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Classical conditioning of model systems:
A behavioral review
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The present review examines briefly the history and status of classical conditioning as a means
of studying associative learning and assesses the ability of a cross section of model systems to
demonstrate associative learning when classical conditioning procedures are employed. It is sug-
gested that model systems that show the emergence of a new (i.e. conditioned) response as a result
of being subjected to classical conditioning procedures have unequivocally demonstrated associative
learning. In contrast, the ability of model systems to demonstrate associative learning when clas-
sical conditioning procedures result in a pairing-specific change in an existing response depends
on how associative learning is defined. The advantages of a traditional definition of associative
learning for uncovering the neural substrates of learning are discussed.

To study the neural substrates of learning, neuroscien-
tists have sought to adopt model systems, preparations that
have unequivocally demonstrated learning and are trac-
table to neural analysis. Traditionally, invertebrate prepa-
rations have been utilized to study the neural basis of
single-stimulus learning (e.g., habituation: Pinsker, Kup-
fermann, Castellucci, & Kandel, 1970; Wine, Krasne, &
Chen, 1975; Zucker, 1972; and sensitization: Bullock,
1948; Castellucci & Kandel, 1976; Kandel & Schwartz,
1982), and vertebrate preparations have been employed
to examine the substrates of associative learning (e.g.,
Cegavske, Thompson, Patterson, & Gormezano, 1976;
Cohen, 1969, 1980; Gabriel, Foster, Orona, Saltwick,
& Stanton, 1980; Patterson, 1976; Woody, 1982).
Researchers have also employed invertebrate preparations
when trying to determine the neural locus of associative
learning (e.g., Alkon, 1974, 1976, 1987; Carew, Walters,
& Kandel, 1981; Mpitsos, Collins, & McClellan, 1978;
Sahley, Gelperin, & Rudy, 1981; for a history of early
invertebrate research, see Corning, Dyal, & Willows,
1973).

Despite the growing body of research employing both
vertebrate and invertebrate preparations as model systems,
it remains unclear whether all the vertebrate and inver-
tebrate preparations being subjected to classical condition-
ing procedures demonstrate associative learning. The pur-
pose of the present review is fourfold: (1) to examine
briefly the history and status of classical conditioning as
a means of demonstrating associative learning; (2) to as-
sess the ability of a cross section of model systems to
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demonstrate associative learning when subjected to clas-
sical conditioning procedures; (3) to examine whether a
pairing-specific change in an existing response is suffi-
cient evidence for associative learning when classical con-
ditioning procedures are employed; and (4) to explore the
relative merits of ‘‘modern’’ versus *‘traditional’’ defi-
nitions of associative learning procedures for uncovering
the neural substrates of associative learning.

ASSOCIATIVE LEARNING

Associative learning may be defined as a relatively per-
manent change in behavior that results from the temporal
conjunction of two events (e.g., Gormezano, 1984; Hil-
gard & Marquis, 1940; Kimble, 1961). Despite a number
of important caveats, such as ‘‘behaviorally silent’’ learn-
ing (e.g., Dickinson, 1980; Mackintosh, 1983; Pearce &
Hall, 1980; Rescorla, 1978), the definition of associative
learning, as stated, continues to be of heuristic value. It
seems clear, however, that not every two events that occur
together are associated. Aristotle proposed that previous
contiguity, as well as similarity and contrast, determined
which events would be recalled together. Subsequently,
the British Empiricists postulated the laws of association
as a means of formally specifying which events would be-
come associated. The law of contiguity stated that an as-
sociative connection between two events would be formed
only if they occurred in spatial and temporal proximity
to one another. Secondary laws of association dealt with
the frequency with which events occurred in contiguity,
the duration of events, their intensities, the number of
other associations in which the two events had been in-
volved, the similarity of the association to other associa-
tions, and the abilities, emotional state, and bodily state
of the person experiencing the events (Brown, 1820/1977;
see Gormezano & Kehoe, 1981).

The first empirical assessment of the laws of association
was conducted by Ebbinghaus (1913), who documented
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his own ability to learn and then relearn pairs of nonsense
syllables. However, the study of associations received its
major impetus from Bekhterev (1913), who proposed clas-
sical conditioning as a prototypical example of associa-
tive learning (Hilgard & Marquis, 1940). In the United
States, Lashley (1916, p. 459) identified the classical con-
ditioning procedure and the resulting formation of a con-
ditioned response to an originally indifferent stimulus as
an ‘‘almost ideal example’’ of associative learning (Gor-
mezano & Kehoe, 1981). Just 5 years later, S. Smith and
Guthrie (1921) abandoned the notion of classical condi-
tioning as merely an example of associative learning and
claimed that classical conditioning was synonymous with
associative learning (Gormezano & Kehoe, 1981; Hilgard
& Marquis, 1940).

CLASSICAL CONDITIONING

Defining Characteristics

The proposal that classical conditioning was synony-
mous with associative learning (S. Smith & Guthrie, 1921)
and the ensuing use of classical conditioning as a means
of studying associative learning (Hull, 1934; cf. Rescorla,
1988b) necessitated the identification of classical condi-
tioning’s defining characteristics and the specification of
its appropriate control procedures (e.g., Gormezano,
1966; Hull, 1934; Hilgard & Marquis, 1940; Kimble,
1961). A recent restatement of the defining characteris-
tics of classical conditioning includes: (1) the presenta-
tion of an unconditioned stimulus (UCS) that reliably
elicits an unconditioned response (UCR); (2) the use of
a conditioned stimulus (CS) that has been shown by test
not initially to produce a response resembling the UCR;
(3) the repeated presentation of the CS and UCS to the
organism in a specified order and temporal spacing; and
(4) the emergence of a response to the CS, the conditioned
response (CR), which is similar to the UCR (Flaherty,
1985; Gormezano, 1984; but see Skinner, 1938).

