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SUNDAY
RECEPTION AT EPHISIS
, ``I swear by Artemis to marry Acontius.'' Scriptura continua and the question of silent reading

in antiquity
J Mollon (Department of Experimental Psychology, University of Cambridge,
Downing Street, Cambridge CB2 3EB, UK; e-mail: jm123@cam.ac.uk)

There is scattered textual evidence that silent reading was unknown to the sophisticated and
literate civilisation that built the theatre of Ephesus and indeed was not practised in the West
until the mediaeval period. The most celebrated passage occurs in the sixth book of Augustine's
Confessions. Augustine appears impressed that Ambrose, Bishop of Milan, can read without
utterance: `̀ But when he read, his eyes ran over the page and his heart searched out the meaning,
but his voice and his tongue were at rest. Often when I was presentöfor no one was forbidden
to enter, nor was it customary for one to be announcedöI have seen him reading thus silently,
never in fact otherwise.'' How secure is the evidence from this and similar passages? Can we
relate the absence of silent reading to the remarkably late invention of spaces between words?
An authoritative survey by Paul Saenger suggests that the first appearance of such spaces in
Western Europe was in Ireland in the seventh century AD. Classical Greek and Roman texts
were written as a continuous sequence of phonemes, scriptura continua; and in one early Greek
script, boustrophedon, the sequence runs as the ox ploughs, left to right on one line, then right
to left on the next. Such scripts may limit readers to a single route of lexical access.

MONDAY
SYMPOSIUM
FEATURE INTEGRATION
" Some thoughts on feature integration

D G Pelli (Psychology and Neural Science, New York University, 6 Washington Place,
New York, NY 10003, USA; e-mail: denis.pelli@nyu.edu)

Visual science has made great progress in understanding feature detection (by a receptive field
with a threshold), but it is still quite mysterious how we make decisions, like identification, that
require multiple features. I describe some ways of approaching this problem.

" Perceptually interpolated contours in shape discrimination
R F Murray, J M Gold, P J Bennett, A B Sekuler (Department of Psychology,
University of Toronto, 100 St George Street, Toronto, Ontario M5S 3G3, Canada;
e-mail: richard@psych.utoronto.ca)

Observers use perceptually interpolated contours to perform some shape discrimination tasks,
eg illusory and occluded contours to discriminate between Kanizsa squares (Murray et al, 2000
Perception 29 Supplement, 122). Do observers use contours defined only by perceptual grouping?
We measured classification images in a task where observers discriminated between patterns
made of four inward-facing Ls arranged as the corners of a square. The Ls were perceptually
grouped as a square, but produced no illusory contours. Observers did not use whole sides of
these grouping-defined squares. Rather, they mainly used the Ls, and were only slightly influ-
enced by the empty regions between the Ls. This is in marked contrast to Murray et al's results
with Kanizsa squares. Do observers use illusory contours that do not bound a region of illusory
brightness? We measured classification images in a task where observers discriminated between
Kanizsa squares defined by two white and two black inducers. These stimuli produced illusory
contours, but the illusory square had the same brightness as the background. Observers did
not use whole sides of the illusory square. Rather, they mainly used edges of the inducers.
We conclude that different types of perceptually interpolated contours are not equally likely to
be used to discriminate shapes.

" Freed, snared, and integrated features
M H Herzog, T Otto, M Fahle (Department of Human Neurobiology, University of Bremen,
Argonnenstrasse 3, D 28211 Bremen, Germany; e-mail: mherzog@uni-bremen.de)

We present a new illusionöfeature inheritanceöwhich makes it possible to scrutinise different
stages of feature integration. A shortly presented vernier remains invisible if followed by a
grating comprising five straight elements. Surprisingly, the offset of the vernier appears at one of
the edges of the gratingö even though the vernier itself was displayed at the centre. Hence, vernier
offsets can be freed from their carriers. Varying the spatial position of the preceding vernier
allows us to estimate the speed of feature migration from the centre to the edge of the grating,
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where features are snared. At this location, illusoryöie migratedöfeatures and real properties
of the grating are integrated to create a coherent percept read out by focal attention. For example,
the illusion diminishes or even ceases if the grating element at the attended edge is offset with
offset direction opposite to that of the vernier. The integration period of real and illusory features
lasts longer than 100 ms, ie far beyond the vernier's presentation. Feature integration seems to
be pre-attentive since attention can be focused successfully to the edges of the grating even after
the vernier has already disappeared.

