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AUTOSHAPING

Primary Disciplinary Field(s): Behavioral Psychology; Experimental Analysis of Behavior;

Learning Theory

1. Core Definition and Phenomenology

Autoshaping, also known synonymously with sign-tracking, refers to a robust and fundamental

learning phenomenon wherein an organism begins to approach, contact, and interact with a

stimulus (the conditioned stimulus or CS) that predicts the delivery of a significant outcome (the

unconditioned stimulus or US), irrespective of whether that interaction is necessary to receive the

outcome. Essentially, it is a method of behavior modification where a subject's response is

involuntarily shaped towards a predictive signal. The term itself implies that the behavior is 'self-

shaped' or elicited automatically by the environmental contingencies, rather than requiring

meticulous, step-by-step reinforcement schedules characteristic of traditional operant conditioning

(or shaping). The behavior acquired through autoshaping is typically highly resistant to extinction,

demonstrating the powerful role of predictive stimuli in controlling behavior.

The classic demonstration of autoshaping involves pigeons, where a key light (the CS) is briefly

presented before food (the US) is delivered into a hopper. After repeated pairings, the pigeon

consistently begins to peck the key light, despite the fact that the food delivery occurs regardless of

whether the pigeon pecks the light or not. This response--pecking the light--is the autoshaped

behavior. This seemingly irrational response, which directs effort toward an indicator rather than

the reward dispenser itself, highlights the potency of classical conditioning mechanisms in

assigning motivational significance (incentive salience) to predictive environmental cues.

While the learned response appears to be an operant behavior (an action directed at the

environment), the underlying mechanism is fundamentally classical or Pavlovian conditioning. The

CS (key light) becomes strongly associated with the appetitive US (food), transforming the neutral

stimulus into a cue that evokes a consummatory or preparatory response. This unique blend of

classical stimulus control eliciting topographically specific responses that resemble operant actions

makes autoshaping a central pillar in the study of behavioral motivation and the complex interface

between Pavlovian and instrumental learning processes.

2. Historical Context and Discovery (Brown and Jenkins)

The discovery and formal description of autoshaping are primarily attributed to psychologists P.L.

Brown and H.M. Jenkins in their seminal 1968 paper, "Autoshaping of the pigeon's key-peck." Prior

to this finding, the prevailing view, heavily influenced by B.F. Skinner's work, held that complex,

non-reflexive behaviors were exclusively the result of operant conditioning--where responses were

voluntarily emitted and subsequently selected by their consequences (reinforcement or
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punishment). Autoshaping presented a significant empirical anomaly to this strict operant

framework because the key-peck response emerged spontaneously and was clearly controlled by

the predictive signal (the CS), not by the direct consequence of the pecking itself.

Brown and Jenkins' experimental design was elegantly simple yet revolutionary. They presented a

luminous key (CS) for eight seconds, followed immediately by access to food (US), regardless of

the pigeon's behavior during the CS presentation. Initially, the pigeons paid little attention to the

key. However, over successive trials, every pigeon developed a strong, vigorous pecking response

directed specifically at the illuminated key. The researchers were meticulous in ensuring that the

reinforcement schedule was truly non-contingent on the pecking behavior, thus confirming that the

behavior was 'shaped' automatically by the Pavlovian association between the light and the food.

This spontaneous acquisition of an instrumental-like response became a cornerstone for

questioning the completeness of purely operant accounts of behavior acquisition.

The historical impact of autoshaping extended far beyond ornithological behavior studies. It fueled

a theoretical shift, forcing behavioral scientists to acknowledge the biological and cognitive

constraints on learning. Specifically, it highlighted that organisms are biologically prepared to

associate certain stimuli with certain outcomes, and that these ingrained associations can

automatically guide and initiate instrumental actions. The phenomenon served as a crucial piece of

evidence supporting a more integrative view of learning, where Pavlovian mechanisms often

dictate the targets and forms of operant responses, blurring the strict boundaries previously drawn

between classical and instrumental conditioning.

3. The Autoshaping Procedure (The Sign-Tracking Paradigm)

The procedural framework for investigating autoshaping is known as the sign-tracking paradigm.

This paradigm requires precise temporal control over the presentation of the conditioned stimulus

and the unconditioned stimulus. The standard procedure begins with magazine training, ensuring

the subject (e.g., pigeon, rat, or occasionally dog) reliably approaches and consumes the US (food

or water) when it is delivered. Once the subject is familiar with the reward mechanism, the

autoshaping trials begin.

