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ABSTRACT Variability in human brain structure and func-
tion contributes to variability in perception and cognition.
Nevertheless, in addition to the structural-functional vari-
ability of human ventral occipitotemporal cortex (VOTC),
recent research reveals an unprecedented correspondence
among cortical folding, functional representations, cytoar-
chitectonic areas, and white matter tracts in VOTC. This
organization is remarkably stable across individuals and has
been causally linked to domain-specific aspects of percep-
tion. In this chapter we provide a comprehensive review of
this growing body of work. We use VOTC as a model system
because it (1) plays an integral role in high-level visual per-
ception and (2) displays an elegant correspondence between
structure and function across spatial scales—from cells to
networks. Specifically, we highlight that the correspon-
dence between the anatomical and functional organization
of VOTC can be used to (1) motivate and test computa-
tional models, (2) understand how neural responses in
VOTC change during different cognitive tasks, and (3)
relate to the perception of specific stimulus categories.
Together, the findings reviewed in the present chapter lay
the foundation for a new subdiscipline of cognitive neuro-
science, which we refer to as cognitive neuroanatomy (CNA).
We formally define CNA and end this chapter by proposing
future applications of CNA.

A central question in cognitive neuroscience asks How
is the anatomy of the human brain linked to computations
underlying neural responses and perception? Let us consider
the complexity of this question with one anatomical
feature—cortical folding. Neuroanatomists write
extensively about the “bewildering diversity” (Bailey &
von Bonin, 1951) of cortical folding and how this vari-
ability or “diversity” corresponds to individual differ-
ences in cognition (Van Essen & Dierker, 2007). This
variability extends to additional anatomical features
across spatial scales—from microns to centimeters—
which then add further complexity to understanding
correspondences among brain structure, brain func-
tion, and perception. Contemporarily, Van Essen and
Dierker (2007) state that “individual variability of the
human cerebral cortex is a source of both fascination
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and frustration. The fascination arises because vari-
ability in cortical structure and function may account
for many aspects of our unique personalities and cogni-
tive capabilities. For neuroimagers, the frustration
arises because variability presents serious obstacles
when attempting to assign particular functional activa-
tion patterns to specific cortical areas” (p. 1050).

However, despite variability in brain structure, brain
function, and perceptual abilities among individuals,
recent evidence indicates that there are also stable fea-
tures in brain structure across spatial scales and consis-
tencies in the structural-functional coupling of cortical
systems from one person to the next—especially within
human ventral occipitotemporal cortex (VOTC)—that are
perceptually meaningful. As such, the two main goals of
this chapter are to (1) provide a comprehensive review
of this stability and the orderliness it produces within
human VOTC and (2) explain how this orderliness is
not epiphenomenal. Indeed, as this section of the book
is dedicated to perception and cognition, VOTC is an
ideal model system to show how an understanding
among cortical microstructure, cortical macrostruc-
ture, and white matter connectivity informs computa-
tional models that leverage this anatomical knowledge
to provide insights into the underpinnings of high-level
perception (e.g., word and face recognition).

In line with these goals, this chapter is divided into
four sections. First, we review studies demonstrating a
strong anatomical-functional coupling between cortical
folding and functional representations spanning large-
scale functional gradients and fine-scale functional
regions within VOTC. In the second and third sections,
we discuss two anatomical constraints that contribute to
this structural-functional coupling: cytoarchitecture
(e.g., the size, shape, and organization of cells across the
layers of the cortical ribbon) and long-range white
matter tracts connecting cortical regions. We then dis-
cuss how the consistent structural-functional organ-
ization of human VOTC motivates a new class of

109

4/30/19 6:41 PM



mechanistic models that leverages anatomical features
to predict neural responses and perceptual functions.
In the first three sections, we modify Van Essen and
Dierker’s (2007) forms of variability to consistency. We
consider functional representation-versus-folding consistency,
cytoarchitectonic area-versus-folding consistency, cytoarchitectonic
area-versus-functional region consistency, and connectional-
versus-folding consistency. In the fourth section, we pro-
pose that the ability to build mechanistic models that
relate microanatomical features to macroanatomical
(and functional) structures contributing to perception
is the foundation of an emerging new subdiscipline of
cognitive neuroscience: cognitive neuroanatomy (CNA).
We formally define CNA and describe how it comple-
ments other subdisciplines in cognitive neuroscience.
We end by providing examples of new questions and
applications that emerge from CNA.

