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The parahippocampal cortex (PHC) has been associated
with many cognitive processes, including visuospatial
processing and episodic memory. To characterize the
role of PHC in cognition, a framework is required that
unifies these disparate processes. An overarching ac-
count was proposed whereby the PHC is part of a net-
work of brain regions that processes contextual
associations. Contextual associations are the principal
element underlying many higher-level cognitive pro-
cesses, and thus are suitable for unifying the PHC litera-
ture. Recent findings are reviewed that provide support
for the contextual associations account of PHC function.
In addition to reconciling a vast breadth of literature, the
synthesis presented expands the implications of the
proposed account and gives rise to new and general
questions about context and cognition.

Converging towards a more inclusive view of PHC
function

The parahippocampal cortex (PHC) encompasses a large
portion of the medial temporal lobe. It is located at the
junction between brain regions described as essential to
memory formation (e.g., the hippocampus) and high-level
visual processing (e.g., the fusiform cortex). A significant
body of research has provided evidence of a number of
different processes related to the signal elicited from the
PHC by diverse classes of stimuli, tasks, and environ-
ments. Thus, efforts to define a single function for the
PHC have been challenging because, like other higher-
order cortical regions, it seems to be involved in many
different functions and act in concert with many other
regions to accomplish those functions. The purpose of this
review is to connect the dots across the diverse findings to
uncover the overarching process that relies on the PHC
and mediates all those functions.

Contextual associations (see Glossary) are proposed to
be the building blocks that sit at the foundation of the
various functions that have previously been attributed to
the PHC (Figure 1). The aim of the analysis and synthesis
of the diverse literature presented here is to consolidate
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our understanding of the PHC and its role in cognition.
This proposal advances from previous accounts [1-3] by
including many recent studies, and thus represents a
broad synthesis of the literature. The contextual proces-
sing account integrates differing accounts of the PHC
function and provides a basis for generating novel hypoth-
eses and directions for future research.

PHC anatomy and connectivity

To fully understand the role of a brain region it is necessary
to examine not only its functional activity but also its
anatomy, because the location and connections of the
region can provide valuable cues about its function. The
PHC is distinct anatomically within the medial temporal
lobe (MTL) and is distinguished from other MTL regions
such as the perirhinal, entorhinal, and hippocampal corti-
ces. The perirhinal and entorhinal cortices provide the
rostral border for the PHC [4,5], and the caudal border
in the human brain is marked by the first coronal slice in
which the calcarine sulcus is visible [6]. Although anatom-
ical comparisons between animals should be made with
caution, the PHC has been related to the TH and TF
regions in the monkey and postrhinal cortices in the rat
[4,7]. Anatomical delineations in the macaque monkey
suggest the PHC comprises the medial region TH and

Glossary

Context: conglomerate of conditions that help to define, represent, and bring
meaning to the environment. The conditions carry long-term associations built
up over repeated exposure. Although this paper focuses on conditions defined
by objects and configurations, conditions can also be defined in other domains
such as temporal (e.g., order of events), behavioral (e.g., mindset, goal
orientation), and emotional domains.

Contextual association: link between contextual items. Examples are the link
between objects strongly associated with the same context (e.g., bathtub and
sink), the spatial relation between items (e.g., a keyboard is found below and in
front of the monitor), and the configuration associated with a context (e.g., a
conference room contains a long narrow table with chairs on either side).
Contextual frame: prototypical memory representation that contains the
network of associations that define a context, such as the key objects and
the spatial relations between them. This prototypical representation is generic
enough to be applied to different exemplars of the same context. A single key
association can initiate the processing of a context frame, which may manifest
as spreading of activation through the network of associations. For example,
seeing a surfboard can trigger activation of a beach context. Context frames
can also be activated by a gist (e.g., LSF) [1]. These memory structures serve
for both efficient storage and the generations of predictions.

Nonspatial context: context defined in domains independent of spatial
relations, configurations, or location.

Spatial context: context provided by the spatial configuration or location of
items.
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Figure 1. Contextual associations can be seen as the buildings blocks for many of the cognitions attributed to the function of the PHC.

the more lateral region TF, both of which are thought to be
involved in spatial processing and memory [8]. Region TF
may be subdivided into a more medial region referred to as
TFm [4] or an intermediate zone between TF and TH, as TL
[9]. The medial TH region may also be broken down even
further in a rostral subregion (THr) and a caudal subregion
(THe) [10]. Clarifying the homologs of these anatomical
segmentations within the human cortex may provide criti-
cal insight into the diversity of results regarding the
function of the PHC. Some work in this vein has already
begun [11], which we discuss later in this review.

The PHC is part of a large network that connects regions
of the temporal, parietal, and frontal cortices. It is con-
nected to unimodal cortex, such as V4 and limited regions
of the TE and TEO (of the monkey brain, which are
involved in object recognition [8]), and auditory association
areas of the superior temporal gyrus (STG). There are also
prominent connections to polymodal association areas that
include the retrosplenial cortex, lateral regions of the
inferior parietal lobule, and the dorsal bank of the superior
temporal sulcus (STS) [4]. The PHC has reciprocal connec-
tions within the medial temporal lobe. This includes pro-
jections to the temporal pole, perirhinal cortex, and the
PHC itself (i.e., TF projects to TH). It also provides a major
source of input to the entorhinal cortex, which feeds
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directly into the hippocampus. There are also direct con-
nections to the hippocampus itself in CA1 and presubicu-
lum, and the amygdala [9]. The PHC is also highly
connected to the frontal cortex, including the medial pre-
frontal cortex, dorsolateral prefrontal cortex, and orbito-
frontal cortex, as well as to the insula [4]. There is some
evidence from a human neuroimaging study examining
functional connectivity of differences between anterior and
posterior regions of the PHC that the anterior regions are
more functionally connected to retrosplenial complex
(RSC) and parietal cortices, whereas the posterior regions
are more functionally connected to visual processing
regions [12]. This will become more relevant as the pro-
posed functional distinction between posterior and anteri-
or PHC is discussed below.

