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REVERSAL SHIFT

Introduction and Definition of Reversal Shift

The concept of the Reversal Shift is foundational within cognitive and behavioral psychology,
particularly concerning theories of discrimination learning and attentional processes.
Fundamentally, a Reversal Shift describes a specific pattern of responding observed when an
organism is tasked with discriminating between two opposing options, followed immediately by an
inversion of the reinforcement contingencies. This phenomenon represents a cognitive
restructuring where the previously correct stimulus dimension remains relevant, but the specific
valence assigned to the stimuli within that dimension is reversed. For instance, if the subject was
initially trained to select the large object over the small object, a Reversal Shift requires them to
now select the small object over the large object. This mechanism highlights the organism's ability
to maintain focus on the overarching relevant dimension (e.g., size) while adapting to the altered
reinforcement schedule for the specific cues (large vs. small). Understanding the dynamics of the
Reversal Shift is crucial for differentiating between simple associative learning and more complex,
rule-governed behavior, forming a critical cornerstone in the study of how organisms, particularly
humans and higher primates, develop sophisticated learning strategies that transcend mere trial-
and-error conditioning.

More formally, a Reversal Shift occurs when one response, which was deemed correct initially
during a training phase, becomes incorrect later in the subsequent training phase, necessitating a
direct inversion of the learned response rule. This demands that the subject maintain the original
stimulus dimension as relevant and ignore any irrelevant dimensions, subsequently altering only
the approach or avoidance response associated with the specific cues within that relevant
dimension. This is contrasted sharply with associative learning models, which often predict that
learning the second task would be facilitated if the subject treated it as a completely new
association, potentially involving a shift to a previously irrelevant dimension. The efficiency with
which a subject successfully executes a Reversal Shift is often interpreted as evidence for the use
of mediating cognitive strategies or verbal hypotheses, suggesting that the subject is not merely
responding to specific sensory inputs but is testing and applying abstract rules about the
environment. Therefore, the measurement of error rates and trials required to reach criterion
following the contingency reversal provides robust data regarding the sophistication of the internal
learning mechanisms employed.

The core distinction lies in the ability to abstract the operative rule. In the initial phase, the rule
might be defined as "Respond to Dimension A, Cue 1." In the reversal phase, the rule becomes
"Respond to Dimension A, Cue 2." The learner who executes a Reversal Shift efficiently
demonstrates that they have learned the concept of Dimension A as the relevant factor, making
the switch between Cue 1 and Cue 2 relatively straightforward compared to an individual who must
extinguish the association for Cue 1 and establish a completely new association for Cue 2. This
cognitive shortcut is highly adaptive, allowing for rapid adjustment to fluctuating environmental
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conditions that maintain structural similarity. The study of the Reversal Shift provides essential
insights into the development of cognitive flexibility and the hierarchical organization of learning,
moving from simple stimulus-response pairings towards complex, cognitively mediated rule
acquisition.

Historical Context and Origins in Learning Theory

The theoretical foundation for the study of Reversal Shifts can be traced back to the mid-20th
century, primarily through the influential work of psychologists such as Kendler and Kendler, and
earlier foundational studies by researchers like Karl Lashley and Egon Krechevsky. Krechevsky's
pioneering work on "hypotheses" in rats, though not directly coining the term Reversal Shift,
demonstrated that animals often employed systematic, non-random strategies when navigating
complex learning tasks, suggesting an active cognitive process rather than purely passive
conditioning. This set the stage for later research that sought to quantify the type of cognitive
strategy employed. However, it was the extensive research program initiated by Howard and Tracy
Kendler that formally introduced the comparison between Reversal and Nonreversal Shifts as a
primary methodology for testing competing learning theories, specifically differentiating between
single-unit Stimulus-Response (S-R) theory and mediation theory.

The Kendlers utilized discrimination learning tasks, often involving visual or spatial cues, to
investigate how children and adults approached learning reversals. Their framework hypothesized
that if learning occurred strictly through direct S-R associations, then both Reversal Shifts and
Nonreversal Shifts should be equally difficult, or perhaps the Nonreversal Shift might even be
slightly easier due to the necessity of extinguishing fewer associations in the new task. Conversely,
if learning was mediated by internal, verbal, or conceptual strategies (a mediation theory), then the
Reversal Shift should be significantly easier and faster to acquire, especially for older children and
adults capable of verbalizing the relevant dimension. The outcome of their experiments strongly
supported the mediation theory for verbally competent subjects, demonstrating that humans often
switch their attention to the relevant stimulus dimension, making the inversion of the cue value (the
shift itself) a simple, conceptually driven alteration rather than a laborious re-learning process.

