5-8 Deg(R) Tone 1 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

2-4 Deg(R) Tone 6 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

5-8 Deg(R) Tone 16 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

13-16 Deg(R) Tone 1 so dB Pawshock 0.100 1.7mA 0.900 ? None Bames, 1956 

Table AS 
Galvanic Skin Response 

CS US 
CS Duration CS Duration US lSI 

1stCR Subject Type (sec) Intensity US Type (sec) Intensity (sec) ITI(sec) Control Citation 

2 Human (U) Ugh! 0.500 7W Finger 0.500 1.5 V 10 240 None Galin & Golin, 1966 
shock 

2 Human (U) Tone a 74 dB Finger 0.200 ? a X =45 Sensitiz. Prokasy & Ebel, 1967 
shock 

2 Human (U) Tone a 100dB Finger 0.200 ? a )(=45 Sensitiz. Prokasy & Ebel, 1967 
shock 

2-5 Human (U) Tone 5 ? Shock 0.300 2.5mA 5 ? Sensitiz. SChiffman & Furedy, 
1977 

2 Human (U) Tone 5 39 dB Armshock 0.100 4mA 5 ? Sensitiz. Silver & Greco, 1975 
WlIND 

2 Human (U) Ugh! ? Armshock 0.100 4.3mA 4.9 )(=40 Sensi!iz. Kimmel et al., 1969 
WlIND 

2 Human (U) Ugh! ? Armshock 0.100 a.6mA 4.9 )(=40 Sensi!iz. Kimmel et al., 1969 

WlIND 
2 Human (U) Tone 5 40 dB Armshock 0.100 4mA 4.9 )(=50 Sensitiz. Schramm 

Kimmel, 1970 
2-3 Human (U) Ught+ 0.600 Tone = Finger 0.100 3.5mA 0.500 ? Sensitiz. Morrow et al., 1970 

tone 70 dB shock 

2-6 Rat(R) Clicks 5 75 dB Tailshock 0.300 0.5mA 5 X = 150 Sensitiz. Holdstock& 
Schwartzbaum, 1965 

2-6 Rat(R) Clicks 5 75 dB Tailshock 0.300 1.5mA 5 )( =150 Sensitiz. Holdstock& 
Schwartzbaum, 1965 

2-4 Human (U) Tone 0.050 90 dB Airpuff 0.050 3 psi 0.400 )( =30 Sensitiz. Champion, 1962 

WlIND 
2-5 Cat(P) Tone 5 88 dB Flank 0.100 SOV 4.9 )(=so Sensitiz. Van Twyver & King, 

shock 1969 
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CS 

Table A6 
Heart Rate 

us 
Duration CS Duration US lSI 

1st CA Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) 

2-10 

2-20 

2-5 

2-20 

2-26 

2 

3-4 

3-4 

Lizard (A) Light + 
tone 

Pigeon (A) Light 

Aabbrt (A) Tone 

Pigeon (A) Light 

Aat (U) Light 

Dog (A) Tone 

Dog (A) Tone 

Dog (A) Tone 

2-9 Aabbrt (A) Tone 

2-9 Aabbit (P) Tone 
2-10 Guinea pig Tone 

(A) 

21-30 Pigeon (P) Light 

21-30 Pigeon (A) Light 

2-20 Pigeon (A) Light 

2-8 Aat (A) Clicks 

2-8 Aat (A) Clicks 

2-6 Aat (A) Tone 

2-6 Aat(A) Tone 

11 

6.5 

2.25 

6.5 

6 

13 

13 

13 

4 

4 
10 

6 

6 

6.5 

5 

5 

6.5 

6.5 

CS 

? 

? 

70 dB 

? 

? 

80 dB 

80 dB 

80 dB 

72 dB 

72 dB 
OdB 

? 

? 

? 

75 dB 

75 dB 

85 dB 

85 dB 

CS Duration CS 
lstCA Subject Type (sec) Intensrty 

Legshock 

Footshock 

Eyeshock 

Footshock 

Footshock 

Legshock 

Legshock 

Legshock 

Eyeshock 

0.500 

0.050 

0.500 

0.500 

3 

3 

3 

Eyeshock 1 
Thoracic 5 
shock 
Footshock 0.500 

Footshock 0.500 

Footshock 0.500 

Tailshock 3 

Tailshock 0.300 

Thoracic 0.500 
shock 
Ammonia -2.5-
fumes 3.5 sec 

0.1 mA 10 

? 6 

2 mA 2.25 

? 6 

? 6 

9.9mA 10 

9.9 mA 10 

9.9 mA 10 

20 mA 4 

20mA 4 
2.5mA 10 

1.5mA 6 

1.5mA 6 

3-7 V 6 

0.5mA 5 

1.5mA 5 

1.3mA 6 

6 

Table A7 
Nictitating Membrane 

US 
Duration US lSI 

US Type (sec) Intensity (sec) 

ITI (sec) 

105 

X =444 

X = 180 

X = 444 

? 

