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PSYC 351 FUNDAMENTALS OF LEARNING
CHAPTER 2: Elicited Behaviour, Habituation and Sensitization

The Nature of Elicited Behaviour:
· In all species, what and how learning takes place depends on the pre-existing behavioural organization of the organism.
· Behaviour is not infinitely flexible; easily moved in any direction.
· Organisms are born with pre-existing behaviour systems and tendencies that:
· Constrain how learning occurs.
· [bookmark: _GoBack]As well as, what changes one may expect from a training procedure.
· Elicited behaviour: any kind of behaviour (innate or learned) that’s demonstrated by (or drawn out of an organism) in response to a stimulus.
· Eliciting stimulus  Response.
· All animals react to events in their environment.
· Much behaviour occurs in response to stimuli.
· Much of behaviour is elicited/provoked/caused.
· Elicited behaviour is readily modified through experience (repeated stimulation modifies elicited responses)
· The simplest form of elicited behaviour is: reflexive behaviour.
· Types of Elicited behaviour:
· 1. Simple reflexes
· 2. Complex behavioural sequences: MAPs
· 3. Goal-directed behaviour
· The behaviour of living organisms is often organized into effective behavioural sequences that:
· Might be reflexive in nature, as in modal action patterns
· Might be comprised of sequences of innate and/or learned reflexes.

The Concept of the Reflex
· Rene Descartes philosophy
· Free-will and intentionality are faculties of humans.
· The behaviour of all non-human animals is involuntary and reflexive.
· Reflexes are automatic, innate, invariant.
· Descartes gave the first mechanistic, circuit-based explanation of behaviour.
1. Sense organs detect external stimulus.
2. Stimulus agitates “animal spirits” that travel up the nerves (hollow tubes) to the “mind” by the way of the pineal gland.
3. The agitation returns to the muscles and makes them swell, which causes movement.
· Reflex: an action that is performed as a response to a stimulus and without conscious thought.
· Involves two closely related events: an eliciting stimulus and a corresponding response.
· The stimulus and response are linked.
· Presentation of the eliciting stimulus usually produces the reflex response, and the reflex response rarely occurs in the absence of the stimulus.
· The specificity of the relation between a stimulus and its accompanying reflex response, is a consequence of the organization of the nervous system.
· The reflex arc: simple reflexes are mediated by 3 neurons.
· Reflexes are hardwired and thus somewhat constrained.
· Neural circuitry ensures that particular sensory neurons are connected to a corresponding set of motor neurons.
· Due to this restricted wiring, a particular reflex response is elicited only by a restricted set of stimuli.
· The reflex arc represents the fewest neural connections necessary for reflex action.
· Additional neural structures also may be involved in the elicitation of reflexes.
· Keep in mind that the occurrence of even simple reflexes can be influenced by higher nervous system activity.
· Step 1: the environmental stimulus for a reflex activates a sensory neuron (also called afferent neuron)
· Step 2: the sensory neuron transmits the sensory message to the spinal cord (information processing in CNS)
· Step 3: the neural impulses are relayed to an interneuron.
· Step 4: the interneuron relays the impulses to the motor neuron (also called efferent neuron)
· Step 5: the motor neuron activates the muscles involved in the reflex response.
· Sensory and motor neurons rarely communicate directly; impulses from one to the other are relayed through at least one interneuron.
· Sequences of behaviour may require the coordinated effort of several simple reflexes.
· I.e. breastfeeding.
	
