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Facial expressions are used as critical social cues in
everyday life. Adaptation to expressions causes
expression aftereffects. These aftereffects are thought to
reflect the operation of face-selective neural
mechanisms, and are used by researchers to investigate
the nature of those mechanisms. However, recent
evidence suggests that expression aftereffects could be
at least partially explained by the inheritance of lowerlevel tilt adaptation through the visual hierarchy. We
investigated whether expression aftereffects could be
entirely explained by tilt adaptation. Participants
completed an expression adaptation task in which we
controlled for the influence of tilt by changing the
orientation of the adaptor relative to the test stimuli.
Although tilt adaptation appeared to make some
contribution to the expression aftereffect, robust
expression aftereffects still remained after minimizing
tilt inheritance, indicating that expression aftereffects
cannot be fully explained by tilt adaptation. There was
also significant reduction in the expression aftereffects
after inverting the adapting face, providing evidence that
face-selective processing is involved in these aftereffects.

Introduction
Facial expressions convey important social information about emotional state, how a person is feeling,
and the behavioral intentions of a person (Horstmann,
2003). Expressions serve as a form of social communication, as the expressions that a person conveys affect
how other people respond to them (Adams, Ambady,
Macrae, & Kleck, 2006; Marsh, Ambady, & Kleck,
2005; Seidel, Habel, Kirschner, Gur, & Derntl, 2010).
Processing expressions is therefore important, as the

ability to identify expressions and interpret them are
key factors in forming and maintaining human
relationships, effective social interaction, and effective
communication (Riggio, 2014). Moreover, deﬁcits in
recognizing and conveying expressions can have
detrimental social outcomes (Kornreich et al., 2002).
Visual adaptation is a powerful tool that can be used
to investigate expression processing, and is widely used
to research neural representation of faces (Leopold,
O’Toole, Vetter, & Blanz, 2001; Webster, 2015;
Webster & MacLeod, 2011). In an expression adaptation paradigm, individuals are shown faces, which
biases their perception of subsequent faces. For
example, after adapting to a happy face, the next face
that the individual sees appears less happy (Fox &
Barton, 2007). These adaptation paradigms have
revealed important aspects of expression processing,
such as prototype-referenced coding of expressions
(Burton, Jeffery, Calder, & Rhodes, 2015; Burton,
Jeffery, Skinner, Benton, & Rhodes, 2013; Skinner &
Benton, 2010), interdependent processing of expression
with sex or race (Bestelmeyer, Jones, DeBruine, Little,
& Welling, 2010), and the nonindependence of face
expression and identity coding (Rhodes et al., 2015).
Faces are high-level, complex visual stimuli, and so
expression aftereffects, along with other face aftereffects, have generally been understood to be generated
at high levels of the visual hierarchy. Supporting this
view, expression aftereffects have a strong positive
relationship with expression recognition ability (Palermo et al., 2017; Rhodes et al., 2015). Nevertheless,
facial expressions also contain relatively simple deformations of the face, based on curves and lines. For
example, in the folded face illusion, by simply folding a
picture of a face three times to form a distorted ‘‘W’’
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shape, either a happy face or a sad face can be seen
depending on whether the face is viewed from above
the eye-line or below the eye-line (Benton, 2009). To the
extent that low-level contours affect expression perception, low-level adaptation will contribute to expression aftereffects. Indeed, tilt adaptation can elicit
expression aftereffects, as adaptation to curved lines
(Xu, Dayan, Lipkin, & Qian, 2008), and tilted line
gratings (Dickinson, Mighall, Almeida, Bell, & Badcock, 2012) have been shown to generate expression
aftereffects in both cartoon and real faces.
These low-level aftereffects originate in neurons in
the early visual cortex, which are size, position, and
orientation dependent (Knapen, Rolfs, Wexler, &
Cavanagh, 2009). In contrast, face aftereffects can be
robust to variations in these properties between the
adapting and test faces (Rhodes et al., 2004), suggesting
that they are also generated at higher levels of the visual
processing hierarchy (Watson & Clifford, 2003).
Typically, low-level inheritance effects are minimized
using techniques such as size and position changes
between adaptor and test stimuli and allowing free eye
movements (Benton, Jennings, & Chatting, 2006;
Jeffery, Rhodes, & Busey, 2006).
These techniques may not, however, be enough to
prevent inherited tilt adaptation from contributing to
the measurement of expression aftereffects. Although
tilt adaptation is retinotopic, it is also built up rapidly
across eye movements, leading to the distribution of the
tilt aftereffect across the visual ﬁeld over time in what is
termed a tilt aftereffect ﬁeld (Blakemore & Over, 1974;
Dickinson & Badcock, 2013). Most observers ﬁxate on
speciﬁc regions of the face in a highly predictable
pattern (Caldara et al., 2005; Rutherford & Towns,
2008), making it very likely that tilt aftereffect ﬁelds
develop in a systematic way across the retina even when
there is free viewing of a face. Local orientation tuning
functions are narrow (Thomas & Gille, 1979), making
it possible that multiple tilt aftereffect ﬁelds could
coexist over the same area of the visual ﬁeld. Taken
together, these properties show the possibility that lowlevel tilt adaptation may produce aftereffects that
imitate size and position invariance. For these reasons,
Dickinson and colleagues have argued that current lowlevel control techniques may not completely remove the
inﬂuence of low-level aftereffects on measures of
expression adaptation (Dickinson, Almeida, Bell, &
Badcock, 2010; Dickinson & Badcock, 2013; Dickinson
et al., 2012).
Given that tilt adaptation can induce aftereffects
that bias the perceived expression of a face, and that tilt
adaptation may potentially show a degree of size and
position invariance, we cannot rule out the possibility
that expression aftereffects can be fully explained by tilt
adaptation. This is a concern for current theory,
because previous studies that have used expression
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aftereffects to probe the nature of expression representation have relied on the assumption that those
aftereffects reveal the action of high-level, face-selective
mechanisms (Bestelmeyer et al., 2010; Burton et al.,
2015; Burton et al., 2013; Rhodes et al., 2015; Skinner
& Benton, 2010). In the face of this concern, it is
important to establish whether or not the expression
aftereffect reﬂects anything beyond the action of lowlevel tilt adaptation, and to identify any face-selective
contribution that might exist.

