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BACKWARD CONDITIONING

Backward Conditioning

The Core Definition and Mechanism

Backward Conditioning is an atypical form of Pavlovian or Classical Conditioning defined by a

specific temporal arrangement of stimuli. In this procedure, the Unconditioned Stimulus (US),

which naturally elicits a response, is presented and terminated before the onset of the Neutral
Stimulus (NS) (which later attempts to become the Conditioned Stimulus, CS). This sequence--US
followed by NS--is the reverse of the standard, highly effective forward conditioning model, where
the NS precedes the US. While the goal of all classical conditioning is to establish an association
such that the NS alone elicits a response, backward conditioning typically yields weak,
inconsistent, or even inhibitory learning, making it the least effective method for establishing a
strong, excitatory conditioned response (CR).

The fundamental mechanism underlying effective classical conditioning relies heavily on the
concept of predictive validity. For robust learning to occur, the neutral stimulus (NS) must reliably
signal the impending arrival of the unconditioned stimulus (US), allowing the organism to prepare
for the outcome. In backward conditioning, this crucial predictive relationship is inverted. Since the
US has already occurred and terminated before the NS is presented, the NS provides no new
informational value about what is about to happen; rather, it appears after the significant biological
event has already passed. Consequently, the learner rarely associates the NS with the anticipation
of the US, leading to minimal acquisition of an anticipatory conditioned response.

Despite its general ineffectiveness in producing strong excitatory learning, the phenomenon
remains critical for understanding the nuances of associative learning theory. Research suggests
that for backward conditioning to produce even a marginal level of association, the time interval
between the US and the subsequent NS must be extremely short, often measured in milliseconds.
However, even under these optimal conditions, the resulting conditioned response is highly fragile
and prone to rapid extinction. More often, the association is inhibitory, meaning the conditioned
stimulus signals the absence of the US, or simply that the period of biological significance is over.
This consistent failure challenges early behaviorist notions that simple temporal contiguity alone--

the physical co-occurrence of stimuli--is sufficient for the establishment of a robust, predictive
association.

Historical Roots in Classical Conditioning

The concept of backward conditioning emerged directly from the pioneering foundational work on
associative learning conducted by the Russian physiologist, lvan Pavlov, during the early 20th
century. Pavlov's meticulous experiments with dogs established the fundamental principles of what
we now call Classical Conditioning. While Pavlov primarily focused on demonstrating successful
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BACKWARD CONDITIONING

conditioned responses using forward conditioning (where the bell, NS, preceded the food, US,
reliably eliciting salivation), his research team systematically explored various temporal
arrangements of the stimuli to map the boundaries of effective learning and determine the optimal
conditions for forming associations.

Backward conditioning was studied alongside other temporal pairings, such such as simultaneous
conditioning (NS and US start and stop together) and trace conditioning (NS ends, followed by a
gap, then US starts). The initial findings from Pavlov's laboratory consistently demonstrated that if
the biologically significant event (the US, food) occurred before the neutral signal (the NS, bell), the
animals failed to develop a strong conditioned salivary response. This observation was paramount
because it provided crucial early evidence that the timing and, more importantly, the predictive
relationship between stimuli, were far more consequential than mere physical proximity or co-
occurrence in time. Learning required the signal to act as a predictor of the future event.

This historical context solidified the theoretical importance of backward conditioning, not because it
was an effective training method, but because its failure helped define the success parameters of
forward conditioning. It highlighted that the conditioned stimulus (CS) must serve as a reliable
warning or signal for the unconditioned stimulus (US). The inability of backward pairing to produce
strong excitatory conditioning forced subsequent learning theorists, including influential figures like
Robert Rescorla and Allan Wagner, to move beyond simple contiguous associations and develop
more sophisticated cognitive models of learning, focusing heavily on the informational value,
expectation, and surprise element of the stimuli presentations, rather than just the physical
sequence.

The Comparative Effectiveness of Conditioning Procedures

Understanding the effectiveness of backward conditioning necessitates comparing its results to the
other primary temporal arrangements used in classical learning paradigms. The degree of
conditioning achieved is fundamentally dependent on the time interval (Inter-Stimulus Interval, 1SI)
and the precise sequence in which the neutral stimulus (NS) and the unconditioned stimulus (US)
are presented. Across the vast majority of species and learning tasks, the hierarchy of
effectiveness for establishing an excitatory association remains remarkably consistent, positioning
backward conditioning at the bottom:

Delayed Conditioning: The NS is presented and remains on until the US begins or is terminated.
This is generally the most effective method, as the NS reliably predicts the US and the interval is
seamless, maximizing the predictive power.

