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NONREVERSAL SHIFT

Primary Disciplinary Field(s): Experimental Psychology, Cognitive Psychology, Learning Theory

1. Core Definition

The Nonreversal Shift (NRS), often synonymous with an Extradimensional Shift (EDS), is a
fundamental concept within the study of discrimination learning and cognitive flexibility. It describes
a procedural alteration in the contingencies of reinforcement such that the dimension of the stimuli
previously deemed irrelevant or non-essential in the initial training stage becomes the critical and
essential determinant of correct response in the subsequent stage. This shift requires the subject--
be it human or animal--to entirely abandon the attentional set established for the first dimension
and adopt a completely new one. For example, if initial learning reinforced responses based on the
color (e.g., red is correct) of the stimuli, an NRS demands that the subject ignore color and switch
attention to an orthogonal dimension, such as shape (e.g., squares are now correct), necessitating
a radical cognitive restructuring of the problem approach.

This paradigm is crucial for distinguishing between different theoretical models of learning. Unlike
simpler forms of association, the Nonreversal Shift tests the subject's ability to abstract a rule
regarding a stimulus dimension and, subsequently, to inhibit that successful rule in favor of
attending to a new, previously ignored dimension. The efficiency with which an NRS is mastered is
considered a direct measure of attentional set-shifting ability and provides valuable insight into
the underlying mechanisms of selective attention and executive control. The required cognitive
leap involves more than just reversing a learned preference; it involves discarding an entire
cognitive framework.

2. Context: Discrimination Learning and Shifts

In experimental psychology, discrimination learning tasks typically employ compound stimuli that
vary along several dimensions (e.g., color, size, shape). The procedure is designed to investigate
how subjects filter information and determine which stimulus features are predictive of
reinforcement. The introduction of shift procedures, popularized largely through the work of
psychologists like K. W. Spence and H. H. Kendler, aimed to test whether learning operates via
simple trial-and-error associations or through the formation of mediating cognitive responses, or
hypotheses, about the stimulus dimensions.

The concept of the Nonreversal Shift specifically relies on the experimental distinction between two
independent stimulus dimensions, Dimension A and Dimension B. If Dimension A is relevant
during Phase |, Dimension B is irrelevant. The successful execution of a nonreversal transition
requires the subject to transition from responding based on Dimension A to responding exclusively
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based on Dimension B, demonstrating cognitive flexibility. If the subject has developed a strong
attentional bias toward Dimension A during initial training, the NRS becomes significantly more
difficult, revealing the cognitive "cost" associated with overriding established attentional sets, a cost
not observed in simple association models.

3. Mechanics of the Nonreversal Shift Procedure

The Nonreversal Shift is highly structured to isolate the change in attention required. During Initial
Training (Phase 1), subjects master a discrimination where, for example, the relevant dimension is
Shape (squares are correct, circles are incorrect), while the second dimension, Color (red vs.
blue), is irrelevant. The subject learns to attend to Shape (S+). Upon reaching criterion, the shift
phase (Phase II) begins.

In Phase I, the reinforcement contingencies are altered so that the previously irrelevant dimension
(Color) becomes the new relevant dimension, and the previously relevant dimension (Shape)
becomes irrelevant. For instance, in Phase Il, all red stimuli are correct and all blue stimuli are
incorrect, regardless of whether they are squares or circles. Crucially, the values of the previously
irrelevant dimension (e.g., red and blue) were equally reinforced and non-reinforced during Phase
I. This balanced exposure ensures that the subject cannot solve the Phase Il problem by simply
relying on existing, low-level stimulus-response associations with the new relevant features. The
subject is forced to formulate a new rule, shifting attention from shape to color, which is the
defining characteristic of the nonreversal paradigm.

4. Contrast with Reversal Shift

The theoretical and empirical significance of the NRS is best understood through its comparison
with the Reversal Shift (RS). A Reversal Shift is considered an intradimensional shift (IDS),
where the relevant dimension remains constant, but the previously positive value becomes
negative, and the previously negative value becomes positive. If the subject initially learned that
Red is correct and Blue is incorrect, the RS requires them to now choose Blue as correct and Red
as incorrect.