" Sites and mechanisms of two modes of conscious visual perception
S Hochstein, M Ahissar (Institute of Life Sciences, Hebrew University, Givat Ram,
IL 91904 Jerusalem, Israel; e-mail: shaul@vms.huji.ac.il)

We report a new view, dividing explicit (conscious) perception into two modes: rapid `vision at a
glance' and slower `vision with scrutiny'. The dichotomy encompasses a wide variety of phenomena,
including our ability to perceive complex images even when these are presented at very rapid
rates (RSVP) but a surprising inability to note seemingly large changes in flashed pictures
(change blindness), to count the number of similar items in a scene (repetition blindness), or to
integrate features, properties, and parts (illusory conjunctions). Our innovative view attributes
rapid conscious vision with spread attention to the large receptive fields of high-level cortical
areas, where neurons respond to complex images but generalise overöie are insensitive toö
precise object location, orientation, size, lighting, or the particular details that originally formed
the recognised category. In contrast, slower perception with focused attention is seen as a conscious
return to lower cortical levels serially following reverse-hierarchy feedback connections to the
ultimate sources of higher-level activation, recovering detailed information available in the
specialised receptive fields found there.We show that, indeed, the characteristics of these perceptual
modes match those of higher and lower levels, respectively. This dual correspondence is especially
apparent in the two modes of visual search. Spread-attention feature search (`what' without `where')
derives not from low-level cortical areas as previously assumed, but from higher-level position-
insensitive receptive fields. On the other hand, scanning-attention difficult or conjunction search
derives from explicit return of perception to low-level position-encoding receptive fields. New
physiological data support this reverse-hierarchy theory.

" An ideal observer with channels predicts search performance of spatial frequency
and orientation
S S Shimozaki, C K Abbey, M P Eckstein (Department of Psychology, University of
California at Santa Barbara, Santa Barbara, CA 93106, USA; e-mail: shimozak@psych.ucsb.edu)

Improvement in human performance with increasing number of available features in a detection,
discrimination, or visual-search task is typically attributed to summation across independent
features. In many instances, increasing the number of available features also increases the stim-
ulus information in the task, as assessed by an ideal observer, challenging interpretations based
on independent-feature models. In a visual-search task with white image noise, we compared
performance in which a Gabor target differed from three distractor Gabors either just in orienta-
tion or spatial frequency, or in both features (two-feature search). One orientation (908) and a
range of spatial frequencies (2.5 to 5.0 cycles degÿ1 targets versus 2.0 cycles degÿ1 distractors)
were tested. For three observers, neither the independent-feature models nor the ideal observer
could predict the empirical ratios of the two-feature d 0 over the spatial-frequency d 0 across the range
of spatial frequencies. Empirical ratios were smaller than those predicted by the independent-
feature models at larger spatial-frequency differences, and larger than those predicted by the ideal
observer at smaller spatial-frequency differences. An ideal observer limited by Gabor channels can
account for the empirical results across all spatial-frequency differences tested.
[Supported by NASA NAG 9-1157 and NIH 53455.]