In the last 20 years, a more contemporary, or modern
(Rescorla, 1988b), conceptualization of classical condi-
tioning has emerged that has been characterized as the
study of the relations among stimuli in the environment
(e.g., Dickinson, 1980; Mackintosh, 1983; Rescorla,
1968, 1988a, 1988b). In a modern description of classi-
cal conditioning, the CS is said to signal the UCS, and
the question is whether exposure to the relation between
the CS and UCS modifies the organism in a detectable
way (e.g., Rescorla, 1988a). If an organism shows an aug-
mented response to the CS as a result of being exposed
to the relationship between the CS and UCS, an associa-
tion is said to have been formed between the two events
(e.g., Rescorla, 1988a).

Control Procedures

The need to specify appropriate control procedures ac-
knowledges the fact that, although repeated pairings of
a CS and UCS may, under appropriate conditions, lead
to the emergence of a conditioned response, the occur-

rence of a response to the CS may result from nonassocia-
tive, as well as associative, processes. The first of the
nonassociative factors that may influence responding is
the baseline level of activity that occurs in most response
systems. The second factor is the elicitation by the CS
of unconditioned responding in the target response sys-
tem and/or in other response systems. For example, a
bright light can elicit a reflexive blink in many species,
including humans. A bright light may also produce
changes in heart rate, respiration, and the galvanic skin
response. If the eyeblink is the target response, the oc-
currence of a reflexive or unconditioned blink to the light
has been termed an alpha response (e.g., Grant, 1944),
and changes in the reflexive blink as a result of CS-UCS
pairings has been termed alpha conditioning (Carew,
Abrams, Hawkins, & Kandel, 1984; Grant & Adams,
1944; Hull, 1934; Kandel & Spencer, 1968) If the change
in heart rate is the target response, then the reflexive blink
to light is a response to the CS in an effector system other
than that containing the target response. The third poten-
tial nonassociative contributor to responding is the sen-
sitizing effect presentation that a UCS may have on the
frequency of baseline responding and/or CS-elicited
responses. To assess the contribution of nonassociative
processes to responding, researchers have adopted con-
trol procedures incorporating UCS alone, CS alone, and
explicitly unpaired presentations of the CS and UCS (see
Gormezano & Kehoe, 1975).

An alternative approach to control procedures,
epitomized by the ‘‘truly random’’ control (Rescorla,
1967), is based on manipulating the degree to which there
is a relationship between the CS and UCS. For example,
in the explicitly unpaired control procedure, the CS and
UCS never occur together; thus, there is a negative rela-
tionship between the CS and UCS. In fact, the CS is
thought of as a perfect predictor of the absence of the UCS
(Rescorla, 1967). Conversely, the truly random control
procedure consists of independently programmed occur-
rences of the CS and UCS, which are presented in an at-
tempt to ensure that there is no consistent relationship be-
tween the CS and UCS. In the truly random control, there
is an equal probability of UCS occurrence in both the
presence and the absence of the CS (Rescorla, 1967,
1988b). Experiments designed to examine the effects of
a truly random control procedure have found that some
conditioning to the CS does occur as a result of fortui-
tous CS-UCS pairings that occur when there is an equal
probability of UCS occurrence in the presence and in the
absence of the CS (e.g., Ayers, Benedict, & Wichter,
1975; Benedict & Ayers, 1972; Kremer & Kamin, 1971;
but see Rescorla, 1968).

Emergence of a New Response

Initial experiments using the classical conditioning
procedure identified a number of responses (including sali-
vation, leg flexion, finger withdrawal, knee jerk, and eye-
lid closure) that could be conditioned to a variety of stimuli
(see Hilgard & Marquis, 1940; Hull, 1934). The major
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outcome of these early classical conditioning experiments,
as well as many recent experiments, was the emergence
of a new response to the CS that in some way resembled
the response to the UCS. The emergence of a new
response occurred even when the CS elicited a response
of its own at the start of conditioning. For example, Pav-
lov (1927) reported an experiment by Erofeeva in which
she presented skin shock as a CS and paired it with a food
UCS. Although the CS initially elicited defensive re-
sponses, after repeated pairings of shock and food, the
dog displayed a conditioned salivary response to skin
shock without showing any of the previously observed
defensive responses (see Konorski & Miller, 1937). More
recently, Gormezano and Tait (1976) presented groups
of rabbits with CS-UCS training trials in which water in
the mouth (CS) was paired with air puff to the eye (UCS),
or air puff to the eye (CS) was paired with water in the
mouth (UCS). Gormezano and Tait (1976) found that, in
the former case, rabbits displayed conditioned nictitating
membrane extension to water and that, in the latter case,
rabbits showed conditioned jaw movement to air puff.
Thus, despite unconditioned jaw movement to the water
CS and unconditioned nictitating membrane extension to
the corneal air puff CS, rabbits were able to acquire a
new response to the CS in the effector system elicited by
the UCS. Indeed, Gormezano and Tait (1976) reported
that acquisition of the new response by animals given
paired training reached a level of 90% CRs, which was
substantially and significantly higher than was the level
of responses of animals given explicitly unpaired presen-
tations of the CS and UCS.

