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Cortex, countercurrent context, and dimensional integration of lifetime memory.

Bjorn Merker

Abstract:

   The correlation between relative neocortex size and longevity in mammals encourages a search for a 

cortical function specifically related to the life-span. A candidate in the domain of permanent and 

cumulative memory storage is proposed and explored in relation to basic aspects of cortical organization. 

The pattern of cortico-cortical connectivity between functionally specialized areas and the laminar 

organization of that connectivity converges on a globally coherent representational space in which 

contextual embedding of information emerges as an obligatory feature of cortical function. This brings a 

powerful mode of inductive knowledge within reach of mammalian adaptations, a mode which combines 

item specificity with classificatory generality. Its neural implementation is proposed to depend on an 

obligatory interaction between the oppositely directed feedforward and feedback currents of cortical 

activity, in countercurrent fashion. Direct interaction of the two streams along their cortex-wide local 

interface supports a scheme of "contextual capture" for information storage responsible for the lifelong 

cumulative growth of a uniquely cortical form of memory termed "personal history." This approach to 

cortical function helps elucidate key features of cortical organization as well as cognitive aspects of 

mammalian life history strategies. 

Key words: 
Context, corticocortical connections, countercurrent, hippocampus, latent semantic analysis, life history 

strategies, neocortex.
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1. Introduction
Only mammals have expanded the dorsal pallial wall of the vertebrate forebrain into a multilayered and 

topographically organized sheet, the neo- or isocortex (Jerison, 1973; Kaas, 1995; Nieuwenhuys, 1994; 

see also Aboitiz, 1999; Marin-Padilla, 1998; and Striedter 1997). It is surrounded by and intimately 

interconnected with allocortical tissue. The cortical sheet as a whole is regionally differentiated into cortical 

areas (Brodmann, 1909; Felleman & Van Essen, 1991) grouped into a small number of cortical domains 

(Young, 1993). The functional specialization of these areas suggests that cortex is organized in terms of 

task-specific modules (see, for example, Zeki, 1978; Livingstone and Hubel, 1988; Felleman and Van 

Essen, 1991). The same areas nevertheless exhibit a striking uniformity in structural arrangement at the 

cytoarchitectonic level, that is, normal to the cortical sheet (Creutzfeldt, 1977, 1978; Rockel, Hiorns and 

Powell, 1980; see also Somogyi, 1994, p. 149). This in turn suggests that cortical tissue performs a 

common function across compartments as diverse as sensory areas, motor cortex and zones of 

polymodal convergence (Braitenberg and Schüz, 1991). Few common functions are more easily 

compatible with such a wide range of specialization than one in the domain of information storage 

(Braitenberg, 1974). 

   In what follows, a specific conception of the functional organization of cortex will be used to suggest that 

a heterogeneous set of cortical attributes – attributes which include the phylogenetic correlation between 

relative isocortex size and longevity, patterns of inter-areal cortico-cortical connectivity, and laminar 

structure and interactions – are interpretable as inherent aspects of a unitary mechanism dedicated to the 

continuous accumulation and integration of permanent memory across the life-span. Under the name of 

"personal history" this form of uniquely cortical memory will be characterized, along with its 

implementation in a staggered countercurrent architecture ensuring deep contextual embedding of 

information for permanent storage (see Tulving, 1972; Craik and Tulving, 1975; Landauer & Dumais, 

1997). 

2. Isocortex size as a life history variable
Mammalian brain size is an allometric correlate of body size (Jerison, 1973) as well as of longevity 

(Sacher, 1959). This makes it a member of a constellation of interrelated biological characters studied by 

evolutionary and behavioral ecologists under the name of life history variables (Charnov, 1993). Since 

both longevity (Sacher, 1976; Schmidt-Nielsen, 1975) and the size of organs within the body (Schmidt-

Nielsen, 1975; Economos, 1980) scales with body size across species, a correlation between longevity 

and the size of an organ such as the brain or the adrenals need be no more than an allometric 

consequence of the scaling of body size with longevity (Economos, 1980). 

   Different parts or subdivisions of the brain do not, however, scale in the same manner with size. On a 

log-log plot relating the size of the brain's anatomical subdivisions to over-all brain size across species, 

isocortex exhibits both steeper slope and higher intercept than any other subdivision (Finlay and 

Darlington, 1995). That is, across mammalian species it makes a disproportionate contribution to brain 

size variance compared to other subdivisions of the brain. In so doing it does not lose the relation to 
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longevity characterizing the brain as a whole. There is evidence in primates that relative isocortex size 

correlates with life-span across species. One study removed the effect of body size by the method of 

partial correlations, and found isocortex size to be the best predictor of longevity (Witkin, 1980), while 

another, relying on the method of linear regression residuals, found it to be second only to that other 

cortical structure, the cerebellum, in this regard (Hakeem et al., 1996; see also Allman, 1999, pp. 168-

175). 

   Even this neocortical relation to the life-span might be a passive reflection of body-size scaling, but such 

an interpretation provides no satisfactory explanation for why the neocortex specifically should be a 

privileged brain compartment in this regard. An alternative is to assume that relative neocortex size in fact 

determines body size through its impact on the species-specific life-span (cf. Hofman, 1993). A central 

determinant of species-specific life-span is the rate of external mortality impinging on a species in its 

ecological niche (see Charnov, 1993, and Section 4 and note1). If neocortical function acted to decrease 

rates of external mortality, and the magnitude of that effect depended on relative cortex size, then the 

large neocortices of some mammals would be a causal factor giving them the extended temporal horizons 

of external mortality under which they could grow slowly to large size. This construal is not tautological, 

since there are other ways of extending the temporal horizons of external mortality, such as by investing in 

the hard shell of the long-lived turtle or in the escape-capacity provided by flight in birds, who on average 

live more than twice as long as mammals of the same body weight (Lindstedt and Calder, 1976; see also 

discussion in Hakeem et al., 1996, p. 96).

   There are a number of conceivable ways in which neocortex might affect rates of external mortality, but 

not all of these ways are equally compatible with a volumetric basis for that effect, as demanded by the 

correlations reviewed above. A promising candidate in this regard is the lifelong, continuous and 

cumulative storage of information in memory, since there are both theoretical and empirical grounds for 

believing that information storage is "space occupying", that is, that neural tissue is consumed ("used up") 

in the process of storing information. If so, an "information-storage" perspective on cortical function might 

account for the observed correlations on fundamental grounds. 

3. The volumetrics of information storage
In order to last a lifetime memory must be deposited in irreversible forms of structural change, such as 

permanently changed patterns of synaptic efficacy. This means that there is a trade-off between plasticity 

and permanence/stability in the memory storage process (McCloskey and Cohen, 1989; Tucker and 

--------------------
1. The complex interrelationships among life history variables lie beyond the scope of this paper. A synthesis is available in Charnov 

(1993). In brief, species-specific life-span is an adaptation (Finch, 1990) to rates of external mortality (Medawar, 1952; Williams, 

1957; Kirkwood and Holliday, 1986; Kirkwood and Rose, 1991) involving differential allocation of metabolic resources (Kleiber 1932, 

1961; West et al., 1997, 1999; Banavar et al., 1999) to growth, maintenance and reproduction. These relations bear on the issue of 

memory in that temporal horizons of external mortality are not independent of an animal's knowledge of the circumstances in which it 

lives. 
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Desmond, 1998). This trade-off becomes a "stability-plasticity dilemma" (Grossberg, 1987; Grossberg and 

Merrill, 1996, p. 259) only on the assumption that the same set of synapses must display both properties. 