X = 210 

X=390 

X = 390 

120 

120 

X = 147.5 

X =222 

X =222 

X =444 

X = 150 

X = 150 

X = 200 

X = 200 

ITI(sec) 

64-72 Aabbrt (A) Tone 0.350 85 dB Airpuff 

Eyeshock 
Eyeshock 
Eyeshock 
Eyeshock 
Eyeshock 
Headshock 

0.100 210 g/cm 0.250 X = 60 

21-40 
21-40 
51-150 
51-150 
51-150 
11-20 

16-30 
16-30 
21-30 
31-40 
91-180 

2-30 
101-200 
201-300 

21-30 

11-20 

21-30 
31-40 

Aabbit (A) 
Aabbrt (A) 
Rabbrt (A) 
Aabbit (A) 
Rabbit (A) 
Shark (A) 

Aabbit (A) 
Aabbit (A) 
Aabbit (A) 
Aabbit (A) 
Aabbit (A) 

Toad (A) 
Aabbrt (A) 
Aabbit(A) 
Aabbrt (A) 

Aabbit(A) 

Aabbit (A) 
Aabbit (A) 

71-140 Aabbit (A) 

11-15 Aabbit(A) 
26-30 Aabbit (A) 

26-30 Aabbit (A) 

36-40 Aabbit (A) 

Tone 
Tone 
Tone 
Tone 
Tone 
Light 

Tone 
Tone 
Tone 
Tone 
Tone 

Tactile 
Tone 
Tone 
Tone 

Tone 

Tone 
Tone+ 
buzzer 
Tone 

Tone 
Tone 

Tone 

Tone 

0.500 
0.500 
0.350 
0.350 
0.350 
0.500 

0.450 
0.850 
0.250 
0.250 

? 

2 
0.500 
0.450 
0.310 

0.310 

0.250 
0.340 

0.600 

0.400 
0.400 

0.400 

0.400 

98dB 
98 dB 
75 dB 
75 dB 
75 dB 
671 fc 

93 dB 
93 dB 
70 dB 
70 dB 
B6dB 

85 dB 
85 dB 
80 dB 

80 dB 

85 dB 
95 dB 

72 dB 

92 dB 
92 dB 

92 dB 

92 dB 

Eyeshock 
Eyeshock 
Eyeshock 
Eyeshock 
Eyeshock 

Tactile 
Eyeshock 
Eyeshock 
Eyeshock 

Eyeshock 

Eyeshock 
Eyeshock 

Airpuff 

Eyeshock 
Eyeshock 

Eyeshock 

Eyeshock 

0.200 
0.200 
0.050 
0.050 
0.050 
0.100 

0.100 
0.100 
0.050 
0.050 
0.050 

0.500 
0.050 
0.050 
0.050 

0.050 

0.010 
0.001 

0.100 

0.050 
0.050 

0.050 

0.050 

3mA 
3mA 
3mA 
3mA 
3mA 

10-100 
mA 

3mA 
3mA 

? 
? 

4mA 

2mA 
2mA 
4mA 

4mA 

10mA 
? 

