
Habituation: A History

Richard F Thompson

The notion of habituation is as old as humankind. As Ctesippus says in Plato's Lysis:

“Indeed, Socrates, he has literally deafened us and stopped our ears with the praises
of Lysis; and if he is a little intoxicated, there is every likelihood that we may have
our sleep murdered with a cry of Lysis.”

To take an even older example:

“A fox who had never yet seen a lion, when he fell in with him for the first time in
the forest was so frightened that he was near dying with fear. On his meeting with
him for the second time, he was still much alarmed, but not to the same extent as at
first. On seeing him the third time, he so increased in boldness that he went up to him
and commenced a familiar conversation with him.” (Æsop's Fables.)

Experimental studies, or at least observations of phenomena of habituation for a variety of
responses in a wide range of organisms from amoebas to humans literally exploded at the end
of the nineteenth century and early twentieth century. See Harris (1943) and Jennings
(1906). I was unable to determine who first used the term habituation in this context, but it was
in widespread use early in the twentieth century. In his classic text on learning, Humphrey
(1933) notes that a range of terms, “acclimatization,” “accommodation,” “negative
adaptation,” “fatigue” have been used to describe the phenomenon. Harris (1943) in his classic
review adds the terms “extinction” and “stimulatory inactivation” to the list. As he notes,

“While none of the terms cited is especially appropriate to this type of response
decrement, we shall use the term “habituation” throughout. Little can be said in favor
of this term except that all the others imply an explanation which is unjustified by the
facts, or have some more valid use in another connection. Perhaps the most commonly
applied term, negative adaptation, seems to deny that response decrement may be an
active process. Habituation on the other hand, has had in its favor that it is not
ordinarily applied to other types of behavior, implies the knowledge of no specific or
general mechanism underlying the phenomenon (of which we are as yet in almost
total ignorance), and in addition has been freely used in referring to exactly the type
of behavior modification of which we speak.” (Harris, 1943, pp. 385-386).”

The companion phenomenon of “dishabituation” or “dehabituation,” the restoration of an
habituated response by extraneous stimulation, was early studied by Holmes (1912) in the sea
urchin. Humphrey (1933) provides an example with human infants:

“The phenomenon may easily and prettily be demonstrated on a young baby. The
hands are clapped behind the child's back every two seconds; blinking occurs several
times, but has generally died down by the sixth or seventh stimulation. Habituation
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has set in. The cradle is then given a sharp blow, and the hands are once more clapped,
keeping the proper interval by counting. The child will be observed to blink again.
The explanation seems to be that the blow on the cradle requires a new adjustment
on the part of the organism which is inconsistent with that involved in effecting the
habituation.” (p.142.)

Humphrey provides the following explanation:

“The peculiar process involved in the establishment of equilibrium are thus nullified
and habituation has to be re-established. Dehabituation by lapse of time and by another
stimulus are thus fundamentally the same, for they involve each of them the
derangement of an established state of equilibrium by altered conditions, the alteration
being one of increase of environmental energy in the one case, of decrease in the
other.” (p.142.)

Humphrey thus argues that dehabituation is an actual removal or elimination of the process of
habituation, a restoration to the original unhabituated condition, a view that persisted at least
into the 1960s.

In his classic text, “The Integrative Action of the Nervous System” Sherrington (1906) analyzed
fatigue of the scratch and flexion reflexes in the spinal dog. He was able to rule out sensory
receptor adaptation as a mechanism of reflex fatigue by showing that stimulation of skin areas
adjacent to the repeatedly stimulated area also exhibited fatigue, indeed he described the
phenomena of stimulus generalization, the further separate the skin area was, the less the
fatigue. Similarly he ruled out muscle fatigue by showing that the fatigued muscle response
was in fact normal when activated by a different reflex. In short, fatigue was a central
phenomenon. He also described several parametric features, i.e., weak stimulation led to more
rapid fatigue (he notes this to be paradoxical). Reflex fatigue is in fact an example of
habituation.