The alternative is to irreversibly use up neural space as a medium for permanent memory storage by 

allocating new learning/memory to new tissue on a continuous basis. This solution resembles that of 

adding new units to an associative memory (Fahlman and Lebiere, 1990; Fahlman, 1991), with the 

difference that the "new units" are in place from the outset, to be used up sequentially over time. Such an 

arrangement would yield a volumetric correlate of lifetime storage capacity.

   There are a number of indications that memory storage capacity is expressed volumetrically at the level 

of gross anatomy. The most direct evidence comes from studies that relate the size of specific 

subdivisions of the brain of birds to the learning and memory requirements of their behavioral adaptations. 

A number of species of birds hide food in multiple storage locations for later consumption. They therefore 

need to remember a multiplicity of spatial locations, and their hippocampus is relatively larger than in non-

storing species (Bingman et al., 1989; Harvey and Krebs, 1990; Krebs, 1990; Hampton et al., 1995; 

Healey et al., 1996; Volman et al., 1997; Patel et al., 1997). This volumetric effect is specifically 

associated with the persistence or permanence of memories (Biegler et al., 2001). The size of other 

forebrain structures in birds have also been related to learning capacity. For example, the relative size of 

the hyperstriatum ventrale predicts feeding innovation across 17 bird species (Lefebvre et al., 1997; 

Timmermans et al., 2000). Also, the relative size of the high vocal center (HVC, involved in song control) 

correlates with the number of song types typically found in the repertoire of 41 oscine species with learned 

song repertoires (Devoogd et al., 1993). 

   In mammals there is indirect evidence for a volumetric basis for information storage related to the need 

to remember for instrumental, ecological and social purposes. Passingham (1975) found that a measure 

of relative cortex size in primates correlates with performance on tasks of visual discrimination set as well 

as responsiveness to novel objects. Since novelty cannot be defined except by contrast with what is 

already familiar (Sachs, 1967; see also Sokolov, 1963) it involves the type of longitudinal and cumulative 

memory storage at issue here. 

   Ecological correlates of brain or neocortex size include diet in three orders of mammals: bats, rodents 

and primates (Eisenberg and Wilson, 1978; Pirlot and Stephan, 1970; Stephan et al., 1981; Clutton-Brock 

and Harvey, 1980; Mace et al., 1981; Harvey et al., 1980; Milton, 1988; Harvey and Krebs, 1990; Hakeem 

et al., 1996; Allman, 1999). When the effect of body size is removed, species feeding primarily on fruit 

generally are found to have larger brain or isocortex size than species feeding on insects (in the case of 

bats) or leaves (in the case of primates and rodents). The dietary effect has generally been interpreted in 

terms of the higher informational demands, including memory requirements, for locating fruit, which is high 

in energy content and easily digested but patchily distributed in space and time (see Allman, 1977, 1999; 

Eisenberg and Wilson, 1978; Harvey and Krebs, 1990; Hakeem et al., 1996). Social correlates of isocortex 

size have been reported for primates, and include group size (Dunbar, 1995; Barton, 1996; Joffe and 

Dunbar, 1997) and extent of intrasexual competition as indexed by sexual dimorphism and socionomic 

sex ratio (Sawaguchi, 1997). Presumably life in large groups and competitive interactions place a premium 
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on long-term memory of the details of social interactions with many individuals. Interpreted in memory 

terms, these indirect lines of evidence regarding mammalian neocortex agree well with the direct evidence 

for the space-demanding nature of memory storage in birds (which lack a neocortex). 

   The indications that permanent neural storage of information is inherently space-occupying suggest a 

straightforward interpretation of the correlation between relative neocortex size and life-span in mammals. 

Were cortex an organ dedicated to the continuous and cumulative recording of memory, then the demand 

for neural storage space would bear a direct relation to the length of time over which the storage process 

extended. The correlation follows if that time is the species-specific life-span. The present treatment 

accordingly interprets cortex as an organ specialized for continuous (perpetual) and cumulative recording 

of permanent memory throughout the life span. The result is a unique, cortex-dependent, informational 

resource which brings a powerful mode of inductive knowledge within reach of neural implementation, a 

form of knowledge which holds the key to much of the secret of what is distinctly mammalian.

4. The powers of perpetual storage

From the point of view of the life-history argument pursued so far, the significance of lifelong cumulative 

memory recording bears on the issue of reducing the odds of external mortality in two principal ways, one 

pertaining to specific contents of memory, the other to their global statistics (the illustrative examples that 

follow are tailored to large-brained mammals, while cognitively less demanding analogs would apply to 

small-brained ones): 

1. Only permanent memory allows its possessor to retain information concerning things like who did what 

to whom months, years or decades ago (Humphrey, 1976; de Waal, 1982; Byrne and Whiten, 1988). 

Above all, it is the only means for capitalizing on experience of statistically rare but exceptional or 

anomalous events and contingencies, situations which may not recur for years but memory for which may 

be highly advantageous. The utility of such memory increases with the sophistication with which its 

specific contents are defined and grasped. It provides a selection pressure, in other words, for expansion 

of the brain's representational capacity. 

2. Many global ("higher order", "deeper") statistical invariants of environmental contingencies, such as 

long-term patterns of fruiting succession across diverse species and locations of trees, can be extracted 

from experience only over the long run of many seasons/cycles/years. That is, the very acquisition of 

knowledge of such statistical features of the environment requires permanent and cumulative memory 

storage over the same time horizons. In the limit, the trapping of information available only over a lifetime 

of exposure, such as patterns and consequences of generational succession or the adjustment of 

migratory routes to climatic or vegetation cycles (patterns which may span decades: Binford, 1983, pp. 

114-117), requires lifetime permanence of cumulative memory storage for its implementation. The storage 

of information for the full length of the species-specific life-span is a prerequisite for the ultimate and fullest 

use of the postulated cortical capacity, though the resource of lifetime-long memory has many uses short 

of this ultimate use. The latter may, however, provide a selection pressure for extension of the life-span in 
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mammals. There is potential for synergism between this selection pressure and that mentioned in point 

one above.

   In terms of information, the two types of memory content just sketched appear to have very little in 

common except their dependence on long-term memory recording. One is concerned with historically 

specific and sometimes unique individual items and events, while the other concerns global statistical 

regularities extracted over many episodes, items or events. In fact, these two content modes exemplify a 

fundamental tradeoff between recording a variety of specific aspects (any one of which might be 

important) and redundant (statistically regular and hence important) aspects of noisy information (Haft, 

1998). The potential advantage of integrating them was hinted at above, in noting that the utility of the 

item-specific type depends on the cognitive sophistication with which the recorded item or episode is 

grasped and interpreted. It makes a vast difference in this regard whether the memory of, say, a social 

encounter is stored as a record of bare sequences of body movements, or whether inferred motives of 

participants are included in its representation. Knowledge of motives presumably derives from ample 

experience with many such instances and their outcomes.