The present study
Here we sought to determine whether tilt adaptation
could fully explain expression aftereffects, and whether
these expression aftereffects remain when low-level
contributions including tilt are minimized. If they do,
then it would demonstrate that they do not only consist
of low-level adaptation, but include mid-level and highlevel adaptation as well, which would provide support
for their widespread use in the study of those
mechanisms.
To investigate the inﬂuence of tilt adaptation on
expression aftereffects, we used an expression adaptation paradigm with three conditions (Figure 1). In the
aligned condition, the adaptor and test stimuli have the
same orientation (458 clockwise). In this condition, the
aftereffect will reﬂect face adaptation, but will also
contain any contribution of tilt adaptation and other
retinotopic adaptation components. In the misaligned
condition, we changed the orientation of the adaptor to
a different orientation than the test face (458 counterclockwise, 458 clockwise, respectively). This rotation
retinotopically displaces the test face relative to the
adaptor, minimizing contributions from low-level,
retinotopic adaptation (Afraz & Cavanagh, 2009;
Rhodes, Jeffery, Watson, Clifford, & Nakayama,
2003). Importantly, it also changes the orientation of
the features within the visual ﬁeld, such that any tilt
adaptation ﬁeld produced by the adaptor should not be
expected to have any meaningful effect on the
perception of the test face (Figure 2). The misaligned
condition does not, however, rule out contributions of
mid-level shape, and/or higher-level non-face (object),
adaptation. As a more exploratory goal, we also sought
to determine whether there is some contribution from
face-selective adaptation. Therefore, we included a
third condition, the misaligned-inverted condition,
where the adapting face was not only misaligned from
the test orientation, but also inverted (i.e., orientation
at 1358 clockwise; Figure 1). The orientation difference
between the adapt and test stimuli in this condition is
the same as the misaligned condition (908). The primary
difference between these two conditions is that faceprocessing mechanisms are poorly engaged when the
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Figure 1. Examples of the three orientation conditions. The left
face is the adaptor and the right face is the test face. In the
aligned condition, the adaptor has an orientation of 458
clockwise and the test face also has an orientation of 458
clockwise. In the misaligned condition, the adaptor has an
orientation of 458 counterclockwise and the test face has an
orientation of 458 clockwise. In the misaligned-inverted
condition, the adaptor has an orientation of 1358 clockwise and
test face has an orientation of 458 clockwise. The face stimuli
are computer-generated morphs, and do not depict real people.