Consistency of Cortical Folding and Functional
Representations

The folding of the cortex consists of both gyri (e.g.,
ridges) and sulci (e.g., furrows) in which the latter
encompass more surface area than the former in the
human brain (Destrieux et al., 2010; Van Essen, 2005;
Zilles et al, 1997). Consequently, since more surface
area of the human brain is sulcal as opposed to gyral in
nature, accurate sulcal definitions are imperative for
(1) quantifying the correspondence between cortical
folding and functional representations and (2) motivat-
ing novel insights into the neurobiological foundations
of perception. For example, related to the latter point,
a recent study showed a surprising link between the
fractionation of the occipitotemporal sulcus (OTS)
and reading skills (Cachia et al., 2018). In addition to
the OTS, modern methods accurately identify deep
sulci within human VOTC such as the calcarine and
collateral (CoS) sulci. However, four shallower VOTC
sulci are also consistently identified in individual hemi-
spheres (figure 9.1A4): (1) the mid-fusiform sulcus
(MFS), which bisects the fusiform gyrus (FG) into lat-
eral and medial partitions, (2) the anterior (ALS) and
posterior lingual sulci (PLS), which separate the lin-
gual gyrus (LG) into anterior, mid, and posterior com-
ponents, and (3) the posterior transverse collateral
sulcus (ptCoS), which is a transverse component of the
CoS. As discussed in subsequent sections, these sulci
are landmarks identifying functional representations
in VOTC.

Functionalrepresentation-versus-folding consistency Recent

studies show that the relationship between cortical
folding and functional representations in VOTC is
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much tighter than previously thought. We consider two
scales of this relationship: large-scale functional gradi-
ents that span approximately 5,000 mm? (Weiner et al.,
2014) and fine-scale functional regions, which are
approximately an order of magnitude smaller (~200—
500 mm?; Weiner and Grill-Spector, 2010; Weiner et al.,
2018).

Large scale As previously described (Grill-Spector &
Weiner, 2014), the MFS identifies transitions in many
large-scale functional maps, or gradients, that are com-
posed of continuous or discrete stimulus dimensions,
such as eccentricity (Malach, Levy, & Hasson, 2002),
semantics (Huth, Nishimoto, Vu, & Gallant, 2012), ani-
macy (Haxby etal., 2011), real-world object size (Konkle
& Oliva, 2012), domain selectivity (Nasr et al., 2011),
and conceptual knowledge (Martin, 2007). Despite dif-
ferences in functional content, each map shares a com-
mon spatial layout in which representations positioned
lateral to the MFS are functionally distinct from those
positioned medial to the MFS. For example, lateral to
the MFS, representations are biased toward foveal sig-
nals, while medial to the MFS, representations are
biased toward peripheral signals (Malach, Levy, & Has-
son, 2002); this same gradient predicts responsiveness
to large versus small objects (Konkle & Oliva, 2012). We
emphasize that some of these large-scale, lateral-medial
gradients are not limited to visual perception, as they
are present in blind individuals (van den Hurk, Van
Baclen, & Op de Beeck, 2017) and can be produced in
VOTC when sighted individuals simply imagine stimuli
(Konkle & Oliva, 2012). These findings boast an impres-
sive amount of predictive power: simply identifying the
MFS in a person’s brain predicts transition points in
multiple functional gradients.