" Feature integration in point-light displays: psychophysics and brain imaging
M A Pavlova, I Kra« geloh-Mannô, A Sokolov, N Birbaumerô (Institute for Medical
Psychology and Behavioural Neurobiology, University of Tu« bingen, Gartenstrasse 29,
D 72074 Tu« bingen, Germany; ôDepartment of Developmental Neurology, Children's
Hospital, Hoppe-Seyler-Strasse 1, D 72076 Tu« bingen, Germany;
e-mail: marina.pavlova@uni-tuebingen.de)

We examined whether feature integration in point-light displays is altered in patients with brain
morphological impairments of very early origin. Patients born preterm (at 27 ^ 33 gestational
weeks) with bilateral periventricular leukomalacia (PVL) over the parieto-occipital complex (aged
14 ^ 16 years) and matched controls saw a set of biological motion stimuli presented either upright
or inverted 1808 in the image plane. Half the stimuli represented an 11-dot canonical point-light
walker simultaneously camouflaged by a 44-dot mask, while the other half were only 55-dot masks.
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In a confidence-rating procedure, participants judged whether a walker was present. ROC
analysis indicated higher susceptibility of patients' visual system to camouflage of a point-light
figure: with upright display, stimulus detectability was consistently lower. As expected, display
inversion resulted in a substantial reduction of sensitivity so that it no longer differed between
the groups. With both orientations, no differences in cognitive decision criteria (ln b) between
the patients and controls were found. Magnetoencephalographic brain activity during perfor-
mance of the task is analysed further, together with a discussion how the changes in the time
course and topographical dynamics of MEG brain activity relate to psychophysical measures of
performance.

ORAL PRESENTATIONS
COLOUR, BRIGHTNESS, AND LIGHTNESS. I
^ The influence of image articulation on the time-course of chromatic adaptation

A M C Werner, L T Sharpeô (Center for Neuroscience, Department of Psychology,
New York University, Room 877, 6 Washington Place, New York, NY 10012, USA;
ôDepartment of Psychology, University of Newcastle upon Tyne, Ridley Building,
Newcastle upon Tyne NE1 7RU, UK; e-mail: amcwerner@compuserve.com)

A central issue for understanding chromatic adaptation is the influence of spatial complexity
(articulation) of a scene. In previous experiments, we found that the early time-course (0.2 ^ 5 s)
of mid-spectral chromatic adaptation is accelerated by a cortical mechanism that responds to
contrast in the adaptation pattern (Werner et al, 2000 Vision Research 40 1101 ^ 1113). Our new
experiments addressed the spatial properties of this mechanism. The pattern (15.4 deg613.2 deg)
consisted of either hexagonal patches or horizontal stripes of different luminances and was, for
the reference condition, achromatic (u 0 � 0:197, v 0 � 0:468; Lmean � 19:3 cd mÿ2). Chromatic
adaptation was measured for the transition from D65 adaptation to a 5 s green adaptation-light
(chromaticities chosen from cardinal axes after Krauskopf et al, 1982 Vision Research 22
1123 ^ 1131) in an equiluminant plane in colour space. The effect of chromatic adaptation was
measured by a hue-cancellation technique for the achromatic appearance of a central hexagonal
test-patch (2.2 deg62.4 deg). We found that the articulation of the test patternönot just the
presence of luminance contrastöis crucial for accelerating chromatic adaptation. Its efficiency
depends on the spatial frequency of the adaptation pattern, and increases exponentially with the
amount of luminance contrast.

^ Articulated chromatic backgrounds facilitate detection of illumination boundaries
R Kasrai, F A A Kingdom (McGill Vision Research, Department of Ophthalmology,
McGill University, 687 Pine Avenue West, H4-14, Montrëal, Quëbec H3A 1A1, Canada;
e-mail: rkasrai@bic.mni.mcgill.ca)