face is inverted (Rhodes et al., 2003; Sergent, 1984;
Valentine, 1988; Valentine & Bruce, 1986; Yin, 1969;
Yovel & Kanwisher, 2005). Thus, the difference
between aftereffects in the misaligned and misalignedinverted conditions is expected to reﬂect some contribution from face-selective adaptation.
To summarize, we will measure expression aftereffects while minimizing the contribution of tilt adaptation, and determine whether tilt adaptation can in fact
fully account for expression aftereffects. We will also
determine whether expression aftereffects reﬂect adaptation of higher-level, face-selective mechanisms, rather
than only adaptation of more general (non-face)
higher-level processing mechanisms. Given that expression aftereffects can be generated through adaptation to low-level stimuli, we expect to ﬁnd a signiﬁcant
contribution of tilt adaptation and other low-level
adaptation indicated by larger aftereffects in the
aligned than the misaligned condition. Critically, if tilt
adaptation fully accounts for expression aftereffects,
then the aftereffect should disappear in the misaligned
condition. If they do not, it would indicate that
expression aftereffects reﬂect higher-level adaptation.
Finally, if expression aftereffects are reduced in the
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Figure 2. The aligned condition allows for the influence of tilt
adaptation, as the face has the same orientation in both the
adapt and test phases. In the misaligned condition, the tilt
adaptation built up in the adaptation phase (indicated by the
transparent overlay) will be in a different position relative to
the face in the test phase, and there should therefore be
minimal meaningful contribution to the expression aftereffect.
In the misaligned-inverted condition, there is the same amount
of angular difference between the adapt and test faces as the
misaligned condition, and the effect of tilt adaptation will
therefore be minimized to the same extent. However, in this
condition, the adaptor is closer to inverted than upright, so
face-selective processing should also be disrupted. Therefore, if
the misaligned-inverted condition produces a weaker aftereffect than the misaligned condition, this difference could
potentially be attributed to a decrease in face-selective
adaptation.

misaligned-inverted (relative to the misaligned) condition, where face-selective processing should be disrupted, it would provide evidence that is consistent with
the adaptation of face-selective mechanisms being
involved in expression aftereffects.

Method
Participants
Participants were recruited from The University of
Western Australia, School of Psychology ﬁrst-year
participant pool in exchange for course credit (N ¼ 81),
and from the wider UWA community (N ¼ 15). As the
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Figure 3. Stimuli from Skinner and Benton (2010), arranged in an expression ‘‘face-space.’’ The original expression (here, happy) lies
on one end of a continuum, with the ambiguous expression face in the middle, and the corresponding anti-expression (here, antihappy) on the opposite end, differing from the ambiguous expression to the same extent but in the opposite direction from the
original expression. The face stimuli are computer-generated morphs, and do not depict real people.

face stimuli used in the tasks were of Caucasian faces,
only Caucasian participants were recruited to avoid
potential other-race effects (Meissner & Brigham, 2001).
There were a total of 96 participants (26 men, 70 women)
and an age range of 17 to 40 (M ¼ 21 years, 6 months,
SD ¼ 5 years, 4 months). One participant’s data was
removed due to missing data. There were no outliers.

Stimuli
Stimuli from Skinner and Benton (2010) were used
for the adaptation task. The face stimuli were
constructed from 25 male and 25 female faces, each
displaying each of the six basic expressions (anger,
disgust, fear, happiness, sadness, and surprise), as well
as a neutral expression. These faces were averaged
using morphing software to create a sex- and identityneutral average for each expression. Morphing together
these seven sex- and identity-neutral averages produced
an ambiguous expression average that was used as the
test face. For adaptors, we used anti-expressions.
Expressions can be thought of as lying on one end of a
continuum, with the ambiguous expression face in the
middle, and the corresponding anti-expression on the
opposite end, differing from the ambiguous expression
to the same extent but in the opposite direction from
the original expression (Figure 3). The beneﬁt of antiexpression adaptors is that adaptation to an anti-
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expression produces an aftereffect that resembles the
corresponding expression, a familiar percept that
participants can easily identify (Burton, Jeffery, Bonner, & Rhodes, 2016; Burton et al., 2015; Butler, Oruc,
Fox, & Barton, 2008; Skinner & Benton, 2010). Antiexpressions were created by morphing the facial
features of each expression face towards the opposite
end of its expression continuum.
The anti-expressions at 100% strength were used as
adaptors, and the ambiguous face as the test stimuli.
Expression faces at 80% strength were also used as test
faces in catch trials to ensure participants were not
responding randomly, and also to maintain motivation
by providing some easily identiﬁed expressions. The
expression, anti-expression, and ambiguous face stimuli
are presented in Figure 4. Depending on the condition,
adaptor stimuli either had an orientation of 458
clockwise, 458 counterclockwise, or 1358, with test
stimuli at a constant orientation of 458 clockwise
(Figure 1). All face stimuli were presented in grayscale.