80mm 

3mA 
3mA 

3mA 

3mA 

0.300 
0.300 
0.350 
0.350 
0.350 
4 

0.350 
0.350 
0.750 
0.250 
0.800 

2 
0.450 
0.950 
0.260 

0.260 

0.250 
0.250 

0.500 

0.400 
0.400 

0.400 

0.400 

55 
55 
30 
30 
30 

X = 30 

60 
60 

100 
200 

X = 184 

? 
30 
30 

X = 30 

X = 60 

60 
120 

X =20 

NA 

X=60 

X = 60 

X = 60 

Control Crtation 

None Davidson & 
Aichardson. 1970 

None Durkovic & Cohen. 
1969 

None Stava & Hupka. 
1976 

Sensi1iz. Cohen & Pi1ts. 1968 

None Bloch-Aojas et al.. 
1964 

None Fitzgerald. 1966 

None Fitzgerald. 1966 

Sensitiz Fitzgerald et al .. 1966 

Sensitiz Yehle et al .. 1967 

Sensitiz. Yehle et al .. 1967 
Sensitiz. Anderson. 1972 

None Gold & Cohen. 1981 

Sensitiz. Gold & Cohen. 1981 

Sensitiz. Cohen & Durkovic. 
1966 

Sensitiz. Holdstock & 
Schwartzbaum. 1965 

Sensitiz. Holdstock & 
Schwartzbaum. 1965 

Sensitiz. Hoffman & Fitzgerald. 
1978 

Sensitiz. Hoffman & Fitzgerald. 
1978 

Control Crtation 

Sensitiz. Berger & Thompson. 1978 

None 
None 
None 
None 
None 
None 

None 
None 
None 
None 
None 

Sensitiz. 
None 
None 
None 

None 

None 
None 

Plotkin & Oakley. 1975 
Plotkin & Oakley. 1975 
Mis & Moore. 1973 
Mis & Moore. 1973 
Mis & Moore. 1973 
Gruber & Schneiderman. 
1975 
Snyder & Papsdorf. 1968 
Snyder & Papsdorf. 1968 
Grevert & Moore. 1970 
Grevert & Moore. 1970 
Mitchell. 1973 

Yaremko et al .. 1969 
Graves & Solomon. 1985 
Graves & Solomon. 1985 
Gormezano & Coleman. 
1975 
Gormezano & Coleman. 
1975 
Leonard et al .. 1972 
Leonard & Theios. 1967 

Aandom Gormezano et al .• 1962 

None Kehoe & Gormezano. 1974 
None Kehoe & Gormezano. 1974 

None Kehoe & Gormezano. 1974 

None Kehoe & Gormezano. 1974 



118 LENNARTZ AND WEINBERGER 

Table A8 
Pupil 

CS US 
Duration CS Duration US lSI 

lstCR Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) ITI (sec) Control Citation 

5-10 Cat(R) Tone 3.5 55 dB Shock+ Shock: 2 Shock: 4 V 1.5 )(=60 None Gerall & Obrist, 1962 
light off 

11-15 Cat(P) W. noise 2 56 dB Footshock 0.005 10-50 V 1.5 ? Sensitiz. Oleson et aI., 1972 
1M 

6-10 Cat(P) Tone or 70-85 dB Forelimb 0.375 2-9mA )(=60 Sensitiz. Weinberger at aI., 1984 
W. noise shock 1M 

6-10 Cat(P) Tone or 70-80 dB Forelimb 0.375 2-9mA )(=60 Sensitiz. Diamond & Weinberger, 
W. nOise shock 1M 1984 

18 Cat(P) W. noise 75 dB Forelimb 0.500 20-25 V )(=60 Sensitiz. Ryugo & Weinberger, 
shock 1M 1978 

2-5 Cat(P) W. noise 1.5 54-98 dB Forelimb 
shock 

0.500 25V 1.5 )(=90 None Weinberger at aI., 1973 

2-5 Cat(P) W. nOise 85 dB Forelimb 0.500 25-30 V )(=60 Sensitiz. Ashe et aI., 1976 
shock 1M 

6-10 Cat (P) W. noise 75 dB Forepaw 0.500 25-30 V )(=60 Sensltiz. Ashe et aI., 1978a 
shock 1M 

2-10 Cat(P) W. noise 5 85 dB Forelimb 0.500 25V 5 )(=90 Sensitiz. Oleson et aI., 1975 
shock 1M 

2-5 Cat(P) Tone 0.100- 3Q-85dB Forepaw 0.200 2-9mA ? )(=40 Senslliz. Diamond, 1985 
0.300 shock 1M 

Table A9 
Respiration 

CS US 
Duration CS Duration US lSI 

lstCR Subject CS Type (sec) Intensity US Type (sec) Intensity (sec) ITI (sec) Control Citation 

2-5 Fish(P) Light 10 ? Body 0.100 5mA 10 X =90 None Davis & Holmes, 1971 
shock 

2-20 Pigeon (R) Light 6.5 ? Footshock 0.500 ? 6 X =444 None Durkovic & Cohen, 
1969 

2-10 Rabbit(R) Tone 4 72 dB Eyeshock 20mA 4 120 Sensitiz. Yehle et aI., 1967 

2-20 Pigeon (R) Light 6.5 ? Shock 0.500 3-7 V 6 X =444 Sensitiz. Cohen & Durkovic, 
1966 