Fine scale  'While the MFS is a useful landmark to iden-
tify transitions in large-scale functional gradients,
recent evidence indicates that particular sulcal features
are useful for identifying the location of fine-scale clus-
ters in VOTC in three particular ways. First, high-
resolution functional magnetic resonance imaging
(fMRI) shows that the traditional fusiform face area is
composed of two spatially distinct clusters separated by
1-1.5 cm. The anterior component (mFus-faces) colo-
calizes with the anterior tip of the MFS. In fact, placing
a 1 cm disk at the anterior tip of the MFS predicts 83%
+ 7% of mFus-faces in the right hemisphere across indi-
viduals (Weiner et al., 2014). Second, the intersection
between the ALS and the occipital component of the
CoS predicts the location of the parahippocampal
place area (CoS-places). This sulcal intersection is such
a consistent landmark that a model built from one
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FIGURE 9.1 A correspondence among cortical folding,
functional representations, cytoarchitectonic areas, and
white matter endpoints in VOTC. Inflated left hemisphere
of the FreeSurfer average template (www.freesurfer.net).
Dotted outline (black in A—E; white in F): Mid-fusiform sulcus.
A, Orange: lingual gyrus; blue: fusiform gyrus; ALS: anterior
lingual sulcus; CoS: collateral sulcus; OTS: occipitotempo-
ral sulcus; PLS: posterior lingual sulcus; ptCoS: posterior
transverse collateral sulcus. B, Maximum probability maps
(MPMs) of domain-specific regions selective for faces, bod-
ies, words, and places (see legend) from 12 individuals

PAF
endpoints

20

# subjects

(Weiner et al., 2017). C, MPMs of retinotopic maps (see
legend) defined from 53 individuals (Wang et al., 2015). D,
MPMs of five cytoarchitectonic areas (see legend) defined
from 10 individuals (Rosenke et al., 2018). E, Functional
parcellations relative to cytoarchitectonic parcellations of
VOTC. Left: domain-specific regions from (B). Right: reti-
notopic maps from (C). F, Probabilistic maps of cortical
endpoints of the VOF (left) and pAF (right; N=37; Weiner,
Yeatman, & Wandell, 2017) relative to cytoarchitectonic
areas from (D). (See color plate 11.)
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group of participants can accurately predict the loca-
tion of CoS-places in a separate group of participants
(Weiner et al., 2018; figure 9.1B). Importantly, this
structural-functional coupling between face- and place-
selective regions and specific sulcal features is not epi-
phenomenal: electrical stimulation delivered to these
locations produces domain-specific perceptual distor-
tions (Megevand et al., 2014; Rangarajan et al., 2014).
Third, the ptCoS identifies the boundary in the eccen-
tricity maps distinguishing areas hV4 and VO-1 despite
variability in cortical folding and map size (Witthoft
etal., 2014; figure 9.1C). Of course, not all regions colo-
calize with sulcal features. In these cases, the topology
of VOTC is useful. For example, body- and word-
selective regions are consistently located lateral to face-
selective regions within the OTS (Glezer & Riesenhuber,
2013; Weiner & Grill-Spector, 2010; Yeatman, Raus-
checker, & Wandell, 2013).

The fact that there is functional representation-
versus-folding consistency in VOTC is a major step
forward for understanding the elegant correspon-
dence between structure and function in high-level
visual cortex. It also means that (1) anatomical axes
reflect functional axes in VOTC and (2) fine-scale
functional regions are embedded within large-scale
functional gradients. Further, this nesting of func-
tional representations is predicted by different scales
of cortical folding: transitions in large-scale gradients
are predicted by entire sulci, and local sulcal features
predict the specific location of fine-scale functional
regions.

Consistency of Cytoarchitectonics, Cortical Folding,
and Functional Representations

