
Duration-Dependent fMRI Adaptation and
Distributed Viewer-Centered Face
Representation in Human Visual Cortex

Fang Fang1, Scott O. Murray2 and Sheng He1

1Department of Psychology, University of Minnesota,

Minneapolis, MN 55455, USA and 2Department of Psychology,

University of Washington, Seattle, WA 95108, USA

Two functional magnetic resonance imaging (fMRI) face viewpoint
adaptation experiments were conducted to investigate whether
fMRI adaptation in high-level visual cortex depends on the duration
of adaptation and how different views of a face are represented in
the human visual system. We found adaptation effects in multiple
face-selective areas, which suggest a distributed, viewer-centered
representation of faces in the human visual system. However, the
nature of the adaptation effects was dependent on the length of ad-
aptation. With long adaptation durations, face-selective areas along
the hierarchy of the visual system gradually exhibited viewpoint-
tuned adaptation. As the angular difference between the adapter
and test stimulus increased, the blood oxygen level--dependent
(BOLD) signal evoked by the test stimulus gradually increased as
a function of the amount of 3-dimensional (3D) rotation. With short
adaptation durations, however, face-selective areas in the ventral
pathway, including the lateral occipital cortex and right fusiform
area, exhibited viewpoint-sensitive adaptation. These areas showed
an increase in the BOLD signal with a 3D rotation, but this signal
increase was independent of the amount of rotation. Further, the
right superior temporal sulcus showed little or very weak viewpoint
adaptation with short adaptation durations. Our findings suggest
that long- and short-term fMRI adaptations may reflect selective
properties of different neuronal mechanisms.

psychophysical and single-unit studies, most of the fMRI
adaptation studies, especially those related to object represen-
tations in occipital--temporal cortical visual areas, have used
brief (e.g., 300 ms) adaptation times (Kourtzi and Kanwisher



adaptation, especially in the early visual cortex (Krekelberg and



The short-term and no adaptation experiments (Fig. 2) each consisted

of eight 210-s scans, and each scan consisted of 64 continuous trials.

Like the long-term adaptation experiment, there were 4 types of

trials—Test0, Test30, Test90, and Fixation trials. For the short-term

adaptation experiment, in the TEST0, Test30, and Test90 trials, after 0.3-s

adaptation and 0.4-s blank interval, a test stimulus was presented for

0.3 s, followed by 2-s blank interval. For the no adaptation experiment, in

the Test0, Test30, and Test90 trials, a test stimulus was presented for

0.3 s, followed by 2.7-s blank interval. For both of these 2 experiments,

in the Fixation trials, there was only a blank interval lasting 3 s. The

positions of test stimuli (and the adapters in the short-term adaptation

experiment) were randomly distributed within that 9.4� 3 9.4� area.
For each of the 3 event-related experiments, there were a total of

64 3 8 trials, 128 for each type of trial. The order of the 4 types of trials

(Test0, Test30, Test90, and Fixation) was counterbalanced across 8

adaptation scans using M-sequences (Buracas and Boynton 2002). These

are pseudorandom sequences that have the advantage of being perfectly

counterbalanced n trials back (we tested up to 10 trials back), so that

each type of trials was preceded and followed equally often by all types



to the anatomical volume in the retinotopic mapping session and

transformed into Talairach space. The first 10 s of BOLD signals were

discarded to minimize transient magnetic saturation effects.

A general linear model procedure was used for ROI analysis. Face-



(rFFA), the right superior temporal sulcus (rSTS), and a face-

selective area in the lateral occipital cortex (LO) in both

hemispheres. The face-selective LO area is also referred to as

LOa (Grill-Spector and others 1999), PF (Avidan and others

2002), or OFA (Gauthier and others 2000). In addition to these

face-selective areas, left superior temporal sulcus and left

fusiform face area (lFFA) were found in 3 and 5 (out of 7)

subjects, respectively, according to the above criterion. Non-

face-selective ROIs include a region in the parahippocampal

cortex (PHC) that responded more strongly to nonface objects

than faces (P < 10
–4, uncorrected) and primary visual cortex

(V1) defined by texture patterns and retinotopic mapping (see

Materials and Methods). The PHC defined here is likely the same

parahippocampal place area defined by Epstein and Kanwisher

(1998), a cortical area that has been demonstrated to respond

more strongly to houses and places than to other kinds of

objects. For the long-term, short-term, and no adaptation

experiments, this localization scan was run at the beginning of

each session (total of 3 times), and the ROI locations were very

similar across sessions. For fMRI data analyses, because there

was no qualitative difference between the ROI locations defined

in different sessions, the fMRI data presented below are from

the ROIs defined in the first event-related fMRI session.

The fMRI Long-Term Adaptation Effect

After adapting to one view of a face, a cortical area that contains

a collection of neural populations tuned to different views

should exhibit viewpoint-tuned adaptation effect. By ‘‘tuning,’’

wemean that, as the angular difference between the adapter and

test stimulus increases, the peak amplitude of the BOLD signal

evoked by the test stimulus should gradually increase as a

function of the amount of 3D rotation and saturate at some angle.