In an elegant series of experiments Proser and Hunter (1936) compared habituation (they used
the term extinction) of the startle response in the intact rat and of spinal reflexes in the spinal
rat, showing that they indeed exhibited common properties. By the time of Humphrey
(1933) and Harris (1943) it was generally agreed that habituation was a central phenomenon,
at least in organisms with nervous systems, and that it was an instance of elementary learning.

Modern interest in habituation really began with an extraordinarily influential paper by
Sharpless and Jasper (1956) on habituation of EEG arousal. Using repeated presentations of
brief tones they found that cortical EEG arousal of the normally sleeping cat (recorded through
implanted electrodes) becomes progressively shorter and finally disappears. After cessation of
stimulation the arousal response exhibits spontaneous recovery over a period of minutes or
hours. Further, a strong sudden stimulus that differs markedly from the habituating stimulus
causes dishabituation of the EEG arousal to the original stimulus. One very interesting aspect
of Sharpless and Jasper's experiment was the specificity of the EEG arousal habituation in
terms of stimulus characteristics. If the EEG arousal response of the sleeping animal was
habituated to presentations of a 500-cycle tone to the point at which no arousal occurred, a
1000-cps tone would exhibit strong EEG arousal. However, if a 600-cps tone was presented
after habituation to the 500-cps tone, no EEG arousal occurred. In behavioral terminology this
could be described as an auditory frequency generalization gradient for EEG arousal.

The human alpha blocking response, which resembles EEG arousal in the cat, was shown to
habituate to tactile, auditory, and visual stimulation by Sokolov and his associates in the Soviet
Union (Sokolov, 1960). Glickman and Feldman (1961) demonstrated that peripheral receptors
are probably not involved in habituation of EEG arousal to sensory stimulation. They induced
cortical EEG arousal by electrical stimulation through electrodes implanted in the midbrain
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reticular formation in animals. Under these conditions habituation of EEG arousal occurred
just as it did in earlier experiments using tones.

Following Sharpless and Jasper's study great interest developed in habituation as a fundamental
form of behavioral plasticity. As noted earlier, it occurs for virtually all behavioral responses
in virtually all organisms. A number of investigators reported evoked response habituation to
various types of stimuli at most levels of the CNS, from first-order sensory nuclei to the cerebral
cortex. The first experiment to report evoked response habituation was that of Hernández-Peón,
Scherrer, and Jouvet (1956); they recorded responses to click stimulation at several levels of
the auditory system. Trains of clicks were delivered once every two seconds for long periods
of time and evoked responses of the cochlear nucleus (the first relay of the auditory system)
were reported to habituate. This paper was also extremely influential in reviving interest in
habituation.

Careful studies by Worden and associates (see Worden and Marsh, 1963; Marsh, Worden, and
Hicks, 1962) demonstrated that click evoked responses at the cochlear nucleus do not show
habituation. Instead, amplitudes of responses at this first relay nucleus in the auditory system
are rigidly controlled by the physical properties of the sound stimulus. Because of acoustic
factors, the intensity of a sound is often weaker at the floor of a test cage. If an animal gradually
became bored and rested his head on the floor, the cochlear nucleus evoked response to click
would decrease because of reduced sound intensity. If sound at the ear is held constant, there
is no habituation of the evoked response at the cochlear nucleus.

Some of the basic properties of habituation were described in the classic works noted above
(Harris, 1943; Humphrey, 1933; Jennings, 1906; Prosser and Hunter, 1936). In 1966,
Thompson and Spencer surveyed the by then very extensive behavioral literature on habituation
and identified some nine basic parametric properties or characteristics exhibited by behavioral
habituation.

