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Adaptation to a visual pattern can alter the sensitivities of neuronal populations encoding the pattern, which usually
results in a visual aftereffect. However, the functional role of visual adaptation is still equivocal and its relation to visual
aftereffect is largely unknown, especially for high-level visual adaptation. In this study, we took advantage of face view
adaptation to investigate these issues. In the fi
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of the five face views (solid line). We calculated the ratio of
discrimination thresholds (post-adaptation/pre-adaptation)
at each adapting angle, as an index of the adaptation
effect on face view discrimination. The ratios averaged
across five subjects were plotted as a function of adapting
angle, which is shown in Figure 2C. Ratio values less than



Similar to previous models (Clifford et al., 2000; Gilbert
& Wiesel, 1990; Pouget, Zhang, Deneve, & Latham,
1998), we use a circular normal distribution function to
simulate the tuning function of face view selective
neurons (Figure 3A). The circular normal distribution
function is defined by the following equation:

f ðEÞ ¼ !expf"½cosðEjE0Þj1�g; ð1Þ

where ! is the peak response, " controls the bandwidth,
and E0 is the peak tuning, denoting the preferred face
view. A tuning curve denotes a model neuron. We assume
that the tuning curves are evenly distributed (E0 ranging
from j180- to +180- by 10- steps) with the same peak
value (! = 1) and bandwidth (" = 5, giving a full-width at
half-height of 60-) before adaptation. This chosen band-
width is generally within the bandwidth range of face
view selective neurons in STS reported by Perrett et al.
(1991).

We use the following three formulas:
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to describe response inhibition, bandwidth change, and
preference shift, respectively. !7(E0), "7(E0), and E07

denote the peak response, bandwidth, and peak tuning of a
model neuron (labeled by E0) after adapting to a 7 degree
face view, respectively. In these formulas, 1 and A control
the magnitude and the range of response inhibition,
respectively, A1 and A2 codetermine where the largest
broadening occurs, 2 controls the magnitude of broad-
ening, + controls the magnitude of preference shift, and
A7 determines where the largest shift occurs.

The percept of face view direction is determined by the
response of the model neuronal population, the vector sum
of the individual neuronal responses (Pouget, Dayan, &
Zemel,



adaptation to other face attributes, such as identity (Rhodes
et al., 2007), gender (Ng et al., 2008), and expression
(Pallett & Macleod, 2007). Face viewpoint adaptation not
only improved view discrimination around the adapting
view but also impaired discrimination at face views about
30- away from the adapting view. This pattern is also
partially similar to how orientation adaptation affects
orientation discrimination, although the maximal impair-
ment occurred for orientations about 10- away from the
adapting orientation (Clifford et al., 2001). However,
orientation adaptation is different from face viewpoint
adaptation in that there was no adaptation effect on
discrimination threshold with a large adapting angle (e.g.,
90-). This finding confirms our hypothesis that face view-
point adaptation is a promising place to begin looking at the
functional advantage of adaptation in high-level vision.
Previous studies (Ng et al., 2008; Rhodes et al., 2007) did
not find such an effect with face identity adaptation. One
possible reason is that face view and identity are coded in
different ways in the visual cortex. Face view selective
neurons have a bell-shaped tuning curve that is similar to
the orientation-tuning curves in V1 (Perrett et al., 1991,
1985). However, identity has been suggested to be coded
in a norm-based way in monkey IT (Leopold et al., 2006),
rather than an exemplar-based way with bell-shaped
tuning functions (Rhodes & Jeffery, 2006; Tsao &
Freiwald, 2006).

It should be noted that the adaptation effects observed in
Experiments 1 and 2 cannot be explained by low-level



proportional to the length of visual experience. For
example, tens of hours of visual experience (e.g., percep-
tual learning) can dramatically improve our discrimination
ability (Gilbert, Sigman, & Crist, 2001). However, the
visual experience in the current study was only 25 s.

The work by Perrett et al. (1985) on the coding of face
view direction suggests that eye gaze, face view, and body
posture are encoded within the same system. The
directions of face, gaze, and body are primary cues for
conveying social attention and they have been the focus of
a large body of “social attention” studies in recent years
(Nummenmaa & Calder, 2009). Many psychophysical,
single-unit recording and functional magnetic resonance
imaging (fMRI) studies have been carried out to inves-
tigate the neural representations of the directions and have
demonstrated their interaction at multiple levels (Bi et al.,
2009; De Souza et al., 2005; Langton, 2000; Langton,
Honeyman, & Tessler, 2004; Perrett, Hietanen, Oram, &
Benson, 1992; Ricciardelli & Driver, 2008; Vander Wyk,
Hudac, Carter, Sobel, & Pelphrey, 2009). For example,
our recent study (Bi et al., 2009) showed that a gaze
direction change in adapting face stimuli could induce a
dramatic reduction in the magnitude of the face viewpoint
aftereffect. In future studies, it would be interesting to
manipulate the directions of face and gaze independently
and examine the adaptation effects on the discrimination
of face and gaze directions.

In summary, we have found that face viewpoint
adaptation could not only bias our perception of face
view direction but also alter our face view discrimination
ability. We have also shown that the discrimination
threshold changes could be inferred from the face view-
point aftereffect. These results together suggest that the
adaptive coding mechanism is employed in face view
processing and provide new insights into the functional
role of adaptation in high-level vision.
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