Cytoarchitectonic area-versus-folding consistency Contrary
to classic neuroanatomical studies, recent evidence
supports a tight correspondence between sulci and
cytoarchitectonic transitions in VOTC. Defined in the
introduction, cytoarchitecture is considered the ana-
tomical hardware that performs the computations
underlying perception. Modern cytoarchitectonic
approaches implement objective analyses in which
algorithms traverse the cortical ribbon and statistically
determine where adjacent pieces of tissue are cyotarchi-
tectonically different (Amunts & Zilles, 2015). This
algorithmic approach also allows the visualization of
cytoarchitectonic areas using the same cortical surface-
based methods that are used for visualizing in vivo MRI
data. Employing these methods, eight areas have been
identified in visual cortex, five of which are the most
relevant for the present chapter: human occipital cyto-
architectonic area 4 ventral (hOc4v; Rottschy et al,,
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2007), as well as four cytoarchitectonic areas within the
fusiform gyrus (FGI-FG4; Caspers et al., 2013; Lorenz
et al., 2015; figures 9.1D, 9.2A). The MFS predicts cyto-
architectonic transitions between FG1 and FG2 in the
posterior aspects of the FG, while the MFS also predicts
cytoarchitectonic transitions between FG3 and FG4 in
the middle portion of the FG. Additionally, the ptCoS
predicts the transition between hOc4v and FGI
(Rosenke et al., 2018). Taken together, these findings
also boast an impressive amount of predictive power:
cellular-scale insight can be gleaned from centimeter-
scale features of the cortical surface.

Cytoarchitectonic area-versus- functional region consistency In
linking the previous two sections together, recent stud-
ies leveraged the fact that cytoarchitectonic areas and
functional regions have a tight correspondence rela-
tive to cortical folding by developing tools to accu-
rately project functional regions identified in living
brains to cytoarchitectonic areas identified in post-
mortem tissue (and vice versa). These studies (Rosenke
et al.,, 2018; Weiner et al.,, 2017) produced three main
discoveries. First, each functional region is largely
restricted to one cytoarchitectonic area. For instance,
hV4 is largely restricted to hOc4v, while mFus-faces is
located in a different cytoarchitectonic territory in
FG4 (figure 9.1F). Second, regions selective for the
same domain (e.g., faces) and located on the same
macroanatomical structure (e.g., the FG), can be dif-
ferentiated based on cytoarchitectonics. For example,
mFus-faces is located within FG4 and displays different
cytoarchitectonic features than pFus-faces, which is
located in FG2. Third, and contrary to classic theories
(Brodmann, 1909), there is not a one-to-one corre-
spondence between a cytoarchitectonic area and a
functional region. For example, face-, body-, and word-
selective regions are all clustered within FG4. Under-
standing how computational and perceptual insight
can be gleaned from the cytoarchitecture of a func-
tional region (figure 9.2A) is discussed in the final
section of this chapter.

Consistency of Connections in Ventral
Occipitotemporal Cortex: From Models of Anatomy
to Models of Neural Computations

Connectional-versus-folding consistency As the MFS is a
functional and cytoarchitectonic landmark in VOTC,
we briefly summarize recent findings showing that
white matter tracts also have a consistent relationship
relative to the MFS. Specifically, using a face-selective
region and a place-selective region as separate seeds,
Gomez et al. (2015) identified two longitudinal white
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FIGURE 9.2 From cytoarchitecture to computational model
architecture. A, Example histological slice from the five cyto-
architectonic areas in VOTC in figure 9.1 (modified from
Rosenke et al., 2018). B, Architecture of the IPS-scaling
model implemented by Kay and Yeatman (2017). The model
begins with estimates of bottom-up neural signals in response
to a stimulus (left). A top-down component is then added in
which signals from the IPS modulate the neural responses
within VWFA-1 using two free parameters (middle) to generate
predicted responses, which are then compared to the actual

matter tracts that were located (1) below the inferior
longitudinal fasciculus and (2) lateral or medial to the
MFS, respectively. Interestingly, the large-scale topol-
ogy of these tracts was similar in typical adults and
adults with prosopagnosia, or an inability to recognize
faces. However, white matter properties within the
tracts lateral, but not medial, to the MFS that intersected
with face-selective regions were different between the
patients compared to controls, indicating an important
relationship between white matter properties and per-
ception. Additionally, the endpoints of two vertical
white matter tracts in VOTC, the vertical occipital fas-
ciculus (VOF) and the posterior arcuate fasciculus
(pAF), are also reliably positioned relative to the MFS:
the anterior boundary of the VOF and the posterior
boundary of the pAF are located near the midpoint of
the MFS (figure 9.1F; Weiner et al., 2017; Yeatman etal.,
2014). We emphasize that the cortical locations in
which white matter tracts (1) start and end, as well as
which (2) intersect with functional regions, guide both
studies of perception and the construction of neuro-
biologically plausible computational models, which we
expand on further below.