In a typical trial, the CS--a distinct, localized stimulus like an illuminated key, a tone, or a lever--is

presented for a fixed duration (e.g., 5 to 10 seconds). This CS presentation concludes immediately

with the delivery of the US. Crucially, the subject's behavior during the CS interval has absolutely

no effect on the US delivery; the CS is merely a signal. As trials progress, the subject begins to

orient toward and then physically interact with the CS. In pigeons, this interaction is the key peck;

in rats, it often involves approaching the lever or light and sniffing, licking, or biting it. The measure

of autoshaping is the latency, frequency, and vigor of these CS-directed responses.

Variations of the procedure are often used to test the strength of the classical association versus
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any potential operant contribution. One critical variation is the omission schedule, where the US

is explicitly omitted if the subject performs the autoshaped response during the CS interval. If the

behavior were purely operant, the omission of the reward should rapidly extinguish the response.

However, autoshaped responses often persist for hundreds or thousands of trials under omission

schedules, demonstrating their deep classical roots and strong resistance to instrumental

consequences, confirming that the incentive motivational properties assigned to the CS are

powerful enough to override immediate negative outcomes.

4. Theoretical Interpretations of Autoshaping

Autoshaping is a highly theoretically rich phenomenon, stimulating multiple interpretive models

regarding how the conditioned stimulus acquires the power to elicit interaction. The dominant

interpretation today is based on the concept of incentive salience, a motivational property

assigned to the CS by the Pavlovian association. According to this view, the CS, through its

predictive relationship with the appetitive US, transforms from a neutral cue into an attractive,

desirable object that triggers approach and interaction sequences. The subject is not merely

responding to a signal; it is interacting with what has become a 'motivational magnet.'

A second major theoretical framework views autoshaping as an expression of stimulus

substitution theory, first proposed by Ivan Pavlov. In the context of autoshaping, this theory

suggests that the CS comes to elicit the same response that the US would normally elicit, or at

least a preparatory component of that response. For instance, if the US is food, the key light (CS)

starts to elicit consummatory behaviors (like pecking, which resembles eating in pigeons).

However, this theory is often insufficient because the autoshaped response is rarely a perfect

replica of the consummatory response, leading to the refinement that the response is more likely to

be a species-specific preparatory response (SSPR) that prepares the animal for the upcoming

reward.

Furthermore, cognitive interpretations suggest that the organism develops an expectation about

the US whenever the CS is presented. The autoshaped response (sign-tracking) is seen as the

overt behavioral manifestation of that expectation. When a rat or pigeon approaches and interacts

with the CS, it is actively 'seeking' the reward that the stimulus predicts. These theoretical models

are crucial because they move beyond simple stimulus-response chains to incorporate complex

internal states such as desire, expectation, and motivational drive, all of which are critical for

understanding how cues in environments associated with rewards (e.g., drug cues) maintain

habitual behavior.

5. Key Characteristics and Related Concepts

The robustness of autoshaping procedures is supported by several distinct characteristics that
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differentiate it from purely operant behaviors:

Sign-Tracking vs. Goal-Tracking: Autoshaping is primarily categorized as sign-tracking,

meaning the animal interacts directly with the signal (CS). This is often contrasted with goal-

tracking, where the animal approaches the location of the reward delivery (the US locus) when the

CS is presented. Individuals often exhibit a tendency toward one behavior or the other, which has

significant implications for understanding individual differences in addiction vulnerability.

Species Specificity: The topography (form) of the autoshaped response is heavily dependent on

the species and the nature of the US. Pigeons peck at the CS because pecking is a species-

specific preparatory behavior for food intake. Rats, conversely, often lick or bite a lever (CS) when

the US is water, or rear up and explore it when the US is food. The response is not arbitrary; it is

biologically constrained.

Resistance to Omission: As noted previously, the behavior often persists even when the

performance of the response leads to the omission of the US. This strong resistance to extinction

by negative instrumental consequences is a hallmark of the powerful classical conditioning

mechanisms driving the behavior.

Stimulus Location Control: The response is directed specifically at the location and properties of

the CS. If the key light is moved, the pecking behavior moves with it, confirming that the behavior is

controlled by the stimulus and not a general motivational state.