A few of personal remarks, if I may. William Alden Spencer and I were undergraduates together
at Reed College in Portland Oregon and we became close friends. He went to Medical School
(University of Oregon) and I went to graduate school (University of Wisconsin). Alden then
did a postdoc at NIH where he and Eric Kandel did their pioneering work on hippocampal
physiology. Meanwhile I spent a several year postdoc in neurophysiology with Clinton
Woolsey at the University of Wisconsin School of Medicine. Alden then did a further postdoc
in Moruzzi's Laboratory at the University of Pisa. I had by that time accepted an assistant
professorship at the University of Oregon Medical School in Psychiatry. Alden then accepted
a position as Assistant Professor in the Physiology Department at the University of Oregon
Medical School. We shared two adjoining basement laboratories.

Earlier we had planned our initial joint project: Spinal conditioning, i.e., classical conditioning
of the hindlimb flexion reflex in the acute spinal cat. This was a very controversial phenomenon
then. But at that time more was known about the circuitry and physiology of the mammalian
spinal cord than other regions of the nervous system, due largely to the work of John Eccles
and his many associates. Initially, we used hindlimb paw shock as an unconditioned stimulus.
However, each time we gave a series of shocks the flexion reflex habituated dramatically. It
was such a robust phenomenon that we decided to study it instead of classical conditioning,
and the rest is published history. (Later, junior colleagues and I did establish spinal conditioning
as a genuine phenomenon, e.g., Patterson et al., 1973.) Alden was a brilliant and creative person
and a superb neurophysiologist. He died tragically at an early age.

Below I list the parameters of habituation, together with some supporting evidence from the
earlier literature. Note that the focus was on short term or within session habituation
(characteristics 1, 2, 4, 5, 6, 7, 8). Characteristic 3 dealt with long term or between session
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habituation and property 9 dealt with long-term or between session dishabituation
(sensitization).

“1. Given that a particular stimulus elicits a response, repeated applications of the stimulus
result in decreased response (habituation). The decrease is usually a negative exponential
function of the number of stimulus presentations.

“Examples of response habitation can probably be found in essentially all behaviorial studies
where a stimulus is regularly presented. In earlier experiments devoted to habituation, per se,
parametric characteristics were studied for a variety of responses (cf. Harris, 1943) ranging
from postrotatory nystagmus (Griffith, 1920; Wendt, 1951) to startle (Prosser & Hunter,
1936) and galvanic skin response (GSR—Davis, 1934). With the exception of the “knee jerk”
reflex (Lombard, 1887; Prosser & Hunter, 1936) habituation was a consistent finding, usually
exhibiting an exponential course.

“2. If the stimulus is withheld, the response tends to recover over time (spontaneous recovery).

“Spontaneous recovery is reported in most of the studies noted above and has come to be the
most common method of demonstrating that a given response decrement is an example of
habituation (Harris, 1943). The time course of spontaneous recovery is markedly influenced
by many variables and is not necessarily characteristic of a given response. Thus, the habituated
startle response to sound in the intact rat may recover in 10 minutes (Prosser & Hunter,
1936) or fail to recover in 24 hours (J.S. Brown, Personal communication, 1964), depending
upon details of testing. Consequently any categorization of types of habituation based solely
on recovery time is likely to be somewhat artificial.

“3. If repeated series of habituation training and spontaneous recovery are given, habituation
becomes successively more rapid (this might be called potentiation of habituation).

“Humphrey (1933) noted this effect in his studies on turtle leg withdrawal to shell tap. Konorski
(1948) describes it for the orientating response, and it has been described in many studies where
repeated habituation series were given (e.g., Davis, 1934).

“4. Other things being equal, the more rapid the frequency of stimulation, the more rapid and/
or more pronounced is habituation.

“Numerous examples of this were noted in the earlier reflex studies (Harris, 1943) as well as
in more recent work on stimulus satiation and curiosity (Glanzer, 1953; Welker, 1961). The
effect occurs in terms of real time course and occurs within certain limits in terms of number
of trials as well.

“5. The weaker the stimulus, the more rapid and/or more pronounced is habituation. Strong
stimuli may yield no significant habituation.

“This relationship is characteristic of most types of responses ranging from simple reflexes
(Harris, 1943) to complex exploratory behavior (Welker, 1961). Postrotatory optic nystagmus
may be an exception in that under some conditions the degree of habituation is directly related
to velocity of rotation (G. Crampton, personal communication, 1964).