The emergence of a new response to the CS in the ef-
fector system activated by the UCS has historically been
used as the index of associative learning (e.g., Hilgard,
1936; Hull, 1934; Lashley, 1916; Pavlov, 1927; cf. Res-
corla, 1988b). Moreover, it continues to be advocated as
the hallmark of associative learning when classical con-
ditioning procedures are employed (e.g., Gormezano,
1966, 1984; Gormezano & Kehoe, 1975; Lederhendler,
Gart, & Alkon, 1986). The emergence of a conditioned
response that resembles the UCR has led to the postula-
tion that the CS becomes a substitute for the UCS (i.e.,
stimulus substitution theory, see for example, Hilgard,
1936; Konorski, 1967). Support for the stimulus substi-
tution theory was derived from a number of observations,
including Pavlov’s (1927) report that a previously condi-
tioned CS could support conditioning when paired with
anew CS (i.e., second-order conditioning). However, it
soon became clear that many of the responses that
emerged as a result of CS-UCS pairings were different
from the UCR (e.g., Hilgard, 1936; Zener, 1937). For
example, conditioning of pupillary change and heart-rate
change produced CRs that were in the opposite direction
to those produced by the UCS (i.e., compensatory
responses). At a more prosaic level, many CRs differed
from UCRs in terms of latency, amplitude, and recruit-
ment (e.g., Hilgard & Marquis, 1940).

As a result of the lack of identity between a CR and
UCR, some researchers abandoned classical condition-

ing procedures as the means of studying associative learn-
ing. Other researchers have adopted a less stringent
specification of conditioned responses and have begun to
study behaviors that are related to the CS and/or UCS.
These responses have been variously described as
instrumental-approach behaviors, sign-directed behaviors,
and goal-directed behaviors (e.g., Boakes, 1977; Hearst
& Jenkins, 1974; Holland, 1977, 1980) and are used as
evidence that an association has been formed between two
events (Dickinson, 1980; Mackintosh, 1983; Rescorla,
1988b). In brief, investigators have proposed that the na-
ture of the conditioned response is determined, in part,
by the type of CS and/or UCS employed in any given ex-
periment. For example, in autoshaping (Hearst & Jenkins,
1974), a pigeon may peck at a keylight with eating or
drinking motions, depending on whether food or water
has been paired with the lighted key. Holland (1977, 1980)
has shown that a light may elicit the orienting response
of rearing in a rat, whereas a tone may elicit the orient-
ing response of head-turning. The frequency of these be-
haviors has been shown to change as a function of train-
ing (Holland, 1977, 1980). Moreover, Holland (1979) has
reported other responses, such as poking the head into
a magazine feeder or freezing, that emerge later in the
interstimulus interval and appear to be determined by the
nature (e.g., food vs. shock) and magnitude (e.g., num-
ber of pellets, intensity of shock) of the UCS.

Although the emergence of goal-directed behaviors may
be a measure of associative learning (Rescorla, 1988b),
the utility of employing such preparations as model sys-
tems may be problematic because of the very nature of
the responses that are studied. Specifically, the ability to
identify the neural substrates of different target responses
is hindered by the fact that the responses are recognized
in terms of their outcome. That is, an approach response
or the depression of a bar or key can occur in any num-
ber of different ways that may change from moment to
moment, trial to trial, and from animal to animal. The
variation in responses and complexity of any single
response make it difficult to identify a unique neural out-
put pathway for the target response. Without an identi-
fied motor output pathway that is consistent from trial to
trial and from animal to animal, it would seem difficult
to study the complete neural circuitry and identify the neu-
ral substrates involved in these instances of associative
learning. However, the isolation of discrete responses or
the use of restrained subjects may assist in the identifica-
tion of potential motor output pathways and thus make
preparations that display the emergence of goal-directed
behavior a powerful addition to the search for the neural
substrates of learning.

MODEL SYSTEMS

Despite the problems inherent in different definitions
of associative learning and differences in what is con-
sidered to be a conditioned response, a number of model
systems have used classical conditioning procedures to
study the neural substrates of associative learning. For
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the purposes of exposition, we shall review a number of
model systems that employ classical conditioning proce-
dures to study associative learning and examine these
model systems in light of the traditional definition of as-
sociative learning.

Aplysia

Following the successful examination of habituation and
sensitization, Carew and Kandel and their colleagues
(e.g., Carew et al., 1984; Carew, Hawkins, & Kandel,
1983; Carew et al., 1981; Hawkins, Carew, & Kandel,
1986) have sought to develop procedures to demonstrate
that the mollusk Aplysia californica is capable of being
classically conditioned. In an initial series of experiments
reported by Carew et al. (1981), unrestrained, freely mov-
ing Aplysia were presented with a CS consisting of a tac-
tile stimulus delivered by a single nylon bristle from a
paintbrush held firmly by a hemostat and a UCS consist-
ing of a 1.5-sec pulse of a 50-mA AC electrical stimulus
delivered by the manual application of spanning electrodes
to the tail. The experimenter applied the CS by inserting
the bristle into the funnel of the siphon and briskly mov-
ing it upward a single time. The duration of contact with
the inner surface of the siphon was estimated to be ap-
proximately 0.5 sec. Siphon withdrawal was always
elicited by both the bristle CS and the electric shock UCS,
and, in the former case, the response was measured by
a stopwatch.

In a prototypical experiment, Carew et al. (1981) ex-
amined the acquisition and extinction of the siphon with-
drawal response using six groups: paired CS-UCS,
strictly alternating CS and UCS, programmed random oc-
currence of CS with respect to UCS, UCS alone, CS
alone, and naive. During acquisition, the UCS was
presented every 5 min, and, for the paired group, the CS
preceded the UCS by 30 sec. Siphon withdrawal was
tested immediately after the first trial, and then after ev-
ery five trials. The experimenter conducted extinction by
delivering the CS alone for 10 trials immediately after
training. Acquisition in the paired group was character-
ized by a positively accelerated increase in the duration
of siphon withdrawal from an initial mean of 8.6 sec to
a terminal level of 32.5 sec, whereas the control groups
did not change significantly during the course of training
from their initial durations of 5 sec. During extinction,
the paired group showed a significant decrease in the du-
ration of siphon withdrawal from Trial 1 (32 sec) to
Trial 10 (15 sec), whereas the control groups showed no
systematic change from their initial values of siphon with-
drawal (5 sec).