We attempted to determine the key properties for detecting illumination and material changes
on complex Mondrian-like backgrounds. Both chromatic and achromatic Mondrian-like back-
grounds with similar luminance distributions were constructed by randomly positioning large
numbers of various-sized rectangles of randomly selected colours and/or luminances. `Illumina-
tion targets' were shadow/highlight overlays that simulated multiplicative decreases/increases, m,
in luminance. `Material targets' were first constructed as illumination overlays, then rotated on
the background to eliminate X-junctions and the continuity of colour across the target border.
Other varieties of targets mixing intensity and figural conditions were also constructed. Different
values of m were tested with a 2IFC task and percent-correct detection scores were recorded.
We found that, over a range of m, illumination targets were more easily detected than material
targets on both chromatic and achromatic backgrounds. Further, illumination targets were more
easily detected on chromatic compared to achromatic backgrounds. Randomising the colour
across the illumination target border decreased its detectability. We conclude that the presence of
X-junctions with appropriate contour luminance polarities and consistent chromatic changes
across the overlay boundary are salient cues for illumination borders.

^ Segmented surrounds
J J McCann (McCann Imaging, 161 Claflin Street, Belmont, MA 02478, USA;
e-mail: mccanns@tiac.net)

Grays look different in white and black surrounds. An explanation, using small excitatory recep-
tive fields and large inhibitory surrounds, suggests that white surrounds cause greater inhibition.
By this hypothesis, inhibition is controlled by average-surround response. In the experiments
reported here segmented black-and-white surrounds have been used. The square gray centre pixel
subtends 1.25 deg with 8 surrounding pixels (4 adjacent, 4 diagonal). There are 256 combinations
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of white ^ black pixels in eight locations. Removing stereoisomers leaves 56 unique spatial
surround tests. The 363 pixel test and white-surround match were on 18.75 deg615 deg gray
background. With 8 white surround pixels, grays matched 17% maximum luminance; with 8 black
surround pixels, 66%. All matches were logarithmically scaled from 0.0 (white surround) to 1.0
(black surround). Matches showed marked dependence on the spatial pattern of the surrounds.
With 4 white and 4 black pixels, matches varied from 0.07 to 0.68 depending on positions.
Adjacent pixels have much more influence than diagonal pixels. As well, 9-pixel displays mimicking
White's effect demonstrated equal lightness shifts. Appearance of grays with segmented surrounds
having constant average luminance shows dependence on spatial pattern. Contrast effects with
segmented surrounds are much more complex than averaged centre ^ surround opponent processes,
but high-vision experiments, such as Benary's cross and the checkerboard illusion, can be explained
by spatial averaging.

^ Luminance X-junction giving rise to an apparent transparency is not sufficient for
Adelson's lightness illusion
D A Ross, A D Logvinenko (School of Psychology, DKB, Queen's University of Belfast,
Belfast BT9 5BP, Northern Ireland, UK; e-mail: d.ross@qub.ac.uk)

Adelson (1993, Science 262 2042 ^ 2044) demonstrated a strong lightness illusion (an enhanced
simultaneous lightness contrast effect) which was accounted for by a luminance X-junction, serv-
ing as a cue for an apparent transparency, which also affects lightness perception. We present a
slight modification of Adelson's tile pattern which produces a compelling effect of apparent
transparency but which does not bring about any lightness illusion. The Munsell scale was used
to measure the illusory lightness for ten na|« ve observers.We found that a single preserving contrast
luminance X-junction did not induce any lightness illusion; despite this, all of our observers reported
a striking effect of transparency.

^ Overwhelming evidence for an anchoring account of simultaneous contrast
A L Gilchrist, E Economou (Department of Psychology, Rutgers University, 101 Warren
Street, Newark, NJ 07102, USA; e-mail: alan@psychology.rutgers.edu)

Perhaps nothing in lightness has been more surely attributed to lateral inhibition than the illusion
called simultaneous lightness contrast. A gray square on a white background appears darker
than an identical square on an adjacent black background. According to a recently proposed
alternative account called anchoring theory, the lightness value of each target lies between two
values: one based on its luminance relative to the highest luminance within its local framework,
and one based on its luminance relative to the highest luminance within the whole display.
We report fourteen experiments testing a series of concrete predictions made by the anchoring
account, according to which the illusion: (i) is primarily localised on the black background,
(ii) shifts to the white background with very light targets, (iii) disappears with incremental tar-
gets, (iv) becomes stronger with darker targets, and (v) can be reversed by creating additional
groups. All the results are highly consistent with the anchoring account and, where a prediction
can be derived from the lateral inhibition account, it fails. These findings suggest that simulta-
neous contrast is an expression of anchoring within perceptual groups.