Given the highly interconnected nature of the PHC, to
both unimodal and polymodal cortices, it is not surprising
that it seems to be involved in a variety of different cogni-
tive functions, as we review next.

Functional characterizations of the PHC

The PHC has been studied extensively and has been
ascribed many functions. Two prominent groups of re-
search and claims have emerged: episodic memory and
visuospatial processing. Specifically, it has been reported
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Box 1. Additional roles attributed to the PHC
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Emotion processing

Emotional processing (e.g., for pictures and music) has been linked to
the PHC, both in the modulation of response and in impaired behavior
when it is damaged [24-27]. Emotion can provide strong contextual
cues (e.g., music leading to a scary scene in a movie). However, the
converse is also true: emotional inferences often require an under-
standing of context, which includes anything from facial, bodily, and
vocal cues, to visual and aural tone of a scene, to music. For example,
the expressions of anger and fear are often very similar, and often the
affective expression can be deciphered only by context [96]. We
propose that the PHC, in conjunction with the RSC and MPFC, and
regions implicated in affective responses (e.g., amygdala and
hippocampus) mediate this strong connection between contextual
processing and emotion, facilitating emotion understanding and
expectations of our environment.

Center-periphery organization

Levy and colleagues discussed PHC function within a framework
characterizing the ventral visual stream at large [28]. They suggested
that the ventral stream is organized along a center—periphery gradient
as an extension of the retinal eccentricity of early visual areas. The
fusiform cortex processes items that fall within the center of our
visual field, and thus is specialized for the perception of single objects
and faces. By contrast, more medial regions such as the PHC process
objects that are typically found in the periphery of the visual field,
such as buildings and full scenes. As a preliminary hypothesis, we

that the PHC is involved in episodic memory relating to
associative memory, source memory, and recollection [13—
15], and to visuospatial processing relating to scene per-
ception [16-18], spatial representation [19-21], and navi-
gation [22,23]. However, beyond those two dominant
accounts, the diversity of findings in the PHC extends to
the processing of emotional stimuli [24-27], low-level visu-
al processes such as distinguishing center—periphery of the
visual field [28], and even selective processing of high
spatial frequencies (Box 1) [29]. Although the PHC is
commonly thought of as responding to visual stimuli, it
has also been found to elicit activity for auditory stimuli
[25,26,30,31] and to respond to odor stimuli [32—-34].

How could the PHC be involved in so many different
functions? The account that we offer to reconcile these
findings is that the PHC can more comprehensively be
described as mediating contextual associations. According
to this account, the main tasks and stimuli that elicit PHC
activation do so because they engage contextual associa-
tive processing in one way or another (Figure 1). Before
elaborating on why contextual associative processing may
be the basic element that bridges the prominent functions
attributed to the PHC, we first describe each of the
accounts in more detail.

Visuospatial processing in the PHC

The PHC is highly engaged by tasks involving spatial
information about the environment. For example, func-
tional magnetic resonance imaging (fMRI) blood oxygen-
level-dependent (BOLD) responses in the PHC have been
correlated with viewing pictures of scenes and landmarks,
using spatial maps, and remembering locations of objects
[16,22,23,35,36]. Strong activations in the PHC in response
to scene stimuli led to naming of the posterior region of the
PHC as the parahippocampal place area (PPA) in an early
study of neural correlates of place perception [16]. Further
evidence was provided by studies of patients with damage

can interpret this effect as important for contextual processing:
context comprises regularities that occur in the entire field of view
rather than just in the center of our visual field.

High spatial frequencies and expertise

Rajimehr et al. found that the PHC is more sensitive to high spatial
frequencies (HSFs) than to low spatial frequencies (LSFs) [29]. Our
interpretation of these findings is as follows. The PHC has substantial
projections from layers in V1 that receive parvocellular (P) input from
the LGN (Box 2). Because of these P-dominant projections, the PHC
can resolve HSFs, such as sharp edges and boundaries that are
typically present in images of indoor scenes. More generally, it may
be sensitive to detailed information beyond what is carried in low-
level visual differences. It has been reported that the PHC is activated
by details from high-level stimuli, such as emotional scenes, valid
chess boards, contextual words, and episodic memory, which is
detailed by definition. For example, chess experts recruited the PHC
when looking at boards with plausible chess positions compared to
boards on which pieces were placed randomly [97]. In corroboration,
expert archers recruited more PHC when watching a video of
Western-style archery compared to novices [98]. As expertise
develops, a network of associations of the given topic is developed,
which would automatically engage contextual processing in the PHC
[99]. Thus, the PHC function may be to analyze contextual details or
contextual specifics, which are then compared to a context frame in
the other key region in this network, the retrosplenial complex.

to the PHC, which impaired their visuospatial processing.
These patients were impaired in landmark identification,
spatial orientation, navigation, and spatial memory
[37,38]. Finally, a number of studies have shown a direct
link between posterior parahippocampal regions and spa-
tial processing in both rodents and in monkeys, where
damage to this region selectively impairs visuospatial
processing [39,40].