	Reflex
	Stimulus
	Purpose

	Infant
	Rooting (head turn)
	Touch on cheek
	Seeking nipple

	Infant
	Suckling
	Sensation of nipple in mouth
	Feeding

	Mother
	Milk-letdown
	Sucking
	Milk availability



Modal Action Patterns MAPs:
· Response sequences are known as model action patterns aka fixed action patterns.
· MAPs: a response pattern exhibited by most, if not all, members of a species in much the same way.
· More complex than simple reflexes; they are rigid.
· I.e. egg-rolling MAP of the greylag goose
· I.e. bill-pecking MAP of the herring-gull:
· When a parent gull returns to the nest form a trip, the chicks peck at the tip of the parent’s bill.
· This causes the parent to regurgitate.
· As the chicks continue to peck, they manage to get the parent’s regurgitated food, and this provides their nourishment.
· Species-specific reflexes that include some type of behavioural sequence.
· Can include behavioural sequences related to feeding, sexual behaviour/mating, social behaviours, territorial defense, prey capture etc.
· I.e. ring doves begin their sexual behaviour with a courtship interaction that culminates in the selection of a nest site and the cooperative construction of the nest by the male and female.
· I.e. three-spined stickleback, a male fish, first establishes a territory and constructs a nest. Females that enter the territory after the nest has been built are then courted and induced to lay their eggs in the nest. Once a female has deposited her eggs, is chased away, leaving the male stickleback to care for an defend the eggs until the offspring hatch.
· They’re used as basic units of behaviour in ethological investigations of behaviour.
· Stereotyped, complex, species-characteristic, triggered by external events, and independent of experience.
· Important feature: the threshold for eliciting such activities varies.
· MAPs are highly dependent on the physiological state of the animal.
· The same stimulus can have widely different effects depending on the physiological state of the animal and its recent actions.
· Thus, they are highly dependent on the environment.
· I.e. No bill pecking in chick if it just ate, no suckling reflex in human infant if it just ate, no lordosis posture in female rat if not in heat.
· I.e. the male stickleback, will not court a female who’s ready to lay eggs until he’s completed building his nest.
· After the female has deposited her eggs, the male will chase her away rather than court her as he did earlier.
· These sexual and territorial response only occur when environmental cues induce physiological changes, that are characteristic of the breeding season in both males and females.

Eliciting Stimuli for Modal Action Patterns: how MAPs are elicited
· MAPs are produced by a neural network known as the innate releasing mechanisms in response to an external sensory stimulus.
· The eliciting stimulus is easy to identify in the case of a simple reflex like infant suckling.
· The stimulus that’s responsible for a MAP is more difficult to isolate if the response occurs during complex social interactions.
· I.e. to get fed the chick has to peck the parent gull’s beak, to stimulate them to regurgitate food. But what stimulates the chicks pecking response?
· Research concluded the eliciting stimulus had to be a long thin moving object that was pointed downward and had a contrasting red patch near the type.
· Irrelevant features: yellow color of bill, shape of head, noises parent gull made.
· The few essential features are called the sign stimulus or releasing stimulus for pecking on the part of the chicks.
· Sign stimulus (aka releasing stimulus): the specific stimulus that elicits a certain response.
· Can generalize to things similar to original stimulus.
· I.e. anything small and egg-shaped will elicit egg-rolling in the greylag goose.
· Once a sign stimulus has been identified it can be exaggerated to elicit an especially vigorous response  supernormal stimulus.
· Supernormal stimulus: an exaggerated stimulus used to cause extremely vigorous response.
· I.e. Eating behaviour  elicited by tasted of food in mouth.
· Something sweet and high in fat is effective in encouraging eating.
· One can create a supernormal stimulus by adding sugar and fat aka fast food industry.
· Few pure MAPs in humans: most behaviour is modified by experience; almost all behaviour is partially learned.
· Yawning is argued as a MAP: once sequence of behaviour starts it’s hard to stop; consistent across species.
· Sign stimuli were originally identified in studies with nonhuman subjects; but also play a major role in the control of human behaviour, as well as social and sexual behaviour.
· Traumatic events have come to elicit strong defensive MAPs.
· I.e. PTSD; sign stimuli trigger certain set of behavioural responses (fear, anxiety)
· Components of the defensive action pattern include: the eye-blink reflex and the startle response.
· MAPs:
1. Consists of movements that occur sequentially with a high degree of predictability (and once started, cannot be stopped)
2. Are species-typical
3. Are repeatedly recognizable

