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The historic debate surrounding the role
of inferential mechanisms in perception
has been stoked by recent technological
and theoretical advances that have al-
lowed researchers to formalize models of
predictive processing and investigate their
corollaries at every level from behavioral
to neurobiological. These models contend
that perceptual systems exploit statistical
regularities in the environment to recon-
struct a coherent and stable perceptual
experience based on the noisy and ambig-
uous data received at sensory receptors
(Hohwy, 2013). According to “predictive
coding,” a cascade of descending predic-
tions distills raw sensory data, scything
through expected sensory input so that
the remaining, unaccounted-for, infor-
mation (termed prediction error) can be
used to update stimulus representations
and refine sensory predictions (Clark,
2013). According to this theory, the con-
tinuous process of prediction error mini-
mization is played out across the levels
of the neural processing hierarchy, dy-
namically tuning the relative influence
of error and expectation to best account

for the full flood of stimulation at a
given moment.

One of the key pieces of evidence cited
as support for predictive processing mod-
els is the diminished neural responses to
sensory stimuli rendered predictable by
recent stimulus history, termed expecta-
tion suppression (Summerfield and de
Lange, 2014). Expectation suppression is
temporally distinguishable from repeti-
tion suppression and adaptation effects
(e.g., Todorovic and de Lange, 2012) and
has been demonstrated across sensory
modalities in EEG, MEG, and BOLD sig-
nals, as well as spiking activity in nonhu-
man primates (de Lange et al., 2018). The
debate about the neural circuitry underly-
ing this process has spawned a number of
proposed implementations (e.g., Spra-
tling, 2017), with most suggesting a key
role of feedback connections, terminating
in infragranular and supragranular layers
of lower cortical areas, in suppressing ex-
pected lower-level activity (Friston, 2009).
However, there is still some debate about
the specific nature of the mechanism sup-
porting this effect.

Two primary accounts of expectation
suppression have emerged in the litera-
ture (de Lange et al., 2018). According to
the “dampening” account, activity repre-
senting expected input is diminished,
leaving the information carried in the
residual prediction error for selective pro-
cessing (Friston, 2005). Others have
argued for a “sharpening” account of ex-

pectation suppression, where this pattern
of activity is reversed (e.g., Kok et al.,
2012). Here, sensory responses to pre-
dicted stimuli are enhanced as discrepant
information is attenuated, reducing the
overall amplitude of activity and sharpen-
ing the representation of the anticipated
input (de Lange et al., 2018). For example,
Kok and de Lange (2014) reported en-
hanced activity in regions of primary vi-
sual cortex (V1) representing a perceived
Kanizsa illusion (an illusory shape per-
ceived to occlude veridical shape stimuli),
whereas activity associated with the Pac-
man figures inducing the illusion was
suppressed.

The difficulty in testing these compet-
ing hypotheses is that they both predict
the reduction in activity associated with
expectation suppression. However, their
accounts of the information that is sup-
pressed differ: “dampening” requires ex-
pectation suppression to disproportionately
inhibit neurons tuned to the expected stim-
ulus; “sharpening” requires it to primarily
suppress activity in neurons not tuned to the
expected stimulus.

Recently, Richter et al. (2018) used
fMRI to investigate the characteristics of
expectation suppression throughout the
ventral visual stream and to adjudicate
between the sharpening and dampening
accounts, defining V1 and object-selective
lateral occipital cortex (LOC) as a priori
ROIs. Twenty-four participants were
trained to associate eight pairs of object
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images in a statistical learning paradigm,
where the first image predicted the second
image according to one of three condi-
tional probabilities: 1:1 (first image is per-
fectly predictive of the second); 1:2 (first
image predicts one of two possible imag-
es); and 2:1 (two images predict a single
second image; Fig. 1). The subsequent
fMRI experiment was identical to the train-
ing conditions, except that unexpected im-
ages were occasionally presented following
the first image, violating the predictive rela-
tionships described above. In addition,
throughout the training and the main ex-
periment, participants were asked to report
the presence of inverted images, which oc-
curred on 11% of trials. This ensured that
participants paid attention to the stimuli but
did not notice the relationships between im-
ages as the conditional probabilities were
rendered task-irrelevant.

The authors first confirmed an expec-
tation suppression effect, demonstrating
that BOLD responses were larger for un-
expected than for expected images in both
V1 and area LOC. Furthermore, a whole-
brain analysis showed widespread exp-
ectation suppression across the ventral
visual stream, including bilateral fusiform
gyrus, bilateral inferior parietal cortex,
and right posterior parahippocampal gyrus.
Although the authors reported that the ex-
pectation suppression in LOC was signifi-
cantly stronger in voxels activated by the
image stimuli than in nonactivated voxels,
this difference was not significant in V1. The
authors suggest that the observation that ex-
pectation suppression did not selectively
suppress voxels underlying the image’s sen-
sory representation in V1 may be related to
the complexity of the stimuli used in the
study. That is, the expectation of a complex
object image is not clearly defined at the
level of processing characteristic of V1. In
support of this explanation, previous fMRI
studies using complex stimuli have failed to
demonstrate expectation suppression in V1
(e.g., Pajani et al., 2017), whereas more basic

stimuli, such as sinusoidal gratings, have
elicited this effect in V1 (Alink et al., 2010;
e.g., Kok et al., 2012).