   The key concept of the present paper is that global statistical knowledge of the kind featured in point 2 

above provides the interpretive framework for the first, specific, type and that the two forms of memory 

contents in fact are only the two functional poles of a single unitary form of uniquely cortical inductive 

knowledge which combines item specificity with classificatory generality. To do so, such a form of memory 

would have to achieve global coherence in the sense that each of its content elements should be related 

to every other via its place and significance in a given subject's stored experiential history. This is most 

readily accomplished by organizing memory contents contextually, that is, by making storage of an item 

dependent on the context to which it belongs. Since broader, more general contexts include narrower, 

more specific ones, this amounts to a system of "nested contextual subsumption" with concept-like 

properties. The historical (temporal) aspect of such a scheme would in general terms follow from the 

already mentioned strategy of allocating new learning/memory to new tissue on a continuous basis, 

amounting to inclusion of time of acquisition (broadly conceived) as a contextual parameter of storage.

   The unitary nature of the postulated mode of storage has analogs in schemes for extracting latent 

higher-order statistical structure from a first-order data-stream, such as "latent semantic analysis" (LSA, 

see Landauer & Dumais, 1997; Landauer et al. 1998) and related approaches (Burgess et al., 1998; Lund 

& Burgess, 1996; Burgess & Lund, 2000; see also Hopfield, 1982; and Steedman, 1999). Though these 

approaches were developed for text analysis, Landauer & Dumais (1997) have emphasized that the 

statistical principles they embody are likely to have domain general applications. These principles exploit 

the powers of multi-variate dimension-matching by mapping large amounts of transformed data onto a 

single unitary space of optimal dimensionality. In so doing they achieve a felicitous contextual relation 

between local and global information amounting to a form of semanticity. In a number of cases this has led 

to simulation results suggestive of human-like performance (Landauer & Dumais, 1997). 

   The "complete connectivity" (in the neural network sense) and unitary nature of the multidimensional 

representational space featured in these programs ensures that the relation between any two content 
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items is a function of the entirety of the contents of the representational space. When such a system 

works in time by accumulating its contents through sequential information exposure, the accretion of each 

new item potentially and marginally alters the representation of all other items (Landauer & Dumais, 

1997). Thus, the representation of any given item becomes a function of that of all other items, and every 

accretion adds to the semantic powers of the system. In fact, to achieve working capacity, the system 

needs to accumulate a considerable mass of naturally inter-related data (Landauer & Dumais, 1997).

   The example illustrates the potential powers of an architecture of memory that unifies the two content-

domains of personal history (roughly, its "episodic" and "semantic" poles) into a coherent framework for 

the inductive acquisition of knowledge based on perpetual memory recording. As will be developed in the 

rest of this paper, key features of cortical organization jointly seem to implement such a system of memory 

storage, bringing formidable powers of inductive knowledge to bear on mammalian adaptations. 

5. Cortical substrates for the accretion of personal history

So far the neocortex has been considered as a unit, in simple volumetric terms. However, as already 

mentioned, the cortical sheet is composed of anatomically distinguishable subregions exhibiting functional 

specialization featured in modular (Zeki, 1978; Livingstone and Hubel, 1988) and hierarchical (Felleman 

and Van Essen, 1991) conceptions of cortical organization. Since cortical cells do not exhibit striking area-

specific differences in membrane biophysics (Douglas & Martin, 1991), and local cortical structure is rather 

uniform across areas (see references in introduction) the causal basis for this functional specialization 

must be sought largely in the differential external afference of cortical areas on the one hand, and in the 

pattern of inter-areal fiber connections on the other (on this latter point, see Young, 1993, p. 18 and 

Sections 5a, b and c, below). The former pertains of course above all to the primary sensory areas of 

cortex. In addition to being distinguished by their receipt of the details of on-line sensory activity in a given 

modality, they exhibit distinct cytoarchitectonic characteristics (koniocortical heterotypic architecture) and 

a more restrictive deployment of cortico-cortical connections (Felleman and Van Essen, 1991; Young, 

1993) than is typical of the far more numerous cortical areas which together comprise so called homotypic 

cortex. The primary areas, together with "tandem areas" such as area V2 in the primate visual system, are 

therefore best considered specialized "sensory staging areas" which supply cortex with high-resolution 

sensory input without themselves being typical members of the system of functional areas they supply. In 

what follows, generalizations about the cortical system will, unless otherwise noted, refer to characteristics 

of non-primary, homotypic cortex. 

5a. Inter-areal connectivity as a framework for contextual embedding
Cortical areas are interconnected via a massive system of inter-areal cortico-cortical fibers travelling in the 

cortical white matter. The latter consists to greater than 95 percent of intracortical axons (Abeles, 1991), 

leaving less than 5 percent for the entirety of cortical input and output. This highly skewed ratio between 

extrinsic and intrinsic cortical connectivity means that cortex is a massively self-connected structure, as 
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emphasized by Braitenberg (1977, p. 106) and as is macroscopically visible in the mushroomlike 

excrescence of the telencephalon on its narrow diencephalic stalk.

   Cortical self-connectivity conforms to a “small-world” pattern of inter-connections among the set of 

anatomically and physiologically identified cortical areas (Stephan et al., 2000), each of which, without 

exception, is related to multiple other areas by direct and generally reciprocal and topographically 

organized axonal projections. In the well-studied case of the visual system of the macaque, each area is 

connected to between 10 and 15 other cortical areas (Felleman and Van Essen, 1991). Known 

connections between the 32 visual areas included in the Felleman and Van Essen analysis amount to 31 

percent of all theoretically possible ones, a lower bound estimate which agrees well with the 37 and 35 

percent estimates of the same parameter for the auditory and somatosensory-motor systems (Young, 

1993). The agreement of these figures across domains is suggestive of lawfulness, possibly relating to the 

capacity peak at 30-40 percent connectivity found by simulation for a "convergence zone" model of 

memory (Moll and Miikulainen, 1997, Figure 5). 

   Small-world connectivity means that but a few cortico-cortical projection steps are required to link any 

given cortical area with any other (Stephan et al., 2000, pp. 114-115; Sporns et al., 2000), and thus to the 

full set of cortical areas. While not being "completely connected" in the direct sense of neural network 

models, cortex achieves a "staggered" global connectivity in but a few steps of cortico-cortical projection 

(to which is added the countercurrent contribution to global connectvity considered in Section 5c). In this 

small-world connective context an area has a greater probability of being anatomically connected with 

close than with distant neighbors in the cortical sheet (see, e.g., Felleman & Van Essen, 1991, fig. 5). This 

means that the connective relations of a given cortical area are related to the pattern of functional 

specialization among areas, because close areal neighbors in the cortical sheet are also likely to be 

functionally more similar than distant neighbors, a circumstance emphasized by graph theoretic analysis 

of connectional relations (Young, 1992, 1993, p. 18; Young et al., 1995; Burns and Young, 2000). Since 

cortico-cortical input to a given area exerts a powerful influence over local activity even when arriving over 

other than feed-forward projections to the granule layer (Mignard and Malpelli, 1991;Tomita et al., 1999; 

Lamme & Spekreijse, 2000; see also Salin and Bullier, 1995 and Payne and Lomber, 1999), this means 

that every cortical area and every local point within it stands under the functional influence of activity 

converging on it from a sizeable set of other cortical areas on a gradient of diminishing functional 

similarity. That is, basic and quite general features of cortico-cortical connectivity subject functional activity 

at every point in the cortex to a form of direct, obligatory and graded contextual embedding. 