^ Model research of the output signals of the midget ganglion cells in primate retina
D S Lebedev (Institute for Problems of Information Transmission, 19 Bolshoi Karetnyi,
GSP4, Moscow 101447, Russia; e-mail: lebedev@iitp.ru)

A computer model of a fragment of the primate retina was constructed. It comprises more than
16 000 `private lines', each line consisting of a cone (L- or M-type), a midget bipolar cell, and a
midget ganglion cell. In modelling the lateral interaction of these lines at the horizontal cell and
amacrine cell levels both possible types of ganglion cell receptive field have been considered:
with a `pure' and a `mixed' surround. This model enables us to find the set of steady-state output
signals of the midget ganglion cells in response to any steady stimulus. In particular, it allows us
to measure the mutual interference of the brightness and red ^ green components of the ganglion
cell output signals and to calculate the intensity of the `structural noise', caused by a random
distribution of L and M cones along the retina. The model also permits us to evaluate the
effectiveness of some basic techniques of processing the output signals to segregate brightness
and red ^ green components. These include the temporal summation of the signals of neighbour-
ing ganglion cells with the use of the eye movements.
[Supported by Russian Foundation for Basic Research Grant 01-04-48632.]
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SPACE AND SCENE PERCEPTION
^ Cognitive factors in false depth and motion percepts during egomotion

T V Papathomas (Laboratory of Vision Research, Rutgers University, Psychology
Building ^ Busch Campus, 152 Frelinghuysen Road, Piscataway, NJ 08854, USA;
e-mail: papathom@zeus.rutgers.edu)

Some classes of stimuli appear to move vividly when viewers move in front of them, even though
the stimuli are rigid and stationary. The most striking class consists of `reverspectives,' pioneered
by Patrick Hughes, depicting realistic scenes on non-planar surfaces. The scenes possess perspec-
tive cues that elicit a false depth percept, opposite to the physical depth arrangement of the
surface on which they are painted, thus giving rise to false motion under egomotion. A hollow
facial mask is another stimulus eliciting a false depth percept: it is perceived as convex, and
also appears to move under egomotion. The role of cognitive factors has been demonstrated in
the hollow-mask case by observing that the illusory depth and motion become weaker when the
mask is turned upside down (Hill and Bruce, 1993 Perception 22 887 ^ 897). The same trend is
observed in the present experiments with reverspectives, in which the strength of the illusion is
quantified by obtaining the critical distance where the percept switches from veridical to illusory
or vice versa, as observers retreat or approach the stimulus, respectively. This implies that cogni-
tive factors play a role in the illusion, because all the pictorial cues (perspective, foreshortening,
texture gradient, etc) are common in the normal and the upside-down reverspective. At least
two hypotheses, differing between them on whether extraretinal signals are employed, could
explain why these rigid stimuli appear to move under egomotion. Experiments with such stimuli
can help explain how we maintain the impression of a stable environment despite significant
changes in the retinal images as a result of egomotion.

^ Na|« ve beliefs about mirror reflections
M Bertamini, H Hechtô, C J Croucher (Department of Psychology, University of Liverpool,
Eleanor Rathbone Building, Liverpool L69 7ZA, UK; ôMassachusetts Institute of Technology,
Cambridge, MA 02139, USA; e-mail: m.bertamini@liv.ac.uk)

We studied the ability of adults to predict what is visible in a mirror. In four experiments we
used paper-and-pencil tasks and found that a large proportion of people believed that, when
laterally approaching a mirror, they would be able to see a target in the mirror before it was
geometrically possible. Many participants also failed to adequately factor in the observer's loca-
tion in the room. However, when individuals from the same student population were asked about
the behaviour of a ray of light, they seemed to have implicit knowledge of the law of reflection.
We detected no differences between students registered in a Psychology degree and in a Physics
degree, suggesting that the phenomenon is widespread and refractory to training. In two more
experiments we replicated these findings using a real room, and observers were asked to move
to appropriate locations so as to be able to see themselves in the `pretend' mirror. Errors in the
real room were consistent with the paper-and-pencil task, but larger. These results demonstrate
that na|« ve optics is a promising venue to further our knowledge of how observers understand
the basic laws of physics.

