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Semantic memory is an individual’s store of
general conceptual knowledge accumulated
and abstracted from previous experiences,
without a specific spatial or temporal con-
text. The flexible nature of semantic repre-
sentations is posited to underlie a host of
sophisticated cognitive endeavors, such as
language, social cognition, and the capacity
to mentally project oneself backward and
forward in subjective time (Binder and De-
sai, 2011; Irish and Piguet, 2013). A fine-
grained exposition of the neurobiological
foundation of the semantic network is re-
quired for deconstructing these uniquely
human functions and gaining insights into
the breakdown of semantic processing in
clinical populations.

Despite the centrality of semantic mem-
ory for human behavior, understanding of
the neural networks specialized for semantic
processing has lagged far behind that of ep-
isodic memory. This disparity has arisen not
only because disproportionate emphasis is
placed on understanding the neurocircuitry
of episodic memory, but also because of
methodological challenges in studying se-
mantic processing. Within the semantic

network, the anterior temporal lobe (ATL)
is posited to act as a “hub” that integrates
modality-specific information to create
multimodal representations (Patterson et
al., 2007). Significant signal loss and distor-
tion in the ATLs during functional neuro-
imaging studies, however, has limited our
understanding of the connectivity patterns
between ATL subregions and the overall
functional organization of the semantic net-
work. Therefore, the contribution of the
ATLs to semantic processing remains
poorly articulated.

A recent study by Jackson et al. (2016)
provides insights into the functional organi-
zation of the semantic network and conclu-
sive evidence in favor of an ATL-based
semantic hub. Using convergent resting-
state and active task-based functional neu-
roimaging methods in healthy young
participants, the authors sought to deter-
mine the degree of overlap between the
functional connectivity of the semantic
memory network in the resting state versus
that engaged during effortful semantic pro-
cessing. To circumvent some of the meth-
odological issues associated with studying
the ATLs, the authors used a novel dual-
echo gradient brain EPI technique, which
maximizes the signal in the ATLs and main-
tains high-contrast sensitivity throughout
the entire brain. This approach permits
comprehensive investigation of connectiv-
ity within and between ATL subregions and
their respective contributions to semantic
cognition, with minimal signal loss. Fur-

thermore, the authors captured the func-
tional heterogeneity of the ATLs by
subdividing the region into several indepen-
dently derived semantic regions of interest
(ROIs), including the ventral ATL, anterior
superior temporal gyrus/superior temporal
sulcus (aSTG/STS), and anterior middle
temporal gyrus (MTG). The differential
connectivity of ATL subregions during rest-
ing and active states was then investigated to
determine whether a core network subtends
multimodal semantic cognition.

The resting-state procedure involved
participants lying quietly in the scanner and
focusing on a fixation cross. Data were ex-
plored using seed-based functional connec-
tivity analyses to compare resting patterns of
brain activity in the ATL ROIs to that in all
other predetermined ROIs. Correlations be-
tween each seed and each semantic ROI
were calculated across the group, and an av-
erage value for each individual was com-
puted. This statistic, reflecting the strength
of connection between the seeds to the pre-
determined semantic areas, was compared
between seeds to determine whether the re-
gions in question formed the same network.
In contrast, during the active semantic task,
participants were required to make seman-
tic judgments in which they matched a
probe word to the most semantically related
of two word choices. The degree of semantic
relatedness was manipulated according to
semantic association and conceptual simi-
larity. Whole-brain psychophysiological in-
teraction analysis was used to determine
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task-specific increases in the relationship
between the ventral ATL seed and the a pri-
ori semantic network regions during the se-
mantic task. The psychophysiological
interaction analyses thus provided the nec-
essary counterpoint to the resting-state
functional connectivity data, enabling the
authors to explore ATL connectivity during
effortful semantic processing.

In line with the authors’ predictions,
during the resting state, activity in the ven-
tral ATL seed, and to a lesser extent an ante-
rior MTG seed, was highly correlated with a
distributed network of regions including the
bilateral ATL, inferior frontal gyrus, medial
prefrontal cortex, angular gyrus, posterior
MTG, medial temporal lobe, and posterior
regions, including the bilateral middle and
posterior cingulate cortices, precuneus,
right precentral and postcentral gyrus, and
the cerebellum. Collectively, these regions
have been implicated across functional neu-
roimaging studies of semantic cognition
(Binder et al., 2009). In contrast, activity in
the aSTG/STS seed overlapped more closely
with multiple regions involved in language
and auditory processing outside the core
semantic network. Thus, the resting-state
results extend previous work by demon-
strating a clear subdivision of connectivity
within the ATL, with ventrolateral aspects
occupying a crucial position in the semantic
network.