The Sequential Organization of Behaviour:
· Behavioural response do not occur in isolation of one another; individual actions are organized into functionally effective behaviour sequences.
· Goal directed behaviour: behavioural responses geared towards obtaining a specific outcome (goal), is typically organized into functionally effective behaviour sequences.
· I.e. all motivated behaviour, such as finding a mate, foraging/hunting for food, involves systematically organized sequences of actions.
· Early components of a behaviour sequence = appetitive behaviour, the end components of a behaviour sequence = consummatory behaviour.
· Appetitive behaviour:
· Early component of a behaviour sequence.
· More variable, can take a variety of different forms depending on the situation, apt to be shaped by learning.
· Brings animal into contact with the stimuli that releases the consummatory behaviour. 
· Different cultures: Different ways of preparing food = appetitive behaviour.
· I.e. foraging response sequence: general search mode, focal search mode.
· General search mode: occurs when animal doesn’t yet know where to look for food.
· Before a squirrel finds a pecan tree with ripe nuts it will move around to look for potential sources of food.
· Not spatially localized.
· Focal search mode: once squirrel has found the pecan tree, it will switch to focal search mode and begin to search for ripe nuts only in that tree.
· Characterized by greater spatial specificity than general search
· Consummatory behaviour:
· Late component of a behaviour sequence.
· Highly stereotyped species-typical behaviours (MAP) that have specific eliciting or releasing stimuli.
· Typically does not vary
· Interaction with “goal”
· The term consummatory was meant to convey the idea of consummation or completion of a species’ typical response sequence.
· Different cultures: Chew and swallow food the same way = consummatory behaviour.
· I.e. foraging response sequence: ending with food handling, and ingestion mode.
· Food handling/ingestion mode: once squirrel has found a pecan ripe for picking, behaviour changes to food handling and ingestion mode.

Effects of Repeated Stimulation:
Is Elicited Behaviour Reflexive and Invariant?
· Rene Descartes:
· Reflexes are automatic, innate, invariant.
· IF elicited behaviour is invariant, the strength of the elicited response should remain constant across repeated presentations… 
· How could you test this?
· Test one simple reflex: salivation and hedonic ratings of taste in people:
· Salivation was measured in 8 women in response to the taste of lemon or lime.
· One of the flavours was placed on participants tongue on 10 trials.
· Participant was asked to rate how much they liked the taste on each trial, and salivation to each taste presentation was measured.
· More pleasant = more salivation.
· Hypothesis: IF elicited behaviour is invariant, the strength of the elicited response should remain constant across repeated presentations… 
· Independent variable: flavor being presented (lemon or lime); repetition of flavor or new flavor.
· Dependent variable: salivation and hedonic rating (amount of pleasantness) of taste.
· Salivation in response to taste increased slightly from trial 1 to 2, but from 2 to 10, responding systematically decreased.
· Salivation/hedonic rating both decreased with repeated trials  similar decrease observed in hedonic ratings of taste.
· Flavour became less pleasant as it was repeatedly encountered.
· On trial 11: taste was switched; produced a dramatic recovery in both salivary reflex and hedonic rating.
· Switching taste from lemon/lime or vice versa, after repeated administration caused hedonic rating/salivation to increase.
· Habituation can be interrupted with a novel stimulus (recovery)
· Distractions can prevent habituation  Habituation prevents system overload; we’re not constantly responding to thing we’re used to.
· Conclusions:
· Elicited behaviour is not invariant across repeated presentations of the eliciting stimulus.
· Elicited responses can habituate over time.
· Habituation is stimulus-specific.
· A common assumption is that an elicited response (simple reflex response) will automatically occur the same way each time the eliciting stimulus is presented.
· Exactly what Descartes thought.
· In his view: reflexive behaviour was unintelligent in the sense that it was automatic and invariant.
· Each occurrence of the eliciting stimulus will produce the same reflex reaction, because in his conception, the energy of the eliciting stimulus was transferred to the motor response through a direct physical connection.
· If the eliciting stimulus remained the same, the elicited response would also be the same.
· Elicited behaviour is NOT invariant.
· It is readily subject to modification through experience.
· It can decrease or increase through the activation of habituation and sensitization mechanisms (which are the simplest/most basic forms of learning)