According to cognitive models of learning, subjects who learn via mediational rules (i.e., by forming
a hypothesis about the relevant dimension) should master the RS faster than the NRS. In the RS,
the subject retains the hypothesis ("Color is the key") and simply reverses the response
association within that dimension. In the NRS, however, the subject must discard the entire
hypothesis ("Color is the key") and generate a completely new one ("Shape is the key"). Extensive
research across species has shown that complex learners, like adult humans and higher primates,
exhibit this predicted pattern, finding the RS significantly easier. Conversely, organisms that learn
predominantly through simple S-R pairing, such as young children or simple animals, often show
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equal difficulty with both shifts, as both procedures represent a requirement to learn a new set of
S-R associations.

5. Application in Cognitive Assessment

The principles underlying the Nonreversal Shift are broadly applied in clinical and cognitive testing
to assess executive function deficits, particularly the capacity for attentional control and set-
shifting. The clinical gold standard for measuring these abilities is often the Wisconsin Card
Sorting Test (WCST), which implicitly incorporates the challenge of the NRS. In the WCST,
participants sort cards according to an unknown rule (e.g., color, shape, or number) and must

adjust their sorting strategy when the rule changes without warning. Successfully navigating these
rule changes requires the repeated ability to perform an extradimensional shift, precisely
replicating the cognitive demand of the Nonreversal Shift paradigm.

Failure or inefficient performance on NRS tasks, or related components of tests like the WCST, is

strongly correlated with damage or dysfunction in the prefrontal cortex (PFC). The PFC is
responsible for maintaining and manipulating attentional sets, and disruptions often lead to
perseveration--the inability to switch away from a previously reinforced response, even when it is
no longer successful. Thus, the NRS serves as a powerful experimental tool for localizing and
characterizing specific forms of cognitive impairment.

6. Developmental and Geriatric Significance

The difficulty associated with the Nonreversal Shift provides a valuable metric for tracking cognitive
maturation and decline throughout the human lifespan. Developmentally, young children typically
find the NRS much more challenging than the RS. This finding supports the idea that the neural
systems responsible for forming and deploying dimensional hypotheses--mediational strategies--
are still maturing. As children age, their performance on NRS tasks improves dramatically,
signaling the strengthening of executive functions necessary for effective inhibition and flexible
attentional control.

In the context of aging, the Nonreversal Shift procedure highlights vulnerabilities in cognitive
functioning. Research consistently shows that older adults often exhibit reduced efficiency and
increased errors when performing nonreversal tasks. The observation that "Non-reversal shifts are
frequently seen in human aging" refers to the heightened difficulty experienced by older cohorts in
adapting to the sudden, extradimensional change in reinforcement rules. This decline is
hypothesized to reflect structural and functional changes in frontal lobe regions, leading to
difficulties in suppressing the previously relevant dimension and re-engaging attention with novel,
non-attended stimulus features.
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7. Theoretical Implications for Attentional Theory

The results generated by the Nonreversal Shift paradigm have significantly influenced selective
attention theory. The two-process theory of discrimination learning posits that the subject must first
learn to attend to the relevant stimulus dimension (attentional process) and then learn the specific
response association within that dimension (associative process). The NRS directly assesses the
flexibility of the attentional process.

If a subject has learned to attend strongly to Dimension A, the difficulty encountered during the
NRS is interpreted as the cost of having to re-direct this strong attention (a process of de-tuning
Dimension A and tuning Dimension B). This empirical observation provided strong ammunition
against pure S-R behavioral models, reinforcing the necessity of incorporating cognitive mediators,
such as dimensional attention or hypothesis testing, into comprehensive models of human and
animal learning. The enduring theoretical importance of the Nonreversal Shift is its rigorous
demonstration that learning is often guided by abstract, dimension-based rules rather than just
specific, concrete stimulus pairings.

Further Reading

Discrimination Learning (Wikipedia)

Reversal Learning (Wikipedia)
Stimulus Control (Wikipedia)
Extradimensional Shift (Wikipedia)
Cognitive Flexibility (Wikipedia)
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