However, what the PHC is actually computing in visuo-
spatial processing is still unclear. Epstein and colleagues
proposed the spatial layout hypothesis, according to which
the PHC processes the surface geometry of a stimulus [41].
In this hypothesis, the function of the PHC is to process the
geometric spatial layout of a scene (such as walls and
floors), independent of individual elements in the scene
(e.g., furniture) and any influence of experience, memory,
or semantics. Alternatively, Mullally and Maguire pro-
posed a spatial defining hypothesis that suggests that
the PHC is sensitive to the experience of basic 3D space
[19]. In this view, single objects can evoke a sense of 3D
space devoid of other objects, spatial layout, or any contex-
tual elements, and this sense of space is the optimal
stimulus for the posterior PHC. Others have suggested
that the PHC processes the expanse of space [20,21], for
example, resolving that a mountain range is an open
expanse whereas a cave is a closed expanse. These related
theories are intriguing, although they target only what the
PHC may be processing, and not how or why it is proces-
sing this information. Furthermore, none of these accounts
attempts to reconcile spatial processing, episodic memory,
and the other functional claims for the same PHC.

Other theories posit that the PHC extracts useful infor-
mation for way-finding and spatial orientation from scenes.
Aguirre and colleagues investigated navigation using a
virtual environment and found that topographical learning
engaged the PHC [22]. Similarly, Mellet and colleagues
found that mental navigation tasks recruit PHC processing

3
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[36]. Location information is not only important for way-
finding at large, but can also be related to specific sub-
processes of navigation. For example, spatial memory,
typically defined as remembering the location of an object,
can elicit strong fMRI signals in the PHC [42,43]. A causal
relation between spatial memory and the PHC has been
demonstrated in patients with lesions in the PHC, who
have severely impaired spatial memory [38]. A similar
finding was observed in monkeys who could not learn
object—place associations after parahippocampal lesions
[40] and in rats with postrhinal lesions [39]. Linking
spatial memory to navigation, Janzen et al. demonstrated
that objects used as salient markers (or association cues)
for a navigational decision were enough to elicit PHC
activation [23].

Taken together, there are many different paradigms
that have found a direct relationship between scene and
spatial processing and PHC activity. However, the specifics
and convergence about what and how it is processed are
lacking. Although the theories listed above have used the
existing data rigorously and thus provide a promising
start, it seems that a theory with more explanatory power
is needed. In particular, it is important to develop a theory
that can accommodate the seemingly conflicting diversity
of findings, and explain, for example, why spatial proces-
sing and episodic memory both recruit the PHC.

PHC and episodic memory

A large body of literature has explained PHC activity as
dedicated to the encoding and retrieval of episodic memory.
It is relevant to keep in mind that an episode is associative
in nature, linking objects, relations, places, sounds, and
more in a single compounded construct. Indeed, associative
memory, the memory that links different items together
(e.g., face—name), rather than memory for a single item,
activates the PHC [14,39,44-49]. Thus, the PHC is not
involved in just any type of episodic memory, but in memo-
ry-related processing that involves associations between
elements.

In some cases, the PHC is involved in binding a target
item to the surrounding context, compared to just remem-
bering the target alone [14,50,51]. This context can be in
the form of other items presented with the target item,
background scene information, or a particular frame of
mind (e.g., a task being done at that time). Such contextual
information may provide source memory details (i.e.,
details about the specific episode [14,15,45,52]). It has been
proposed that the PHC provides the hippocampus with
contextual information about the where and when of a
target item for memory encoding [53,54].

Associative memory and PHC function have also been
examined in lesion studies of animals and human patients.
These studies demonstrate that the PHC is critical for
associative memory and that PHC damage can lead to
significant impairments [13,38-40,55]. Together, these
studies show clear and widely accepted involvement of
the PHC in associations and context from diverse domains.

If PHC function could be explained exclusively as spatial
processing, then PHC activations in those episodic memory
studies should be observed only when the episodic material
includes spatial information. Indeed, some studies of
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episodic memory that have reported selective PHC activa-
tions included processes related to spatial and scene
memories [52,56,57], but not all episodic memory studies
could be tied to spatial information. For example, in a
seminal paper by Wagner and colleagues, PHC activity
was related to the encoding of words, half of which were
concrete words and, critically, the other half were abstract
words [58]. Henke and colleagues found that the PHC is
involved in the memory of associated pairs of abstract
nouns (e.g., interest, rule) [47]. In addition, Hales et al.
demonstrated that the PHC is involved in encoding pairs
of temporally associated objects, rather than just single
objects, and thus uses a paradigm that does not involve the
spatial domain [48]. Moreover, Alvarez et al. demonstrat-
ed that rats with lesions in the PHC had impaired memory
for odor—odor associations [34]. Kirwan and Stark showed
that memory for an association between a face and name is
also mediated by the PHC [44]. In another example of
nonspatial memory processed in the PHC, Tendolkar et al.
demonstrated that the amount of detail (e.g., color) within
reported memories positively correlated with PHC activi-
ty [45]. Taken together, studies such as those reviewed
here indicate that even episodic memories that are devoid
of any clear spatial component activate the PHC, and
therefore pose a critical challenge to the view that the
PHC exclusively mediates space-related processing.

The literature on PHC function is large, but contradic-
tory. Both visuospatial processing and episodic memory
are strongly tied to this region, as are other processes
described in Box 1 (e.g., emotion, low-level visual proces-
sing, and expertise). We suggest that these different
accounts are encompassed under contextual processing,
as discussed in the next section.