Habituation effects: a progressive decrease in the vigor of behavioural response after repeated presentations of the eliciting stimulus.
· Habituation is NOT caused by sensory overload or fatigue.
· Decrease in an elicited response could be caused by:
· 1. Sensory adaptation at the sense organ.
· 2. Response fatigue at the muscles.
· 3. Change in neural transmission at the interneuron.
· Habituation happens in the CNS and not at the level of the sense organs/muscles… If your arm is sore, you move it less.
· This is not habituation  sensory adaptation/fatigue
· Habituation is stimulus-specific and response-specific:
· Stimulus specific: a habituated response recovers when a new stimulus is introduced (i.e. taste reactivity experiment)
· Habituation can be easily reversed by changing the stimulus.
· Response specific: habituation only occurs for a particular type of response.
· I.e. male stickleback behaviour to female dummies: habituation only occurs for the zigzag behaviour.
· Female sticklebacks adopt a head up posture when they’re carrying eggs.
· The head up posture is a sign stimulus for the males and elicits a courtship zigzag dance.
· Another major variable that influences the rate of taste habituation is attention to the taste stimulus.
· Children were tested for habituation to a taste stimulus while working n a problem that required close attention.
· If the children’s attention was diverted from the taste presentations, they showed much less habituation to the flavor.
· Habituation can influence food intake and weight gain.
· Obesity may influence taste habituation  may be in part a disorder of habituation.
· Habituation to the taste of yogurt was examined in obese or normal weight women.
· Salivary responding showed habituation in normal weight women, but overweight women did not show habituation  continued their vigorous response to yogurt across all taste trials.
· Factors that affect habituation:
· The frequency of the eliciting stimulus can influence the habituation effects.
· The inter-stimulus interval matters (ISI)
· Spaced stimuli = long-term habituation
· Long intervals between stimuli: takes longer to habituate, but lasts longer.
· Massed exposure = faster, short-term habituation
· Short intervals between stimuli: habituates fast, but doesn’t last.
· Spontaneous recovery:
· May be evident after a rest period, depending on the level of habituation.

Visual Attention in Infants:
· Infant is seated in front of a screen that is used to present various visual stimuli.
· How long the infant looks at the display before diverting their gaze elsewhere is measured in each trial.
· Each stimulus presentation: lasted 10 seconds, stimuli were presented 8 times with a 10-second interval in between trials.
· Both stimuli elicited visual attention initially, babies spent on average 5.5 seconds looking at the stimuli.
· With repeated presentations of the 4x4 checkerboard pattern visual attention progressively decreased showing a habituation effect.
· The 12 x 12 stimulus produced an initial sensitization effect, evident in increased looking during the second trail compared to the first.
· After that visual attention to the 12 x 12 stimulus also habituated.
· Results show: visual attention elicited by a noel stimulus changes as babies gain familiarity with the stimulus.
· The nature of the change is determined by the nature of the stimulus.
· Whether sensitization occurs depends on the complexity or arousal of the stimulus.
· With both infants showed less interest as they become more familiar with the stimulus.

Facial Recognition in Infants:
· Adapted the visual attention task to study face perception.
· Newborn infants less than 3 days old were first familiarized with a picture of a face presented either in a full-face pose or turned slightly to the side.
· Model’s hair was blocked with photoshop to avoid hair cues.
· After infants became habituated to looking at the training stimulus, they were tested with 2 different photos.
· Both the test faces were in a different orientation from the training stimulus.
· One of the test faces was of the same person as the infant saw during the habituation phase; the second face was of a different person.
· If the infant recognized the original face they were expected to spend less time looking at that than the new face.
· When presented with the two test faces, the infant spent less time looking at the face of the familiar person than the face of the novel person; this shows that newborns could tell that the two faces were different.
· They could also tell which face they had seen before even though the face appeared in a new orientation during the test trial.