   The above two points can be summarized as follows: by virtue of elementary cortico-cortical connectivity 

alone, cortex exhibits staggered global connectivity with obligatory contextual organization. Two additional 

aspects of inter-areal connectivity will extend this conception by further defining the scope and nature of 

potential context effects at the cortical level.

5b. Frontolimbic connectivity and contextual subsumption
While the macaque visual, auditory and somatosensory-motor systems exhibit an inter-areal connective 
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density amounting to around one third of all theoretically possible connections within each domain, the 

corresponding number for the cortical sheet as a whole is roughly half that, or 15 percent (Young, 1993). It 

follows that there must be cortical domains across whose borders inter-areal connectivity is sparser than 

within those borders. Such a "clustering" of cortical connectivity in fact defines the three sensory domains 

just referred to (Stephan et al., 2000; see also Tononi et al., 1994). All three, however, are heavily 

interconnected with a fourth domain defined on the basis of graph-theoretic analysis, and designated the 

frontolimbic domain (Young, 1993). Since each of the three "sensory" domains are more richly 

interconnected with the frontolimbic domain than with each other, the frontolimbic domain supplies the 

common connective center of gravity of the entire cortical system, as illustrated in Figure 1. The 

arrangement is epitomized in sites of global convergence such as the hippocampal formation and the 

anterior superior temporal polysensory area (Jones and Powell, 1970; Bruce et al., 1981; Damasio, 1989; 

Oram and Perret, 1994a).

 
Fig. 1 - Connective relations of the cortical map system of the macaque, from Young (1995). Cortical areas are 
represented as labelled points. The degree of anatomical connectedness between areas is represented by their 
proximity in the plane of the figure. Sensory domains occupy the lower part of the figure, while the frontolimbic domain 
is at the top. The visual system is on the left, the somatosensory-motor on the lower right, the auditory on the upper 
right. In the visual domain, connections of "dorsal stream" areas with auditory and somatosensory areas split the 
visual system into two subdomains. Note that in connective terms the frontal eye fields are grouped with the visual 
areas of posterior cortex despite their frontal anatomical placement. Used with the permission of M. Young and The 
Royal Society.
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   The ubiquity of reciprocal interareal connectivity and the dense interconnections of each of the three 

sensory domains with the densely self-connected frontolimbic domain provides paths linking any area or 

point in cortex with any other via the frontolimbic domain. The globalizing consequences of this 

arrangement are most readily evident when considering the connective arrangement of cortical areas 

independently of their placement in the cortical mantle. Individual cortical areas are two-dimensional 

topographic sheets and inter-areal projections tend to connect corresponding points in these 

topographies. Figure 2 (b and c) illustrates the simple operation of eliminating (minimizing) the fiber length

 

Fig. 2 - Highly schematic illustration of "connective consolidation" of the cortical map system into a unitary neural solid 
with pyramid architecture. a: Simple "cortical hierarchy" in which areas are represented by boxes and their 
connections by lines. b: Connections between three sample areas expanded to indicate the topography of their 
connections. c: Topographic superposition of areas in b through minimization of the length of all fiber connections 
between them. Convergence-divergence principle of functional connectivity indicated by cone. d: The operation 
shown in b and c generalized to the entire cortical map system generates a "neural solid" with global pyramid 
architecture.

of white matter connections linking any two connected cortical areas. Through juxtaposition of 

corresponding points in their areal topographies, the areas will superpose in topographic register. They do 

so whether they occupy the same or different levels of the cortical "hierarchy" (Figure 2b). The net effect is 

a superposition of areas in a "map stack" whose axis runs orthogonal to the plane of superposition.      
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Systematically extended to all connected areas this concept generates a single “neural solid"2 crowned by 

frontolimbic cortex and branching downwards into sensory domains (or modality "substreams"), as illustra- 

ted in Figure 2d.

   Local convergence-divergence of connectivity (see Braitenberg, 1981; McIlwain, 1986; Salin and Bullier, 

1995) ensures that points on maps higher in the sequence tend to subsume and to have broader 

functional scope than their congeners earlier in the sequence. Within the sensory domains this is reflected 

in a broadening of receptive fields as one ascends the system (Van Essen, 1985; Felleman and Van 

Essen, 1991), as well as in a drastic diminution of areal size at high hierarchical levels (see Felleman and 

Van Essen, 1991). "Pyramid architectures" provide a conceptualization of these circumstances (see, e.g., 

Adelson et al., 1991, and references therein). The pattern of "subsumption" is reinforced by the broader 

local distribution of feedback projections (see Section 5c, below) compared to feedforward ones (Salin and 

Bullier, 1995). The net effect of these structural features is that points high within a domain connectively 

and functionally subsume points located in a progressively expanding domain ("cone") beneath 

themselves (Figure 2c and d). Since inter-areal connections are largely reciprocal, there is a connective 

path between any two points within such a cone via a sufficiently high nodal point within the 

cone. The same holds for the apices of any pair of cones within the neural solid as a whole (see fig. 2d), 

and thus the "place systems" of the two-dimensional parameter spaces of individual cortical areas 

(Schwartz, 1984) are connectively integrated into a global representational space. No two points have the 

same functional content and all points are coherently related by nested contextual subsumption. 

   The neural solid as a whole thus emerges as an ordered contextual plenum, or unitary and coherent 

"epistemic space", for which connective path-length provides an implicit metric. The analogy already 

drawn to "latent semantic analysis" in section 4 above raises the question of the dimensionality of this 

neural space. That problem awaits formal solution, but should be tractable, along the following heuristic 

lines. Assuming that human language captures a good part of the useful structure of the world, the 200 to 

300 dimensions that have proven optimal for latent semantic analysis are probably not far removed from 

the number of dimensions required by the brain's epistemic space itself, on which our liguistic capacities 

necessarily depend in a most intimate fashion. Each cortical area is functionally specialized, and thus 

supplies an informational dimension. Its information content, however, takes the form of a two-dimensional 

parameter space (Schwartz, 1984). Two times the number of cortical areas would accordingly be a 

starting point for refining dimensional estimates by correcting for less than total connectivity - which

reduces dimensionality - and for hemispheric specialization - which increases dimensionality. For the 

macaque with some 70 areas that gives a starting benchmark of 140 dimensions, and for humans with 

some 100 areas or more the number would be at least 200. This brings the 200 to 300 dimensions found 

----------------------

2. The exact vertical position of any given cortical area in relation to its neighbors in the neural solid is underconstrained by laminar 
connective criteria of the type used by Felleman and Van Essen (1991) to arrange visual areas in a hierarchy. The combinatorial 
consequences of local alternative placements of many areas (independently of one another) leads to the large total number of 
alternative hierarchical arrangements obtained in the analysis of Hilgetag et al. (1996). These details do not affect the over-all 
scheme of the "neural solid", whose layering sequence is locally indeterminate within a global ordering.
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to be optimal in simulation runs of latent semantic analysis at least within reach. Additional factors bearing 

on estimates of a cortical dimensionality are the extent to which non-primary cortical areas share sensory 

topographies, columnar representation of multiple functions within an area, and finally the laminar organi- 

zation of corticocortical projections into two oppositely directed “streams”. They span the entire cortical 

expanse from sensory areas to frontolimbic cortex in both directions, and reinforce the global functional 

connectivity of the cortex through an arrangement amounting to a “countercurrent” system. 