Contextual associative processing in the PHC and
beyond

It has been repeatedly shown that the processing of strong,
long-term, contextual associations elicits activity within
the PHC, as well as the RSC (which includes regions of the
retrosplenial cortex, extending into the posterior cingulate
cortex, and the precuneus), the medial prefrontal cortex
(MPFC), and the transverse occipital sulcus (TOS)
(Figure 2) [2,3,59-67]. Contexts can be formed by repeated
exposure to prototypical clustering of objects (both physical
and mental), which may or may not include the spatial
relations between them and their surroundings, as well as
certain expected behaviors in those environments. For
example, a ‘kitchen’ context contains key objects such as
an oven, a refrigerator, and a sink; typical spatial config-
urations, such as the layout of the cabinets; and expected
activities, such as washing dishes, rather than brushing
teeth, at the kitchen sink. Usually, not any one item or one
spatial configuration defines a context; rather, a critical
mass of regularly occurring items and spatial relations
among them are needed. Therefore, what is essential for
defining a context is usually a quorum of associated objects
and relations between them that distinguish this particu-
lar context from other contexts. However, once the context
has been defined, it may now be represented within a
‘context frame’, which can be triggered by merely a single
object [2,68].
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Figure 2. Context cortical network. By comparing functional magnetic resonance imaging (fMRI) activity elicited for objects with strong contextual associations (left group
of objects) with the activity elicited for objects with weak contextual associations (right group of objects), we reveal the network of regions that process contextual
associations. This includes the parahippocampal cortex (PHC), retrosplenial complex (RSC), medial prefrontal cortex (MPFC), and transverse occipital sulcus (TOS).

Reproduced, with permission, from [62].

Contexts can be derived and defined through several
domains. A fundamental source of contextual information
comes from the place where things occur, locations where
objects can be found, and the typical configuration found
among objects. Contextual information within the spatial
domain is a salient cue. However, this is not the only source
of contextual information and, critically, contextual pro-
cessing in nonspatial domains are just as fundamental to
cognitive processing. Nonspatial contextual associations
are associations that do not have a specific location or a
fixed spatial arrangement. The items in the nonspatial
context are associated with each other but not with a
specific space or place. A salient cue for nonspatial contex-
tual associations is the co-occurrence of objects or their
temporal correlation in the environment. Both spatial and
nonspatial contextual information is critical in providing
meaning to the environment.

Contexts are important for generating expectations
about other objects, the spatial relations between objects,
and associated behaviors to be found within the environ-
ment [68,69]. Expectations are not limited to a single
modality: a picture of freshly baked cookies, for example,
can activate the associated smell and taste, the heat and
sound of an oven in which they are baked, and the action of
a glass of milk being poured. These expectations, generated
through contextual associative processing [70], are critical
in guiding us through everyday life and facilitate our
interactions with the environment. Contextual associative
processing is pervasive and could serve as the basis for
spatial processing and for episodic memory, because both
are necessarily highly associative processes (Figure 1).

Studies across different laboratories have revealed the
neural substrates involved in contextual processing. In
various studies examining how the brain processes objects
with strong contextual associations (e.g., a diving board is
strongly related to the context of ‘swimming pool’) com-
pared to objects with weak contextual associations (e.g., a

garbage can, which can be found in many contexts without
being strongly related to any specific context), differential
activity was found mainly in the PHC and RSC, and in
subsequent experiments in the MPFC and TOS as well
(Figure 2) [2,59-62]. Since these initial studies, other
groups have replicated and expanded these results relating
contextual processing to these regions of the brain
[41,45,63—65,71] using various methods (e.g., multi-voxel
pattern analysis [72,73]), non-human participants
[40,55,74-76], and associations within different domains
(e.g., temporal associations) [77,78]. Moreover, the PHC
has been associated with the processing of co-occurring
multisensory information [79,80], which supports the pro-
posal that PHC processes co-occurring items converging
within a context. Thus, contextual associative processing
has repeatedly elicited activity in the PHC, RSC, and
MPFC, in a variety of procedures, analysis methodologies,
and cognitive perspectives.

Contexts are often linked to a specific place. To distin-
guish activity evoked by contextual associations from that
evoked by scene processing, it was critical to compare
contextual processing of objects that are strongly related
to a specific place (e.g., an oven is found in a kitchen) with
contextual processing of objects that are highly associated
with a context but not a specific place (e.g., a birthday cake
is found at a birthday party, but the party can take place
anywhere, at home, in a restaurant, at a park). Activity
elicited by these two types of contextual objects was com-
pared with the activity elicited for objects that were only
weakly associated with many contexts (e.g., a lamp). Dif-
ferential activity was found in the PHC and the RSC,
replicating the previous findings [2]. Activity within the
PHC, however, was distributed along an anterior—posteri-
or axis, with activity related to spatial contexts focused in
the posterior part of the PHC and activity evoked by
nonspatial contexts focused in the more anterior part of
the PHC [2,3]. Note that the anterior PHC referred to here

5
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is the anterior PHC proper, not necessarily extending into
perirhinal regions. These results have been replicated
using highly controlled novel stimuli [3] and in investiga-
tions of differences in object and scene processing within
the parahippocampal gyrus [12,56]. This result confirmed
that the PHC processes contextual associations per se,
regardless of whether they are spatial in nature.

PHC processing reflects an organization that distin-
guishes between spatial and nonspatial associations, so
this suggests that the PHC is sensitive to processing the
physical details of context. However, recall that the PHC is
only one of three main nodes in the cortical network that
mediates contextual associative processing. Results from a
collection of studies [2,60,81,82] suggest that another par-
ticipant in this network, the RSC, may process more
schematic, or prototypical, representations of context, pre-
viously termed ‘context frames’ [68]. It has been demon-
strated that the RSC processes an abstracted
representation of context through similar activity for sin-
gle objects and full scenes, both spatial and nonspatial
contexts, the activation of non-presented contextual asso-
ciations, and abstracted representations of scenes
[2,60,81]. In these demonstrations, the RSC was not sensi-
tive to what was actually physically perceived but rather
reflects activation of the relevant stored contextual repre-
sentation (i.e., context frame) that contains the broader
network of related contextual associations. The MPFC, by
contrast, may use information within the context frame to
make predictions and generate expectations about what is
about to occur in the immediate environment [60—62].
Ongoing studies are examining the specific role of the
MPFC, as well as the underexplored TOS, in the network
that processes contextual associations.