Procedure
Participants completed the adaptation task on a
computer. A headrest was used to ensure that
participants kept their heads upright throughout the
experiment, and to maintain a viewing distance of 48
cm. Stimuli were presented at a visual angle of
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Figure 4. Example stimuli from Skinner and Benton (2010). Top row shows original expression faces, and bottom row shows the
corresponding anti-expression faces. The face stimuli are computer-generated morphs, and do not depict real people.

approximately 138 by 9.58. The task took approximately 50 min to complete.
On each trial, participants were shown an adapting
stimulus for 8 s. Next, the test stimulus was shown for
200 ms, followed by the instruction to judge which of the
six basic expressions the test face displayed using the
numbered keyboard keys (1 to 6). The durations of the
adaptor and test stimuli were based on the ﬁndings of
Burton et al. (2016), who found that 8 s of adaptation
time and 200 ms of test time produced strong
aftereffects. The adaptation task consisted of three
orientation conditions, with six expressions for each
condition and 12 repetitions for each expression, plus 36
control expressions, leading to a total of 252 trials. The

trials were divided into six blocks, with equal numbers of
each anti-expression and catch trials in each block. The
trials were self-paced, with a break in between each
block (see Figure 5 for example trial). To reduce
retinotopic adaptation free eye movement was allowed.

Results
Aftereffect size was calculated as the percentage of
‘‘corresponding’’ responses (responded with the corresponding emotion after presentation of the antiexpression; e.g., responding with happy after adapting

Figure 5. Example trial of the expression adaptation task. Anti-expression faces are shown in the adaptation phase, followed by the
ambiguous face in the test phase, after which a response must be made, and one of the six emotion words shown on the screen must
be chosen.
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Figure 6. Mean aftereffect sizes across orientation condition. Aftereffect size calculated as the proportion of responses opposite to
the adaptor. Individual data points are shown for each condition. Error bars indicate 61 standard error of the mean. The dotted line
represents chance level (16.67%).

to an anti-happy face). Mean aftereffect sizes across
conditions are presented in Figure 6.
To test the possibility that the effects observed above
was driven by only one or two of the expression
conditions, we ran a two-way repeated-measures
ANOVA to examine the effect of orientation condition
and expression on aftereffect size. Degrees of freedom
were corrected using Greenhouse-Geisser estimates of
sphericity for all effects. The main effect of orientation
of the adapting faces had a signiﬁcant impact on the
size of the expression aftereffects, F(1.49, 141.26) ¼
373.79, p , 0.01, gp2 ¼ 0.80. The main effect of
expression category of the adapting faces had a
signiﬁcant impact on the size of the expression
aftereffects, F(4.20, 399.23) ¼ 19.70, p , 0.01, gp2 ¼
0.17. The interaction satisﬁed the assumption of
sphericity v2 (54) ¼ 56.88, p ¼ 0.37, and was signiﬁcant
F(10, 950) ¼ 24.03, p , 0.01, gp2 ¼ 0.20. Despite this
interaction, Figure 7 shows that the expected pattern
appears to hold for all expressions.
To test whether this pattern remained signiﬁcant at
the level of individual expressions, we conducted paired
samples t tests comparing aftereffects in the misaligned
condition and misaligned-inverted conditions for each
expression. There were signiﬁcant differences between
aligned and misaligned conditions for anger, t(95) ¼
9.69, p , 0.01; disgust, t(95) ¼ 8.18, p , 0.01; fear, t(95)
¼ 4.27, p , 0.01; happy, t(95) ¼ 16.86, p , 0.01; sad,
t(95) ¼ 5.23, p , 0.01; and surprise t(95) ¼ 9.35, p ,
0.01. There were also signiﬁcant differences between the
misaligned and misaligned-inverted conditions for
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anger, t(95) ¼ 5.07, p , 0.01; disgust, t(95) ¼ 2.34, p ,
0.05; happy, t(95) ¼ 5.26 p , 0.01; sad, t(95) ¼ 2.94, p ,
0.01; and surprise t(95) ¼ 4.45, p , 0.01. However,
there was no signiﬁcant difference for fear t(95) ¼ 1.89,
p ¼ 0.06.
When analyzing the data collapsed across expression, we compared aftereffects in the misaligned
condition to chance to determine whether a signiﬁcant
aftereffect remained once contributions from tilt and
other low-level adaptation had been minimized. One
sample t tests also showed that aftereffects in the
misaligned condition were signiﬁcantly greater than
chance level (16.67%) for all expressions except anger
(all t . 2.86, all p , 0.005).
A one-way repeated-measures ANOVA was conducted to examine the effect of the orientation
condition on aftereffect size. Mauchly’s test of sphericity showed that the assumption of sphericity was
violated, v2 (2) ¼ 39.98, p , 0.01, so degrees of freedom
were corrected using Greenhouse-Geisser estimates of
sphericity. The orientation of the adapting faces had a
signiﬁcant impact on the size of the expression
aftereffects, F(1.48, 141.12) ¼ 361.71, p , 0.01, gp2 ¼
0.79. To determine whether there was a signiﬁcant
contribution of tilt adaptation in expression aftereffects, a planned comparison compared the aligned and
misaligned conditions. The aftereffects were signiﬁcantly smaller in the misaligned than the aligned
condition, F(1, 95) ¼ 483.01, p , 0.001, indicating that
tilt adaptation contributes to the expression aftereffect.
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Figure 7. Mean aftereffect sizes across orientation condition for each of the six expressions. Aftereffect size calculated as the
proportion of responses opposite to the adaptor. Error bars indicate 61 standard error of the mean.