One-back Task

Categorization Task

measured responses (right). C, Blood oxygen level-dependent
(BOLD) responses as a function of task (categorization; one-
back) and stimulus (face, word, noise) during a contrast
manipulation within VWFA-1. Black bars: measured BOLD
responses; gray lines: model fits. There was a close corre-
spondence between the model fits and the data (r=.96). As
VWFA-1 is located within cytoarchitectonic area FG2, insights
can now be made regarding how to incorporate cytoarchitec-
tonic information into the model (see text for details).

A tight correspondence among cortical folding, functional
representations, cytoarchitectonic areas, and white matter end-
points in VOTC Because there is (1) a consistent rela-
tionship between white matter endpoints and cortical
folding and (2) a consistent relationship between func-
tional regions and cortical folding, it is perhaps intui-
tive to the reader that white matter terminations in
VOTC colocalize with functional regions. Indeed, the
correspondence between functional responses and
white matter anatomy in VOTCis so strong that a model
of an individual’s white matter connections can predict
(1) the location of functional regions in adults (Saygin
et al,, 2012) and (2) where functional regions will
emerge over the course of development (Saygin et al.,
2016). A series of recent studies also show that category-
selective regions—such as pFus-faces and the first
visual word form area (VWFA-1)—are situated within
the ventral terminations of the VOF (Kay & Yeatman,
2017; Yeatman, Rauschecker, & Wandell, 2013). As
described in the previous section, both functional
regions are also located within cytoarchitectonic area
FG2. By visualizing probabilistic maps of white matter
endpoints (Weiner, Yeatman, & Wandell, 2017) relative
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to probabilistic maps of cytoarchitectonic areas (Weiner
et al.,, 2017), we can draw additional insights relating
white matter transitions to cytoarchitectonic transi-
tions (figure 9.1F). For example, VOF endpoints are
largely restricted to FG1, FG2, and hOc4v. pAF end-
points are largely restricted to FG4. This suggests that
there may be a relationship between large-scale white
matter tracts and cytoarchitectonic boundaries, which
can be examined further in future research. Taken
together, there is a tight correspondence among corti-
cal folding, functional representations, cytoarchitec-
tonic transitions, and white matter endpoints in VOTC.
We next illustrate how this precise anatomical knowl-
edge can serve as the foundation for constraining mod-
els of cortical computation.

From models of anatomy to models of neural computa-
tions There are a wealth of studies in animals and
humans in which knowledge of anatomical connections
generates novel hypotheses about function—or lends
support to a specific interpretation of information flow
within a circuit (Noudoost & Moore, 2011; Saalmann,
Pinsk, Wang, Li, & Kastner, 2012; and many others).
Recently, anatomical connectivity was formally incor-
porated into a model of cortical computation within
human VOTC (figure 9.2B), which linked task-driven
modulations of word- and face-selective responses to the
difficulty human observers experience when recogniz-
ing noisy images of words and faces (Kay & Yeatman,
2017). When attention is averted, the model showed that
bottom-up response properties of pFus-faces and
VWFA-1 could be computed by comparing a simple, V1-
like representation of visual stimuli to a template of
the preferred category. However, when viewers were
prompted to make perceptual judgments of visual
stimuli—such as categorizing an image as a word or a
face—responses in category-selective regions were
amplified by as much as 400%. This task-driven modula-
tion of VOTC could not be explained by a bottom-up
visual encoding model that simply predicted neural
responses as a function of image features. However,
when the authors considered that the VOF connected
pFus-faces and VWFA-I ventrally to regions of the intra-
parietal sulcus (IPS) that are involved in visual attention
and perceptual decision-making, an intriguing question
emerged: Could the observed, task-dependent modula-
tion of VOTC responses reflect top-down signals that are
related to the decision-making process within the IPS?
Based on these anatomical connections, model modifi-
cations were made in which the IPS responses directly
modulated the VOTC responses via signals conducted
through the VOF. This top-down modulation intro-
duced a gain to the bottom-up VOTC responses. This
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anatomically motivated model accurately predicted how
responses in pFus-faces and VWFA-1 changed when the
stimulus was held constant but the perceptual task
changed (figure 9.2B). These results pave the way for
new models that incorporate anatomical knowledge to
predict how regions in human VOTC flexibly adapt to
the demands of various perceptual tasks. For example,
this model could serve as a general model explaining
how top-down signals modulate visual encoding, which
can be tested with additional perceptual tasks in future
studies.

