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Abstract
We investigated how efficiently combinations of positional shifts in facial features were perceived and whether the effects of combinations
on the overall geometry of the face were reflected in discriminative performance. We moved the eyes closer together or further apart, and
moved the mouth up or down. Trials with combinations of changes to both the mouth and the eyes were contrasted with trials with single
changes to either the mouth or the eyes. As a contrast, we also examined combinations of changes in eye colour (brightness) and the
same spatial manipulations. In addition, we specifically contrasted spatial combinations that more severely distorted the original triangular
relation of the mouth and eyes (e.g. eyes closer and mouth down) to those that better preserved the original aspect ratio (e.g. eyes farther
and mouth down). This we termed the “geometric context effect”. We found that combinations of two spatial changes were detected more
quickly and accurately by normal subjects viewing upright faces but not when faces were inverted. In contrast, combinations of spatial
shifts and eye colour changes showed no advantage over faces with only one type of change. Combinations of spatial changes that distorted
overall facial geometry more were detected more efficiently than less distorting combinations, showing that the spatial shifts were perceived
in the context of the global facial structure. Again, this was found for upright but not inverted faces. We also tested a prosopagnosic patient,
who showed the advantage for two spatial changes over one but lacked this geometric context effect, implying that she did not integrate
local spatial information into overall facial structure.
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1. Introduction
Though all faces share the same basic structure, with
only subtle variations distinguishing one from another, most
humans recognize familiar faces easily. This ease belies the
complexity of both the stimulus and the underlying perceptual process. That process is likely highly specialized above
and beyond general perceptual mechanisms involved in object vision, though not necessarily unique to faces (Diamond
& Carey, 1986; Gauthier, Behrmann, & Tarr, 1999). Evidence for this specialization derives from functional imaging studies (Haxby, Hoffman, & Gobbini, 2000; Kanwisher,
McDermott, & Chun, 1997; Kanwisher, Stanley, &
Harris, 1999; Puce, Allison, Gore, & McCarthy, 1995)
and observations of patients who recognize objects but not
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faces (prosopagnosia) (Damasio, Damasio, & van Hoessen,
1982; Hecaen & Angelergues, 1962; McNeil & Warrington,
1993). Studies of the inversion effect also provide support
for a specialized processing system (Valentine, 1988; Yin,
1969): a 180◦ stimulus rotation reportedly degrades perception and recognition of faces more than that of other
stimuli also encountered in a habitual orientation, even
when matched for level of discriminability.
The nature of the specialized perceptual process used
with faces remains elusive, however. The ‘dual-mode
hypothesis’ (Bartlett & Searcy, 1993) contrasts a more
generic component (serial, feature-by-feature, analytic)
process with a non-componential process. The nature of
the non-componential process remains uncertain. However,
several studies have suggested that it may involve some interactive processing of facial elements or components. Sergent demonstrated that chin shape and the vertical position
of the internal facial features interacted in similarity judgments and reaction times in same–different responses for
upright but not inverted schematic faces (Sergent, 1984a,b),
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and that this interaction was lacking in one prosopagnosic
patient (Sergent & Villemure, 1989). Similarly, others have
found that changes in features affected the likelihood of
detecting changes in another feature in upright faces but not
inverted faces (Farah, Wilson, Drain, & Tanaka, 1998).
Effects of facial context have been found also. Rhodes,
Brake, and Atkinson (1993) found that recognition of a single altered feature was impaired by inversion if the feature
was seen in a face, but not if the feature was presented in
isolation. Recognition of features of a schematic face was
better when features were presented again in the whole face
than in isolation, a difference not found for elements of
scrambled faces, inverted faces, or houses (Tanaka & Farah,
1993; Tanaka & Sengco, 1997). Recognition of facial features is better when the features are viewed again in the
same face than in different faces; again, this difference is
not found with inverted faces or houses (Tanaka & Sengco,
1997). Recognition is also better if the features initially studied were seen in a normal face than in a decomposed face
(features separated in the display), inverted face, or inverted
decomposed face (Farah, Tanaka, & Drain, 1995).
These studies all suggest that the perception of one facial
element influences the perception of another in upright but
not inverted faces. This interaction is consistent with the
assertion that upright faces are perceived as wholes rather
than as a collage of individual elements.
The assertion that faces are perceived as unified complex
structures has implications for the detection of local structural changes in the composition of faces. We and others
have shown that processing of the second-order, or coordinate, relations (relative spatial position of features) of a face
is impaired by stimulus inversion in normal subjects (Barton,
Keenan, & Bass, 2001; Bruce, Doyle, Dench, & Burton,
1991; Cooper & Wojan, 2000; Leder & Bruce, 1998), and
that this inversion effect occurs at a perceptual encoding
stage rather than at a later retrieval or memory stage (Barton
et al., 2001; Freire, Lee, & Symons, 2000). We have also
shown that prosopagnosic patients whose lesions involve the
right “fusiform face area” are deficient in their perception of
these second-order spatial relations in faces (Barton, Press,

Keenan, & O’Connor, 2002). Of further interest, though, is
how combinations of such changes are perceived. Consider
the changes we have used: altered interocular distance and
vertical mouth position. If changes in these spatial elements
are detected sequentially and independently of each other,
then the speed and accuracy of detecting a face in which
both are altered should not be better than the best performance in detecting a face with a change in either one or the
other (but not both). Parallel processing, on the other hand,
should offer some advantage in reaction time to faces with
combined changes. This has been shown by others in studies
using schematic faces, for example (Sergent, 1984b).
However, parallel processing need not imply that the two
elements are perceived in the context of a higher level complex structure. To show the effect of context, the combined
effects of the changes on overall facial geometry should have
some impact upon performance. In our simple example, if
we take the eyes and the mouth as defining the apices of a
triangle, different combinations of shifts will have different
effects upon the geometry of this triangle. For example, decreasing interocular distance and lowering the mouth would
create a much narrower, more distorted triangle, whereas
the combination of reduced interocular distance and a raised
mouth would tend to create a triangle with an aspect ratio more similar to the original face (Fig. 1). Thus, if the
spatial relations of a face are perceived in the context of
the whole facial structure, the first combination of eye and
mouth changes should be more easily detected than the second combination.
We hypothesized that this “geometric context effect”
would be evident in normal subjects perceiving correctly
oriented faces. Furthermore, given the well-established impairment in recognition of inverted faces, we hypothesized
that perception of faces as a unitary complex structure would
be impaired by inversion, and hence the geometric context
effect would be absent. Last, we hypothesized that this geometric context effect would be absent in some patients with
prosopagnosia. Among our initial sample of five patients
with adult-onset prosopagnosia (Barton et al., 2002), four
patients were severely impaired on their perception of even

Fig. 1. Cartoon of the “geometric context effect”. The middle face shows the original position of the eyes and mouth, with the triangular relation
between the three indicated by the dotted line. Moving the eyes closer to each other at the same time the mouth is moved down creates a much narrower
triangle (left face). This combination is more distorting than a combination of eyes farther apart with mouth moved down (right face), because this last
combination better preserves the aspect ratio of the triangular relations in the original face.