5c. Countercurrent partitioning of cortical context
As first described by Rockland and Pandya (1979) and elaborated by Felleman & Van Essen (1991), 

distinctive patterns of laminar origin and termination of inter-areal connections define a directional "axis of 

transmission" across the set of cortical areas. To a first approximation, projections terminating in the 

middle, granular layers of cortex define a "feed-forward" direction, while those terminating in the flanking 

superficial and deep layers, define a "feedback" direction. Projections that are nonselective for layers 

define a "lateral" direction, orthogonal to the bidirectional axis defined by the other two patterns (Felleman 

and Van Essen, 1991). Feedforward projections connect a given area of cortex not only to its nearest 

neighbor in the forward direction, but to next-nearest and further areas, and not infrequently to frontolimbic 

cortex itself. Since the same is true of each of the intermediate areas to which it projects the result is a 

multi-limbed and staggered projective cascade in the feedforward direction illustrated in Figure 3b. The 

same arrangement holds for the feedback connections. A bidirectional multiply staggered projection 

cascade accordingly connects frontolimbic cortex and the primary sensory areas. The functional efficacy 

of the front-to-back current of cortical information flow (Teuber, 1978, p. 900) is reflected in phenomena 

Fig. 3 - Connectional primitives of the cortical countercurrent system shown as they would appear after topographic 
superposition of patches of cortical areas in accordance with the conventions in Figure 2. a: Inter-areal connectional 
basis of the feedforward and feedback currents, highly schematized. D, G and S stand for deep, granular, and 
superficial cortical layers, respectively. A patch of cortex (middle) is shown in its laminar connective relationship with 
similar patches in flanking cortical areas directly connected to it. A few local interlaminar pathways are also 
schematically included, as are specific and "nonspecific" thalamic afferents. b: A given cortical area, such as area "k" 
or "r" at the extremes of the figure, project in a staggered, overlapping fashion not only to their immediate neighbors 
but directly to more distant areas. Each of the intervening areas duplicates this multiple staggered connectivity, 
though this is not shown in the figure. The resulting multiply nested connectivity amounts to a projective cascade for 
relay-like sequential transfer of activity across areas. The bidirectional nature of this arrangement forms a 
countercurrent system due to laminar segregation of the two directional streams.
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such as the use of primary visual cortex by working memory for the temporary retention of visual detail 

(Supèr et al., 2001). Even low-level perceptual learning appears to recruit countercurrent involvement with 

increasing task difficulty (Ahissar and Hochstein, 1997). 

   The contextual connectivity of cortex is, in other words, partitioned into two laminarly segregated and 

oppositely directed complements or "currents" whose laminar specificity and segregation maintains their 

identity across cortical areas. They interact locally - and only locally3  – at every point of the cortical map 

system through a variety of local translaminar connections, epitomized in (but far from limited to, see 

Figure 3a and Callaway, 1998) the translaminar trajectory of the apical dendrite of cortical pyramidal cells.

These features of cortical organization conform to and instantiate a general class of biological

mechanisms exhibiting bidirectional gradient design, namely countercurrent systems (see Schmidt-

Nielsen, 1997; Deacon, 1989; Ullman, 1995; Schmidhuber, 1996). Their principal functional distinction is 

that of achieving global transformations by strictly local means (for which see Schmidhuber, 1996).  

   Countercurrent connectivity ensures that every patch of cortical tissue forms a permanent interface 

between two different streams of neural influence ultimately originating at opposite ends of the cortical 

map system. One issues from the primary sensory areas conveying high-resolution detail of current states 

of the world, while the other issues from frontolimbic domains of multimodal convergence representing 

high-level combinations of goals, motivations and experience. This functional polarity applies to each 

intermediate and less global step of the cascade as well, and may rest on fundamental information-

theoretic requirements (see Dayan et al., 1995; Friston 2002; Kawato et al., 1993; Rao and Ballard, 1997). 

The position of frontolimbic cortex at the head of this system ensures that this bidirectional connectivity by 

itself would suffice to globalize the connective structure of the cortex – placing the content of every patch 

of cortex under the ultimate influence of all the rest – though in the event it only further reinforces the 

contextual organization of cortex described in earlier sections.

   The countercurrent principle is bound to play a central role in the accretion of personal history in several 

functionally linked ways: first, personal history is the stored residue of experience, which is populated by 

objects, events, and other contents of consciousness. That is, conscious awareness is the functional 

"gate" through which information enters personal history, and the neural conditions for conscious 

awareness at the cortical level appear to require interaction between the two currents (Lamme and 

Roelfsema, 2000; Lamme and Spekreijse, 2000). The essential idea of the intersection of the two activity 

streams in this regard is illustrated in the left panel of Figure 4 (next page). Moreover, the conversion of 

experience to stored personal history involves expectancy, anticipation, and their violations in fundamental 

ways (see “contextual capture” and “escape from containment” in Section 5d and 5e, below). For this, the 

---------------------
3. The laminar nonspecificity of "lateral" connections violates the strictly local interaction of the two streams, since laminar mixing 
takes place inter-areally via lateral connections. Since lateral connections run orthogonal to the principal directional axis defined by 
the two laminarly specific projection patterns, "laminar mixing" via lateral connections remains largely confined to "same-level 
neighbors" within a cortical domain (or subdomain in the visual system). Its effect is therefore to de-emphasize differences between 
lateral neighbors in the system, and this in turn underscores the unitary "stack" structure of a domain (or sub-domain) depicted in 
Figure 2d.
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feedback stream descending from frontolimbic cortex (“expectancy”, “containment”) and interacting locally 

along the way (in multiple locations) with the feedforward stream ascending from sensory areas (potential 

violations of expectancy, “escape from containment”) would seem to provide an ideal mechanism (see 

also Dayan et al., 1995, and Friston 2002, for formal treatments of bidirectional processes in terms of the 

general concept of inference). 

    By analogy with other examples of countercurrent organization (vascular, renal), which conserve or 

even amplify a resource (heat in the vascular case and ionic gradients in the kidney), the cortical 

countercurrent may also act at a more elementary level to sustain neural activation levels as a means to 

effect lasting excitability changes in cortical synapses required for long-term storage. Such a role may 

even contribute to temporally extended interactions between the two currents involving maintenance or 

reactivation of traces of cortical activity spanning from minutes to perhaps as much as months (Buzsaki, 

1996; Squire and Cohen, 1982; Zola-Morgan and Squire, 1990; Winocur, 1990; see also Moll and 

Miikulainen, 1997; and further “contextual capture” in Sections 5d and e, below). The several functions 

thus suggested for the countercurrent organization of cortical connectivity may be allocated to different 

cortical layers, and may utilize different sets or combinations of local interneurons. In any case they 

operate in the setting of yet another distinctive cortical property, namely its sparsity of point-to-point 

connectivity.