In more recent experiments, Carew et al. (1983) and
Hawkins et al. (1986) have attempted to differentially con-
dition the siphon withdrawal response in Aplysia. In a typi-
cal experiment (e.g., Carew et al., 1983), subjects were
presented with a UCS consisting of tail shock and CSs
consisting of nylon bristle stimulation of the siphon and
electrical stimulation of the mantle. In two groups of
animals, the UCS followed CS+ (siphon or mantle stimu-

lation, counterbalanced) by .5 sec and CS— (mantle or
siphon stimulation, counterbalanced) occurred at the mid-
point of the 5-min intertrial interval. The results revealed
that, at 15 min and 24 h after training, there was a greater
increase in the duration of siphon withdrawal to CS+ than
there was to CS—. Hawkins et al. (1986) attributed the
increase in siphon withdrawal to CS— to sensitization and
the increase in siphon withdrawal to CS+ to associative
learning. Examination of the effects of the interval be-
tween CS+ and the UCS (interstimulus interval) by
Hawkins et al. (1986) revealed that the siphon withdrawal
response of greatest duration occurred at an interstimu-
lus interval of .5 sec, with a response of shorter duration
at an interval of 1 sec and with little or no increase in
duration at longer (2, 5, 10 sec), shorter (0 sec) or back-
ward (—.5, —1, —1.5 sec) interstimulus intervals.

The Aplysia model system involves a response that oc-
curs to the CS from the outset of training. The response
to the CS, siphon withdrawal, is the same as the response
to the UCS and thus may be characterized as an alpha
response (e.g., Grant, 1944; Kandel & Spencer, 1968).
As a result of a pairings operation, Carew et al. (1981)
have observed increases in the duration of the alpha
response relative to a number of nonassociative control
groups. Interestingly, there are also several vertebrate
preparations, including human eyelid conditioning, in
which an alpha response is elicited by the CS. In these
cases, the characteristics of the alpha response, for ex-
ample, onset latency and amplitude, are noted, and
responses that fall within the latency range of an alpha
response are eliminated from consideration as conditioned
responses (e.g., Gormezano, 1966; Grant, 1944; Spence
& Ross, 1959). When alpha responses are eliminated from
consideration, conditioned responses can be observed to
emerge (Grant, 1944) and display characteristic features,
such as an onset latency that first occurs at or near the
point of UCS onset and then moves forward in time as
a function of continued training (e.g., Gormezano, 1966;
Martin & Levey, 1969; Thompson & Donegan, 1987).
To date, there has been no report of the emergence of
a new siphon withdrawal response that occurs outside the
latency range of the unconditioned siphon withdrawal (al-
pha) response elicited by the bristle CS.

Because the bristle CS elicits a response quite similar
to the siphon withdrawal response elicited by the shock
UCS, the Aplysia training procedure may be conceptual-
ized as a procedure in which a weak UCS is followed by
a strong UCS. However, in other cases in which two
UCSs have been paired, although an unconditioned
response to the first UCS has been observed, there has
also been a new response that emerges to the first UCS
(the ‘“CS’’) that resembles the UCR to the second UCS
(e.g., Gormezano & Tait, 1976; Konorski & Miller, 1937;
Pavlov, 1927).

The fact that only changes in the Aplysia’s alpha
response have been reported to date (cf. Lukowiak & Sah-
ley, 1981) may reflect limitations in the currently em-
ployed measurement techniques rather than any inherent
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limitation in the organism’s ability to show the emergence
of a conditioned response. For example, high-gain
mechanical transduction of the siphon withdrawal
response (see, for example, use of a force transducer in
an in vitro Aplysia gill withdrawal preparation, Lukowiak
& Sahley, 1981) may help resolve small contractions or
relaxations of the siphon not detectable by visual inspec-
tion. Moreover, mechanical transduction may allow pre-
cise specification of response latency, amplitude, and du-
ration providing a number of dependent variables that
could be examined for the emergence of a conditioned
response (Lukowiak & Sahley, 1981).

Spinal Cat Preparation

Patterson, Cegavske, and Thompson (1973) have de-
veloped a spinal cat preparation that, like studies with
Aplysia, consistently demonstrates changes in an uncon-
ditioned response to the CS as a result of CS-UCS pair-
ings (e.g., Beggs, Steinmetz, Romano, & Patterson, 1983;
Patterson, 1975, 1976, 1980). In a typical experiment,
cats had their spinal cord transected and the superficial
peroneal sensory and deep peroneal motor nerves dis-
sected from the hind limb. The CS consisted of a train
of DC current pulses delivered to the sensory nerve, and
the UCS consisted of a train of DC current pulses deliv-
ered to the ankle skin. In a single session, a paired group
first received CS-alone trials, then paired CS-UCS trials,
and, finally, CS-alone extinction trials. An unpaired con-
trol group received the same number of stimulus presen-
tations, with the exception that the CS-UCS pairings were
changed to randomly distributed CS-alone and UCS-alone
trials. A CS-alone control group received the same num-
ber of CS presentations as did the paired and unpaired
groups. The response measure was based on the ampli-
tude of responses to the CS before and after training. The
results showed that the response to the CS in the paired
group increased rapidly as a function of training and
reached a maximum change of 40% within 10 trials. The
unpaired and CS-alone control groups did not show any
significant increase in amplitude to the CS and remained
at or below initial levels throughout training and extinc-
tion. Patterson (1980) has interpreted these results to
reflect the unique effects of CS~UCS pairings and, as
such, to reflect the operation of associative processes.

