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Definition and Foundational Principles of the Positive Discriminative Stimulus

The concept of the Positive Discriminative Stimulus, often abbreviated as S-D, is a cornerstone

of B.F. Skinner's theory of operant conditioning and applied behavior analysis. Fundamentally, the

S-D is defined as a specific environmental event or stimulus that is reliably correlated with the

availability of a positive reinforcement contingency for a particular behavioral response. Unlike

stimuli in classical (Pavlovian) conditioning, which elicit reflexive responses, the S-D functions to

set the occasion for a voluntary behavior; it does not force or reflexively evoke the response. Its

presence signals to the organism that if a specific response occurs now, the probability of receiving

reinforcement is high. Conversely, if the S-D is absent, that same response will likely lead to

extinction or punishment. This relationship is integral to the three-term contingency, which

structures the analysis of operant behavior: Antecedent (S-D) - Behavior (R) - Consequence (S-

R+). Understanding the S-D is crucial because it explains how behavior comes under the control of

environmental cues, allowing organisms to adaptively differentiate when specific actions are

appropriate and profitable.

The power of the S-D lies in its predictive capacity. Through repeated pairings of the stimulus with

the reinforcement contingency, the organism learns a functional discrimination. For instance, a

traffic light turning green (the S-D) predicts that pressing the accelerator (the response) will result

in forward movement (the positive reinforcer), while the red light predicts that the same response

will lead to a negative outcome or no movement at all. This learned correlation is not merely

passive association; it represents an active cognitive and behavioral adjustment where the

organism discriminates between environmental conditions. The development of control by the S-D

is essential for complex learning, enabling highly specific and context-dependent behaviors that

characterize human and animal interactions with the world. Without the ability to differentiate

between conditions where reinforcement is available and those where it is not, behavior would be

random and inefficient, failing to maximize successful outcomes.

It is important to emphasize the "positive" aspect of the term. A Positive Discriminative Stimulus

specifically relates to a contingency of positive reinforcement, meaning its presence predicts that

a response will lead to the addition of a desired stimulus or outcome. Although there are related

concepts like the negative discriminative stimulus (S-D predicting negative reinforcement or

escape/avoidance), the classic S-D is tied directly to the pursuit of rewarding consequences. The

strength of the S-D's control over behavior is directly proportional to the magnitude, immediacy,

and quality of the reinforcement it predicts, as well as the consistency with which the contingency

is maintained. If the correlation between the S-D and the reinforcement is inconsistent or weak, the

stimulus will fail to achieve robust behavioral control, leading to high variability in the response rate

and a lack of reliable discrimination.
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The Role of Contingency and Correlation

The definition provided for the S-D hinges upon its correlation with a contingency of positive

reinforcement. This correlation is not accidental; it is the deliberate or naturally occurring

functional relationship established during discrimination training. A contingency implies an "if-then"

rule: If the S-D is present, then the response will be reinforced. The organism must be exposed to

instances where the S-D is present and reinforcement occurs, juxtaposed with instances where the

S-D is absent (or an S-Delta is present) and reinforcement does not occur. This differential

reinforcement schedule is what transforms a neutral stimulus into a powerful discriminative cue. If

the stimulus appeared randomly, without a reliable correlation to the reinforcement availability, it

would remain merely a background stimulus, incapable of exerting control over the behavior.

The efficacy of the S-D is directly tied to the clarity and consistency of this correlation.

Psychologists must carefully distinguish between true correlation--where the S-D reliably predicts

the outcome--and coincidental or spurious correlations. If, for example, a pigeon learns to peck a

key only when a red light is on because that is the only time food is delivered, the red light is the S-

D. However, if the red light is sometimes on when reinforcement is available and sometimes on

when it is not, the correlation weakens, and the pigeon's response becomes less specific, perhaps

generalizing to other contexts or becoming unpredictable. This highlights that the S-D does not

possess inherent evocative power; its function is entirely derived from its established predictive

relationship with the subsequent consequence. The clearer this relationship is, the sharper the

resulting stimulus control will be.