To combine these different regions into a neural mech-
anism underlying contextual associative processing, the
dynamics were investigated by magnetoencephalography

Box 2. Different pathways for PHC and RSC?
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Figure 3. Dynamic analysis of the context network. Using magnetoencephalography
(MEG) and phase synchrony methods, the spatiotemporal dynamics within the
network of regions processing contextual associations were elucidated. 1.
Differential activity relating to contextual processing begins between the
parahippocampal cortex (PHC) and early visual regions in the occipital cortex
(OCC) at 150-220 ms. It is suggested that contextual details are extracted from the
current environment during this period. 2. Differential activity is next demonstrated
between the PHC and the retrosplenial complex (RSC) at 170-240 ms. It is suggested
that this reflects activation of the relevant context frame. 3. After this exchange, there
is synchronous activity between RSC and OCC (310-360 ms), possibly representing
feedback processing. 4. The last stage of the neural mechanism is communication
between the RSC and medial prefrontal cortex (MPFC) at 370-400 ms. It is suggested
that this generates contextually related predictions. Reproduced, with permission,
from [62].

(MEG) [62]. Using phase synchrony analysis, the context-
sensitive MEG signal was examined between the PHC,
RSC, MPFC, and early visual areas (Figure 3). Results
from this study demonstrated that contextual associative
processing of visual objects was initiated through activity
within the PHC (PHC with early visual areas, 150—
220 ms); it was suggested that this analyzes the contextual
details of the current stimulus. This context-sensitive
activity in the PHC was followed by its phase-locking with
the RSC at 170-240 ms. Kveraga et al. proposed that this

The PHC seems to be preferentially activated by detailed high spatial
frequencies (HSFs) and novel stimuli. By contrast, lesioning or
inactivation of the RSC does not affect recognition of novel stimuli,
including scenes, but severely impairs topographical orientation and
spatial navigation [100]. Such processing tendencies suggest that the
PHC and RSC may receive projections originating from the parvocel-
lular (P) and magnocellular (M) pathway inputs into V1, respectively.
We briefly review these pathways and their processing properties
below.

The M and P pathways originate in retinal ganglion cells of different
types: large parasol cells for M, and midget cells for P [101], which
remain segregated in different layers of the LGN and V1 [102,103].
The cells that synapse with M neuron inputs in V1 continue to the
thick-stripe regions of V2, MT/V5, and MST, and then to higher-order
motion and attention regions in the temporal and parietal cortices,
including the posterior STS, the RSC, and posterior cingulate cortex
[104]. The dorsal M pathway is thought to have at least three
branches projecting to premotor regions, prefrontal cortex, and
medial temporal lobe [104]. Although the anatomical route(s) of the
extended M pathway to the prefrontal cortex is unknown, M-biased
stimuli preferentially activate the orbital prefrontal cortex [102]. P
projections form much of the ventral visual ‘what’ stream, although it
also has some magnocellular inputs [105,106].

The M-dominant dorsal stream comprises most of the ‘where/how’
pathway that mediates spatial vision and attention, topographical
orientation, planning of grasping, reaching and eye movements, and

motion perception [105]. Because retinal M cells sample many large
diffuse bipolar cells, they have large receptive fields and high
sensitivity to luminance (achromatic) contrast [107]. P retinal gang-
lion cells receive information from just two (ON/OFF center) bipolar
midget cells connected to a single cone [103] and have higher spatial
resolution in the luminance channel and color sensitivity, but need
higher luminance contrast than M cells to be activated [107]. The
latter property renders P cells ineffective for achromatic stimuli with
contrast of less than ~8% [108]. M cells show transient responses and
have higher temporal sensitivity, as well as faster conduction
velocities, than P cells [106,107,109], whereas P cells exhibit tonic
response properties and only respond to slow temporal modulation
of stimuli [103].

Despite the reported branching M projection to the medial
temporal lobe [110], emerging data from direct manipulations show
that the PHC may indeed be preferentially activated by P-biased
stimuli and HSFs, whereas the RSC may be preferentially activated by
M-biased stimuli (Kveraga et al. unpublished). Perhaps, at least in the
visual domain, interactions between the PHC and RSC [62] combine
allocentric and egocentric reference frames and generate the
contextual framework necessary for generating self-relevant predic-
tions in the prefrontal cortex (the putative function of the MPFC). It is
important to note, however, that such ‘subdivision of labor’ between
the PHC and RSC reveals biases for combining information from
different channels, and not necessarily exclusive processing of a
particular type of information.
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Box 3. Oscillatory resonance as a potential mechanism for contextual binding

As the brain learns contextual relations throughout life, the links
between related stimuli (co-occurring or proximal in space and/or
time) gradually strengthen. When we are exposed to such learned
stimuli later, these associative links are automatically activated and
induce oscillations between the linked neuronal assemblies [62,111].
If the activated associations are strong and/or sufficiently numerous,
these oscillations synchronize, or resonate, resulting in a temporally
coordinated and thus stronger drive on their targets (think of
rhythmic clapping vs white-noise-like uncoordinated applause
[111]). This may be accomplished by increases in slower rhythms,
such as theta (4-7 Hz, the dominant operating frequency of the
hippocampus and the surrounding isocortex), which open temporal
processing ‘windows’ at their peak for local processing that may
occur in the faster gamma band (>30 Hz) [112]. Inter-regional binding,
such as ventral stream-PHC and dorsal-stream RSC, may be
accomplished by synchronization in the beta (13-30 Hz) band [62,113].

