
Attitudes about race predict individual differences in face adaptation
aftereffects

Sarah L. Elliott ⇑, Kelly Chu, Jill Coleman
Department of Psychology, Roosevelt University, IL 60173, USA

a r t i c l e i n f o

Article history:
Received 9 July 2016
Received in revised form 23 December 2016
Accepted 24 December 2016
Available online xxxx

Keywords:
Face adaptation
Racial attitudes
Individual differences
Face perception

a b s t r a c t

This study examined whether category boundaries between Black and White faces relate to individual
attitudes about race. Fifty-seven (20 Black, 37 White) participants completed measures of explicit racism,
implicit racism, collective self-esteem (CSE), and racial centrality. Category boundaries between Black
and White faces were measured in three separate conditions: following adaptation to (1) a neutral gray
background, a sequence of (2) Black or (3) White faces. Two additional conditions measured category
boundaries for facial distortion to investigate whether attitudes relate to mechanisms of racial identity
alone, or to more global mechanisms of face perception. Using a two-alternative forced-choice staircase
procedure, participants indicated whether a test image appeared to be Black or White (or contracted or
expanded). Following neutral adaptation, participants with higher CSE showed category boundaries
shifted toward faces with a higher percentage of Black features. In addition, the strength of short-term
sensitivity shifts following adaptation to Black and White faces was related to explicit and implicit atti-
tudes about race. Sensitivity shifts were weaker when participants scored higher on explicit racism, but
were stronger when participants scored higher on implicit but lower on explicit racism. The results of this
study indicate that attitudes about race account for some individual differences in natural category
boundaries between races as well as the strength of identity aftereffects following face adaptation.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

As social animals, one of the most critical functions of visual
perception is to provide enough information about other individu-
als to quickly assess intentions, emotions, and personal character-
istics. The perception of facial features is key and provides
information about a person’s age, sex, ethnicity, as well as their
emotional state. Our ability to recognize specific faces or distin-
guish between different faces is, however, subject to error.
Although human observers can be very sensitive to subtle differ-
ences in facial features, this ability can vary with the identity of
the target face and the identity of the observer. Numerous studies
have shown that observers discriminate between faces more accu-
rately when target faces are the same race as the observer. When
target faces are members of races other than the observer’s own
race, recognition errors are significantly more common (for review,
see Young, Hugenberg, Bernstein, & Sacco, 2012). This is generally
termed the cross-race effect.

One group of theories explains the cross-race effect as the result
of perceptual learning. Such theories posit that individual obser-
vers are exposed to a variety of faces strongly biased toward faces
of a race similar to their own. The perceptual experience of individ-
ual observers, therefore, becomes tuned to identifying faces within
or close to their own race (Young et al., 2012 for review). Such the-
ories naturally implicate differential neural processing strategies
for same-race and cross-race faces. One potential account is that
same- vs. cross-race faces reflect a difference in configural vs.
feature-based processing (e.g., Rhodes, Brake, Taylor, & Tan,
1989). Another account proposes that faces are represented in a
mental face-space where faces are discriminated by their devia-
tions from central tendency, or the ‘‘average” face (e.g., Leopold,
O’Toole, Vetter, & Blanz, 2001). The neural mechanisms supporting
perceptual learning processes in face perception, however, are still
not well understood.

One psychophysical technique that has been used to investigate
the neural mechanisms of face perception is to measure how the
appearance of a target face changes following short-term adapta-
tion to other faces. Short-term adaptation to a sequence of faces
that vary within a singular facial category (e.g., single gender, sin-
gle race, etc.) can strongly bias the appearance of a target face. For
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instance, an undistorted face will appear too contracted following
adaptation to a series of faces that have been distorted to appear
too expanded (Webster & Maclin, 1999). Similar aftereffects have
also been shown for facial attributes of identity, including sex, race,
expression, attractiveness, and age (e.g., Leopold et al., 2001; O’Neil
& Webster, 2011; Rhodes, Jeffery, Watson, Clifford, & Nakayama,
2003; Webster, Kaping, Mizokami, & Duhamel, 2004).

The aftereffects of face adaptation do not reflect purely low-
level neural adaptation to simple visual features. Instead, the after-
effects likely result from adaptation at higher levels of visual cod-
ing where responses are invariant to stimulus attributes such as
position (Leopold et al., 2001), size (Zhao & Chubb, 2001), and ori-
entation (Rhodes et al., 2003; Watson & Clifford, 2003). Further-
more, there is evidence that the function of face adaptation may
be unique compared with adaptation to more low-level visual fea-
tures. Adaptation to low-level features often improves discrimina-
tion around the level of the adapted stimulus (i.e., deviations from
average become more salient). For instance, adaptation to a biased
light spectrum will improve discrimination around the point of
adaptation (Webster, 2004), while adaptation to a vertical grating
improves discrimination to orientations near vertical (Clifford,
Wyatt, Arnold, Smith, & Wenderoth, 2001). Face adaptation, on
the other hand, does not necessarily improve discrimination
around the average adapted face (Rhodes, Maloney, Turner, &
Ewing, 2007) if the adaptation and test faces are within the same
face category. Face adaptation does, however, enhance discrimina-
tion within an adapted population when compared to a separate
population of faces (Rhodes, Watson, Jeffery, & Clifford, 2010;
Yang, Shen, Chen, & Fang, 2011). These results suggest that face
adaptation may be most effective in adjusting the boundaries
between distinct face categories (e.g., Webster et al., 2004), and/
or expanding the gamut within an adapted category without nec-
essarily enhancing differences around the average of a single pop-
ulation (Rhodes et al., 2007). Furthermore, shifts in category
boundaries for gender occur when gender features are simply
inferred through body shape (Ghuman, McDaniel, & Martin, 2010)
or gender-specific objects (Javadi &Wee, 2012) rather than directly
perceived during adaptation. Such evidence suggests a stronger
influence from higher cognitive processes in the neural mecha-
nisms of adaptation to faces compared to low-level visual features.