“6. The effects of habituation training may proceed beyond the zero or asymptotic response
level.

“Additional habituation training given after the response has disappeared or reached a stable
habituated level will result in slower recovery. Although relatively few experiments have
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studied “below-zero” habituation as such (Humphrey, 1933; Prosser & Hunter, 1936, Wendt,
1951), the observations may be viewed as an extension of the relationship between number of
stimulus presentations and degree of habituation. Zero response level is of course to some
degree dependent upon the particular response measures used.

“7. Habituation of response to a given stimulus exhibits stimulus generalization to other stimuli.

“Coombs (1938) demonstrated generalization of GSR habituation to different types of auditory
stimulation, and Porter (1938) demonstrated cross-modal generalization of the habituated GSR
for light and tone stimuli. Mowrer (1934) showed some generalization of postrotatory
nystagmus habituation in the pigeon. In a recent study, Crampton and Schwam (1961) reported
generalization of optic nystagmus habituation in the cat to different degrees of angular
acceleration.

“8. Presentation of another (usually strong) stimulus results in recovery of the habituated
response (dishabituation).

“This phenomenon appears to be as ubiquitous as habituation itself and is commonly used to
demonstrate that habituation has occurred. Pavlov (1927) was perhaps the first to describe this
process (i.e., disinhibition) in relation to an extinguished conditioned response (CR), but also
applied it to the habituated orienting response. Humphrey (1933) studied dishabituation
extensively in lower vertebrates. Essentially all responses of mammals that can be habituated
can also be dishabituated (Harris, 1943). It is not always necessary for the dishabituatory
stimulus to be strong. In fact Sokolov (1960) and Voronin and Sokolov (1960) reported that a
decrease in the intensity of an auditory stimulus results in dishabituation of the habituated
orienting response in humans. Dishabituation, viewed as neutralization of the process of
habituation (Humphrey, 1933), has been perhaps the most important method of distinguishing
between habituation and “fatigue.”

“9. Upon repeated application of the dishabitutory stimulus, the amount of dishabituation
produced habituates (this might be called habituation of dishabituation).

“Most studies of dishabituation (see above) have noted its habituation. Lehner (1941) has done
the most careful parametric studies, showing that habituation of dishabituation follows a
negative exponential course for the startle response in the rat and the abdominal reflex in man.
More recently, Hagbarth and Kugelberg (1958) and Hagbarth and Finer (1963) verified and
extended Lehner's findings for the abdominal and leg flexion reflexes in humans. Crampton
and Schwam (1961) have shown that dishabituation of postrotatory nystagmus in the cat by
audotory or cutaneous habituates in a similar fashion.

“In reviewing the behavioral habituation literature, it is striking to find virtually complete
agreement on the parametric characteristics of the phenomenon in such a wide variety of
animals and responses. These nine common characteristics may consequently serve as the
detailed operational definition of habituation, replacing the more general definition given
above. The extent to which any other response decrements satisfy these characteristics will
thus determine whether they can be called habituation.” (Thompson and Spencer, 1966, pp.
18-20).

These nine defining properties of habituation were a major issue for discussion in this
symposium and will be treated later (Rankin??). I note that Davis and Wagner (1968)
challenged the parameter concerning stimulus intensity. Recall that Sherrington, describing
this effect that weaker stimuli yielded more rapid “fatigue” than stronger stimuli, felt it to be
paradoxical. Davis and Wagner used the acoustic startle response in the rat and found that
habituation to an intense stimulus caused a greater degree of absolute response decrement when
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tested with a weak stimulus than habituation to the weak stimulus. However, they also noted
that if habituation and test stimuli were of identical intensities, then the relative degree of
habituation increases as stimulus intensity is decreased, in accordance with Thompson and
Spencer's characteristic number 5. So the key is absolute vs. relative measures of habituation.
As Groves and Thompson (1970) stressed, characteristic number 5 must refer to relative rather
than absolute measures of response strength.