^ Environmental perceptionöan experimental basic design atelier for students
of architecture: an assessment
R KGo« kan (Department of Architecture, Istanbul Ku« ltu« r University, E5 Karayolu Uë zeri 22,
Sirinevler 34510, Istanbul, Turkey; e-mail: k.gokan@iku.edu.tr)

An assessment is presented of the changes that have occurred in visual creative design activities of
students participating in an experimental `basic design atelier'. At the Department of Architecture,
Istanbul Ku« ltu« r University, such an atelier is a requirement for the first-year students. Among
the factors affecting creative design activity the following are closely monitored: (a) Visual creative
design activities are based upon perceived environmental phenomena. (b) These activities are
also based on experience; so the priority is given to students' own yet limited experience to
express selected aspects (conceptual or physical) of any environmental phenomena; `basic design'
is dependent upon masterly use of students' own vision. (c) Physical aspects of phenomena are
essential to understand their formal and spatial functioning. (d) Students' total personality and
preferences are inevitably involved in making aesthetic decisions; (e) Art changes dynamically in
accordance with the intellectual and emotional concepts of the periods contemplated.

Studies at the `basic design atelier' allow students to analyse the changing character of
some fundamental concepts of art and design, as well as some basic concepts of environment
and space.

The areas where the changes are more evident concern the abilities regarding: (i) development
of personal inquiry on the basis of practice and more practice; (ii) intuitive and analytical
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work; (iii) responses to the changes taking place in the students' environment; and (iv) subjective
preferences and aesthetic judgments.

^ A holistic approach to scene recognition
A Oliva, A Torralbaô (Center for Ophthalmic Research, Brigham and Women's Hospital,
Harvard Medical School, 221 Longwood Avenue, Boston, MA 02115, USA;
ôDepartment of Brain and Cognitive Sciences, E25-225, Massachusetts Institute
of Technology, 45 Carleton Street, Cambridge, MA 02142, USA;
e-mail: oliva@search.bwh.harvard.edu)

There is a long-standing debate in object recognition concerning part-based versus holistic
representations. However, in the field of scene recognition it is generally acknowledged that
scene representation is part-based. Thus, recognition requires the analysis of the scene compo-
nents as a first stage (object recognition). This is motivated by the fact that scenes within the
same categories (eg rooms, streets) have a strong variability in the configuration of the compo-
nent objects. However, the presence of objects, despite their position, may not be the only
relevant feature of a scene category. When considering the properties of the space that the scene
subtends, there exist very strong structural regularities correlated with the probable semantic
category of the scene. On the basis of these regularities, we have proposed a set of structural
attributes that encode properties of the space (eg openness, expansion, mean depth), disregarding
object representations (Oliva and Torralba, in press, International Journal of Computer Vision).
Here, we present a viewpoint-dependent holistic model for computing the attributes, and we
show how this representation may support multiple levels of description (eg urban scene, street,
perspective street surrounded by tall buildings). Performances of recognition are based on
10 000 photographs depicting a large variety of indoor, urban, and natural scene categories.