The Startle Response: part of an organism’s defensive reaction to potential or actual attack.
· If someone blows whistle behind you you’re likely to jump.
· Commonly used because it’s universal across species and easy to measure.
· Can be measured by placing the organism on a surface with a pressure sensor; the startle reaction briefly increases pressure against the floor.
· Startle response can be habituated or sensitized.
· Stabilimeter chamber/apparatus: measures startle response in rats.
· When startled the rat jumps, and when it comes down it puts extra pressure on the floor of the chamber.
· This activates the pressure sensor under the chamber; changes in pressure are used as indicators of the vigor of the startle reaction.
· Experiment: startle stimulus was a loud high pitched tone presented for 2 seconds.
· Rats were able to get used to the chamber without any tone presentations.
· Phase 1: each rat received a single tone presentation, once a day (every 24 hours), for 11 days.
· Most intense startle reaction was observed the first time the tone was presented.
· Progressively less intense reactions occurred during the next 10 days.
· This long-term habituation did not result in complete loss of the startle reflex  even on the 11th day the rats still reacted a little.
· Phase 2: tones were presented every 3 seconds, for 300 trials.
· Startle reactions quickly ceased when the tone presentations occurred every 3 seconds.
· This dramatic loss of responsiveness was only temporary.
· Phase 3: rats were given a single tone presentation for the following 3 days.
· When trials were again administered once each day, the startle response recovered to the level of the 11th day of the experiment.
· This spontaneous recovery occurred because the tone had not been presented for a long time (24 hours).
· This experiment shows that 2 different forms of habituation occur depending on the timing of the stimulus presentations.
· If stimuli are widely spaced in time = a long-term habituation effect occurs, which persists for 24 hours or longer.
· If the stimuli are presented very closely in time (every 3 seconds) = a short-term habituation effect occurs.
· Short-term habituation effect is identified by spontaneous recovery of responding following a period without stimulation.
· Spontaneous recovery is one of the defining features of habituation.
· Repeated presentations of a stimulus do not always result in both long-term and short-term habituation effects.

Sensitization and the Modulation of Elicited Behaviour:
Sensitization effects: an increase in the vigor of response after repeated presentations of a stimulus.
· Sensitization is NOT stimulus specific  more general; anything that increases arousal.
· Arousal magnifies sensitization effects. 
· Reflex responses are sensitized when the organism becomes aroused.
· Arousal intensifies our experiences, whether those experiences are pleasant or unpleasant.
· If you’re already aroused, the same eliciting stimulus will trigger a much stronger reaction  being tapped on the shoulder at a supermarket is not a big deal, but when you’re walking down a dark alley at night in a dangerous part of town, being touched could mean that you’re about to be attacked.
· I.e. rats can become habituated to loud noise when paired with soft background noise, and sensitized to loud noise when paired with loud background noise.
· Repeated presentations of the eliciting stimulus (4000 cps tone), did not always produce the same response.
· Rats tested with soft background noise (60 dB): repetitions of the tone resulted in habituation of the startle reaction.
· Rats tested with loud background noise (80 dB): repetitions of the tone elicited progressively more vigorous startle responses.
· This reflects a gradual buildup of sensitization created by the loud background.
· Sensitization also plays a major role in sexual behaviour:
· Major component of sexual behaviour involves reacting to tactile cues.
· Consider the tactile cues of a caress or kiss  the reaction to the same physical caress or kiss is different if you’re touching your grandmother or your romantic partner.
· This difference reflects sensitization and arousal.
· Sensitization has been examined most extensively in the defensive behaviour system:
· Studies have shown that fear potentiates (increases the power/effect/likelihood of) the startle response.
· Startle can be measured using a stabilimeter, which measures the reaction of the entire body.
· A simpler procedure with human participants is to measure the eyeblink response.
· Eyeblink startle as a measure of defense:
· Students were shown examples of pleasant and unpleasant pictures.
· Group 1: to induce fear they were told they could get shocked at some point when they saw pleasant pictures but not when they saw unpleasant pictures.
· Group 2: to induce fear they were told they could get shocked at unpleasant pictures but not pleasant pictures.
· Shock was not delivered to either groups; but to make the threat credible they were fitted with shock electrodes.
· To measure fear-potentiated startle, the magnitude of the eyeblink response to a puff of air was measured during presentation of the pics.
· If pleasant pics were associated with shock threat: eyeblink response was greater than if the pictures were safe.
· Threat condition elicits greater eyeblink response regardless of pic.
· With unpleasant pictures: the startle response was elevated whether or not the pictures were associated with the threat of shock or were safe.
· Suggests that the unpleasant pictures were discomforting enough to sensitize the defensive blink response, independent of threat.
· Conclusion: the magnitude of the startle response can be altered by emotional states.
· The startle response is a useful technique for studying psychological disorders that have a strong emotional component; such as panic and anxiety disorders and depression.
· Abnormal processes may relate to psychological disorders:
· Impairment in habituation: autism
· Impairment in sensitization: PTSD