Although mindful of the fact that the cat spinal prepa-
ration has not demonstrated the emergence of a condi-
tioned response, Patterson (1976, 1980) has argued that
the spinal cord demonstrates associative learning. As evi-
dence, Patterson (1980) has pointed to the striking resem-
blance between the amplitude-change functions generated
by interstimulus interval studies for the spinal prepara-
tion (Patterson, 1975) and the inverted U-shaped CR-
acquisition function of interstimulus interval studies con-
ducted with intact preparations (e.g., M. C. Smith, Cole-
man, & Gormezano, 1969). Beggs et al. (1983) attempted
to determine whether the pairing-specific changes in am-
plitude to the CS were an associative phenomenon by ex-
amining extinction and retention of the pairing-specific

changes. Beggs et al. (1983) examined the effects of ex-
tending the interval between an acquisition and extinc-
tion phase so that .5, 1, 2, 3, or 4 h elapsed before ex-
tinction was conducted. It was argued that if alpha
conditioning were due to sensitization, there should be
a gradual decay in the amplitude of the response to the
CS simply as a function of time. The results revealed no
significant differences among groups subjected to the
different acquisition-extinction intervals. Unfortunately,
an equivalence in responding among these groups can only
result in a failure to reject the null hypothesis and could
reflect insufficient statistical power or a large degree of
variability in the data. Alternatively, the finding could be
explained by the fact that Beggs et al. (1983) failed to em-
ploy an interval long enough to contain the sensitization
phenomenon (cf. Kandel & Schwartz, 1982; Pinsker,
Hening, Carew, & Kandel, 1973).

Cat Short-Latency Eyeblink

Woody and his associates (¢.g., Kim, Woody, & Ber-
thier, 1983; Woody, 1970, 1982, 1984; Woody & Bro-
zek, 1969; Woody, Knipsel, Crow, & Black-Cleworth,
1976, Woody, Yarowsky, Owens, Black-Cleworth, &
Crow, 1974) have examined and elucidated changes in
the cat’s short-latency eyeblink response as a function of
pairing a brief click CS with a glabellar tap UCS. In a
series of experiments, Woody and his coworkers
presented restrained, unanesthetized cats with a minimum
of 150 daily training trials consisting of a 1-msec audi-
tory CS (click) followed 400 msec later by a mechanical
tap to the glabella. Each of the 150 daily training trials
occurred at a fixed intertrial interval of 10 sec, and the
training trials continued for a period of 15 to 20 days.
Control groups consisted of naive animals and animals
that received random presentations of the click CS and
tap UCS (Woody et al., 1976; Woody et al., 1974).
Response measures reported by Woody and his associ-
ates included EMG recordings from the obicularis oculi
(e.g., Woody & Brozek, 1969; Woody et al., 1974),
recording of neural activity from the area of the facial
nucleus (e.g., Woody & Brozek, 1969), and recording
of single- and multiple-unit activity from cortical sensory
and motor areas (e.g., Woody, 1970, 1984; Woody &
Black-Cleworth, 1973; Woody et al., 1976).

As a result of repeated pairings of the click and glabella
tap, Woody has observed increases in the amplitude of
evoked responses in the facial nucleus (e.g., Woody &
Brozek, 1969) and in the sensory and motor cortex (e.g.,
Woody, 1970). Moreover, Woody et al. (1974) reported
an increase in EMG blink-performance levels across 20
training sessions from an initial level of 50% to a termi-
nal level of 75% for animals in a paired group and from
30% to 25% for animals in a random control group. The
high level of initial responding reported by Woody et al.
(60% on the first 10 trials) suggests that there is a short-
latency response to the auditory CS from the outset of
training (i.e., an alpha response). The existence of short-
latency responses at the beginning of training has been
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observed in a number of other studies of the cat’s short-
latency eyeblink, including those of Engel and Woody
(1972), Kim et al. (1983), and Woody et al. (1976). In-
deed, Woody (1982) has noted that it is the amplitude of
the eyeblink response measures that changes as a func-
tion of CS-UCS pairings and that the latency of the eye-
blink appears to be nearly the same in naive and condi-
tioned animals. Thus, Woody and Brozek (1969) have
argued that the short-latency response observed in other
preparations, such as the human eyeblink (e.g., Grant,
1943), are actually conditioned responses and that longer
latency responses are attributable to operant condition-
ing. However, it should be noted that short-latency (i.e.,
alpha) responses reported in human eyelid conditioning
can be observed without training (e.g., CS-alone trials),
whereas the emergence of the longer latency conditioned
responses only occurs as a function of training (e.g., Gor-
mezano, 1966; Grant, 1943; Martin & Levey, 1969).
Moreover, when longer latency responses have been ex-
plicitly subjected to instrumental contingencies (e.g.,
Coleman, 1975), the frequency of responses has decreased
rather than increased (Coleman & Gormezano, 1979).
Nevertheless, Woody and Brozek (1969) have asserted
that the changes in short-latency EMG activity they ob-
served as a function of CS-UCS pairings were conditioned
responses and that there were no other changes in activity
during the remainder of the interstimulus interval (Woody,
1982). Interestingly, a preliminary report by Woody et al.
(1988) noted significant increases in eyeblink EMG ac-
tivity throughout the ISI in a procedure in which hypotha-
lamic stimulation followed the click CS and preceded the
glabellar tap UCS (Kim et al., 1983). Indeed, Woody
et al. (1988) reported that the increases in long-latency
EMG activity mirrored increases in short-latency EMG
activity. It remains unclear, however, what the role of
hypothalamic stimulation may be in these changes (cf.
Kim et al., 1983) and whether long-latency changes in
EMG activity occur without hypothalamic stimulation.