To determine whether tilt adaptation could fully
explain expression aftereffects, we conducted a onesample t test comparing aftereffects in the misaligned
condition (M ¼ 33.9, SD ¼ 7.7) to chance (16.67%).
Aftereffects in this condition were signiﬁcantly different
from chance performance, t(95) ¼ 21.99, p , 0.01,
indicating that expression aftereffects still remain even
after minimizing the contribution of tilt adaptation. To
test whether there was some face-selective component
in expression aftereffects, a second planned comparison
was conducted to compare aftereffects in the misaligned and the misaligned-inverted conditions. The
aftereffects were signiﬁcantly smaller in the misalignedinverted than the misaligned condition, F(1, 95) ¼
92.15, p , 0.001.

Discussion
We aimed to investigate whether expression aftereffects can be fully explained by the inheritance of tilt
adaptation through the visual hierarchy, or whether
there is also a contribution of high-level face adaptation. We found that signiﬁcant expression aftereffects
remained after minimizing the inﬂuence of tilt, indicating that tilt adaptation does not fully account for
expression aftereffects, and preliminary evidence that is
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consistent with a high-level, face-selective adaptation
component in expression aftereffects.
Consistent with previous ﬁndings (Fox & Barton,
2007; Webster, Kaping, Mizokami, & Duhamel, 2004),
after adapting to an anti-expression, participants were
perceptually biased away from the adapting expression.
As expected, minimizing the inﬂuence of tilt adaptation
signiﬁcantly reduced the size of the expression aftereffect, indicating a signiﬁcant contribution of tilt
adaptation in expression aftereffects. Indeed, Dickinson et al. (2012) have shown that it is possible to
generate ‘‘expression’’ aftereffects simply by adapting
to tilted lines. The present results show that there is a
signiﬁcant contribution of low-level, retinotopic adaptation in expression aftereffects generated by adaptation to realistic face adaptors. The ﬁnding that the
aligned condition produced stronger aftereffects than
the misaligned condition is similar to the ﬁndings of
Afraz and Cavanagh (2009), who showed that gender
aftereffects were stronger when the adapting face
mapped retinotopically to the test face compared to
when the retinotopic coordinates of the test face were
rotated 908.
Critically, we found that the expression aftereffects
were still signiﬁcantly greater than chance in the
misaligned condition, indicating that the expression
aftereffects remain even after minimizing the inﬂuence
of tilt. This ﬁnding indicates that tilt adaptation does
not fully explain expression aftereffects, which, to our
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knowledge, has not previously been demonstrated
before. This builds upon similar ﬁndings in face gender
adaptation (Afraz & Cavanagh, 2008) and face
distortion adaptation (Rhodes et al., 2003), where
aftereffects were also found to survive orientation
changes between adaptor and test face stimuli. It is
interesting that we ﬁnd a strong aftereffect using tilted
faces, as recent research has shown that holistic coding
is weaker in rotated faces compared to upright faces
(Rosenthal, Levakov, & Avidan, 2017). Indeed, the
aftereffect found here is likely an underestimation of
the actual expression aftereffect.
Furthermore, we found that there was a signiﬁcant
difference between the misaligned and misalignedinverted conditions, which provides strong evidence for
a face-selective component in the expression aftereffects. Since the main difference between these two
conditions was the inversion of the adapting face, the
difference between the two aftereffects can be primarily
attributed to the disruption of face-selective processing
(Rhodes, Brake, & Atkinson, 1993; Rossion & Gauthier, 2002; Yovel & Kanwisher, 2005). These results
support previous ﬁndings indicating the involvement of
high-level, face-selective mechanisms in expression, and
other face aftereffects: for example, the positive
relationship between expression aftereffects and expression recognition ability (Palermo et al., 2017).