This historical demarcation between simple S-R models and mediation models fundamentally
altered the landscape of learning psychology. The success of the mediation theory in explaining
the efficiency of the Reversal Shift validated the importance of internal, unobservable cognitive
processes in guiding behavior, moving the field away from purely behaviorist explanations
prevalent earlier in the century. The Reversal Shift paradigm became a critical methodological tool,
allowing researchers to empirically test the existence and development of abstract cognitive
processes, particularly in developmental psychology. The findings solidified the idea that adult
learning often involves high-level cognitive mediation, where stimuli are processed not merely as
physical inputs but as representatives of abstract categories or rules, a process essential for
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efficient, adaptive behavior in complex environments.

The Mechanism of Attentional Mediation

The superior performance observed during a Reversal Shift, particularly among mature learners, is
primarily attributed to the mechanism of attentional mediation. Attentional mediation posits that
the learner does not respond directly to the physical properties of the stimuli (e.g., specific color or
shape) but rather to an internal, mediating response which is typically the selection of the relevant
stimulus dimension. Once a dimension (e.g., color) is identified as relevant, all specific cues within
that dimension (e.g., red and blue) become the focus of attention, while all cues belonging to
irrelevant dimensions (e.g., shape or size) are effectively ignored or filtered out. This internal
focusing mechanism significantly reduces the cognitive load during the learning process and
prepares the learner for potential shifts in contingency.

When the contingencies are reversed--for example, switching reinforcement from blue to red, while
keeping color as the relevant dimension--the mediating response remains intact. The learner does
not need to re-evaluate whether color is important; they only need to modify the terminal, overt
response based on the new reinforcement schedule. This is often conceptualized as a two-stage
process: first, the selection of the relevant dimension (the mediational stage), and second, the
selection of the correct cue within that dimension (the response stage). Because the first and most
cognitively demanding stage--the selection of the dimension--is preserved during the Reversal
Shift, the overall learning task is accomplished much more rapidly than tasks requiring a complete
change in strategy, such as the Nonreversal Shift. The efficiency gain is substantial, underscoring
the power of selective attention and dimensional abstraction in adult cognition.

Furthermore, the mechanism of attentional mediation highlights the role of language and
verbalization in human learning. For subjects capable of verbalizing the rule (e.g., "The rule is
about color"), the maintenance of attention on the relevant dimension is highly robust. This verbal
mediation acts as a stabilizing force, preventing the learner from regressing to a trial-and-error
approach. Developmental studies show a strong correlation between the onset of efficient Reversal
Shift performance and the development of robust language skills, suggesting that internal language
provides the necessary cognitive tools for establishing and maintaining abstract rules. This strongly
supports the mediation theory over simpler S-R models, emphasizing that efficient learning is not
just about associating stimuli with responses, but associating stimuli with higher-order cognitive
constructs, which subsequently guide the behavioral response.

Reversal Shift vs. Nonreversal Shift: A Critical Comparison

The critical importance of the Reversal Shift paradigm stems from its direct comparison with the
Nonreversal Shift. These two types of shifts represent fundamentally different cognitive
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challenges and reveal distinct underlying learning strategies. In a Nonreversal Shift, the correct
stimulus dimension itself is changed, requiring the learner to abandon the previously relevant
dimension entirely and focus on a dimension that was previously irrelevant. For example, if the
initial task required selecting the large object (Dimension: Size) over the small object, a
Nonreversal Shift might require selecting the red object (Dimension: Color) over the blue object.
Crucially, the previously correct cue (large) and the previously incorrect cue (small) retain their
specific reinforcement values (e.g., large is still rewarded, small is still punished) but are now
irrelevant to the new task.