^ Sensitisation to spatial scale in scene perception is specific to retinal location
E Ozgen, P T Sowden, P G Schynsô (Department of Psychology, University of Surrey,
Guildford GU2 7XH, UK; ôDepartment of Psychology, University of Glasgow,
58 Hillhead Street, Glasgow G12 8QB, Scotland, UK; e-mail: e.ozgen@surrey.ac.uk)

Observers can be selectively sensitised to different spatial scales in scene perception (Oliva and
Schyns, 1997 Cognitive Psychology 34 72 ^ 107). Here, to explore the locus of the effect, we investi-
gated whether sensitisation can be retinal-location-specific. First, during sensitisation, observers
categorised images consisting of a low-pass or high-pass filtered scene (`beach' or c̀ity') combined
with structured noise at unoccupied spatial frequencies. Half the observers categorised low-
passed scenes in the left visual field (LVF) and high-passed scenes in the right visual field
(RVF); half did the converse. Next, unknown to observers, hybrid stimuli were interleaved with
sensitisation stimuli. Hybrids consisted of a low-passed image of one scene category combined
with a high-passed image of another category. Observers' categorisations revealed orthogonal
perceptions of the same hybrid stimuli dependent on retinal location and prior sensitisation.
Observers sensitised to high frequencies in the LVF were more likely than those sensitised to low
frequencies in the LVF to report the high-passed scene (eg `beach') versus the low-passed scene
(eg c̀ity') of hybrids presented to this retinal location; the converse was true for the opposite
sensitisation pattern and for the RVF. Thus, sensitisation to spatial scale can be retinotopically
specific, consistent with an effect based on early visual processing.

^ Effects of element size on judgments of object number and density
R E Rosenholtz, A Woodruff, J Morrison (Xerox Palo Alto Research Center,
3333 Coyote Hill Road, Palo Alto, CA 94304, USA; e-mail: rruth@parc.xerox.com)

To study the effect of item size on relative judgments of numerosity, observers were asked to
judge which of two stimuli appeared more numerous. One stimulus consisted of 20, 40, or 60
disks, either all small (2.2 min of arc) or all large (7.4 min of arc). The second stimulus consisted
of a variable number of medium disks (4.6 min of arc), with the number set by a staircase. The
stimuli appeared side-by-side for 1 s. A psychometric function was fit to the results, to determine
the point of subjective equality. We found that observers had a significant bias towards perceiving
smaller disks as more numerous than larger disks, in agreement with Miller and Baker's study of
absolute numerosity judgments (1968 American Journal of Psychology 81 83-89). In experiment 2,
observers judged which stimulus had more area occupied by the disks. Observers perceived small
disks as occupying less than veridical area, and large disks as occupying more. We conclude
that item size does affect perception of both relative numerosity and density, but it has an
opposite effect on the two tasks. This challenges the notion that numerosity perception is
mediated by a mechanism involving density perception, though the possibility remains that the
density estimates used in perceiving numerosity are not those consciously available.
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COLOUR, BRIGHTNESS, AND LIGHTNESS. II
^ Contrast or assimilation? Two ambiguous cases

TAgostini, AGalmonte (Department of Psychology, University of Trieste, via S Anastasio 12,
I 34134 Trieste, Italy; e-mail: agostini@univ.trieste.it)

Agostini and Galmonte (submitted), Bressan (in press), and Economou, Annan, and Gilchrist
[1998 Investigative Ophthalmology & Visual Science 39(4) S857] reported three different configu-
rations showing that when grouping factors are optimised, a gray target totally surrounded by
black can appear darker than an equal gray target surrounded by white. The common theoretical
assumption is that, when higher-level factors act contemporaneously with lower-level factors, the
contrast effect induced by the global organisation principle of perceptual belongingness prevails
on retinal lateral inhibition. However, spatial frequencies of Bressan and Economou et al displays
suggest an alternative interpretation. In a number of variations of their configurations, we
observed that the direction of the effect does not change even in absence of global grouping
factors. Our observations suggest that their results can be explained according to a mechanism
of spatial summation eliciting lightness assimilation (adaptation-level theory) rather than to the
principle of perceptual belongingness. This hypothesis is further supported by the observation
that their illusion increases with viewing distance.
[Supported by MURST grant MM11197484.]