In an ingenious and rather complex study Davis and Wagner (1969) showed that a group given
gradually increasing intensity of tone (rat-startle response) showed the greatest habituation,
the constant loud intensity showed less habituation and a constant intermediate intensity group
showed the least habituation and a marked rebound when tested at a loud intensity. As they
noted, these results could not be accounted for by a single-process theory. However, Groves
and Thompson (1970) were able to account for these results with their Dual-Process theory,
and actually reproduced these results using the hind limb flexion reflex of the acute spinal cat
(see below).

Using the spinal flexion reflex Thompson and Spencer were able to rule out changes in skin
receptors, cutaneous afferent nerve terminals and in motor neurons as loci of the decremental
process underlying habituation, in accordance with Sherrington's earlier speculations. The
decremental process must occur in interneurons. Perhaps their most important discovery was
the fact that dishabituation was not a disruption of habituation but rather an independent
superimposed process of sensitization. The decremental process underlying habituation was
not disrupted at all by dishabituation. Indeed, in the flexion reflex, dishabituation (sensitization)
always produce an increase in excitability of motor neurons. To the extent tested in mammalian
systems, dishabituation is in fact a separate process of sensitization, but an exception has been
noted in Aplysia (Rankin and Carew, 1988). These observations led Groves and Thompson
(1970) to develop the dual process theory (see below).

A number of theories, or at least hypotheses, concerning the process of habituation have been
proposed over the years. A few examples are: Stimulus satiation (Glanzer, 1953); Reactive
inhibition (Hull, 1943); Afferent neuronal inhibition (Hernández-Peón, 1960); Cholinergic
inhibition (Carlton, 1968); Classical conditioning (Stein, 1966). Actually, many of these
theories were more generally concerned with processes of learning and not developed
specifically to deal with habituation. These and other views are treated at length in a number
of publication, e.g., Groves and Thompson, 1970; Peeke and Herz, 1973 a&b; Thompson and
Spencer, 1966. In most cases these theories collided with uncooperative facts. However, three
theories have been relatively successful and are still prominent today: Eugene Sokolov's
(1960; 1963a, b) Stimulus-Model Comparator Theory; Allan Wagner's (1979) Revision of
Konorski's Gnostic Hypothesis; and Groves and Thompson's (1970) Dual Process Theory. I
treat each of these briefly here.

Stimulus-Model Comparator Theory
Evgeny Sokolov (1960; 1963) developed a most influential Stimulus-Model Comparator
theory of habituation (see Fig. 1). It was based primarily on his observation of the orienting
response, often measured as arousal in EEG activity. The basic notion is that as a result of
repeated stimulation a stimulus model is formed in the brain, specifically in the cerebral cortex.
In addition, there is an amplifying system that normally subverses behavioral output. A novel
stimulus will result in a large orienting response, mediated by the amplifying system, identified
with the ascending reticular activity system in lower brain regions. As the same stimulus is
repeated, the stimulus model develops and as it develops, it exerts increasing inhibition on the
amplifying system via descending corticofugal influences, thus yielding habituation. If a new
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or altered stimulus occurs which does not match the model, then inhibition is released and
response strength recovers accordingly.

Wagner-Konorski Gnostic Unit Theory
Konorski briefly developed a theory of habituation that is in many ways analogous to Sokolov's
theory (Konorski, 1967). Allan Wagner (1979) elaborated Konorski's notion with greater
emphasis on the roles of short-term memory and the existing associative network. This model
is shown in Fig. 2. A stimulus (SO = stimulus object) is processed via afferent fields to project
to a memory system, the Gnostic assembly, and to the arousal system. As the stimulus is
repeated, a gnostic unit is formed, an increasingly accurate neuronal model or memory of the
stimulus. As this model develops it increasingly activates an inhibitory system that inhibits the
arousal system, resulting in habituation. Wagner added two processes to Konorski's model, a
reverberating circuit of transient memory (short-term memory - the two solid circles in the
gnostic assembly) and the influence of the preexisiting associative network. Indeed, Wagner's
reformation of Konorski's model is in the main stream of information-processing theory (e.g.,
Anderson and Bower, 1973; Estes, 1975; Schiffrin and Schnieder, 1977). A key notion
introduced by Wagner is that contextual cues may act via the associative network to excite
stimulus representations in memory, i.e., in the Gnostic assembly. An important implication
of this view is that some response systems should show context-specific long-term habituation.