One of the most striking findings of this
study concerns the overlap in connectivity
during the resting state and effortful seman-
tic processing between the ventral ATL and
distinct brain regions implicated in multi-
modal semantic cognition. Analyses of the
psychophysiological interaction effect dem-
onstrated significant connectivity between
the ventral ATL and each of the a priori se-
mantic ROIs, underscoring the importance
of the ATL as a transmodal hub within a
functionally connected semantic network
(Patterson et al., 2007). While this overlap
was evident, it is important to note that the
semantic networks identified using the two
approaches were not identical. Psychophys-
iological interaction analyses revealed large
areas of frontal and occipital cortex, which
were not evident in the resting-state analy-
ses, a finding the authors interpret as poten-
tially reflecting increased executive control
demands of task-based processing.

The study by Jackson et al. (2016) dem-
onstrates a common core semantic network
in the brain, the functional connectivity of
which is similar regardless of whether the
brain is at rest or engaged in effortful seman-
tic processing. The exposition of a default-
semantic network (Pascual et al., 2015)
meshes well with the discovery of a default-

mode network that activates when healthy
individuals engage in effortful episodic-
based tasks and exhibit high levels of resting
metabolic activity (Spreng et al., 2009; An-
drews-Hanna, 2012). One of the most per-
suasive arguments for this convergence
between effortful episodic processing and
the resting state is that, during idle periods,
humans invariably engage in an array of
spontaneous introspective processes that
draw upon episodic memory, such as re-
membering the past and envisaging the fu-
ture (Andrews-Hanna, 2012). Importantly,
however, the core semantic network over-
laps extensively with this default-mode net-
work (Binder and Desai, 2011). In light of
recent work emphasizing the necessary in-
terdependence between semantic and epi-
sodic memory on both the behavioral (Irish
et al., 2012) and neuroanatomical (Buri-
anova et al., 2010) level, it would be interest-
ing to explore the functional coupling
between the ventral ATL seed identified
here and the default-mode network. This is
particularly relevant when we consider that
Jackson et al. (2016) found significant func-
tional connection between the ventral ATL
and the medial temporal lobe during the
resting state. Given recent insights into the
putative role of the default-mode network
in spontaneous cognition, an experience-
sampling approach in which participants
report on the content of their thoughts dur-
ing the resting state scan would further clar-
ify the extent to which internally driven
mentation comprises semantic concepts
(Binder and Desai, 2011).

A final consideration is how the
present findings can inform our under-
standing of distinct pathophysiological
mechanisms underlying disorders of se-
mantic cognition. The neurodegenerative
disorder of semantic dementia is of im-
mense interest in this context given that
the maximal sites of atrophy in this syn-
drome reside in the ventrolateral aspects
of the ATL (Davies et al., 2009). Patients
with semantic dementia show a progres-
sive and transmodal loss of conceptual
knowledge manifesting in profound alter-
ations in naming, comprehension, and
object recognition. The severity of these
deficits correlates robustly with the mag-
nitude of ATL pathology (Mion et al.,
2010). Despite the relatively circum-
scribed nature of ATL atrophy initially
seen in semantic dementia, recent studies
using task-free resting-state neuroimag-
ing reveal the vulnerability of connectivity
between the ATL and a number of func-
tionally relevant processing areas (Guo et
al., 2013; La Joie et al., 2014). Collectively,
these findings suggest that, in semantic

dementia, localized pathology in the ATL
gradually spreads via shared nodes to ad-
jacent vulnerable networks in the brain
and reinforces the need to consider dy-
namic interactions within and between
large-scale functional networks to appre-
ciate how neuropathological processes
propagate in the brain.

In conclusion, the study by Jackson et
al. (2016) provides convergent neuroim-
aging data in support of a core network
that subtends multimodal semantic cog-
nition, with preferential connectivity be-
tween ventrolateral aspects of the ATLs
and the semantic network evident in both
active and resting states. This article rep-
resents an important advancement in our
understanding of the neural architecture
of semantic cognition, adding to a grow-
ing body of research emphasizing the
graded specialization of ATL subregions
for the representation of semantic con-
cepts (Rice et al., 2015). Future work
within this field will serve to clarify the
unique role of the ATLs as a transmodal
integrative hub, providing new insights
into the foundational role of semantic
processing for everyday adaptive func-
tioning, as well as illuminating our under-
standing of how these processes break
down in clinical populations.
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