This resonance in the parahippocampal-parietal-prefrontal circuit
may be what binds contextually congruent cues together and drives
the prefrontal circuits to reach a decision that an object is associated
with a kitchen and not with a bathroom, or that a scene depicts a
beach rather than a desert. The same process could help in retrieving
a memory or a navigational cue. When many memory cues resonate
together, their combined drive activates the only thing that links
them, whereas wrong or irrelevant cues wither away due to
desynchronization.

Although this processing by resonance is not a unique property of
the PHC (or RSC or mPFC), such framing can help to mechanistically

reflects instantiation of the relevant context frame and
processing of related (offline) contextual associations with-
in this frame [62]. After this stage, the RSC exhibited
synchronous activity with the MPFC (370—400 ms); it
was suggested that this uses associations within the con-
text frame to generate predictions and expectations of
what will be encountered next in the environment. A more
in-depth discussion regarding the origins of the division of
labor between the PHC and RSC is provided in Box 2, and a
potential mechanism that mediates contextual processing
is elaborated in Box 3.

Therefore, contextual processing highlights two impor-
tant aspects of PHC function. First, it provides an account
of how both spatial and nonspatial information may be
processed in the PHC. If the main function of the PHC is to
process the binding of associations through repeated expo-
sure to typical contexts, this can involve both spatial and
nonspatial associations. However, spatial associations are
a frequent, and salient, subcategory of contextual associa-
tions in humans, and thus can explain why scene and place
processing has been linked to the PHC and may dominate
the processing in this region. Moreover, it defines what it is
about space that is important: the spatial relation between
elements and the association with a location. Second, this
explanation provides a way to think about the PHC in the
broader framework of a network and how it works in
concert with other key regions that process context.

A parsimonious account of PHC activity

How can we reconcile the fact that so many different
cognitive processes activate the same general cortical ar-
ea? We propose that contextual associative processing is a
fundamental mechanism that can account for the various
tasks and stimuli that activate the PHC. Most of the
processes that elicit PHC activity can be seen as relying

explain many of the findings in PHC. Here are some, admittedly

speculative, examples:

e Strongly contextual objects invoke the related context better than
weakly contextual objects. A stimulus with strong links to a single
target (a neuronal assembly representing the concept of a
particular context) would result in better synchronization than a
stimulus with weaker links to many targets (contexts) that are not
congruent. We have shown that the PHC exhibits increased
synchrony with other task-relevant regions [62] for strongly
contextual objects, and there is evidence that successful spatial
navigation [114] and contextually facilitated episodic memory
retrieval [115] also increase parahippocampal theta-band (4-7 Hz)
synchronization or theta power.

e Contextual scenes, which generally have more associated elements
than objects, activate the PHC more strongly than single objects or
scenes devoid of content. Contextual scenes have more congruent
elements that resonate together than a strong contextual object, or
a scene devoid of contextual cues, such as an empty room, and
thus produce a stronger drive on downstream targets.

e Evoking many contextually congruent associations can generate
false memories in subsequent recall [60,116]. Congruent associa-
tions resonating together should activate (unexposed) congruent
items because they are linked by the same resonance frequency.
This proposed mechanism, and the examples given, should be

interpreted with some caution, because they are speculative at this

point. Future studies will be needed to rigorously test these
hypotheses.

on associative processing at their core. For example, epi-
sodic memory accounts all rely on the association and
binding of items belonging to the same episode. Similarly,
spatial and scene processing relies on the association
between items within scenes or a place (Figure 1).

Of course, it is possible to argue that the same area may
be involved in different functions without relying on a
common building-block operation as we propose. It could
do so via different connectivity and activity patterns. There
is no evidence to suggest that this is a likely alternative,
especially given the current limits of human neuroimaging,
but future research may be able to provide a clearer
understanding. As described here, however, the current
proposal does acknowledge this alternative, for example by
suggesting that spatial and nonspatial contexts rely on
different (posterior and anterior) parts of the PHC.

To clarify why contextual association processing may
provide the most parsimonious explanation of PHC activi-
ty, especially for spatial and nonspatial contexts, consider
the following analogy: it is widely believed that the over-
arching function of the fusiform gyrus, a large cortical area
in the ventral visual pathway, is to process and represent
objects. One category of objects, faces, consistently acti-
vates a subregion of the fusiform cortex (fusiform face area,
FFA [83]). The reason why faces activate this region within
the fusiform is that faces share many details across exem-
plars, and thus consistently activate similar regions of
cortex. Any group of objects that share visual features
would similarly be expected to activate overlapping corti-
cal regions. Thus, rather than thinking about the FFA as
an isolated region for faces, we can think of it as the region
that mediates the processing of facial features, including
those in face-like objects [84], within a broader framework
of object processing. Because faces are such a frequent
stimulus in our everyday environment, and because they

7
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demand subordinate-level categorization and individua-
tion, the FFA is also a highly trained region [85,86]. In
the same vein, it is proposed that the general function of
the PHC can be thought of as processing of contextual
associations. A subregion of the posterior PHC is particu-
larly optimized to process spatially organized contextual
associations, whereas more anterior regions of the PHC are
optimized to process contextual associations in other, non-
spatial domains. Spatial contextual associations are a
dominant property of places and scenes, and thus scenes
consistently activate this posterior subregion of the PHC
(e.g., PPA [16]). We of course do not argue that the PHC is
not sensitive to spaces, places, and spatial information, but
rather that it is sensitive to spatial stimuli because of the
associative information (space-related associations) that
such stimuli evoke.