The Emergence of Cognitive Neuroanatomy

We have discussed how novel methodologies have gen-
erated insights into structural-functional correspon-
dences in VOTC spanning spatial scales from cells to
networks to computations underlying specific percep-
tual tasks. In this section we propose that these findings
lay the groundwork for a new subdiscipline of cognitive
neuroscience, cognitive neuroanatomy (CNA). In the
sections below, we (1) provide a formal definition of
CNA and (2) propose future applications of CNA based
on the approaches reviewed in this chapter.

A formal definition of cognitive neuroanatomy CNA aims
to explain how microanatomical structures generate
macroanatomical functions contributing to measur-
able behaviors. At the heart of CNA is the goal to derive
linking functions (e.g., models) that relate (1) behav-
ioral output to (2) functional organization of the brain
across spatial scales to (3) anatomical organization
across spatial scales. The benefit of such functions is
that once they are derived, specific aspects of human
behavior can be explained as emergent properties of
microarchitecture, macroarchitecture, and connectiv-
ity. As traditional anatomical measurements are made
in static postmortem tissue, additional benefits are that
once these linking functions are derived, variations in
microanatomical features could predict variations in
human behavioral performance. While this might seem
far-fetched—for example, to predict behavioral perfor-
mance in perceptual tasks from cellular or receptor
measurements in postmortem tissue—in the next sub-
section, we show that this goal is not as far-fetched as it
may seem.

Before doing so, we would like to clarify that cognitive
neuroanatomy is a phrase that has appeared in the liter-
ature (Friston etal., 1996; Jancke, 2003; Witelson, 1992)
but without formal definition. The phrase was used
interchangeably with functional neuroanatomy, functional
anatomy, and cognitive anatomy (Friston & Price, 2003;
Mechelli, Gorno-Tempini, & Price, 2003; Price &
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FIGURE 9.3 Cognitive neuroanatomy (CNA): a new subdisci-
pline of cognitive neuroscience. A, CNA works toward build-
ing mechanistic models explaining how microanatomical
structures (lower right) generate macroanatomical functions
(lower left and upper right) contributing to measurable behav-
iors (upper left) with an emphasis on deriving specific linking
functions (depicted as f,(x)). B, CNA integrates (1) cognitive

Friston, 2002; Swanson et al., 1991). We do not see it as
a phrase that is interchangeable with these other terms.
Instead, CNA is a distinct subdiscipline of cognitive
neuroscience emerging from a detailed understanding
of anatomical principles that form the foundation of
human brain computation and cognition. Subdisci-
plines become necessary as integration across fields
increases (Naselaris et al., 2018). CNA can be consid-
ered the integration, or intersection, of cognitive psy-
chology, cognitive neuroscience, and neuroanatomy
(figure 9.3).

Future implementations of CNA based on the findings reviewed
in the present chapter 'The model described in the previ-
ous section is an example of a linking function derived
to explain how vertical white matter connections
between VOTC and IPS carry signals that modulate
processing in VOTC to accommodate the demands of
face and word perception in the presence of noise. Pro-
gress can be gained by incorporating additional neuro-
anatomical and functional details to this (and future)
model(s). Each successive step provides a new linking
function—and with it, new insights into the

COGNITIVE
PSYCHOLOGY

COGNITIVE
NEUROSCIENCE

Ofunction @ structure :: inactive

neuroscience, which combines behavior with functional and
structural features of the brain (three quadrants), (2) cogni-
tive psychology, which incorporates function and behavior,
as well as modeling (one quadrant), and (3) traditional neu-
roanatomy, which examines structural features of the brain
across spatial scales (two quadrants). Gray: function; black:
structure; dolted line: inactive.