Hermissenda

Alkon and his colleagues (e.g., Alkon, 1974, 1980,
1987; Crow & Alkon, 1978; Farley & Alkon, 1980;
Lederhendler et al., 1986) have studied changes in be-
havioral responses to light which result from pairings of
light and rotation in the mollusk Hermissenda cras-
sicornis. In a typical experiment, Crow and Alkon (1978)
presented subjects with 150 acquisition trials (50 trials per
day) consisting of 30 sec of a light CS and 30 sec of a
rotational UCS. Usually, rotation of the animal elicited
clinging, with the body musculature contracted and the
foot gripping the bottom of the enclosure (Alkon, 1974;
Lederhendler et al., 1986). On the other hand, presenta-
tions of the light CS alone to animals placed in the dark
during the light portion of their diurnal cycle produced
the phototropic response of movement toward the light
source. Crow and Alkon (1978) also examined a series
of control conditions, including rotation alone, random
but separate presentation of light and rotation, light alone,

and strictly alternating presentations of light and rotation.
The results clearly showed that the paired group had a
significantly longer response latency to move toward the
light than did any of the control groups.

More recently, Lederhendler et al. (1986) have shown
that in addition to a relatively short latency change in dis-
placement in response to light, trained animals also show
a new response to light (foot contraction) that emerges
as a function of training. Observations of Hermissenda
in the dark revealed a shortening of 15% to 20% in the
length of the foot (the single organ of locomotion) in
response to rotation. Lederhendler et al. also noted a small
lengthening of the foot in response to light before train-
ing. After pairings of light and rotation, Lederhendler
et al. (1986) found that the foot contraction, or shorten-
ing, elicited as an unconditioned response to rotation
emerged as a new response to light in all of the trained
animals. The new response of foot contraction to the light
did not occur in untrained animals nor did it occur in
animals that received random presentations of light and
rotation.

Rabbit Nictitating Membrane Response

Gormezano and his colleagues (e.g., Gormezano, 1966,
1972, 1984; Gormezano, Kehoe, & Marshall, 1983; Gor-
mezano, Schneiderman, Deaux, & Fuentes, 1962) have
developed and elaborated the rabbit nictitating membrane
response (NMR) as a preparation for studying associa-
tive learning. The preparation has subsequently been
adopted by a number of different research groups as a
model system (e.g., Cegavske et al., 1976; Disterhoft,
Coulter, & Alkon, 1986; Moore, 1979; Thompson et al.,
1976). Gormezano et al. (1962) first reported classical
conditioning of the rabbit NMR using a tone CS and cor-
neal air puff as a UCS. During acquisition training, a
paired group showed a progressive increase in CR fre-
quency across days of training to an asymptote of 95%
CRs. In marked contrast, the performance of CS-alone,
UCS-alone, and unpaired control groups never exceeded
6% on any single day and averaged a level not apprecia-
bly higher than the base rate of 2% to 3%. The low rates
of responding in the control groups suggested that there
was little, if any, evidence of the occurrence of alpha
responses, sensitization, or pseudoconditioning.

To specify the empirical laws of the rabbit NMR prepa-
ration, Gormezano and his associates have delineated a
large number of parameters governing rabbit NMR con-
ditioning. Among the parameters that have been found
to affect classical conditioning with simple CS-UCS pair-
ings are CS and UCS intensity, intertrial interval (ITI),
and interstimulus interval (ISI). It was found that for both
within- and between-subjects manipulations, a more in-
tense CS yields higher levels of conditioning (Gormezano,
1972; Scavio & Gormezano, 1974). For both air puff and
paraorbital electrical stimulation UCSs, increases in in-
tensity have yielded increases in amplitude and frequency
of CRs (Gormezano, 1966; M. C. Smith, 1968). How-
ever, an inverse relationship has been found to exist be-
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tween overall level of CR acquisition and UCS duration
(Tait, Kehoe, & Gormezano, 1983). In terms of ITI and
trials per session, conditioning of the rabbit NMR has been
observed to occur more rapidly the longer the ITI and the
fewer the number of trials per session (Kehoe & Gor-
mezano, 1974). Finally, the length of the ISI was found
to have a dramatic effect on the strength of conditioning.
No conditioning occurred at backward, zero, or forward
ISI values equal to or less than 50 msec (e.g., Gormezano,
1972; Smith et al., 1969), but conditioning was moder-
ate at 100 msec, maximal at 200-400 msec and began to
fall off at 800 msec, with little or no conditioning beyond
3,000 msec (Kehoe, 1976; Schneiderman & Gormezano,
1964).

ASSESSMENT

It seems clear from a review of the model systems un-
der consideration that Aplysia, the cat spinal preparation,
and the cat short-latency eyeblink have demonstrated
pairing-specific changes in a preexisting response,
whereas Hermissenda and the rabbit NMR have demon-
strated the emergence of a new response from among the
responses elicited by the UCS. Interestingly, these
response differences correspond to the differences be-
tween alpha and beta conditioning first suggested by Hull
(1934) and subsequently discussed by Kandel and Spencer
(1968) and Carew et al. (1984). Specifically, Hull (1934)
distinguished between pairing-specific changes in an ex-
isting response to the CS, which he described as sensiti-
zation, and the emergence of a new response, which he
considered to be conditioned responding. However, in
keeping with a modern definition of classical condition-
ing (e.g., Dickinson, 1980), Carew et al. (1984) have sug-
gested that the emergence of a new response is less criti-
cal to the study of associative learning than is the
knowledge of whether the change in responding to the CS
is “‘specific to pairing’’ of the CS and UCS (Rescorla,
1988a). Yet the pairing-specific changes observed by
Carew et al. (1981), Patterson (1975), and Woody and
Brozek (1969) were obtained using a classical condition-
ing procedure. As we shall see, the traditionally speci-
fied classical conditioning procedure makes it possible to
observe the emergence of a new response, specify its
stimulus antecedents, make an unequivocal statement
about the existence of an association, and identify all the
elements involved in that association.