     

Fig. 4 - Highly schematic depiction of the functional partitioning the "epistemic space" of the cortical solid into 
"compartments" by activity in the two streams of the countercurrent and their overlap. In the "continuity condition" 
described in the text there are four such compartments, while the discontinuity condition adds a fifth in the form of 
information temporarily held in an "overflow buffer." 
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5d. The sparsity of cortical connectivity and cascade convergence
Connectivity between any two pyramidal cells is exceedingly sparse, and may amount to no more than 

one synaptic contact in a thousand even among local neighbors in the tissue (Braitenberg and Schütz, 

1991; see also Douglas and Martin, 1991; Young et al., 1995, fig. 1). The same is true for the proportion of 

synapses contributed to a given cortical area by one of its close or distant neighbors, which rarely

exceeds 5% (Young, 2000 and references therein). Functionally these circumstances are reflected in the 

rarity with which cross-correlation methods identify pairs of interconnected cortical cells (Bullier, 1994, p. 

116). 

   The sparsity of point-to-point connectivity is a necessary concomitant of the ubiquity of inter-areal 

connectivity. If the latter is to accomplish convergence onto single cortical cells of multiple sources of 

convergent afference, no single source of afference must dominate a cell's dendritic tree. This connective 

sparsity erects a significant barrier to the intracortical propagation of activity originating in any single 

source of cortical excitation (the excitatory nature of the vast majority of cortical synapses notwithstan-

ding). It appears, nevertheless, to be a general property of cortical tissue, which highlights this structural 

feature of the neocortex as a fundamental clue to its basic mode of operation. Sparse point-to-point 

connectivity carries the principle of contextual embedding to its ultimate limit of spatial resolution by 

vesting it in convergence from multiple sources onto the dendritic surface of individual pyramidal cells. The 

barrier to propagation of activity is overcome when activity from multiple sources converges onto a given 

dendritic tree. That is, centripetal convergence from multiple cortical areas, supported by the "cascade" 

action of multiply staggered inter-areal countercurrent relays (see Figure 3b), is the normal condition of 

cortical activation (see also Lamme and Roelfsema, 2000). The result in terms of memory storage is that 

only cortical loci activated by a sufficiently broad set of bi-directional afferents make a lasting addition to 

personal history. Convergence from this set of sources – the "connective context set" – ensures the 

contextual coherence of the storage process, which may be called "contextual capture". 

   Current knowledge of the long-term consequences for cortical excitability of inter-areal and translaminar 

interactions does not as yet suffice for more detailed specification of synaptic mechanisms of long-term 

storage. However, as already noted, laminar segregation of feedforward and feedback connectivity in the 

cortical sheet ensures that activity in either of the countercurrent streams occurs with some degree of 

independence (Robert, 1999; see also Douglas and Martin, 1991). Moreover, the interface between 

activation patterns in the two streams excludes no part of the cortex (see Figure 4; section 5f below; and 

Supèr et al., 2001; Ahissar and Hochstein, 1997; Lamme  and Roelfsema, 2000; Liang et al., 2000). Since 

their interaction is continuously ongoing, and the feedback stream relates to activity belonging to the 

immediate past of the feedforward stream, their interaction amounts to a form of "time shear." This may 

extend to cortex as a whole the applicability of a "trace learning" paradigm for the acquisition of perceptual 

invariants (Wallis, 1994; Wallis and Rolls, 1997; Rolls and Milward 2000; Rolls 2000, pp. 615-618). 

   Another hint concerning storage mechanisms comes from noting the potential utility of "decremental 

storage" (Sokolov, 1963; Sachs, 1967; Desimone et al., 1994). In a setting pervaded by local inhibitory 

interneurons a storage process that decreases the excitability of committed synapses will release a local 
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neighborhood around storing tissue from the inhibitory influence that was exerted on that neighborhood by 

the activity of the storing tissue prior to its loss of excitability (Sachs, 1967). Such "marginal sensitization" 

effects can be seen fleetingly at the level of single cells even in primary sensory areas (Müller et al. 1999) 

and with longer time-course in perception, notably in perceptual adaptation after-effects (see Durgin 1995, 

and references therein). At the level of permanent rather than temporary storage such sensitization would 

promote the progressive (and obligatory) sequential consumption of tissue for memory storage (see 

Section 3, above) by increasing the probability that tissue at the margins of storing tissue will be the next 

target of storage. On maps where time receives explicit spatial representation this would generate "lifetime 

isochronology contours", the existence of which in frontolimbic cortex (see Section 6, below) might be 

explored with modern imaging methods. More generally, decremental storage provides a dynamic 

mechanism of cumulative change that acts by "containing" (impeding the propagation of) activity patterns 

falling within the contextual boundaries of prior personal history, while leaving active those aspects of 

current activity not represented in prior history ("escape from containment").

5e. Time and epistemic change
In a contextually organized system the dimension of time will assume a somewhat special status, even 

though treated on a par with any other variable - a dimension of information among others (Michon and 

Jackson, 1985). The continuous passage of time ensures that every item or episode of experience, 

irrespective of any other content or characteristic, will have an entry on the time dimension in the form of 

time of occurence (or acquisition). The passage of time in otherwise unchanging circumstances provides a 

baseline condition for the expansion of personal history, underpinning the temporal (historical) aspect of 

its organization. 

   Beyond this baseline condition, the cumulative growth of personal history will depend upon a spectrum 

of strategies for contextual capture predicated upon the extent to which the current content of the focus of 

attention (sole gate to storage in personal history) is coherent or discrepant with what preceded it. The 

need for different strategies follows from the spatial organization of the epistemic space outlined in section 

5b above, in which connective path-length defines the similarity metric of the space. Dissimilar contents 

are represented far apart while similar ones are represented in spatial proximity within that space (cf. 

Landauer and Dumais, 1997). Thus, when the content of ongoing experience is in substantial contextual 

continuity or coherence with what preceded it ("continuity condition", Figure 4), the logistics of its addition 

to prior history are highly constrained by already active contextual relations. Global contexts will be 

identical, and discrepant information at lower levels of contextual subsumption will activate locations close 

to already active ones. The new information will be within reach of the "difference gradient" of contextual 

embedding extending from already activated patterns and their lingering traces, and will be stored in 

proximity to these. 

     Matters stand quite differently in the case of substantial departures in content ("discontinuity condition", 

Figure 4). The greater the discrepancy or discontinuity in content, the farther afield in epistemic space will 

potential contextual matches tend to be located. Moreover, the likelihood that they will be encountered in a 
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currently activated state is small. Since the needed points of contact with prior history are unavailable in 

activated form, and storage is contingent on substantial convergent activation, few strategies of coherent 

storage are available except that of putting the discrepant contents on "active hold" in an "overflow buffer" 

from which the needed connections may then be established over time, retrospectively and 

opportunistically. 

   The ever changing nature of ongoing experience provides an ideal resource for the purpose of 

retrospective contextual capture of buffered information: the natural variance in ongoing experience of 

necessity will activate now one, now another portion of prior history over time, and will thus make these 

accessible in active form to information placed on "active hold." To the extent that ongoing experience 

happens to activate relevant portions of prior history, buffered information comes within reach of 

contextual assimilation through countercurrent interaction in a manner similar to that already described for 

experience in the "continuity condition." No strategy, of course, can provide contextual matches where 

none exist, as indicated by poor memory performance for truly bizarre information (Worthen and Wood, 

2001). The same interaction with the variance supplied by ongoing experience will prevent the integration/

storage process from "getting stuck" in local minima. 