Trace Conditioning: The NS is presented and ends; after a short time gap (the trace interval), the
US is presented. This requires the organism's working memory to span the gap, but it is still highly
effective if the trace interval is short and manageable.
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Simultaneous Conditioning: The NS and US are presented at the exact same time, starting and
ending together. Learning is moderate, as the NS does not truly predict the US, but they are highly
contiguous.

Backward Conditioning: The US is presented and ends; the NS is presented afterward. Learning
is minimal, highly unstable, and often results in inhibitory associations rather than excitatory ones.

The core reason for the poor performance of backward conditioning is the inversion of the causal
structure; effective classical conditioning is fundamentally about preparing the organism for a future
outcome. When the signal (NS) follows the outcome (US), the signal is effectively redundant and
cannot prepare the organism for the preceding event. Furthermore, as noted, the resulting learning
is often inhibitory conditioning. Instead of signaling that the US is coming, the NS may
inadvertently signal that the danger, pain, or reward (the US) is now safely over, leading to a
suppression of the natural response or a feeling of relief. This distinction is crucial: while forward
procedures teach "US is coming," backward procedures often inadvertently teach "US is gone," or
"It is safe now."

Nevertheless, modern research posits that backward conditioning can be effective under specific,
highly unusual circumstances. This includes situations when the NS is highly salient or unique, or
when the US is associated with a particularly strong biological drive, such as a potent taste
aversion or a severe shock. Some cognitive theories suggest that in cases where the US is novel
or highly arousing, the subsequent NS might become associated with the lingering memory trace
of the US, leading to a weak, short-lived excitatory response. However, these exceptions do not
invalidate the general rule that backward pairing is the weakest procedure for establishing a
predictive, excitatory association in the standard Pavlovian model.

A Detailed Practical Example: Warning Signals and Safety Cues

To illustrate the mechanics and typical failure of backward conditioning in a relatable, real-world
scenario, let us consider an individual working near heavy machinery that occasionally
malfunctions, producing a sudden, loud, and frightening mechanical shriek (the US), which causes
an immediate startle response and elevated heart rate (Unconditioned Response, UR).
Immediately after the shriek ceases and the machinery settles down, a brief, high-pitched
electronic chime sounds (the NS).

The sequence of events is crucial: 1) Loud Mechanical Shriek (US), followed by 2) Electronic
Chime (NS). The natural response (UR) is the startled fear reaction elicited by the static. If this
pairing is repeated multiple times, standard conditioning theory predicts that the individual will fail
to develop fear toward the electronic chime (CR). Because the chime appears only after the
noxious stimulus has finished, it holds zero predictive value regarding the onset of the shriek. The
chime does not signal that the shriek is coming; it only signals that the shriek has just concluded.

Encyclopedia of psychology encyclopedia.arabpsychology.com



https://encyclopedia.arabpsychology.com/?p=13517
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com

BACKWARD CONDITIONING

Therefore, the individual does not learn to anticipate the fear-inducing event upon hearing the
chime, and the chime remains a neutral stimulus, or worse, becomes an inhibitory one.

In fact, the most probable outcome of repeated backward pairing is that the electronic chime will
acquire an inhibitory function. If the individual learns that the presentation of the chime reliably
follows the conclusion of the unpleasant mechanical shriek, the chime may become a signal of
safety, indicating that the period of immediate danger is over. In this case, the chime would elicit a
conditioned response of relief or relaxation, actively inhibiting any residual fear response from the
preceding shriek. This inhibitory learning highlights why backward conditioning is rarely used in
behavioral modification aimed at creating positive or anticipatory associations, but it does
occasionally find specialized use when the goal is to establish a distinct safety signal that reliably
suppresses anxiety or fear responses previously triggered by an aversive event.

Significance and Theoretical Impact

While backward conditioning often fails to produce the desired strong excitatory association, its
theoretical significance within the field of learning psychology is profound and indispensable. Its
consistent failure directly challenged early, simplistic behaviorist models that relied solely on
temporal contiguity--the initial idea that mere closeness in time between two stimuli was sufficient

for forming an association. The weak or inhibitory results of backward conditioning provided
empirical evidence that contiguity, while often necessary for conditioning, is definitely not sufficient.
Instead, contingency (the predictive reliability of the NS for the US) is the governing factor
determining the strength and nature of the association formed.

This theoretical crisis spurred the development of influential cognitive theories of conditioning, most
notably the Rescorla-Wagner Model (1972). This model mathematically quantified how the
surprise or informational value of the US determines learning. Since the US in backward
conditioning is never surprising when it occurs (because it happens first), and the NS that follows
offers no new predictive information, the model predicts that the change in associative strength
(learning) will be near zero or negative (inhibitory). Thus, the existence and ineffectiveness of
backward conditioning provided critical empirical support for moving conditioning theory from a
purely mechanistic stimulus-response framework toward a more cognitive, expectation-based
framework where the organism is constantly testing hypotheses about its environment.