There is growing evidence that the racial attitudes of an individ-
ual can influence how faces of a different race are categorized (e.g.,
Blascovich, Wyer, Swart, & Kibler, 1997; Hugenberg &
Bodenhausen, 2004; Hutchings & Haddock, 2008). Little work,
however, has focused specifically on how racial attitudes might
relate to visual processes of face adaptation; and in turn, what the
functional significance of face adaptation might be. Recent empir-
ical reports show that visual processes of face perception are mal-
leable to some top-down influences, providing a possible link
between personal attitudes and individual differences in the neural
processing of faces. For instance, when biracial observers are
primed with either their Black or White racial identity, a significant
performance improvement is seen when identifying faces within
the primed category using a visual search task (Chiao, Heck,
Nakayama, & Ambady, 2006). Face perception is also influenced
by multisensory information, where attractiveness ratings and
gender category boundaries can be modulated by different scents
(Dematte, Osterbauer, & Spence, 2007; Kovac et al., 2004). Further-
more, adaptation to masculine or feminine male faces can alter an
individual’s opinion of how trustworthy a face appears. That is,
masculine faces that were rated as untrustworthy before adapta-
tion were rated as more trustworthy following adaptation to mas-
culine faces (Buckingham et al., 2006). Whether these
manipulations led to differences in perception, or instead reflected
a criterion shift, is not clear. Either way, the results support that

experimental manipulation of higher level cognitive processes
can lead to changes in how faces are interpreted.

A slightly different, yet related question is how high-level cog-
nitive processes may influence visual processes of long-term per-
ceptual learning and/or short-term adaptation. More specifically,
do neural processes of face adaptation differ when individual
observers vary in their personal opinions and attitudes toward
others? There is a paucity of work on individual differences in
visual adaptation processes, but a few studies show reliable
inter-observer variability in the strength of visual aftereffects
(e.g., Elliott, Webster, & Werner, 2012; Vera-Diaz, Woods, & Peli,
2010). The reason for this variability is unclear, and may reflect dif-
ferences in peripheral factors such as pre-receptoral filtering or
more cognitive factors including learned expectations about the
world. In face perception, large individual differences are seen in
measures of natural face category boundaries. That is, prior to
adaptation, category boundaries between races (e.g., Caucasian
and Asian), as well as between male and female, are shifted toward
the category in which the observer belongs (Webster et al., 2004).
Differences in racial attitudes may therefore account for some indi-
vidual differences in category boundaries.

In the social cognitive literature, there is a considerable amount
of evidence that people’s pre-existing attitudes have a powerful
influence on how they experience and respond to stimuli in their
environment. Specifically, an individual’s attitude toward another
racial group can greatly influence the individual’s overt judgment
of and behavior toward members of this group. Additionally, atti-
tudes may influence the individual’s cognitive processes, such as
memory and perception, about the group (see Ajzen, 2001 for a
review). Although past research has demonstrated that attitudes
influence the perception of people, objects, and events, the relation
between attitudes and perception may vary depending on the nat-
ure of the attitude. For example, Dovidio, Kawakami, and Gaertner
(2002) found that explicit prejudice (but not implicit prejudice)
predicted unfriendly verbal behavior toward members of the dis-
criminated group, whereas implicit prejudice (but not explicit prej-
udice) predicted unfriendly non-verbal behavior toward members
of the discriminated group. Additionally, Hugenberg and
Bodenhausen (2004) found that implicit prejudice, but not explicit
prejudice, tended to bias people’s perception of another individ-
ual’s racial category in stereotypic directions based on the individ-
ual’s facial expression. Overall, explicit attitudes appear to better
predict overt responses whereas implicit attitudes better predict
more covert responses.

Further, how individuals feel about their own racial group can
also influence their attitudes and behaviors. According to social
identity theory (Tajfel & Turner, 1986), a person’s group member-
ships are incorporated into that person’s overall self-concept. Stud-
ies have shown we are more likely to rate our own groups
positively in relation to other groups in order to protect and
enhance our self-esteem, but the extent to which we do this varies
across individuals (Luhtanen & Crocker, 1992). Additionally, some
groups may be more important to a person’s self-concept than
other groups, with group memberships that are more central to
one’s identity exerting a larger influence on attitudes and behav-
iors (Sellers, Rowley, Chavous, Shelton, & Smith, 1997). In order
to examine the effects of racial identity beyond simply being cate-
gorization into one racial group, it is important to assess how racial
centrality and race-related self-esteem are related to visual
processing.

The purpose of this study was to investigate whether a link
exists between the sensitivity changes following face adaptation
and an individual’s personal attitudes about race. It is predicted
that individuals who hold stronger implicit and/or explicit racist
views may (1) have a different race category boundary between
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