Groves and Thompson Dual Process Theory
The basic assumption is that any effective stimulus will result in two independent processes
in the central nervous system, one decremental (habituation) and one incremental
(sensitization) that interact (see Fig. 3). It is further assumed that habituation develops in the
stimulus-response (S-R) pathway for whatever stimulus-evoked response is being habituated
and that sensitization develops in a separate state system which then acts on the S-R pathway
to yield the final behavioral outcome (see Fig. 4). Strong supporting evidence for this theory
came from studies of the activity of interneurons in the spinal cord (see e.g., Glanzman et al.,
1972;Groves et al., 1969;Groves and Thompson, 1970;1973).

It is not my purpose here to provide a detailed critique of these theories although my bias is
obvious. Instead I will simply note a few observations.

All three theories have much in common. First, they all propose that a model of the stimulus
develops as a result of repetition. This model is viewed more-or-less as a memory trace in the
Sokolov and Wagner-Konorski models and simply as a decrement in synaptic transmission in
the dual-process model. Such a synaptic decrement can of course qualify as a memory. Second,
all three theories have an arousal system (“amplifying” in Sokolov; “arousal” in Wagner-
Konorski; “state” in dual-process).

In terms of differences, Both Sokolov and Wagner postulate a descending inhibitory system
activated by the memory trace that inhibits the arousal system. The dual-process theory
postulates no such inhibitory system. Instead, both the S-R pathway and the state system
activated by stimulus repetition will habituate. In my view this is a key difference. Another
difference is that Sokolov, and particularly Wagner-Konorski, focus on long-term or between
session habituation whereas much of the focus in the Dual-Process theory is on short-term or
within session habituation.

Perhaps that most significant difference between dual-process and both Sokolov and Wagner-
Konorski concerns the response measures used. The dual-process theory emphasizes discrete
muscle responses whereas the other two focus on nonspecific or “state” measures, e.g., EEG
arousal, GSR, vasoconstriction, etc. One of the most dramatic predictions from Sokolov's
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theory (and also, I believe, the Wagner-Konorski theory) is the missing stimulus effect - if a
stimulus is repeatedly presented at a fixed interval until the response has habituated, and if now
the stimulus omitted on one trial, the response will recur full-blown. Voronin and Sokolov
(1960) reported this for the EEG alpha-blocking response (arousal) in humans.

Note that the missing stimulus effect is really an example of temporal conditioning. In general,
temporal conditioning can be obtained most readily with nonspecific responses, salivation
(Pavlov, 1927), EEG arousal (Jasper and Shagass, 1941), galvanic shin response (Lockhart,
1966). Hull (1934) found that regularly repeated shocks yielded temporal conditioning (in
humans) of the galvanic response but not finger withdrawal, suggesting that in contrast to
“state” measures, discrete muscle responses do not show temporal conditioning.

In 1973, when I was at Harvard, Sokolov joined me for two weeks and we attempted to establish
temporal conditioning of the eyeblink response in rabbits. Animals were given a corneal airpuff
every minute for 100 trials per day. On occational trials the US was omitted and there was no
response - no evidence of temporal conditioning. So temporal conditioning seems primarily to
be a phenomenon of “state” variables. In contrast to the classical conditioning of discrete
muscle responses, it is easy to establish operant temporal avoidance conditioning of discrete
motor responses (Herrnstein, 1969; Lockhart & Steinbrecher, 1963; Sidman, 1962).

