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Fig. 2. Distinct brain areas for mathematical expertise and for general semantic knowledge. (A) Whole-brain view of areas activated during reflection on
mathematical statements (blue) versus general knowledge (green). In this figure and all subsequent figures, brain maps are thresholded at voxel P < 0.001,
cluster P < 0.05 corrected for multiple comparisons across the brain volume. (B) Mathematical expertise effect: Interaction indicating a greater difference
between meaningful math and nonmath statements in mathematicians than in controls. (C and D) Average fMRI signals in representative areas responsive to
math (C) and to nonmath (D) (see S/ Appendix, Fig. S1 for additional areas). Black rectangles indicate sentence presentation.
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Figure 1. Schematic of major anatomical sub-divisions in the frontal lobes.
Boundaries and Brodmann areas (BA) are only approximate. Arrows indicate
anatomical directions of anterior/rostral (front) versus posterior/caudal (back) and
dorsal (up) versus ventral (down). From caudal to rostral, labeled areas include
motor cortex, dorsal (PMd) and ventral premotor cortex, dorsal (pre-PMd) and
ventral aspects of anterior premotor cortex, ventro- (VLPFC) and dorsolateral PFC

(DLPFC), and lateral frontal polar cortex (FPC).
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Figure 2. Theoretical accounts of the rostro—caudal gradient in the PFC. (a) From a working memory perspective, rostral and caudal PFC can be distinguished on the basis of
processing domain general versus specific representations [20,24,41]. Hierarchical versions of this perspective propose that domain-specific posterior frontal regions can be
modulated by the maintenance domain general rules in anterior DLPFC and FPC [50,54]. (b) Relational complexity proposes a gradient in the PFC with respect to evaluation
of simple stimulus properties, first-order relationships among the properties, and second-order relationships among relationships [56,57]. (¢) The cascade model proposes
four levels of control that are distinguished by temporally disparate control signals, either sensory, context, episodic or branching [5]. (d) Abstract representational
hierarchy proposes that regions of the PFC are distinguished by the level of abstraction at which representations compete in a hierarchy of action representations [74].
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Figure 6. Comparison of peak activations from the present
experiment and those obtained by Koechlin et al. (2003). Color
patches do not represent extent of actual activations. Rather, in
order to convey proximity of contiguous foci concretely, spheres

(8 mm radius) were constructed centered on the peak foci from
Koechlin et al. (blue) and from the current study (red). Specifically,
spheres represent foci for (A) the response level (current experiment:
Talairach x y z = —30 —7 63), (B) ‘“‘sensory control” (Koechlin

et al., 2003: —32 —8 52), (C) the feature level (current experiment:
—37 11 31), (D) “context control” (Koechlin et al., 2003: —44 8
20), (E) the dimension level (current experiment: —50 26 21),

(F) “episodic control”’ (Koechlin et al., 2003: —40 32 20), and

(G) the context level (current experiment: —36 50 6). Spheres
were then rendered on an inflated Talairach surface using AFNI.
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Figure 1. (a,b(1)—(i11)) The episodic memory network. Significant peaks of activity from a meta-analysis of 24 neuroimaging
studies of autobiographical memory (Svoboda et al. 2006). The classic core episodic memory network can be seen in red and
includes the hippocampus bilaterally, parahippocampal gyrus, retrosplenial, posterior cingulate and posterior parietal cortices

and medial PFC. Activations in core (red), secondary (green) and infrequently reported regions (blue) are depicted across right
and left, lateral, medial and subcortical planes. Adapted from Svoboda er al. (2006) with permission from Elsevier.
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Figure 3. The imagination network. Brain regions active when recalling imagined fictitious experiences that were previously
created in a pre-scan interview included the hippocampus, parahippocampal gyrus, retrosplenial and posterior parietal cortices
and medial PFC. (a(1)) Sagittal, (i1) coronal and (1i1) axial images from a “glass brain’, which enables one to appreciate activations
in all locations and levels in the brain simultaneously. (b) Activations on a selection of relevant (i) sagittal, (i1) coronal and
((i11),(iv)) axial sections from the averaged structural MRI scan of the 21 study participants at a threshold of p<0.001
uncorrected (data from Hassabis et al. 2007a).
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Figure 5. (a(1)—(ii1)) Neural correlates of recalling single objects. These are the brain areas activated more for recalling (real or
imagined) single objects than for complex experiences, and include the lateral occipital complex bilaterally, intraparietal sulcus
bilaterally and right lateral PFC. Views of these brain regions are also shown in (&) on an (i) axial and (ii) coronal sections from
the averaged structural MRI scan of the 21 subjects, at a threshold of »p<0.001 uncorrected (data from Hassabis ez al. 2007a).