In an effort to address the issue of whether or not
changes in an alpha response that are brought about by
a classical conditioning procedure constitute associative
learning, Carew et al. (1984) and Hawkins and Kandel
(1984) have argued that there is no fundamental distinc-
tion between an alpha response and a conditioned
response. Specifically, they point out that, although there
may not be a behavioral alpha response in some prepara-
tions (e.g., rabbit NMR), there is always a neural alpha
response (e.g., rabbit NMR, see Cegavske, Patterson, &
Thompson, 1979). A neural alpha response is said to oc-

cur as CS-induced changes in synaptic potential in inter-
neurons or motor neurons (Carew et al., 1984, p. 176).
It is argued that a neural alpha response could become
a behavioral response through appropriate manipulation
(e.g., training or an increase in a parameter, such as CS
intensity). Thus, according to Carew et al. (1984), the
alpha response and a conditioned response fall on a con-
tinuum and, in fact, are fundamentally indistinguishable
from each other (Hawkins & Kandel, 1984). In short, the
classical conditioning procedure is claimed to strengthen
a neural alpha until it is above threshold and becomes a
behavioral response (Hawkins & Kandel, 1984).

Although a fundamental similarity between conditioned
responses and alpha responses is plausible, there are a
number of findings (e.g., rabbit NMR) that appear to pose
a problem for such an isomorphism. First, the slight ele-
vation in neural activity to CS onset reported by Cegavske
et al. (1979) in the rabbit and described as a neural alpha
response by Carew et al. (1984) occurred in the abdu-
cens nucleus, a structure now known not to form part of
the essential motor output pathway of the rabbit NMR
(e.g., Berthier & Moore, 1980; Cegavske, Harrison, &
Torigoe, 1987; Disterhoft, Quinn, Weiss, & Shipley,
1985; Harvey, Land, & McMaster, 1984). Second, single-
and multiple-unit recordings made in the rabbit’s acces-
sory abducens nucleus, the structure now known to con-
tain all the essential motoneurons for the rabbit NMR
(e.g., Cegavske et al., 1987; Disterhoft et al., 1985; Har-
vey et al., 1984), show little, if any, spontaneous activity
and no activity at all to an auditory CS (Disterhoft et al.,
1985). Third, the neural alpha response in the abducens
nucleus of the rabbit (Cegavske et al., 1979) cited by
Carew et al. (1984) only occurred in just over half of the
animals (9/16) that had electrodes in the abducens nucleus.
Nevertheless, conditioning of the NMR to a tone and air
puff presented under appropriate conditions occurs in
almost all rabbits studied (e.g., Gormezano et al., 1983).

In contrast to data from the rabbit NMR that argue
against a neural alpha response, data from cat eyeblink
experiments may be interpreted as evidence for a neural
alpha response. Woody (1982) has argued that neural ac-
tivity to the CS along a chain of neurons from sensory
receptor to muscle end plate is sufficient evidence of a
significant response. In fact, as we have noted, Woody
and his colleagues (e.g., Woody & Brozek, 1969; Woody
et al., 1976; Woody et al., 1974) have employed short-
latency changes in neural activity to a click CS at sites
from sensory cortex to facial nucleus and eyelid muscle
as evidence of classical conditioning. However, rather
than claim that a neural alpha can become a conditioned
response (cf. Carew et al., 1984), Woody (1982) has as-
serted that the use of a liminal muscle movement as the
criterion for a response is arbitrary and that neural ac-
tivity should replace behavioral data as the measure of
associative learning.

Perhaps the most cogent argument against a fundamen-
tal similarity between an alpha response and a conditioned
response is the fact that even when there is an alpha
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response, a new response has been observed to emerge
as a function of training (e.g., human eyelid condition-
ing). Moreover, there is evidence that the new (i.e., con-
ditioned) response is fundamentally different from pairing-
induced changes in the alpha response and that this new
response can be distinguished from the pairing-induced
changes. For example, over the course of training the fre-
quency of the conditioned response has been shown to in-
crease and the onset of the response (i.e., latency) has
been shown to move forward in time, with the peak am-
plitude of the response occurring at or about UCS onset
even when the UCS onset is changed (e.g., Gormezano,
1966; Kehoe, Graham, & Schreurs, in press; Martin &
Levey, 1969; Millenson, Kehoe, & Gormezano, 1977,
Pavlov, 1927). The dynamic characteristics of the CR
(e.g., changes in latency) have not been demonstrated for
the alpha response, and the pairing-specific changes that
have been reported (e.g., increase in amplitude or dura-
tion) may have resulted from the sensitizing effects of the
UCS (e.g., Carew et al., 1981; Hawkins et al., 1986;
Kim et al., 1983; Patterson, 1975).