Adaptiveness and Pervasiveness of Habituation and Sensitization:
· Habituation and sensitization effects help sort out what stimuli to ignore and what to respond to.
· They’re the end products of processes that help prioritize and focus behaviour in the busy world we live in.
· Habituation also determines how much we enjoy something.
· Habituation and sensitization effects can occur in any situation that involves repeated exposures to a stimulus.
· They play a role in Pavlovian conditioning and operant conditioning.

Habituation VS. Sensory Adaptation and Response Fatigue:
· The key characteristic of habituation effects is a decline in the response that is initially elicited by a stimulus.
· However, not all instances in which repetitions of a stimulus result in a response decline represent habituation.
· A reflex consists of 3 components:
· 1. A stimulus activates one of the sense organs (eyes/ears).
· This generates sensory neural impulses that are relayed to the central nervous system (spinal cord/brain).
· 2. Relay of the sensory messages through interneurons to motor nerves.
· 2. The neural impulses in motor nerves activate the muscles that create the observed response.
· Given the 3 components of a reflex; there are several reasons why an elicited response may fail to occur.
· Sensory adaptation: the response won’t be observed if the sense organs become disabled.
· A person might be temporarily blinded by a bright light, or suffer hearing loss due to exposure to loud noise.
· Such decreases in sensitivity are called sensory adaptation.
· Fatigue: the response will also not occur if the muscles involved become incapacitated by fatigue.
· Sensory adaptation and response fatigue are impediments to responding that are produced outside the nervous system in sense organs and muscles  therefore they do not represent habituation.
· Habituation and sensitization: are limited to neurophysiological changes that hinder or facilitate the transmission of neural impulses from sensory to motor neurons.
· Habituation: the organism ceases to respond even though it remains fully capable of sensing the eliciting stimulus and making the muscle movements required for the response. 
· The response fails because of changes that disrupt neurotransmission involving the interneurons.
· Sensory adaptation is ruled out by evidence that habituation is response specific.
· An organism may stop responding to a stimulus in one aspect of its behaviour while continuing to respond to the stimulus in other ways.
· Response fatigue is ruled out by evidence that habituation is stimulus specific.
· A habituated response will recover quickly when a new stimulus is introduced.
· Site of sensory adaptation: at the sense organ.
· Site of habituation and sensitization: CNS/interneuron.
· Site of response fatigue: at the motor neuron/muscles
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Why do repeated presentations sometimes produce habituation, and sometimes produce sensitization?
· The dual process theory answers this question.
· 1. The S-R system is activated every time a stimulus is presented.
· 2. Habituation is stimulus specific.
· 3. The state system is involved only under particular circumstances.
· 4. The state system can interact with numerous S-R systems so sensitization effects can generalize.
· 5. Both habituation and sensitization decay over time.
· Recovery  return to baseline.

