BOX 50.1

FUNCTIONAL TOPOGRAPHY

Information about topography of neural properties in the PFC can provide important insights into its function. For example, knowing that primary visual cortex is organized into groups of neurons with similar tuning for orientation provides important clues to how it analyzes visual inputs. The anatomically complex nature of the PFC, coupled with the unique patterns of connections that each prefrontal area possesses, would certainly suggest a degree of functional fractionation. The clearest anatomical dissociation that has emerged is between the orbital and medial PFC regions and the lateral and dorsal PFC regions. Orbital and medial PFC areas are implicated in “hot” processes, such as motivation and emotion. Lateral and dorsal PFC areas implement “cool” cognitive processes, such as working memory and reasoning. 

However, although there is this broad functional segregation, a more fine-grained functional topography has yet to be realized. One immediate problem that investigators face when trying to address this issue is that it is not clear how to subdivide cognitive processing. It is far easier to specify the sensory attributes of an apple than it is to list the different processes involved in planning or reasoning. In searching for this more fine-grained topography we should bear in mind two important points. First, PFC functional topography is likely to be based on broad categories or gradients of organization with overlap and intermixing of diverse information. Complex behavior requires that we recognize and respond to relationships across diverse dimensions, and representing these relationships is a prerequisite for cognitive control. Indeed, the majority of outputs of a given prefrontal area are to other prefrontal areas, so it is not surprising that many prefrontal neurons are multimodal. Second, because learning is central to cognitive control and modulates the properties of many PFC neurons (see Neurophysiology of the Prefrontal Cortex), it should have a large influence on PFC topography. Indeed, the flexible nature of controlled behaviors likely requires a dynamic anatomy, with neuronal properties changing to reflect the demands of the current task.