6. The Controversy: Classical vs. Operant Conditioning

The enduring significance of autoshaping lies in the conceptual controversy it provoked regarding

the strict separation of classical (Pavlovian) and operant (instrumental) conditioning. Traditional

behaviorism viewed these as two distinct, non-overlapping processes. Classical conditioning

involved elicited, involuntary responses, while operant conditioning involved emitted, voluntary

actions shaped by consequences. Autoshaping challenged this dichotomy because the resulting

behavior (the key peck or lever contact) looks entirely instrumental--an animal actively interacting

with an object--yet it is established and maintained by Pavlovian signal-reward contingencies.

One major point of debate centers on the concept of superstitious conditioning. Early operant

theorists suggested that autoshaping was merely an example of adventitious reinforcement, where

the pigeon happened to peck the key just before the food was delivered by chance, and this

accidental pairing reinforced the response. However, subsequent research rigorously controlled

the timing and eliminated these adventitious contingencies, confirming that the signal itself,

independent of the behavioral consequence, was the primary driver of the response acquisition,

thus definitively ruling out simple superstitious reinforcement as the sole explanation.
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Ultimately, autoshaping has been accepted as a compelling demonstration of the interaction of the

two learning systems. The Pavlovian system establishes the motivational value (incentive salience)

of the CS, which then directs the organism's attention and engagement toward that cue. The

resulting motor output--the pecking or approaching--is the expression of this classically induced

motivational state. Thus, the classical system determines what the organism pays attention to and

why it approaches, while the operant system may refine the specific motor movements involved in

the interaction, showing that learning is an integrated process rather than two parallel tracks.

7. Biological Constraints and Species-Specific Behavior

The study of autoshaping contributed substantially to the acknowledgment of biological constraints

on learning, demonstrating that not all associations are equally easy to form (a concept known as

preparedness). The specific physical relationship between the animal, the CS, and the US dictates

the form of the autoshaped behavior. For instance, if the US is a painful electric shock (aversive

autoshaping), the CS will elicit defensive behaviors rather than approach behaviors, such as

freezing or retreating. These responses are innate, species-specific reactions to threats or

resources, and the learning process merely channels these prepared behaviors toward the

predictive cue.

The most striking evidence of biological constraints comes from comparing the effects of different

types of unconditioned stimuli. When food is used as the US for pigeons, the key light elicits

pecking (a consummatory/feeding action). If water is used, the light elicits drinking behaviors. If the

CS is placed far away from the food hopper, the pigeon will still approach and interact with the

distant key light, demonstrating that the signal itself carries motivational power, independent of its

proximity to the goal. This indicates that the conditioned response is not merely a reflection of

where the reward is, but an expression of the organism's innate tendency to interact with an item

that has acquired value.

This focus on biological constraints provided a necessary corrective to early behaviorist

assumptions that organisms were essentially 'blank slates' capable of learning any association

equally well. Autoshaping showed that the evolutionary history of the species heavily biases which

responses are activated by which types of conditioned stimuli, ensuring that the learned behavior is

ecologically relevant--the pigeon is 'prepared' to peck at small, illuminated objects associated with

food.

8. Applications and Significance in Behavioral Research

Autoshaping, particularly its underlying mechanism of sign-tracking, serves as a critical model for

understanding motivational disorders, especially addiction. In the context of substance abuse,

drug-related cues (e.g., syringes, specific locations, smells) act as conditioned stimuli (CSs) that
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predict the arrival of a highly rewarding unconditioned stimulus (the drug). Research has shown

that individuals who are prone to developing strong sign-tracking behavior in laboratory settings

are also often more vulnerable to developing habitual drug use and compulsive seeking behavior.

The powerful capacity of the CS to acquire incentive salience explains why addicts often

compulsively seek out and interact with drug paraphernalia or locations, even when they know

these cues do not provide the immediate reward. The cues themselves have become highly

motivating and desirable. Autoshaping research thus provides a crucial experimental tool for

studying the neural pathways involved in assigning incentive value to cues, particularly those

involving the mesolimbic dopamine system, which is implicated in motivated approach and

addiction.

Beyond addiction research, autoshaping is essential for general learning theory. It is routinely used

to study fundamental concepts such as acquisition, extinction, overshadowing, and blocking.

Because the procedure is simple, robust, and requires no manual shaping, it allows researchers to

efficiently induce conditioned responses across various species, providing reliable metrics for

analyzing how predictive relationships are encoded by the brain, making it one of the most widely

used and theoretically significant paradigms in contemporary experimental analysis of behavior.
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