Contextual associative processing also accounts for a
much larger share of findings, compared to, for example,
episodic memory or spatial processing accounts. Visuospa-
tial theories cannot explain the nonspatial episodic activa-
tion of the PHC and episodic memory theories cannot
explain why the PHC would be involved in processing
the spatial layout of scenes. Moreover, it will be challeng-
ing for visuospatial processing theories to explain differen-
tial activity within the PHC that is related to the
modulation of information within a scene. Specifically, if
the PHC is dedicated to spatial processing it should be
indifferent to the specific content of a scene; however, it has
been shown that scene content strongly modulates the
signal. For example, scene complexity [87], the contextual
associations of the main object within a scene (Figure 4
[59]), the congruency between the object and the back-
ground [88], the familiarity of buildings [41], and emotional
valence of a scene [27] all modulated activity elicited in the
PHC. In addition, although navigation does recruit the
PHC region, it has been shown that it selectively recruits
the PHC according to the context or strategies engaged
[65,89]. Moreover, the visuospatial theories cannot explain
activity related to stimuli outside of the spatial domain,
such as auditory stimuli indicative of material properties
[30] and odor stimuli [32].
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Likewise, the episodic memory theories cannot account
for many of the results found within the PHC. For example,
they cannot explain why stimulus differences, such as
scene complexity, that have equivalent familiarity and
exposure would evoke differential activity within the
PHC. By contrast, the proposal that contextual associative
processing may be the fundamental function of the PHC
can explain all these diverse findings.

The proposal that contextual processing is the funda-
mental function of the PHC (and RSC) reconciles the
discrepancy between the spatial processing literature
and the episodic memory literature. This is not the first
time that associative processing has been used to explain
the functional role of the medial temporal lobe. The hippo-
campus is another structure that has been strongly linked
to both visuospatial processing and episodic memory, and
given its integrative position it may actually play a broader
role in context than any other structure. Eichenbaum
proposed that the main role of the hippocampus more
globally is to combine different elements of an episode into
a memory that can be linked to a larger memory network
[90]. Thus, spatial information is largely processed in the
hippocampus, with input from the surrounding cortices,
due to the junction of a particular place and a behavior,
reward, or other sensory experience (e.g., odor). A place
provides the salient stimulus to bind into an association.
This interpretation thus posits that the hippocampus is
maximally attuned to the conjunction of features, rather
than spatial information per se. We extend this theory to
the function of the PHC and describe the main focus of the
PHC as processing of long-term contextual associations, of
which associations linked to a specific place are a large
subset.

Eichenbaum, Ranganath, and colleagues have proposed
a framework that connects the different medial temporal
lobe structures and includes a specific role for the PHC in
processing context [53,54]. The model proposed, termed the
‘binding of item and context’ model, suggests that contex-
tual information in the PHC provides the input to the
hippocampus to bind to new memories and link the mem-
ory of that particular episode within a larger network. The

Context network

TRENDS in Cognitive Sciences

Figure 4. Scenes compared with scenes. In this experiment, participants passively viewed pictures of scenes that were presented for 1500 ms. The scenes differed in the
contextual associations of the foreground object, which was either strongly associated with a context (e.g., a crib with a nursery, left) or weakly associated with many
contexts (e.g., a bag is not strongly associated with a context, right). Comparison of the activity elicited when viewing the scenes in the different conditions (strong vs weak
context) revealed differential activity within the context network, and in particular within the PHC, in similar regions to the parahippocampal place are (PPA). The results
from this study demonstrate how the contextual associations within a scene can modulate activity within scene-selective cortex. This poses a problem for a strictly spatial
layout interpretation of the function in these regions. If it were only spatial, there should not be differential activity when comparing scenes to scenes, because scenes in
both conditions contain spatial layout information. Reproduced, with permission, from [59].
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hippocampus is an important structure in memory for
specific episodes. Thus, it is involved in binding the target
of an episode (e.g., remembering a person’s name) with the
context in which it is encountered (e.g., work party). This
context, however, is processed and analyzed in the PHC,
which incorporates the current context with long-term
associations of the context built up in memory. Long-term
contextual associations are relevant during memory encod-
ing, and are likely used as fillers for our episodic memory.
It has been found that the spreading activation of contex-
tual associations during encoding leads to subsequent false
recognition of contextually related items [60], providing
support for the role of the PHC within the larger scheme of
the medial temporal lobe and recognition memory.

Future directions in studying the PHC

Establishing the PHC as a node for processing of contex-
tual associations offers a new roadmap of future potential
insights to explain brain—behavior relations (Box 4).

(i) fMRI signals across the brain have a functional profile
that does not reflect strict category boundaries. For
example, researchers compared the activity elicited
by faces and objects with that elicited by scenes to
functionally define the PPA and contrasted scenes
and objects with faces to functionally define the FFA
[16,83]. However, these regions are also responsive to
the stimuli used as the contrast, albeit to a lesser a
degree (objects can activate the PPA region [2,23] and
scenes can activate the FFA region [20]). If the PHC
were exclusively a scene-processing region, it would
be expected to be unresponsive to single object
stimuli. Similarly, object-processing regions, such
as the lateral occipital cortex, are typically defined by
comparing activity elicited for objects versus scenes.
Outside of the laboratory, we never actually encoun-
ter objects in isolation from a scene and scenes always
contain objects, so it is hard to understand what such
a contrast represents. With respect to understanding
the function of the PPA proper, a contextual proces-
sing approach can provide a more ecological principle
to define this region. Organization of stimuli accord-
ing to contextual associations provides an axis (i.e.,
from strongly contextual to weakly contextual) to
characterize stimuli along this continuous gradient.