We note that the difference between the aftereffects
in the misaligned and misaligned-inverted condition
could also be inﬂuenced by differences in participant
gaze patterns between the upright and inverted faces.
People tend to ﬁxate on the mouth to a greater extent
when viewing inverted faces than upright faces while
ﬁxating more on the eyes when viewing upright faces
than inverted faces, which would cause a shift in the
retinal coordinates when viewing the test face compared to the adaptor face (Davidenko, Kopalle, &
Bridgeman, 2019; Xu & Tanaka, 2013). However,
people also tend to ﬁxate on different parts of the face
when viewing faces rotated 458 clockwise faces compared to faces rotated 458 counterclockwise faces
(Davidenko et al., 2019). Therefore, an effect of
mismatch in ﬁxation and gaze patterns between
adaptor and test can be expected to be present in the
aftereffect measured in the misaligned condition, as
well as in the misaligned-inverted condition. Thus,
when comparing the 1358 adaptor and the 458 adaptor,
the primary difference between conditions is the (near-)
inversion of the adaptor, resulting in weaker facespeciﬁc coding of the 1358 face. We believe that it is
plausible that the difference between the misaligned
and misaligned-inverted conditions reﬂects high-level
face selective processes lost through the inversion, but
nevertheless, cannot rule out the effects of ﬁxation
differences. It would be possible to test this alternative
explanation in future studies using eye tracking to
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determine the extent of ﬁxation differences between
conditions and forced ﬁxation to determine whether the
pattern of results remains the same when ﬁxation is
controlled.
The extent to which adaptation at various levels of the
visual hierarchy contributes to a measured expression
aftereffect will of course depend on the conditions in
which that aftereffect is generated. The contribution of
tilt adaptation to a particular measurement of the
expression aftereffect may therefore be larger or smaller
than that measured here, depending on the similarity of
the two methods. For instance, in the present study we
used adapt and test stimuli with the same identity: this is
likely to result in a greater inﬂuence of tilt adaptation
than where adapt and test stimuli are of different
identities, since the features of the faces are closer to one
another in contour and position. Similarly, we did not
employ a size change between adapt and test, and
although tilt adaptation may be able to survive such a
change, it may nevertheless have a reduced impact under
these conditions. Therefore, while we have shown that
tilt adaptation can play a role in the generation of an
expression aftereffect from realistic face stimuli, it is
difﬁcult to determine to what extent the contribution of
tilt explains the aftereffects measured in previous studies.
Our ﬁndings do, however, reinforce the importance of
considering the multiple possible sources of an aftereffect within the visual hierarchy. When it is important to
minimize lower-level contributions to a face aftereffect,
the orientation change implemented in this study should
be considered as a method of disrupting the inherited
effect of tilt adaptation.
In conclusion, although we found some evidence that
tilt adaptation can contribute to expression aftereffects,
low-level adaptation did not account for the entire
aftereffect: there was still a signiﬁcant expression
aftereffect even after the contribution of tilt and other
low-level adaptation had been minimized. There was
also preliminary evidence consistent with a contribution from high-level, face-selective adaptation in
expression aftereffects. Taken together, these ﬁndings
support the widespread use of expression aftereffects to
inform our understanding of expression coding and
processing. These results emphasize that expression
aftereffects contain contributions from multiple levels
of the visual hierarchy.
Keywords: adaptation, faces, face adaptation,
expression adaptation, expression aftereffect, tilt
adaptation, tilt aftereffect
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