The Dual Process Theory of Habituation and Sensitization:
· Habituation and sensitization effects are changes in behaviour or performance.
· These are outward behavioural manifestations of stimulus presentations.
· To answer what factors are responsible for such changes, we must shift our level of analysis from behaviour to presumed underlying process or theory.
· Groves and Thompson:
· Habituation and sensitization are mediated by distinct underlying neural processes.
· The dual process theory assumes that different types of underlying neural processes are responsible for increases and decreases in responsiveness to stimulation.
· They are not mutually exclusive; both processes may be activated at the same time/simultaneously.
· The behavioural effect (habituation and sensitization effects) depends on the net (sum) result of both processes.
· Two processes that may be activated at the same time:
· 1. Habituation process: S-R system
· Neural process that produces decreases in responsiveness.
· The shortest neural pathway between sense organs, and muscles involved in the response (i.e. the reflex arc)
· Activated every time an eliciting stimulus occurs.
· A stimulus elicits activity at a sensory neuron (S) evokes some activity in intermediate nodes (1,2) and eventually leads to activation of a motor neuron (M) and a motor response  refer to lecture 4 slides.
· Repeated presentations of an eliciting stimulus activates the S-R system and can result in habituation.
· Habituation: exposure weakens connection between (1,2)
· 2. Sensitization process: State system
· Neural process that produces increases in responsiveness.
· Consists of parts of the nervous system that determine an organism’s general level of responsiveness or arousal/readiness to respond.
· Only arousing events activate the state system.
· I.e. drugs (stimulants/depressants) may alter functioning of the state system and change responsiveness.
· I.e. emotional experiences; the heightened reactivity that accompanies fear is caused by activation of the state system and is the basis for the fear-potentiated startle response.
· A separate arousing stimulus elicits activity at a sensory neuron (T), which can evoke activity in separate intermediate nodes (a, b) and increase the likelihood of activity at M  refer to lecture 4 slides.
· Sensitization: exposure strengthens ability of other stimuli (like S) to activate M
· Interacts with multiple S-R systems so sensitization effects can generalize
· Sensitization happens at the level of the interneuron.
Applications:
· Aplysia:
· Simple nervous system
· Few but gigantic neurons
· Siphon is attached to gill which can open and close
· You can do different things to the Aplysia and observe what it does to the gill
· Triggers a defensive withdrawal reflex; which tells researchers that it’s learned.
· The longer the gill and siphon remain retracted is an indication that it has a learned and just how much it has.
· The synapse between sensory and motor neuron gets stronger; sending and receiving more signals.
· The physical change in the neuron is long-term memory, even when it gets a break from the shocks it’ll still remember them.
· If you gently touch the siphon (tactile stimulation) you will get the gill retraction- it will last a few seconds; if you continue to do this you will see a habituation effect.
· If you add a tail shock while touching the siphon; it will show you a stronger and faster withdrawal of the gill and you will see that it stays closed for longer.
· Another way you could get gill withdrawal is if you touch the mantle shelf.
· When you touch another body part, it recovers. This response suggests this has nothing to do with motor ability, this response is specific to touching the siphon.
· The closer the timing is together the more likely you are to see a habituation effect.
· If you increase the stimulation you can see a very large increase in the response.
· If you add an intense stimulation you will see a higher than baseline response; sensitization.
· Sensitization and habituation don’t usually last forever.
· If there’s a really intense stimulation and more often, you’re more likely to see the increase response which means the animal still remembers something.
· Aplysia as an animal model:
· Repeatedly touching the siphon will result in a smaller gill withdrawal response.
· Is this habituation? Could this be the result of fatigue?
[image: ]
· Touching the head produces a full response, suggesting that the motor neuron is not fatigued.
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· Periodically touching the siphon will result in a consistent response (no evidence of habituation)
· Electrical stimulation (tail shock) will cause a rapid gill withdrawal reflex.
· Subsequent stimulation of the siphon will result in a stronger response  sensitization.
· The duration of the sensitization effect appears to be related to the level of arousal.
[image: ]
· The gill withdrawal neural circuit: two different but interacting circuits.
· Parallel circuits in Aplysia: refer to lecture 4 slides.
· Habituation after repeated stimulation of neuron S.
· Tail shock activates neuron T and an interneuron (IN), which will affect neuron S and U.
[image: ]
Implications of the Dual-Process Theory:
· Both the habituation process and sensitization process are assumed to decay with the passage of time without stimulation.
· Thus, spontaneous recovery occurs with both processes.
· Spontaneous recovery from both habituation and sensitization serves to return responding to baseline levels.
· Because habituation resides in the S-R circuit, the dual-process theory predict that habituation will be stimulus specific.
· If after habituation training the eliciting stimulus changed, the new stimulus will elicit a non-habituated/dis-habituated response because it activates a different S-R circuit.
· New stimuli cause recovery, but not as intense as the very beginning.
How does the state system interact with numerous S-R systems/how does habituation interact with sensitization?
· The key is how much arousal a stimulus elicits.
· State system is connected to interneuron which has multiple connections with multiple S-R systems.