Box 4. Questions for future research

e How can a contextual processing account of the PHC provide a

means to enhance our understanding of the following?

o The mechanisms underlying scene understanding;

o The organization of, and inherent links between, the represen-
tation of objects and scenes;

o The role of long-term associative memory in top-down
processes involved in visual perception;

o Why the PHC is found within the ‘default network’; and

o A potential mechanism of abnormal associative processing that
may underlie some mood disorders.

e How anatomically similar are the activation patterns that arise for
processing contextual associations, episodic memory, and vi-
suospatial material? Do these processes cluster in different
subregions of the PHC? Does this potential anatomical organiza-
tion reveal inherent similarities and differences between the
cognitions?

(i1)

(iii)

@iv)
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This provides a way to define what stimuli are
optimal for activating this region without using strict
categorical boundaries. Moreover, some categories
can elude classification. For example, what exactly is
a scene? For something to be considered a scene, does
it have to depict a navigable place, or just a
configuration of parts? Would keys on a keyboard
be considered a scene or an object? Characterizing
stimuli on the basis of their contextual associations
circumvents these definitional problems and allows
them to not necessarily fit specific categorical
boundaries.

Scene-selective activity within the PHC reflects the
processing of contextual associations. Thus, mecha-
nisms in scene understanding should be investigat-
ed using a contextual associative processing
approach. When viewing a scene, we are not just
viewing the stimulus as is, but are also processing it
within a larger context in which we have experi-
enced it. It is the contextual associations of a scene
that can affect cognition. For example, contextual
associations facilitate the recognition of objects and
can facilitate the ability to segment a scene, which
may be extremely difficult without processing the
context. Cutting-edge computer vision algorithms in
scene understanding are not able to achieve
anything close to the human processing, largely
owing to the lack of ability to process context. It has
been shown that context significantly helps com-
puter vision models of scene understanding [91].
Scene processing should not be thought of as
exclusively a visual process, but rather a highly
associative process that invokes prior experiences
and context frames.

The PHC is also identified as a region within the
default network, along with the medial parietal and
prefrontal regions, usually defined as a set of regions
that becomes more active when the participant is
resting in the scanner, compared to the activity while
the participant is performing some experimental
task. However, tasks involving contextual associative
processing increase the activity of these regions (PHC
and RSC) above their already high resting baseline,
rather than deactivating them, which suggests that
these regions are engaged most when processing
contextual associations [61]. At rest or at baseline,
human thoughts do not cease, but rather engage in
typical, active mind-wandering [92], which requires
concentrated efforts (such as meditation) to quell.
Mind-wandering engages associative processing,
such as a free-association train of thought. Thus,
the default network does not overlap with the regions
that process contextual associations by coincidence,
but rather necessarily so, because contextual associa-
tions are a critical component of the thought processes
occurring at ‘rest’.

Recently a link has been made between the breadth of
associative activation and mood [93,94]. The notion
that a limit on the extent of associations, as in
rumination, a hallmark of depression, may be a result
of inhibition gives rise to interesting new ideas on the
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interplay between excitation and inhibition in the
activation of associations for predictions.

(v) Although the contextual processing view cannot
account for all the findings [19,41], it seems to be
the framework that can explain the largest number of
findings so far, and thus is the most parsimonious
account of PHC activity to date. Some of the
discrepancies for PHC findings may lie within its
anatomical subdivisions (see point vi), whereas others
may be task-specific.

(vi) The PHC is a sizable region of cortex and it is possible
that an alternative account to the one endorsed here
is that the PHC mediates all these different processes
and there is no one overarching process that explains
all of PHC functioning. Although the resolution of
fMRI has significantly improved over the last 20
years, even a single voxel nonetheless contains a very
large number of neurons and supporting cells. Fine-
grained processing biases in populations of neurons
within the PHC, which fMRI cannot yet detect, may
also be the root of these different findings. However,
more acute localizations of the foci of activation for
these different processes may help to better delineate
subregions of the PHC. How well do the locations for
the diverse findings across the literature correspond
to each other? Can a more precise description of where
within the PHC these foci are provide a better
understanding of the overall organization for this
region of cortex? The PHC can clearly be subdivided
into functional subregions, such as anterior and
posterior regions [3,12], lateral and medial regions
[4], and by multiple visual fields (PHC1 and PHC2)
[95]. Do the different foci of activity from the diverse
findings correspond to these different subregions?

Strong contextual associations typically activate
medial regions of the PHC, whereas scene-selective
activity was found more closely focused within the
lateral portions/medial fusiform regions of the PHC
[11]. Using the term PPA biases one to assume that
the activity is confined within the parahippocampal
gyrus. However, as Nasr and colleagues have
demonstrated, the activity within this region is
concentrated more within the collateral sulcus, and
even extends well into the medial fusiform gyrus [11].
Thus, the activity related to scene processing within
the region is more widespread than its anatomic
toponym implies. Similar arguments may be made for
the TOS. Using rigorous anatomical landmarks to
describe the location of activity will help to reveal an
organization within the cortex to certain stimuli and
tasks or, by contrast, demonstrate that the activity
elicited is widespread across many regions.

Concluding remarks

A contextual processing framework can account for many
of the findings related to the PHC. Moreover, a contextual
processing framework provides a parsimonious explana-
tion for linking of the posterior parahippocampal gyrus
(PHG) to anterior regions of the PHG, linking of the PHC to
other medial temporal lobe structures, linking of the PHC

10
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to the greater network it is connected to (e.g., RSC and
MPFC), and reconciling why both episodic memory and
spatial processing engage the same region of the cortex.

This account may be simple and powerful enough to
encompass the main proposals in the literature, demon-
strating that we have all been looking at the same circuitry
and functionality, and that the best way to understand the
function of the PHC might involve convergence of our
perspectives.
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