Furthermore, the concept of correlation emphasizes that the S-D merely signals the opportunity; it

does not cause the reinforcement itself. The reinforcement is contingent upon the response (R)

occurring in the presence of the S-D. The S-D is the setting factor, defining the environmental

context in which the learned response is functionally active. This subtle but critical distinction

separates operant control from reflexive elicitation. The organism has the freedom to choose

whether or not to respond, but the environmental structure provided by the S-D informs that

decision, maximizing the likelihood of the reinforcing outcome. This dynamic interplay between the

environment (S-D) and the organism's action (R) defines the sophistication of human and animal

learning.

Distinguishing S-D from Other Stimuli

To fully appreciate the function of the S-D, it must be clearly differentiated from other stimuli

involved in behavior analysis, most notably the S-Delta (S-∆) and the conditioned stimulus (CS)

from classical conditioning. The S-Delta is the antithesis of the S-D. While the S-D signals that

reinforcement is available for a specific response, the S-Delta signals that the same response will

not be reinforced or may even be punished (i.e., it signals extinction). Discrimination training
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inherently requires the presentation of both S-D and S-Delta stimuli. For example, if a child's

request for a cookie (R) is reinforced when their mother is smiling (S-D) but ignored when their

mother is frowning (S-∆), the child learns to discriminate the appropriate context for the request.

The S-D promotes the response, while the S-Delta inhibits it, leading to highly differentiated

behavior patterns.

A crucial differentiation must also be made between the S-D and the conditioned stimulus (CS)

used in Pavlovian conditioning. The CS, through pairing with an unconditioned stimulus (US), gains

the ability to elicit a reflexive, involuntary response (CR). For instance, the sound of a bell (CS)

can elicit salivation (CR). In contrast, the S-D, as an antecedent in operant conditioning, does not

elicit behavior; it merely evokes the learned response by signaling the availability of reinforcement.

The response under S-D control is voluntary and instrumental, meaning the organism must actively

perform the behavior to produce the consequence. This distinction underscores the fundamental

division between respondent (reflexive) and operant (voluntary) behavior, where the S-D belongs

firmly in the domain of operant analysis, governing goal-directed action rather than involuntary

physiological reactions.

Finally, the S-D must be separated from the reinforcer itself (S-R+). While the S-D precedes the

behavior and the S-R+ follows it, sometimes a stimulus can serve both functions in a chain.

However, in the basic three-term contingency, they are distinct. The S-D is an antecedent cue that

acquires its functional power through association with the S-R+. The reinforcer is the consequence

that strengthens the behavior. Confusion between the two is common when the environment is

complex, but the temporal order and the functional role define their classification: the S-D sets the

stage for the response, and the S-R+ maintains the strength of the response that occurred in that

setting.

Mechanisms of Stimulus Control

The process by which an S-D gains control over behavior is known as stimulus control

acquisition. This acquisition is achieved primarily through discrimination training, which involves

the systematic and differential reinforcement of a response in the presence of the S-D and the

withholding of reinforcement (extinction) or the delivery of punishment in the presence of the S-

Delta. The effectiveness of this training relies on the organism's ability to perceive the distinction

between the two stimuli. When training is successful, the probability of the response occurring

becomes high when the S-D is present and low when the S-Delta is present, demonstrating clear

stimulus control. The resulting learned behavior is highly specific to the contextual cue.

Related to stimulus control is the phenomenon of generalization. When an organism trained to

respond to a specific S-D (e.g., a 500 nm green light) also shows a tendency to respond to

physically similar, yet untrained, stimuli (e.g., a 510 nm yellow-green light), stimulus generalization
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has occurred. This suggests that the control is not absolute but exists along a gradient. The degree

of generalization is inversely related to the degree of discrimination required. Sharp, consistent

discrimination training narrows the response range, creating a steep discrimination gradient,

ensuring that behavior occurs only under highly specific S-D conditions. Conversely, lax training

leads to a flatter gradient, where the behavior occurs across a wider range of similar stimuli,

demonstrating poor stimulus specificity.