Mechanisms of Habituation
In animals with nervous systems, the underlying processes yielding behavioral habituation are
due to alteration in neurons and synapses (see below). But single cell animals that behave, e.g.,
amoeba and paramecium, also show at least some phenomena of habituation (see Harris,
1943; Jennings, 1906) and they of course have no neurons. Perhaps the most simplified or
reduced preparation used for habituation is the PC12 cell line, studied by Daniel Koshland and
associates (McFadden & Koshland, 1990 a & b). The cells in this cell culture do not behave
but they do secrete. The PC12 cell culture is a pheochromocytoma (cancer) cell line from the
adrenal medulla. The cells are immortal in that they stop dividing until activated by nerve
growth factor. When appropriately stimulated they secrete norepinephrine (NE) and other
neurotransmitters. Koshland stimulated PC12 cells by pulses of potassium ions (K+) and
measured release of 3HNE from the culture. The amount released showed clear habituation
and exhibited both the frequency effect (more rapid and pronounced habituation with more
rapid frequency of stimulation) and the intensity effect (the weaker the stimulus the more rapid
and pronounced the habituation). Further, they showed both within session and between session
habituation, i.e., both short and long term “memory.” Interestingly, NE release was also
stimulated by acetycholine (ACh) pulses and this also habituated. The habituation to K+ pulses
and ACh pulses were independent of each other, and treatment by PMA (a phorbal ester)
dishabituated the habituated response to K+ but not to ACh. So NE release by K+ and ACh
seems to involve differing mechanisms. The PC12 cell culture appears to be a most promising
model for analysis of the physical-chemical bases of “habituation” like pheonomena.

In animals with nervous systems, a consistent picture appeared to emerge in the 1970's of the
basic synaptic mechanism of habituation. In a series of elegant experiments, Eric Kandel and
associates analyzed within-session habituation of the monosynaptic gill-withdrawal response
in Aplysia (see e.g., Kandel, 1975, Pinsker et al., 1970). In brief, repeated stimulation resulted
in a decrease in the probability of neurotransmitter release at the sensory-motor synapse, a
presynaptic process, due in turn to a decrease in calcium ion influx at the sensory nerve
terminals.

Thompson and Spencer, working with the polysynaptic spinal flexion reflex, were unable to
establish this but their results were certainly consistent with synaptic depression as a
mechanism (see, e.g., Spencer et al., 1966). Later, using the descending monosynaptic pathway
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from lateral column to motor neuron in the isolated frog spinal cord, the Thompson group were
able to show habituation was due to a presynaptic decrease in synaptic efficacy, consistent with
Kandel's earlier findings (Farel et al., 1973; Farel and Thompson, 1976; Glanzman and
Thompson, 1979). So a clear picture seemed to emerge, at least for within-session habituation.
Unfortunately, more recent work suggests that the mechanisms of both short and long-term
habituation are far more complex than earlier believed (see, e.g., Ezzeddine & Glanzman,
2003; Li, Roberts & Glanzman, 2005; Rose and Rankin, 2001).

In this brief review I have attempted to highlight important historical developments in the study
of habituation. But habituation is by no means just an historical curiosity. From 2000-2005,
over 50,000 publications were concerned with habituation (pub-med citations).
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Figure 1.
Sokolov's model of habituation. Sensory input through lines 1 and 2 project to both the model
formation and the amplfying systems. With repeated stimulation, the model develops and
inhibits the amplifying system. See text for details (From Sokolov, 1960).
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Figure 2.
Wagner-Konorski's model of habituation. Sensory input forms a memory model in the Gnostic
assembly. As the model develops it inhibits the arousal system. See text for details (From
Wagner, 1979).
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Figure 3.
Basic notion of the dual process theory of habituation. Two processes (dashed lines) elicited
by stimuli, one sensitizing and one habituating, interact to yield the behavioral response (solid
line) (From Groves and Thompson, 1970).
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Figure 4.
Neuronal model of the dual process theory. The S-R pathway develops habituation and the
state pathway may develop sensitization. They interact to yield behavior. See text for details
(From Groves and Thompson, 1970).
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