When investigating the effect of condi-
tional probability on expectation suppres-
sion, the authors found no evidence of a
modulation of activity across conditional
probabilities in V1 or LOC and no inter-
action between conditional probability
and expectation in either area. This is sur-
prising given that expectations are only
meaningful insofar as they are sensitive
to conditional probabilities. In Bayesian
models, a prior (expectation) associated
with a cue that is 50% predictive (1:2
condition in Fig. 1) should have a distin-
guishable effect from one that is 100%
predictive (1:1 condition) (Bowers and
Davis, 2012). Furthermore, Egner et al.
(2010) previously demonstrated sensitiv-
ity to the conditional probabilities of face
stimuli in fusiform face area, reporting
greater responses to low and medium
probability faces (25% and 50%, respec-
tively) than house stimuli, but equivalent
responses to house stimuli and high prob-
ability (75%) faces. Richter et al. (2018)
point out that sensitivity to conditional
probability has also been previously dem-
onstrated in monkey inferotemporal
cortex (Ramachandran et al., 2016) and
suggested that their analysis may have
lacked the requisite sensitivity to detect
such an effect. Given this result, they de-
cided to collapse across conditional prob-
abilities for the remaining analyses.

The authors sought to determine
whether expected representations were
dampened or sharpened based on three
predictions: (1) the dampening account
predicts that voxels responding preferen-
tially to specific images will exhibit the
strongest expectation suppression in re-
sponse to those images, whereas the
sharpening account predicts the opposite;
(2) the dampening account predicts that
expectation suppression will have the
greatest effect for highly selective voxels,

whereas the sharpening hypothesis sug-
gests that activity in these voxels should be
enhanced, not suppressed; and (3) the
sharpening account predicts that a multi-
variate pattern analysis (MVPA), used to
decode sensory representations based on
patterns of neural activity, will exhibit
improved classification accuracy for sharp-
ened sensory representations. Alternatively,
the dampening of this neural activity will
obscure these sensory representations, such
that little discrepancy in classification accu-
racy will be observed between expected and
unexpected trials.

Tests of these predictions provided
support for the dampening account of ex-
pectation suppression. First, a regression
of voxel image preference ranks, calcu-
lated based on expectation-neutral pre-
sentations, against BOLD responses from
the main task confirmed that the strength
of expectation suppression was greatest in
LOC voxels that responded preferentially
to the image. No significant differences
were observed in V1. Second, expectation
suppression was significantly stronger in
highly selective LOC voxels. While there
was also a trend toward this dampening
pattern in V1, the result was not statisti-
cally significant. Third, although MVPA
classification accuracy was above chance
for both expected and unexpected stimuli
in V1 (27.9% and 30.2%, respectively)
and LOC (18.5% and 19.5%, respec-
tively), there was no significant difference
in accuracy based on predictability. To-
gether, these analyses provide evidence for
dampened sensory representations un-
derlying expectation suppression consis-
tent with recent research in monkey
inferotemporal cortex (Meyer and Olson,
2011; Kumar et al., 2017). However, the
classification accuracy result differs from
multivariate analyses in previous fMRI re-
search (Kok et al., 2012) and single-unit
recordings in monkey inferotemporal
cortex (Bell et al., 2016), which indicated
that expectation suppression is associated

Figure 1. An illustration of the three conditional probability conditions, where the leading image perfectly predicts the trailing image (1:1), two leading images predict the same trailing image
(2:1), or a single leading image predicts two possible trailing images (1:2). In the main experiment, the images were each presented for 500 ms with no interstimulus interval and an intertrial interval
of 4110 – 6300 ms. These were not the actual stimuli used in the experiment.
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with improved decoding accuracy for ex-
pected stimuli.

The demonstration by Richter et al.
(2018) of the specificity of expectation
suppression in LOC to activity associated
with the predicted stimulus is an impor-
tant finding, explaining the effect of ex-
pectation at a neural level and bolstering
arguments about the role of inference in
perception. However, the nonspecific
suppression observed in V1 also raises im-
portant questions. This finding appears
inconsistent with the theorized cascade of
descending predictions, specifying expec-
tations at each level of sensory processing,
characteristic of predictive processing
(Clark, 2013). Rather, these findings sug-
gest a more modular role of expectation,
acting primarily at the level of processing
associated with the stimulus (in this case,
object-selective LOC), in line with more
traditional, feedforward models of per-
ception. It may also be the case that the
specificity of suppression is graded along
the processing hierarchy, being tightly
defined in regions closely tuned to the
stimulus in question, but becoming less
selective as one descends through lower-
level processing areas (e.g., V1). The supe-
rior accuracy of V1 MVPA decoding in
Richter et al. (2018) may hint at this
graded approach, where the representa-
tion of the stimulus in question is most
suppressed in LOC. This question could
be addressed in future research by charac-
terizing the specificity of expectation sup-
pression in intermediate regions between
V1 and LOC (e.g., V4), akin to research
with motion stimuli (Alink et al., 2010),
and across various levels of stimulus com-
plexity. In addition, using MVPA decod-
ing techniques to trace the accuracy of
representations across intermediate re-

gions in the visual stream may offer an
opportunity to provide greater spatial res-
olution to accounts of expectation sup-
pression and inform predictive processing
models.

The remarkable surge in research on
sensory processing as fundamentally in-
ferential is producing new and exciting in-
sights into the mechanisms underlying
perceptual experience (Friston, 2018).
Richter et al. (2018) have made a signifi-
cant contribution in characterizing the
nature of one of the core phenomena as-
sociated with predictive processing. Fur-
thermore, they have raised important
questions about the functional architec-
ture of the inferential hierarchy, provid-
ing avenues for future research.
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