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Corticalization

Primary Disciplinary Field(s): Neuroscience, Evolutionary Biology, Cognitive Science

1. Core Definition

Corticalization refers to a fundamental evolutionary and developmental process wherein cognitive
functions, initially primarily handled by phylogenetically older, more primitive brain regions, are
increasingly transferred to or integrated within the cerebral cortex. The cerebral cortex, particularly
the neocortex, is the outermost layer of the cerebrum and is extensively folded, responsible for the
vast majority of higher-order cognitive processes, including perception, attention, memory,
language, and consciousness. This sophisticated neural architecture enables complex thought,
reasoning, and adaptive behavior, distinguishing higher species, such as humans, from their less
encephalized counterparts.

This evolutionary migration of functional responsibility to the cortex is a hallmark of
encephalization, which is the increase in brain size relative to body size, and is directly correlated
with the emergence of more complex cognitive skills across species. In essence, as species evolve
over geological timescales, the cerebral cortex undergoes significant expansion and specialization,
thereby accommodating and facilitating an ever-growing repertoire of advanced intellectual and
behavioral capacities. This continuous refinement and enlargement of the cortex underscore its
pivotal role in the ascent of cognitive complexity.

2. Etymology and Historical Development

The term "corticalization" derives from "cortex," the Latin word for "bark" or "rind," aptly describing
the outer layer of the brain. Its conceptual understanding emerged from comparative
neuroanatomy and evolutionary biology studies in the late 19th and 20th centuries. Early
neuroscientists, including pioneers like Santiago Ramon y Cajal, observed significant differences in
cortical structure and complexity across various animal species, noting a pronounced increase in
higher mammals and primates. This comparative approach highlighted the expansion and
differentiation of the cerebral cortex as a key driver of cognitive advancement.

The historical development of the concept is intertwined with theories of brain evolution, particularly
the notion of encephalization, which quantifies the deviation of an animal's brain size from the
expected brain size for an animal of its particular body size. Researchers like Harry J. Jerison
popularized the encephalization quotient (EQ), providing a metric to compare brain complexity. As
the EQ increases, so does the relative size and importance of the cerebral cortex, suggesting a
progressive shift of function towards this region. This perspective solidified the understanding that
the cerebral cortex is not merely an enlarged version of older brain structures but a specialized
area that has assumed new and more complex roles through evolutionary adaptation .
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Furthermore, developmental neurobiology has elucidated how, within an individual's lifetime,
certain cognitive abilities mature as cortical areas become fully functional and interconnected. This
ontogenetic process often mirrors the phylogenetic trend, demonstrating that the cortex is the
primary substrate for learning and adapting to novel and complex environmental demands. The
understanding of corticalization has thus evolved from a purely morphological observation to a
comprehensive framework explaining both the evolutionary trajectory of cognition and the
developmental basis of higher mental functions.

3. Key Characteristics

Functional Transfer and Integration: A primary characteristic of corticalization is the process by
which cognitive functions, initially subserved by subcortical or more rudimentary brain structures,
become increasingly localized within, or distributed across, the cerebral cortex. This does not
always imply a complete abandonment of primitive areas but rather a hierarchical integration
where the cortex assumes executive control and modulates activities of older regions.

Association with Higher Learning and Complex Cognition: Corticalization is directly linked to
the development of sophisticated cognitive skills. Functions such as abstract reasoning, problem-
solving, planning, language processing, complex motor control, and nuanced social cognition are
primarily attributed to the expanded and highly specialized neural networks within the cerebral
cortex .

Evolutionary Expansion and Specialization: This process is evident in the evolutionary
trajectory of higher species, particularly primates and humans. The cerebral cortex exhibits a
remarkable increase in relative size, surface area (gyrification), and cytoarchitectural complexity
compared to other brain regions. This expansion facilitates the necessary computational capacity
for advanced cognitive operations.

Encephalization Correlation: Corticalization is a key component of the broader phenomenon of
encephalization, where brain size relative to body size increases across evolutionary lineages. The
proportional growth of the cortex is a significant driver of this overall brain enlargement, reflecting
an evolutionary advantage conferred by enhanced cognitive abilities.

Neural Plasticity and Adaptability: The cerebral cortex is renowned for its remarkable plasticity,
its ability to reorganize its structure and function in response to experience, learning, or injury. This
inherent adaptability allows for continuous refinement of cognitive functions throughout an
individual's life, a characteristic deeply intertwined with the concept of corticalization as a
mechanism for flexible intelligence.
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4. Significance and Impact

The concept of corticalization holds profound significance across neuroscience, evolutionary
biology, and cognitive science, as it offers a fundamental framework for understanding the
biological basis of advanced cognition. Its most striking impact is in explaining the unique cognitive
capabilities of humans. The highly developed human cerebral cortex, particularly the prefrontal
cortex, is considered the primary anatomical substrate for our unparalleled abilities in language,
symbolic thought, foresight, and complex social interaction . Without this evolutionary shift, the
sophisticated mental lives that characterize humanity would not be possible.

Furthermore, corticalization provides critical insights into comparative neuroanatomy and the
evolutionary pressures that led to the divergence of species with different cognitive profiles. By
examining the degree of corticalization in various animal brains, researchers can infer the cognitive
capacities and behavioral repertoires of different species, elucidating the adaptive advantages
conferred by a more developed cortex. This understanding extends to fields such as
developmental psychology, where the maturation of cortical areas is closely linked to the
emergence of cognitive milestones in infants and children. It also informs clinical neurology,
helping to understand how damage to specific cortical regions impairs particular cognitive
functions.

The impact of corticalization extends beyond mere anatomical changes, profoundly shaping our
understanding of consciousness and self-awareness. The integration of sensory information,
memory, and executive functions within the cortex is believed to be crucial for subjective
experience and the unified sense of self. Thus, corticalization is not just about moving functions to
a new brain area; it is about the emergence of entirely new levels of cognitive organization and
complexity that underpin the most defining aspects of mammalian, and especially human,
intelligence.

5. Debates and Criticisms

While the concept of corticalization is widely accepted as a descriptor of evolutionary brain
changes, debates and nuances exist regarding its precise mechanisms and implications. One area
of discussion revolves around the extent to which functions are truly "transferred" from primitive
areas versus being hierarchically controlled or modulated by the cortex. Modern neuroscience
often emphasizes distributed processing and the intricate interplay between cortical and subcortical
structures, suggesting that the cortex rarely acts in isolation. For instance, while the cortex is
crucial for complex motor planning, basic motor reflexes still rely on brainstem and spinal cord
pathways, with cortical input providing refinement and voluntary control.

Another point of contention can arise from the interpretation of "primitive areas." While certain
subcortical structures like the amygdala (emotion) or basal ganglia (motor control) are
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evolutionarily ancient, they continue to play vital roles in complex behaviors, often in close
collaboration with the cortex. The idea of a simple "transfer" might oversimplify the dynamic and
integrated nature of brain function, where different regions contribute synergistically to cognitive
processes. Some discussions also question the linear nature implied by "transfer," suggesting
instead a process of parallel evolution and increasing specialization within both cortical and
subcortical networks.

Furthermore, the concept can sometimes be misinterpreted to imply a uniform "betterment" across
all species with higher corticalization, potentially overlooking the specialized cognitive adaptations
of species with less emphasis on cortical expansion. For example, some birds exhibit remarkably
complex cognitive abilities with comparatively smaller and differently structured pallial structures
(analogous to the mammalian cortex), challenging simplistic notions of cortical size as the sole
determinant of intelligence. These debates encourage a more nuanced view of brain evolution,
emphasizing the diversity of neural strategies for achieving complex cognition.
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