BOX 45.1

AREA 7A NEURONS CARRY OBJECT-CENTERED SIGNALS IN A CONSTRUCTIONAL TASK

Many neurons in themonkey parietal cortex represent the locations of visual stimuli relative to parts of the body such as the eye (in area LIP) or head (in area VIP). The body-centered spatial information that they carry is potentially useful for visual guidance of actions such as looking at and reaching for things. Visuospatial cognition, however, requires understanding ofwhere things are relative to each other rather than to the body. It is an interesting question whether monkeys are capable of visuospatial cognition and if so what neural mechanisms underlie it (Caminiti et al., 2010). This issue was clarified by a recent study indicating that monkeys indeed can perform a constructional task requiring the use of object-centered spatial information and that parietal neurons carry object-centered spatial signals during performance of the task (Chafee, Crowe, Averbeck, & Georgopoulos, 2005; Chafee, Averbeck, & Crowe, 2007). On each trial, the monkeys looked at the center of a monitor while two figures appeared in succession. First a simple block figure appeared (model in Fig. 45.7A). Then another block figure formed by removing one block from the model appeared (incomplete copy in Fig. 45.7A). Given a choice of two new blocks (choice array in Fig. 45.7A), the monkeys had to decide which one needed to be slid in horizontally to transform the incomplete copy into a duplicate of the model. On recording from parietal Area 7a, the experimenters found that neurons fired while the monkeys were looking at the incomplete copy and that their firing encoded the location of the missing part. For example, the neuron of Figure 45.7 fired more strongly when the missing part was on the left (B, D, and F) than when it was on the right (C, E, and G). They signaled the location of the missing part relative to the object, not relative to themonkey. The fact that neurons in Area 7a carry object-centered spatial information is consonant with connectional anatomy. Area 7a differs from other parietal areas in being connected strongly to prefrontal cortex, which serves cognitive functions, rather than to premotor cortex, which mediates visuomotor guidance. The loss of neurons with object-centered spatial selectivity might underlie symptoms of parietal injury in humans, including constructional apraxia (Fig. 45.3) and object-centered neglect (Fig. 45.4).
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FIGURE 45.7 Data from a neuron in parietal Area 7a with object-centered spatial selectivity. (A) While the monkey looked at a fixation point at the center of the screen (the central dot in each panel), a model block figure appeared followed, after a delay, by an incomplete copy from which one block had been removed. In this example, the block protruding halfway up the model on the left side was missing. A choice array consisting of two free blocks then appeared next to the incomplete copy. The monkey had to choose which free block to slide in horizontally so as to transformthe incomplete copy into the original model (arrow). In this example, the lower blockwas the correct choice. (B–G) Data from an Area 7a neuron. This neuron fired during the periodwhen the monkey was viewing the incomplete model. It fired much more strongly if the missing block was on the left of the model than if it was on the right. Note that the conditions consitute matched pairs in which monkey was viewing an identical incomplete copy (B–C, D–E, and F–G). The only thing that differed between the two conditions in a pair was the monkey’s awareness of the object-centered location (left or right) of the missing part. From Chafee et al. (2005).