    The "on hold" strategy also allows economy in the integration process across fluctuations in attentional 

demand generated by the pressures of living: just as buffered information at the high end of the system 

sits in readiness to interact with activated contexts, so information held in perceptual stores at the "low" 

end of the system (Schacter, 1994) provide temporary bridges to subsequent events. Either may come 

"unbidden to mind" once on-line demands wane. The same relaxation of "attentional load" may permit 

alternative interpretations of events to be deliberately explored, or an occurrence registered in temporary 

perceptual storage may be retrospectively retrieved when a new context changes its potential value or 

significance. 

   Contextual capture thus provides an interface between at least four components processes: sensory 

activation carrying information about states of the world; traces of prior sensory events in perceptual 

storage supplying "bridgeheads" for post-hoc interaction with feedback activity; goals, purposes and "task 

demands" of the organism defined over its past history; and the contents of a storage buffer at the high 

end of the system. The rich possibilities for highly variable interactions between these sources would 

seem to go some way towards explaining the liveliness and diversity of the contents of our consciousness 

(focal attention or awareness). In fact, much of the everyday happenstance of wandering thoughts, things 

coming unbidden to mind, rehearsal, retrospection and fantasy may instantiate the fluid interaction 

between feedforward and feedback activity playing across the layers of the cortical solid during the 

process of contextual capture. Each such instance, of whatever provenience, supplies another opportunity 

to form deliberate or tacit contextual linkages between information "on hold" and prior history. Apparently 

an economy-principle governs time-sharing of the focus of attention between external demands and 

retrospective contextual assimilation. The process may extend beyond our waking hours into dreaming 

(Buzsaki, 1996; Stickgold et al., 1999; Stickgold et al., 2000; Graves et al., 2001).

   The greater the departure in content between current experience and what preceded it, the greater the 
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utility of a strategy which consigns uncontained information to an active memory buffer (cf. Wallenstein et 

al., 1998) while ever-present changes in ongoing experience supply probes or "reminders" for determining 

the place of the escaped information with respect to prior knowledge by centripetal convergence. The 

likelihood of adding further substantial relations by waiting further diminishes with every completed 

contextual tie-in between information "on hold" and prior history mediated by the occasional relevance of 

new ongoing experience. That is, the process is one of diminishing returns, and this in turn means that the 

need for storage of escaped information in a memory buffer is a temporary one.

Fig. 5 - Highly schematic depiction of 
the place of the hippocampal formation 
in relation to the laminar basis of the cortical 
countercurrent system. 
CA: "Cornu Ammonis", with fields CA3 and 
CA1 indicated by numerals. 
DG: dentale gyrus; 
Sub.: subiculum. 
FF and FB: feedforward and feedback 
connections, respectively. 

5f. The hippocampal hinge of the countercurrent system.
A suitable "overflow buffer" is available in exactly the right place according to the scheme outlined in the 

foregoing, namely the complex of structures included in the hippocampal formation at the high end of the 

neural solid (see Figure 1). Anatomically, it forms a "hinge" of the countercurrent system, as schematically 

illustrated in Figure 5. Neocortical feedforward connections are converted to neocortical feedback 

connections through a connective loop traversing the parahippocampal and perirhinal cortices, the 

entorhinal cortex, dentate gyrus, CA fields, and subiculum back to the entorhinal cortex and the neocortex 

(Witter et al., 1986; Suzuki and Amaral 1994; see also Treves and Rolls, 1994; Buzsaki, 1996; and Figure 

5). These connections put "old cortex" at the high end of a vastly larger neocortical pyramid structure. 

There its old memory function allows events in neocortex arriving on feedforward pathways to interact with 
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earlier and later neocortical events through return feedback pathways, provided they fall within the 

temporal limits of hippocampal memory. There appears to be a gradient in this regard within the 

hippocampal formation itself, lengthening as one proceeds from the hippocampus proper towards 

neocortex (Haist et al., 2001). The unique memory role of this graded storage buffer presumably derives 

from its position at the high end of the cortical pyramid, that is, at the most global level of contextual 

subsumption. 

   Hippocampal formation input to neocortex lies at the origin of the countercurrent feedback cascade, 

leaving no part of cortex beyond its potential reach. As already noted in section 5c above, propagation 

along the feedback pathway is no mere hypothetical possibility, and its influence extends all the way to the 

primary sensory areas. The global nature of hippocampal influence is reflected in the profound symptoms 

of its bilateral loss (Scoville and Milner, 1957; Milner, 1966; Zola-Morgan and Squire, 1990; Cipolotti et al., 

2001). From the present perspective these symptoms illustrate not only a general dependence of 

neocortical memory on the countercurrent system, but more specifically its dependence on the contextual 

mode of cortical storage. The connective position of the hippocampal formation gives it a key role in this 

regard, by supplying nodes of contextual subsumption at the highest, most global level of the cortical 

pyramid.  

   The limited temporal extent of hippocampal formation memory storage has an important consequence 

for the nature and composition of personal history. If on-going experience does not activate prior contexts 

relevant to the integration of a given buffered item/episode within some substantial but presumably 

asymptoting time – say because of a new-found and all-consuming preoccupation – then that buffered 

item/episode will be effectively lost from the buffer and thus from the possibility of integration with personal 

history. This means that the content of ongoing experience, a content affected by current interests and 

concerns, in combination with the buffer's (tuned and asymptotic) temporal storage window performs a 

dynamic filtering function on what comes to accrete in personal history. 

   Moreover, memory contents appear to undergo some incremental strengthening of their neural 

embodiment whenever and to the extent that they are activated through contextual relevance to on-going 

experience (Sara, 2000; Nader et al., 2000). This means that however durable the synaptic changes in 

which personal history is stored, the resulting history is never a finally settled affair, but subject to 

continual passive change through the shifting relatedness of the contents of on-going experience to prior 

history. This may help explain the vagueness and length of estimates for the time course of "memory 

consolidation" in humans (Milner, 1966; Squire and Cohen, 1982; Haist et al., 2001; see also Cipolotti et 

al., 2001) and animals (Zola-Morgan and Squire, 1990; Winocur, 1990). On the present account the 

storage process is never final, independently of the limited size of the temporal window of hippocampal 

memory. In fact, the concept of "consolidation" conceived as a process with regular time course hardly 

applies to it.

   It is worth re-emphasizing, finally, that the neural conditions for focal attention or awareness are identical 

to those for contextual capture, and personal history is essentially a digest of focal experience (cf. Morris 

and Frey, 1997; Moscovitch 1994; see also Elul and Marchiafava, 1964; Sachs, 1967). Information outside 
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of awareness plays a marginal role in its genesis at best (Druckman and Bjork, 1992; Shanks and St John, 

1994). This is born out by our contrasting reactions to being confronted with information stored with and 

without awareness. Items from personal history on being recalled hardly evoke surprise. Surprise is 

evoked, however, by becoming aware of the presence of an adaptation after-effect. Ordinary usage 

makes a sound distinction between the two in reserving the term "memory" for the former (see also 

Metcalfe et al., 1994). The implication is that "we" (i.e. the entity subject to surprise or the lack of it in a 

given case) must be defined over the entirety of our personal history, which forms a permanent but tacit 

background to focal awareness. 