11-20 Lizard (R) Light+ 11 ? Legshock 0.1 mA 10 105 None Davidson & Richardson, 
tone 1970 

6-10 Fish (R) Light 5.5 395 Ix Body 
shock 

0.500 4.5V 5 X = 55 Random Wolach et al., 19n 

5 Fish (R) Light 4 0.03 ftc Body 0.050 7mA 4 )(=240 Sensitiz. Woodard, 1971 
shock WI/NO 

2 Fish (R) Light 4 0.19 ftc Body 0.050 7mA 4 X =240 Sensitiz. Woodard, 1971 
shock WI/ND 
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APPENDIX B 
Experiments Used for Matching Rapidly Acquired ("Fast") 
and Slowly Acquired ("Slow,,) Conditioned Responses on 

US Intensity and Intertrial Interval 

Matching on US Intensity 

Rapidly Acquired Conditioned Responses 

Blood Pressure 

Rat: Hoffman & Fitzgerald, 1978. 

Conditioned Suppression 

Rat: Annau & Kamin, 1961; Burdick & James, 1973; James, 
Shangi, Pangman, & Mostoway, 1973; Kamin, 1961, 1963; 

Randich & Maimer, 1981; Riess & Farrar, 1973. 

Galvanic Skin Response 

Human: Morrow, Seiffert, & Kramer, 1970; Schramm & 

Kimmel, 1970; Silver & Greco, 1975. 

Rat: Holdstock & Schwartzbaum, 1965. 

Heart Rate 

Lizard: Davidson & Richardson, 1970. 

Rabbit: Stava & Hupka, 1976. 

Rat: Holdstock & Schwartzbaum, 1965. 

Pupil 

Cat: Oleson, Westenberg, & Weinberger, 1972. 

Respiration 

Fish: Woodard, 1971. 

Lizard: Davidson & Richardson, 1970. 

Slowly Acquired Conditioned Responses 

Eyelid 

Rabbit: Frey & Butler, 1973; Frey & Ross, 1968. 

Flexion 

Dog: Barnes, 1956 Oeg). 

Lizard: Davidson & Richardson, 1970 Oeg). 

Rat: Chacto & Lubow, 1967 (tail); Ginn, Valentine, & Powell, 
1983 Oeg); Miller, Greco, & Vigorito, 1981 (tail). 

Nictitating Membrane 

Rabbit: Gormezano & Coleman, 1975; Graves & Solomon, 
1985; Kehoe & Gormezano, 1974; Leonard, Fishbein, & Mon

teau, 1972; Mis & Moore, 1973; Mitchell, 1973; Plotkin & Oak

ley, 1975; Snyder & Papsdorf, 1968. 

Matching on Intertrial Interval 

Rapidly Acquired Conditioned Responses 

Blood Pressure 

Rabbit: Yehle, Dauth, & Schneiderman, 1967. 

Galvanic Skin Response 

Cat: Van Twyver & King, 1969. 

Human: Champion, 1962; Kimmel, Kimmel, & Silver, 1969; 

Prokasy & Ebel, 1967; Schramm &. Kimmel, 1970. 

Heart Rate 

Rabbit: Yehle, Dauth, & Schneiderman, 1967. 

Pupil 

Cat: Ashe, Cassaday, & Weinberger, 1976; Diamond, 1985; 

Diamond & Weinberger, 1984; Gerall & Obrist, 1962; Oleson, 

Ashe, & Weinberger, 1975; Oleson, Westenberg, & Wein

berger, 1972; Ryugo & Weinberger, 1978; Weinberger, Hop

kins, & Diamond, 1984; Weinberger, Oleson, & Haste, 1973. 

Respiration 

Fish: Davis & Holmes, 1971. 

Rabbit: Yehle, Dauth, & Schneiderman, 1967. 

Slowly Acquired Conditioned Responses 

Eyelid 

Rabbit: Frey & Butler, 1973, 1977; Frey & Ross, 1968; Gut
mann, Brozek, & Bures, 1972. 

Nictitating Membrane 

Rabbit: Berger & Thompson, 1978; Grevert & Moore, 1970; 

Kehoe & Gormezano, 1974; Leonard, Fishbein, & Monteau, 
1972; Leonard & Theios, 1967; Mitchell, 1973. 

(Manuscript received January 27, 1992; 
revision accepted for publication April 7, 1992.) 