A fascinating complication in the study of stimulus control is behavioral contrast. This occurs

when changes in the reinforcement schedule associated with one stimulus (S-Delta) cause an

inverse change in the rate of response associated with the other stimulus (S-D). For example, if the

reinforcement schedule associated with the S-Delta is shifted from partial reinforcement to

complete extinction, the response rate to the S-D often increases temporarily and dramatically.

This "contrast effect" demonstrates the interconnectedness of the stimuli within the organism's

environment. The heightened response to the S-D is thought to be a result of the organism

adapting to the overall reduction in environmental reinforcement, focusing its efforts

disproportionately on the remaining reliable source of reward.

The Importance of Clarity and Consistency

The effectiveness of the S-D is directly proportional to its clarity and the consistency of the

correlation it maintains. The original observation that "The positive discriminative stimulus is not

clear enough in the last few trials" points precisely to the critical role of stimulus salience and

reliability. If the S-D is ambiguous, faint, or easily confused with the S-Delta, the organism

struggles to form a clear discrimination. In experimental settings, this means the stimuli used must

be easily perceptible by the subject's sensory systems and distinct from the background

environment. A low-salience S-D will result in slow learning, high error rates, and weak stimulus

control, as the predictive value of the cue is masked by irrelevant noise or environmental

complexity.

Beyond physical clarity, consistency in the application of the contingency is paramount. If the S-D

is presented, but reinforcement is only delivered intermittently or randomly, the correlation breaks

down. This inconsistency introduces ambiguity, effectively blurring the line between the S-D and

the S-Delta. When reinforcement is unpredictable, the behavior may revert to being driven by

adventitious reinforcement or schedules of reinforcement rather than by the discriminative cue

itself. Therefore, for an S-D to maintain powerful control, the environment must strictly adhere to

the rule: S-D present + Response = Reinforcement. Any deviation weakens the instructional value

of the S-D and risks extinguishing the learned discrimination.

In applied settings, such as teaching complex skills to children or training animals, the consistency

of the S-D presentation is often a challenge. For instance, if a teacher uses a variety of slightly
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different verbal prompts (S-D) for the same response, or if different staff members reinforce the

response inconsistently, the learner receives mixed signals. This lack of consistency prevents the

formation of a sharp, singular S-D, forcing the learner into a state of chronic generalization or

confusion. Effective intervention relies upon standardizing the discriminative stimulus--making it

physically clear, immediate, and invariant--to maximize the speed and reliability of the learning

process. The failure to establish a clear S-D is often the root cause of non-compliance or

behavioral variability in structured environments.

Factors Affecting Discriminative Stimulus Acquisition

Several key factors influence the speed and strength with which an S-D acquires control over

behavior. These factors relate to the nature of the stimulus itself, the organism's biological

preparedness, and the parameters of the training schedule. One critical factor is the salience, or

prominence, of the S-D. Stimuli that are easily detectable, highly contrasted against the

background, and relevant to the organism's sensory capabilities are acquired much faster than

subtle or faint stimuli. For example, a loud tone is more salient than a quiet tone, and a bright,

flashing light is more salient than a dim, steady one. If an S-D is chosen that the organism cannot

easily perceive or attend to, the learning curve will be extremely shallow, requiring many more

trials to establish control.

The second major factor involves the relationship between the S-D, the response, and the

reinforcer, sometimes referred to as belongingness or biological relevance. While operant

conditioning suggests that any arbitrary stimulus can become an S-D, research has shown that

stimuli naturally associated with the context of the response or the reinforcer are learned more

rapidly. For instance, visual cues might gain control over manual responses faster than auditory

cues if the task is primarily visual. Furthermore, the delay between the presentation of the S-D and

the opportunity for reinforcement is vital. Immediate and consistent reinforcement strengthens the

correlation immediately, whereas long delays weaken the contingency, making it difficult for the

organism to attribute the reinforcement to the specific response performed in the presence of the

S-D.

Finally, the schedule of reinforcement plays a significant role in establishing robust S-D control.