6. Biassing storage to serve the storer, or why personal history has to be personal

The frontolimbic cortex is the contextual high end of the cortical map system. The transition from separate 

sensory domains to the superordinate frontolimbic domain takes place around levels where the 

receptotopic organization of each system is being replaced by a more global functional order. "Receptive 

fields" begin to encompass something approaching the entire receptor array of the modality in question 

(Van Essen, 1985; Tovee et al., 1994; Oram and Perrett, 1994b; Ito et al., 1995), and unit responses start 

reflecting high-level informational invariants (Gross et al., 1972; Fuster, 1980; Fuster et al., 1985; Tovee et 

al., 1994; Wallis and Rolls, 1997; Rolls and Milward, 2000; Rolls, 2000; Kreiman et al., 2000; Miller and 

Cohen, 2001; Wallis et al., 2001; Freedman et al., 2001). At this level the utility of devoting the two 

dimensions of a cortical area to the representation of receptor topography (Schwartz, 1984) has been 

exhausted, leaving room for explicit representation of other parameters, including time, in the spatial lay-

out of a cortical area (see Section 5d, above). Frontolimbic data formats will therefore differ from those of 

posterior cortex in significant ways (see, e.g., Wilson and McNaughton 1993; Maunsell 1995, p. 768; 

Martina et al., 2001; Felleman and Van Essen 1991, p. 37). This difference is plausibly reflected in 

contrasting contributions to personal history by "posterior" and frontolimbic cortex, respectively. The 

former has its functional focus in perceptual learning (Rolls and Milward, 2000) with a semantic memory 

bias (Martin et al., 1995) while the latter emphasizes superordinate relations of subject-centered state 

variables and causality (see below), with an episodic memory bias (Fletcher et al., 1997). 

   The frontolimbic cortex is also the domain featuring the full range of motivational, hedonic, state-, task-, 

and goal-related biasses (Jacobsen, 1935; Nauta, 1971; Fuster, 1980; Watanabe, 1996; Drevets and 

Raichle, 1994; Wallis and Rolls, 1997; Price, 1999; Asaad et al., 2000; Rolls, 2000; Liu et al., 2000; Miller 

and Cohen, 2001; Tanji and Hoshi, 2001). The reason for the frontolimbic mix of high level information and 

motivational bias has a natural interpretation from the point of view of the destiny of its output. The final 

and highest output of the forebrain does not proceed either from motor cortex or frontal eye fields, areas 

which in the cortical map system occupy an intermediate, sensori-motor level of organization (see Figure 

1, and Young, 1993). Rather, the end results of cortical activity proceed directly from the frontolimbic 

regions (via pathways such as fornix, stria terminalis and frontal efferents) to the hypothalamus and a 

paramedian midbrain limbic region (Nauta, 1971) where they help determine the organism's molar 
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behavior (Swanson, 2000). Nothing less than the ultimate interpretive powers of the brain suffice when it 

comes to the moment-to-moment determination of the actual behavioral choices in life. Hence the 

presence of an inextricably mixed representation of epistemic abstraction and motivational bias in 

frontolimbic cortex, the ultimate waystation to the hypothalamus. 

   Global context and motivational bias are intimately related. From the point of view of the cortical map 

system as a whole, tasks such as object identification (Olson, 2001) are but a part of the fundamental task 

of assessing the significance of the current situation as a whole in light of the organism's needs and goals, 

both immediate and long-term. The meaning of a situation – any situation – has no definition apart from 

the nature and purposes of the organism finding itself in that situation. Once the characteristics of the 

agent are given, scene interpretation translates into action plans. The world whose significance the brain 

is assessing is the arena on which the consequences of its interpretations and choices will be 

experienced. This is no neutral matter, nor should it be, and the countercurrent organization of cortex 

provides the means for "inserting", as it were, the personal subject-centered "viewpoint" into the structure 

of the world. The origin of the feedforward current in sensory areas mapping current states of the world in 

high-resolution detail supplies the objective or veridical pole of this process ("the (sensory) world"), while 

frontolombic feedback with its motivational, state- and goal-related functions supplies the subjective or 

personal pole ("the (motivated) person"). Their interaction brings the needs, motives, goals and purposes 

of the individual to bear on circumstances such as they exist in the world, and drives the reconciliation of 

these two domains in instances where they turn out to be discrepant or in conflict. The interaction yields 

the contents of awareness in the form of observer-centered personal experience with its motivational, 

hedonic and goal-related biasses as its short-term ("on-line") result, and personal history in the form of the 

record of the fate of an individual's motivated acts in the world over time as its long term residue. 

7. Conclusions
In the foregoing the concept "escape from contextual containment" has been used as an informal 

shorthand for the key dynamic agency in the accretion of personal history. Might there be a more precise 

definition of the conditions that drive the expansion of personal history by exceeding its prior bounds? 

"Novelty", "incomprehension", "consequentiality" (see below) are all such conditions, but they resist 

inclusion under any more telling superordinate category than an overly broad one such as "mattering." 

This is so for the basic reason that "what matters" to a mammal, and especially to a large-brained 

mammal, is defined by a vast multidimensional system of longitudinally accumulated and contextually 

integrated experience which is far too rich and multifacetted to be reduced to any single generative 

principle, and especially not one ignoring the motivational complexities of evolved creatures. This, 

according to the present perspective, is the same as saying that they are equipped with a neocortex. 

   Ultimately any mismatch between the world as it comes to us and the world as we have come to expect 

or desire it on the basis of our experience is a high priority candidate for primary agency in driving the 

cumulative expansion of personal history. That would include any circumstance harboring potential 

consequences, even remote ones, for our lot in life, extending to whomever and whatever we hold dear 
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and care about. In this sense, then, "consequentiality" is the central dynamic agency for the accretion of 

personal history. This is what would be expected of evolved organisms if they had access to the kind of 

sophisticated inductive knowledge that allowed them to sense the implications of their current situation in 

the light of their past experience. The above account suggests that it may not be possible to equip them 

with such a capacity short of the laminarly segregated and multiply connected countercurrent organization 

evolved in the distinctively mammalian structure of the cortex. The great mammalian radiation would 

accordingly be a vast biological experiment with the possibilities latent in a globally connected epistemic 

space designed for the inductive acquisition of higher order knowledge on the basis of cumulative 

recording and contextual ordering of lifetime memory. 

   Needless to say such a function is bound to have an impact on temporal horizons of external mortality, 

whose statistics, it must be remembered, are determined only partially by mortality attributable to causes 

in the physical and biotic environment. The remainder is accounted for by factors in the conspecific 

environment. These factors assume particular prominence in social species (Humphrey, 1976; Byrne and 

Whiten 1988), and those with elaborate culture above all. Besides humans these include hominoids 

(Whiten et al., 1999) and some cetaceans (Noad et al., 2000; Payne, 2000; Whitehead, 1998), forms 

which also carry large cortices. The informational resources of these large cortices, deployed for warding 

off external mortality, would close the causal loop of life history determination by ensuring the extended 

life-span needed for growing a large body, the same life-span over which perpetual memory recording 

induces the sophisticated knowledge needed to insure the survival of that body in an uncertain world. 

Should the present proposal concerning the functional organization of that process turn out to have any 

merit, further specification of the mechanisms involved in the accretion of personal history will be a matter 

of unravelling the long-term impact on cortical excitability of interaction between "the (sensory) world" and 

"the (motivated) person" via the two streams of the cortical countercurrent system, a topic of active 

research whose details are decidedly beyond the scope of the present proposal, conceived as a mere 

outline of a scheme within which such detail may eventually find a fitting functional context. 
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