In applied settings, the deep understanding of backward conditioning's limitations is crucial for
designing and implementing effective behavioral and clinical interventions. Therapists, educators,
and trainers must ensure that the signal meant to elicit desired behaviors (NS) precedes the
reward or consequence (US) to maximize the learning outcome. For instance, in animal training,
the clicker (NS) must occur immediately before the treat (US), not after the treat has been
consumed. This emphasis on precise temporal order and predictive validity, rooted in the
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comparative studies of conditioning procedures, ensures that training protocols are maximally
efficient and produce stable, excitatory conditioned responses rather than weak, inhibitory ones.

Applications in Clinical and Behavioral Settings

Although backward conditioning is generally ineffective for creating strong anticipatory (excitatory)
conditioned responses, it holds specific utility when the clinical goal is to establish an inhibitory
association, teaching an organism that a certain stimulus signals the absence of an expected
negative event. This concept can be applied therapeutically, particularly in the sophisticated
treatment of anxiety, generalized fear, and phobias, where the methodology is used to establish
safety signals, often overlapping with counter-conditioning techniques.

One primary clinical application involves creating specific safety signals. For individuals suffering
from chronic anxiety or Post-Traumatic Stress Disorder (PTSD), specific contextual cues might
trigger intense, debilitating fear. By repeatedly pairing a carefully chosen neutral stimulus--such as
a specific tactile sensation or a colored light--immediately after the feared event or anxiety trigger
has safely and demonstrably concluded (US preceding NS), the neutral cue can become a
powerful inhibitory signal. This signal effectively functions as a "green light" for safety, actively
suppressing the physiological and emotional fear response. If successful, when the individual
experiences this safety signal, their anxiety levels decrease because the signal is robustly
associated with the termination of danger, not its anticipated onset, allowing them to regulate their
emotional state more effectively.

A related, yet significantly more complex, application involves certain forms of aversion therapy,
particularly in the context of substance abuse treatment, though this is often experimental. While
most aversion therapies utilize forward conditioning (e.g., pairing alcohol consumption with
nausea-inducing drugs), researchers have explored backward pairing in specific scenarios where
the goal is to make the drug cue less appealing. For example, pairing the intense negative physical
experience of drug withdrawal symptoms (US) immediately followed by the sight of drug
paraphernalia (NS) aims to associate the drug cue with the misery of withdrawal, thereby
decreasing the cue's appetitive power. However, due to the inherent complexity and instability of
backward associations, these applications must be implemented with extreme caution and require
careful refinement to prevent the NS from becoming a safety signal that predicts the end of the
withdrawal suffering, which would inadvertently reinforce drug-seeking behavior.

Related Concepts and Broader Context

Backward conditioning is a foundational concept within the broader subfield of Behavioral
Psychology and Learning Theory. It is essential to understand its relationship to other classical
pairing procedures, as they collectively map the entire temporal landscape of associative learning.
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The fundamental distinction between backward conditioning and other forms rests entirely on the
order of presentation, which dictates the nature of the acquired association, be it excitatory or
inhibitory:

Forward Conditioning (Delay and Trace): These are the most effective forms, where the NS
precedes the US, establishing a robust excitatory association (NS signals US presence and
anticipation).

Simultaneous Conditioning: NS and US overlap completely. This yields moderate excitatory
learning, but the association is often weaker because the NS does not fully predict the US; they are
experienced concurrently, not sequentially.

Inhibitory Conditioning: While backward conditioning often results in a weak inhibitory
association, true inhibitory conditioning is typically achieved when a conditioned stimulus (CS+)
that already predicts the US is paired with a second stimulus (CS-), and the US is explicitly
omitted. This procedure explicitly teaches the organism that the CS- predicts the US's reliable
absence.

The study of backward conditioning is also intimately linked to other core phenomena in learning,
such as Blocking and Overshadowing, which further emphasize the importance of contingency
and informational novelty over simple temporal contiguity. Blocking occurs when a previously
established CS prevents any conditioning to a new NS, because the new NS adds no new
predictive information--a principle that mirrors why the NS fails to condition in backward
procedures, as the US has already occurred and the outcome is already known. In essence,
backward conditioning serves as a critical boundary condition in learning theory, illustrating the
functional lower limit of associative learning and reinforcing the cognitive emphasis on prediction,
expectation, and the informational value of stimuli within modern behavioral science.
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