Intermittent schedules of reinforcement (such as variable ratio or interval schedules) often create

responses that are more resistant to extinction, but initial discrimination learning is usually most

efficient when continuous reinforcement (CRF) is used during the acquisition phase. CRF ensures

that every response in the presence of the S-D is reinforced, rapidly establishing the predictive

power of the stimulus. Once the discrimination is sharp, the schedule can be thinned to promote

maintenance, but initial clarity provided by CRF accelerates the initial identification of the S-D as

the reliable cue for reward availability.
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Clinical and Educational Applications

The concept of the Positive Discriminative Stimulus is fundamental to applied behavior analysis

(ABA) and forms the basis for teaching skills across therapeutic, educational, and organizational

settings. In educational contexts, every instructional prompt given by a teacher serves as an S-D.

When a teacher asks a student, "What is 2 plus 2?" (S-D), the correct answer (R) is reinforced by

verbal praise (S-R+). The teacher is essentially establishing stimulus control, ensuring the student

learns to respond appropriately only when the specific question (S-D) is presented. Effective

teaching methodologies rely on systematically fading prompts and transferring control from artificial

S-Ds (e.g., hand gestures) to natural S-Ds (e.g., the written question).

In clinical settings, particularly in the treatment of developmental disabilities, S-Ds are used

systematically to build complex behavioral repertoires. For individuals with autism, discrete trial

training (DTT) involves presenting a clear, isolated S-D (e.g., "Touch nose"), prompting the desired

response, and immediately reinforcing the correct action. The goal is to establish highly specific

stimulus control, ensuring the behavior generalizes only to relevant contexts, while simultaneously

preventing the behavior from occurring in inappropriate contexts (where an S-Delta is present).

The consistent use of the S-D is the mechanism through which functional communication and

adaptive living skills are taught.

The S-D also plays a profound, albeit often unnoticed, role in managing human behavior in

organizational and social settings. Rules, signs, schedules, and uniforms all function as S-Ds.

Traffic Signs: A green light is an S-D for accelerating; a stop sign is an S-D for braking.

Work Schedules: The clock striking 9:00 AM (S-D) signals that starting work (R) will be reinforced

by continued employment/pay (S-R+).

Social Cues: A person smiling (S-D) often predicts that initiating conversation (R) will be positively

reinforced by engagement (S-R+).

Understanding the S-D allows professionals to design environments that maximize adaptive

behavior and minimize maladaptive responses by ensuring that the cues for positive actions are

clear, salient, and reliably correlated with positive consequences.

Measurement and Experimental Procedures

The study of the S-D relies on precise measurement techniques to quantify the degree of stimulus

control achieved. Experimenters typically employ specialized equipment, such as operant

chambers and cumulative recorders, to track response rates under various stimulus conditions.

The primary measure of successful S-D acquisition is the discrimination ratio, which compares
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the rate of response in the presence of the S-D (R-S-D) to the rate of response in the presence of

the S-Delta (R-S-∆). A ratio approaching 1.0 (R-S-D / (R-S-D + R-S-∆)) indicates strong stimulus

control, meaning the organism is responding almost exclusively when the S-D is present. If the

ratio is near 0.5, it suggests poor discrimination, as the organism is responding indiscriminately

across both stimulus conditions.

Experimental procedures designed to study the S-D often utilize multiple schedule designs,

wherein two or more schedules of reinforcement are presented sequentially, each associated with

a different stimulus. For example, a VI 3-minute schedule might be associated with a red light (S-

D), and an extinction schedule might be associated with a blue light (S-Delta). The organism's

differential response rate across these stimuli confirms that the stimuli have acquired discriminative

control. Variations of this procedure, such as the use of fading techniques (gradually changing the

S-Delta until it is highly distinct from the S-D), help researchers understand the boundaries of

sensory discrimination and the mechanisms of attention.

Furthermore, generalization tests are crucial for mapping the precise range of an S-D's influence.

After discrimination training, the organism is presented with a range of novel stimuli that vary

systematically along a physical dimension (e.g., presenting lights of varying wavelengths). By

recording the response rate to each novel stimulus, researchers plot a generalization gradient. A

steep gradient confirms sharp discrimination and powerful control by the original S-D, while a flat

gradient indicates that the organism is treating all similar stimuli as potential S-Ds, confirming a

lack of precise discrimination. These methods provide the empirical rigor necessary to define the

functional relationship between environmental cues and instrumental behavior.
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