A repeated-measures analysis of variance (ANOVA) of the

peak amplitude revealed a significant main effect of angular

difference between adapter and test stimulus in rFFA (F2,14 =
14.581, P = 0.001), rSTS (F2,14 = 16.028, P < 0.001), and LO

(F2,14 = 5.822, P = 0.017). In rFFA and rSTS, the BOLD signals

evoked by the Test0, Test30, and Test90 showed a monotonic

increase (Test90 > Test30 > Test0). This response pattern

(viewpoint-tuned adaptation) was consistently observed in all



a larger difference between the fMRI signals evoked by the

Test0 and Test30 after short-term adaptation. These differences

suggest that the neural mechanisms underlying the short-term

and long-term adaptations may be qualitatively different—a

possibility that is described in more detail below.

The no adaptation experiment was important; without it, one

could argue that the observed changes in fMRI signals to

different test stimuli after adaptation were due to a neural

response bias to particular face views. However, in this study,

there was no difference in the fMRI signal to different face

views, ruling out this potential confound. In any of these 3

experiments, there was no significant performance (both

reaction time and correct rate) difference between the trial

types and no significant correlation between performance and

the peak values of the event-related BOLD signals. Together

with the null adaptation effect in the nonface-selective areas

(V1 and rPHC), the overall pattern of results can be best

explained by adaptation mechanisms.

Long-Term Adaptation

Neural fatigue is often suggested as a simple mechanism for

adaptation effects. According to the fatigue model, all neurons

initially responsive to a stimulus show a reduction in their

response after adapting to a stimulus. The reduction in

a neuron’s activity is proportional to its response to the adapting

stimulus before adaptation. Thus, if we carefully select the test

stimuli based on tuning curve properties measured in single-



subjects depends on the angular difference between adapting

and test stimuli (30� > 60�), which is parallel to the findings in

these single-unit studies and the current long-term fMRI

adaptation experiment.

Why was there no difference in response between the Test0

and Test30 conditions in the long-term adaptation experiment

in LO? LO is generally considered to be at an early stage of

object processing, and position-invariant representations of face

views have not been fully established in this area (Grill-Spector

and others 1999; Kanwisher and Yovel 2006). LO may be more

sensitive to the presence of specific facial parts (e.g., left or right

cheek in this study). If this is the case, the lack of an adaptation

effect in LO to the Test30 condition can simply be attributed to

similarity of 2D image or facial part between adapters and test

Figure 5. Time courses of event-related BOLD signals averaged across 7 subjects from the nonface-selective areas (V1 and rPHC) in the long-term, short-term, and no adaptation
experiments. Error bars denote 1 standard error of mean across subjects and scans at each time point.

Figure 6. Indices of adaptation strength in the face-selective areas were calculated by normalizing the peak responses to the peak in the Test0 condition (see text for details). Error
bars denote 1 standard error of mean across subjects and scans.
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stimuli, requiring a much larger rotation (90�) to evoke a

differential response.

The viewpoint-tuned fMRI adaptation in rSTS and rFFA in the

long-term adaptation experiment suggests a position-invariant

viewer-centered face representation in these 2 areas (the

positions of adapting and test stimuli were different and the

adapting stimulus was slowly drifting, See Materials and Meth-

ods). The viewpoint-tuned property of rSTS and rFFA at the

population level revealed with the current fMRI technique

neither excludes the possibility that there are some neurons

sensitive to 3D face structure in these areas (Hasselmo and others

1989; Perrett and others 1992) nor rejects the possibility that

abstract view-independent face representation may exist in the

memory system (e.g., medial temporal lobe) (Quian Quiroga and

others 2005). Pourtois and others (2005) found viewpoint-

invariant face representation in the left medial fusiform cortex

using a priming paradigm and whole-brain analysis. Surprisingly,



The most dramatic difference between these 2 paradigms is

in the rSTS. The failure to find fMRI adaptation effect with short-

term adaptation in rSTS underscores the need for caution when

interpreting null effects in adaptation experiments. Though null

effects are always difficult to interpret, they are frequently used

in adaptation experiments to make claims about invariance.

Indeed, it may reflect nothing but a negative result that could be

better detected with longer adaptation durations. Overall, it is

clear that potentially different mechanisms may support long-

and short-term adaptations and that considering these different

mechanisms have important implications for the inferences one

can make from adaptation data. For example, as was discussed

earlier, long-term adaptation may be more suitable for revealing

feedforward neuronal sensitivity changes following long expo-

sure to a certain stimulus, whereas short-term adaptation may

reveal more of the feedback influences from higher level

processing. This idea is supported by the observation that the

effect of long-term adaptation could be seen in early compo-

nents of event-related potentials (ERPs) (Heinrich and others

2005), suggesting that it affects feedforward sensitivity (Kohn

and Movshon 2003). On the other hand, ERP and magneto-

encephalographic studies suggest that the effect of short-term

adaptation (or following brief exposure) usually shows up later

in the dynamic response components (Dale and others 2000;

Doniger and others 2001; Schendan and Kutas 2003; Henson

and others 2004; Gruber and Muller 2005).

It should be noted that, in a typical short-term adaptation

experiment, a large set of different stimuli are usually used and

the adapting stimulus is changed on each trial. In the current

study, for each adaptation scan, only one adapting stimulus and

2 other test stimuli were used, which may have led to cross-trial

adaptation and resulted in less differential activation for the

different test stimuli. The purpose of using limited stimuli was

to match the experimental conditions between the long-term

and short-term adaptations (following the psychophysical