architecture of human perception. For example, let us
consider that VWFA-1 and pFus-faces are (1) already
included in the model, (2) embedded within foveally
biased cortex, (3) connected to the IPS through the
VOF, and (4) located within FG2, which has a higher
cell density than FG1 (Caspers et al., 2013). A logical
hypothesis resulting from these structural-functional
correspondences is that an increase in cell density is
necessary to support the higher fidelity of foveal com-
pared to peripheral processing. Previous neuroana-
tomical findings in nonhuman primates support this
hypothesis by demonstrating that (1) cell density is
highest in visual cortex compared to the rest of the
brain, and (2) foveal representations in early visual cor-
tex have higher neuronal densities than peripheral
representations (Collins, Airey, Young, Leitch, & Kaas,
2010). Consequently, cell density across cortical layers
serves a functional purpose and could be formalized
into a model based on cytoarchitectonic data—for
example, to predict differences in response properties
between (1) posterior VWFA-1 and more anterior
VWFA-2 (figure 9.1) and (2) mFus-faces and pFus-
faces (figure 9.1). A perceptual component to the
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model could also be added by including psychophysi-
cal performance on different tasks related to word
and face perception (e.g., discrimination versus recog-
nition). With this model architecture, simulations
titrating cell density could provide insight into how
increased versus decreased cell density affects model
performance in predicting neural responses, as well as
behavioral performance on different perceptual tasks.

Additional components could also be integrated
from models that already exist in the extended fields of
neuroscience, cognitive science, and neuroanatomy.
For example, there are powerful models that accurately
predict (1) cortical folding across species (Tallinen,
Chung, Biggins, & Mahadevan, 2014) and (2) the topo-
logical organization of maps in visual cortex (Koho-
nen, 1990). Incorporating mechanistic models of both
folding and functional topography into the infrastruc-
ture described in figures 9.1 and 9.2 would provide a
flexible model that could provide cellular insights into
perception beyond the extensively studied regions of
VOTC. Simulations could examine how the combina-
tion of cell density and area size influence perception.
For instance, previous research indicates that (1) the
surface area of functionally defined V1 predicts vari-
ability in conscious experience (Schwarzkopf, Song, &
Rees, 2011), (2) a greater proportion of V1 is devoted to
foveal compared to peripheral processing (Dougherty
et al,, 2003), and (3) there is an increased cell density
devoted to foveal compared to peripheral processing.
Thus, it is likely that there is a relationship among (1)
cell density, (2) the surface area of eccentricity repre-
sentations within V1, and (3) perception. Finally, corti-
cal thickness and the surface area of functional regions
would also be valuable anatomical factors to consider,
as prior research shows that thin cortex with an
enlarged surface area is linked to neural tuning and is
perceptually advantageous (Song et al., 2015). Impor-
tantly, such models for visual perception may serve as
the foundation for CNA models in other parts of the
brain. As such, the details of brain anatomy, which are
often considered tedious, will incrementally improve
evolving CNA models that provide mathematical for-
mulas defining the computations underlying the archi-
tecture of human perception and cognition.

Conclusion

Individual differences in the structure and function of
VOTC have been described as “fascinating and frus-
trating” (Van Essen and Dierker, 2007) and linked to
individual differences in perception and cognition.
Nevertheless, in this chapter we have summarized a
broad body of work that empirically supports the
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orderliness of VOTC to the point where (1) we know
how cells are organized in multiple functionally defined
regions and (2) computational models that are moti-
vated by anatomical connectivity can accurately predict
neural responses in relation to specific perceptual
tasks. These findings are built on the systematic pro-
gress that has leveraged the centuries of work leading
to the foundational knowledge of CNA, which is a new
subdiscipline of cognitive neuroscience. While we have
derived the definition of CNA from our field’s under-
standing of VOTC, we look forward to applying this
definition throughout the study of the brain in the
years to come.
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