The theoretical prediction, confirmed repeatedly in studies involving verbally mediating subjects, is
that the Reversal Shift is significantly easier and faster to learn than the Nonreversal Shift. This
disparity occurs because the Reversal Shift only requires the subject to inhibit one specific
response and establish its opposite within the same conceptual framework (retaining the
dimension), whereas the Nonreversal Shift requires the subject to extinguish all associations
related to the previous relevant dimension and establish an entirely new focus on a previously
ignored dimension. From the perspective of mediation theory, the Nonreversal Shift necessitates
the termination of the old mediating response and the initiation of a new one, a process that
inherently requires more trials and generates more errors than simply switching the specific
response guided by the maintained mediating dimension.

The comparison between these two types of shifts serves as a powerful diagnostic tool for
assessing the cognitive level of the learner. Subjects operating purely on a simple S-R associative
level, such as young children or many non-human animals, often find the Nonreversal Shift slightly
easier or equally difficult as the Reversal Shift, because their learning involves the gradual
strengthening and weakening of specific cue-response associations regardless of dimensional
abstraction. However, once a learner begins to use abstract rules and attentional filters, the
Reversal Shift becomes vastly superior in terms of learning efficiency. Thus, the relative difficulty
experienced by a subject in mastering these two tasks provides a clear measure of whether they
are employing rudimentary associative strategies or advanced, rule-governed cognitive strategies.

Experimental Paradigms and Methodology

The study of Reversal Shifts relies heavily on specific experimental methodologies, most notably
variations of the Discrimination Learning Set paradigm. These tasks typically involve presenting
the subject with pairs of stimuli that vary across multiple dimensions (e.g., Color, Shape, Size). In
the initial training phase (Task 1), the subject must learn which stimulus is reinforced based on one
specific dimension. For instance, the rule might be "choose the triangle, regardless of color or
size." This phase ensures the dimension of Shape is established as relevant. Once the criterion is
met, the critical shift phase (Task 2) is introduced.
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For the Reversal Shift condition, the same stimuli and the same relevant dimension are
maintained, but the reinforcement contingency is inverted. If the triangle was correct in Task 1, the
square (the other cue within the Shape dimension) becomes correct in Task 2. The critical
measurement is the number of trials and errors required to reach the learning criterion in Task 2.
Efficient Reversal Shift performance is characterized by rapid learning, often achieved in fewer
trials than Task 1, demonstrating that the subject immediately applies the rule of the relevant
dimension while simply reversing the specific choice. This methodology provides quantifiable data
on the stability and accessibility of the mediating cognitive strategy.

Alternative methodologies, such as the use of concept formation tasks or object categorization
studies, also incorporate the principles of reversal learning. Regardless of the specific stimulus set,
the core methodological requirement is the unambiguous manipulation of the reinforcement
schedule across trials, ensuring that the only successful strategy is either maintaining focus on the
relevant dimension (Reversal Shift) or abandoning the dimension entirely (Nonreversal Shift).
Rigorous experimental control is necessary to ensure that differential performance is attributable
solely to the cognitive strategy employed, rather than sensory biases or fatigue effects. The clarity
and robustness of this paradigm have made it a standard tool for comparative psychology and
cognitive developmental research.

Developmental Psychology and Age-Related Differences

The Reversal Shift paradigm is profoundly important in developmental psychology because it maps
the transition from concrete, associative learning toward abstract, rule-governed cognition. Studies
consistently show marked age-related differences in performance. Very young children (typically
under five years of age) often struggle significantly with the Reversal Shift, exhibiting performance
similar to, or only marginally better than, their performance on the Nonreversal Shift. This suggests
that their learning is dominated by simple S-R associations; the child must extinguish the
association between the previously rewarded cue and the response, much like learning a new task
entirely.

As children mature, typically coinciding with the development of executive functions and verbal
skills (around six to eight years), a dramatic improvement in Reversal Shift performance is
observed. This developmental leap is interpreted as the point at which the child begins to utilize
verbal mediation and attentional filtering. Instead of responding directly to "Red," the older child
is able to internalize the rule "Color is the key," making the switch from "Red is correct" to "Blue is
correct” a simple rule inversion rather than a complex extinction and re-acquisition process. This
transition period validates the mediation theory, demonstrating that the structure of the learning
process itself changes as the child's cognitive architecture matures.