Neurotransmitter release caused by an action potential:
· Synthesis: neurotransmitters are transported from the cell nucleus to the terminal buttons, others made from building blocks imported into the terminal, are packaged into vesicles there.
· Release: in response to AP, NT are released across the membrane by exocytosis.
· When an AP reaches the voltage-gated terminal, it opens calcium channels.
· Incoming calcium ions trigger release of NT from vesicle, allowing them to bind the presynaptic membrane and cross synaptic cleft via exocytosis.
· Receptor action: NT crosses synaptic cleft and binds to receptor.
· Inactivation of NT: NT is either reuptaken into terminal or broken down/inactivated in synaptic cleft.
Habituation:
· Takes place in the presynaptic neuron  sensory neuron of siphon.
· Decreased calcium influx in sensory neuron  results in less NT release at synapse  less effect on postsynaptic neuron.
· Causes a reduced response on the motor neuron  the gill motor neuron.
Sensitization:
· Synapse between the facilitator neuron (IN) and sensory neuron (S) from siphon.
· Interneuron prolongs AP
· AP reaches terminal and allows calcium to come in
· Prolonged AP increases calcium influx  results in more NT release at synapse  more of an effect on postsynaptic neuron.

Emotional Reactions and Their After-effects:
· Intense emotional reactions are biphasic.
· One emotion occurs during the eliciting stimulus, and the opposite emotion is observed when the stimulus is terminated.
· Emotional reactions change with experience.
· Habituation of a primary drug reaction is called drug tolerance; tolerance refers to a decline in the effectiveness of a drug with repeated exposures.
· Accompanying this decline in the primary drug reaction is a growth/strengthening in the opponent after-reaction.
· Similar patterns of emotional reaction occur with all emotion-arousing stimuli.
The Opponent Process Theory of Motivation: in addition to eliciting behavioural responses, environmental stimuli can also provoke strong emotional reactions.
· Strong emotional responses triggered by environmental stimuli.
· They can also change with repeated presentations of the stimulus.
· Theory assumes that neurophysiological mechanisms involved in emotional behaviour serve to maintain emotional stability.
· Thus, it is a homeostatic theory.
· It is built on the premise that an important function of mechanisms that control emotions is to keep us on an even keel and minimize the highs and lows.
· Central to the opponent process theory: the idea of opponent forces serving to maintain a stable state.
· An emotion arousing stimulus pushes a person’s emotional state away from neutrality.
· This shift away from emotional neutrality triggers an opponent process that counteracts the shift.
· Characteristics of strong emotions:
· 1. Strong emotional responses tend to be bi-phasic.
· For every emotion you have there’s an opposite.
· These two very opposite extremes actually tend to come together.
· I.e. extreme anxiety during finals  often followed by relief
· 2. The primary emotional reaction to a stimulus tends to become weaker with repeated stimulation.
· I.e. the honeymoon phase
· 3. Weakening or habituation of the primary reaction is often accompanied by a strengthening of the after-reaction.
· I.e. drug-seeking behaviour:
· Dependency: a physical or psychological disturbance when the drug is removed (withdrawal symptoms appear).
· Tolerance: a reduced drug response (behavioural or pharmacodynamics)
· Your body tends to manage the drugs, and your response to the drug actually decreases over time  start to metabolize the drug a lot quicker.
· The emotional response to an eliciting stimulus is the product of two processes:
· A-process: primary process
· The presentation of an emotion-arousing stimulus generates the initial response to the stimuli.
· Fast, very responsive.
· Start at neutral baseline.
· Responds immediately to stimulus.
· Responsible for the quality of the emotional state (i.e. happiness) that occurs in the presence of the stimulus.
· Assumed to elicit the b process.
· B-process: opponent process
· Generates an opposite emotional response (i.e. irritability and melancholia)
· Because the opponent process is activated by the primary reaction, this process lags behind the primary emotional disturbance, but works in opposition to a process.
· Does not stop when stimulus goes away, it stops after the a-process.
· Underlying assumption: mechanisms are in place to keep us at emotional homeostasis.
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