As we have noted, Hull (1934) argued that the changes
in a preexisiting response to the CS, such as the changes
observed in Aplysia, the cat spinal preparation, and cat
eyeblink response, may result from the sensitizing or dis-
habituating effects of the UCS. For example, sensitiza-
tion did occur to CS— in the differential conditioning ex-
periments conducted by Hawkins et al. (1986) and Kim
et al. (1983). In the Hawkins et al. (1986) study, the ob-
served behavioral changes to CS+ have been suggested
to result from pairing-specific sensitization to CS+, a
phenomenon distinct from generalized sensitization to
CS— (e.g., Gluck & Thompson, 1987; Hawkins & Kan-
del, 1984). As the name suggests, pairing-specific sen-
sitization appears to result from the increased responsivity
to the CS brought about by its proximity to the UCS. If
the sensitizing effect of the UCS is dependent on the tem-
poral relationship between the CS and UCS, it should
reflect alterations in the relationship between the two
events. For example, the pairing-specific sensitizing or
dishabituating effect of the UCS on the alpha response
would be predicted to decrease with increasing intervals
between the CS and UCS and would not be expected to
occur if the UCS were presented before the CS. In fact,
both Hawkins et al., (1986) and Patterson (1980) have
reported ISI functions for pairing-specific changes in the
alpha response that correspond closely to the results
predicted for pairing-specific sensitization (see Gluck &
Thompson, 1987). )

In addition to a direct increase in the alpha response
brought about by the sensitizing effects of the UCS,
pairing-specific changes may be augmented by the abil-
ity of the UCS to protect the sensitized alpha response
from habituation (e.g., Pfautz, Donegan, & Wagner,
1978; Rescorla, 1988a; Wagner, 1976; Whitlow, 1975).
Such “‘protection from habituation’’ (Pfautz et al., 1978)
would not occur to CS— or in CS-alone control groups.
Thus, differences in the sensitized alpha response to CS+

and CS— or between paired and control groups could
result from a decrease in responding to CS— or to the
CS in the control group rather than from an increase in
responding to CS+ or the CS in the paired group. For
example, using the behavioral measure employed by
Hawkins et al. (1986), namely, the difference between
CS+ (posttest minus pretest) and CS— (posttest minus
pretest), a decrease in responding to CS— would reflect
an overall increase in response duration in the same man-
ner as an increase in CS+. To assess the possibility of
protection from habituation afforded by the UCS, a con-
trol group would be required that included paired presen-
tations of a CS and a stimulus other than the UCS (Pfautz
et al., 1978; Rescorla, 1984).

In light of the foregoing discussion, the question to be
answered is whether or not the pairing-specific change
in an alpha response brought about by a classical condi-
tioning procedure is an example of associative learning.
The answer depends, in large part, on how associative
learning is defined when classical conditioning procedures
are employed. When the associative learning obtained us-
ing classical conditioning procedures is defined in terms
of the emergence of a new response, pairing-specific
changes in an alpha response are not instances of associa-
tive learning. When associative learning is defined as a
change in an organism’s behavior that results from a clas-
sical conditioning procedure, then pairing-specific changes
in an alpha response are considered to be instances of as-
sociative learning (Rescorla, 1988a).

However, it is only when the emergence of a condi-
tioned response is included in a definition of associative
learning that a complete determination of the elements in-
volved in an association can be made (Gormezano, 1984).
That is, as a result of the target response being elicited
by the UCS from the outset of training (i.e., UCR), the
original stimulus antecedent (i.e., the UCS) to that target
response (UCR) is known and under experimenter con-
trol. The subsequent emergence of a response similar to
the target response that results from CS-UCS pairings and
not from nonassociative processes can thus be attributed
to the occurrence of the CS. As a result, the CS and UCS
can be said to have become associated. Moreover, when
the stimulus antecedents are known and the target response
is specified, classical conditioning becomes an almost ideal
procedure for identifying the neural substrates of associa-
tive learning; that is, it becomes possible to trace the sen-
sory input pathway for the stimulus antecedent and the
motor output pathway for the target response. As a result,
the sensory and motor pathways can be examined prior
to and independently of the conditioning procedure.
Moreover, the formation of a conditioned response can
be observed from the outset of training. Finally, identifi-
cation of the sensory input and motor output pathways
provides an opportunity to locate potential convergence
sites of the CS and UCS/UCR—sites that may be essen-
tial in localizing the neural substrates of learning.

A definition of associative learning that is based on
changes in responding to a CS that result from a classical
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conditioning procedure includes pairing-specific changes
in an alpha response as examples of associative learning.
However, it has been argued that changes in an alpha
response that occur as a result of classical conditioning
procedures may be the result of pairing-specific sensiti-
zation or protection of a sensitized alpha response from
habituation. These changes represent a category of be-
haviors that would be designated pairing-specific nonas-
sociative changes in behavior. Nevertheless, according
to a modern definition of associative learning, any change
in behavior that is specific to the classical conditioning
procedure, including pairing-specific sensitization, pro-
tection from habituation, and the emergence of a new
response, would be considered an example of associative
learning. The inclusion of changes in behavior that result
from pairing-specific sensitization and protection from
habituation among phenomena defined as associative
learning makes a modern definition of associative learn-
ing too broad.

CONCLUSION

The use of model systems to study the neural substrates
of learning has highlighted the importance of our under-
standing of what associative learning is and how it can
be assessed. When classical conditioning procedures are
employed to demonstrate traditionally defined associative
learning, it is possible to specify the stimulus antecedents
to the conditioned response and, thereby, to provide a
complete determination of the elements involved in an as-
sociation. The emergence of a new response as a result
of CS-UCS pairings is an unequivocal affirmation that
an association has been formed.

The use of classical conditioning procedures by
researchers interested in uncovering the neural substrates
of associative learning increases the likelihood that the
sensory inputs, motor outputs, and intervening neural cir-
cuitry involved in learning can be identified. Moreover,
knowledge of the complete neural circuitry involved in
associative learning allows for the determination of sites
of CS and UCS convergence and the study of learning’s
neural correlates.

‘When departures from the traditionally defined charac-
teristics of classical conditioning occur, the power to study
associative learning and its neural substrates is diminished.
For example, the examination of changes in an alpha
response, although interesting in its own right, does not
unequivocally constitute an examination of associative
learning. In contrast, the emergence of a new response
as a result of CS-UCS pairings taps the full power of the
classical conditioning procedure to demonstrate associa-
tive learning and pursue the identification of its neural
substrates.
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