Furthermore, developmental studies using the Reversal Shift have illuminated the hierarchical
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nature of cognitive control. The ability to maintain selective attention on a relevant dimension, while
simultaneously inhibiting responses to irrelevant dimensions, is a key component of executive
function. Deficits in efficient Reversal Shift learning have been observed in populations with certain
developmental disorders, suggesting that the difficulty lies not just in basic learning capacity, but
specifically in the ability to flexibly switch cognitive sets or maintain dimensional focus. Therefore,
the paradigm provides crucial insight into typical and atypical development of cognitive flexibility
and selective attention, two hallmarks of mature human intelligence.

Neural Substrates and Cognitive Implications

Research into the neural substrates underlying the Reversal Shift points primarily toward
involvement of the prefrontal cortex (PFC), a region critical for executive functions, working
memory, and cognitive flexibility. Efficient execution of a Reversal Shift requires the inhibitory
control necessary to suppress the previously reinforced response (e.g., selecting the blue item)
while simultaneously maintaining the abstract rule (e.g., attending to color). This process of set-
shifting and inhibitory control is strongly regulated by areas within the PFC, particularly the
ventrolateral and dorsolateral sectors.

Neuroimaging studies, utilizing fMRI and EEG techniques, have demonstrated increased activation
in these prefrontal regions during the reversal phase of discrimination tasks, particularly when
compared to initial acquisition or Nonreversal Shifts. Specifically, the successful Reversal Shift is
thought to rely on the functional integrity of circuits connecting the PFC with subcortical structures,
such as the basal ganglia, which are involved in response selection and habit formation. Damage
or dysfunction in these prefrontal-striatal circuits often leads to deficits in reversal learning,
resulting in increased perseveration--the persistent selection of the previously rewarded, but now
incorrect, stimulus. This perseverative error pattern is a classic indicator that the subject is
struggling to execute the necessary cognitive switch inherent to the Reversal Shift.

The cognitive implications extend beyond simple learning tasks, suggesting that the mechanisms
employed in Reversal Shift learning are fundamental to broader cognitive flexibility. The ability to
rapidly adapt to changes in environmental rules, to shift one's perspective, and to update internal
models based on new evidence all draw upon the same underlying neural resources required for
efficient reversal learning. Therefore, the Reversal Shift serves as a model for understanding how
the brain manages cognitive conflict and achieves adaptive behavioral change in dynamic settings,
linking specific psychological phenomena directly to corresponding neurobiological pathways
involved in higher-order human cognition.

Practical Applications and Extensions of the Theory

The theoretical understanding derived from the Reversal Shift paradigm has significant practical
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applications across various fields, including education, clinical psychology, and artificial
intelligence. In educational settings, the findings underscore the importance of teaching abstract
concepts and rules, rather than relying solely on rote memorization of specific examples. By
encouraging students to identify the relevant dimension or concept, educators can facilitate more
flexible and efficient learning, making subsequent shifts in specific content or examples (analogous
to a Reversal Shift) much easier to manage. Instruction that focuses on metacognitive skills--the
ability to monitor and regulate one's own thinking--directly improves dimensional attention, thereby
boosting reversal learning capacity.

In clinical psychology and neuropsychology, reversal learning tasks are frequently employed as
diagnostic tools. Impairment in reversal learning is a common feature in several clinical
populations, including individuals with obsessive-compulsive disorder (OCD), substance use
disorders, and certain forms of frontal lobe damage. These impairments manifest as perseverative
errors, highlighting a failure of inhibitory control and an inability to switch from a previously
reinforced behavioral set. Assessing reversal shift performance can provide crucial information
regarding the integrity of prefrontal functioning and the capacity for behavioral adaptation, aiding in
targeted intervention strategies aimed at enhancing cognitive flexibility.

Furthermore, the principles of Reversal Shift and Nonreversal Shift have informed the development
of algorithms in machine learning and artificial intelligence. Designing intelligent systems that can
generalize effectively requires mechanisms that prioritize abstract dimensions over specific
features, allowing for rapid adaptation when environmental contingencies change. Models that
successfully incorporate attentional mechanisms, similar to those mediating the Reversal Shift in
humans, are more robust and efficient in handling complex, dynamic data sets, demonstrating the
fundamental importance of dimensional abstraction in all forms of complex learning, whether
biological or artificial.
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