^ Simultaneous lightness contrast: Lightness induction or differential luminance anchoring?
A D Logvinenko (School of Psychology, DKB, Queen's University of Belfast, Belfast BT9 5BP,
Northern Ireland, UK; e-mail: a.logvinenko@qub.ac.uk)

Simultaneous lightness contrast is a visual phenomenon showing that the lightness of a patch of
paper depends upon its surround. It is generally believed that this is the result of a hypothetical
process of lightness induction due to which the surround induces darkening (on light background)
or lightening (on dark background) of the test patch. A few new demonstrations are presented
which show that, within a simultaneous lightness contrast display, the background also undergoes
an essential lightness change as does the test patch itself. It follows that the simultaneous lightness
contrast effect is a global rather than local phenomenon emerging from differential luminance
anchoring of the whole pattern, rather than an inductive effect of the surround upon the test
patch. In the search of cues for differential luminance anchoring the following have been elimi-
nated: (i) local contrast at the border of the test patch; (ii) maximal luminance in the framework;
(iii) apparent transparency; and (iv) luminance X-junction. Alternatively, the following contrast
relationships at luminance borders are in control of the simultaneous lightness contrast effect:
(i) codirectional contrast invariance; and (ii) transversal luminance ratio preservation.

^ Simultaneous lightness contrast from a real 3-D object with a luminance gradient
J P Kane, A D Logvinenko (School of Psychology, Queen's University of Belfast, DKB,
Belfast BT9 5BP, Northern Ireland, UK; e-mail: j.kane@qub.ac.uk)

It has recently been shown that a 3-D prototype of Adelson's 2-D tile pattern (which produces a
strong simultaneous lightness contrast effect) does not invoke any simultaneous lightness contrast
(Kane and Logvinenko, 2000 Perception 29 Supplement, 9). In contrast to this observation we have
now found that a 3-D prototype of Adelson's tile pattern with a luminance gradient, which
significantly enhances the simultaneous lightness contrast effect (Logvinenko, 1999 Perception 28
803 ^ 816), produces almost as much of the simultaneous lightness contrast effect as its 2-D picture.
We have presented to our observers (i) Adelson's tile pattern with a luminance gradient; (ii) its
3-D prototype; and (iii) a photograph of the 3-D prototype. We have measured simultaneous
lightness contrast effect for all three types of objects under binocular and monocular viewing using
a 31 point Munsell neutral scale. Under binocular observation, the strongest effect was found for the
2-D pattern; the weakest for the photograph; and for the 3-D prototype it was inbetween. We
have found no difference between binocular and monocular observations. The fact that the 3-D
prototype exhibits a simultaneous lightness contrast effect means a breakdown of lightness con-
stancy. We account for such loss of lightness constancy by the fact that the luminance gradient
imposed on the surface of the 3-D prototype provides a false cue for illumination. This false
illumination cue creates a perceptual conflict which breaks down not only lightness constancy
but shape constancy as well. More specifically, serving as a false depth cue, the luminance
gradient reverses the depth relief of the 3-D prototype which, in turn, generates an illusory
paralactical motion accompanying the viewer's head motion. Therefore, the 3-D prototype of
Adelson's tile pattern with a luminance gradient is quite a special object producing a number
of visual illusions. So, further investigation is required to decide whether simultaneous lightness
contrast is solely a pictorial illusion, or whether it can also be produced by real objects.
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^ Equiluminance produces the strongest high-spatial-frequency tritanopic effect
S J Hutchinson, A D Logvinenko (School of Psychology, Queen's University of Belfast,
Malone Road, Belfast BT9 5BP, Northern Ireland, UK; e-mail: s.hutchinson@qub.ac.uk)

High-spatial-frequency tritanopia (HSFT) occurs when the colour appearance of a high-spatial-
frequency periodic pattern changes, owing to the differential drop of contrast sensitivity for the
receptor colour channels (Logvinenko, 2001 Perception 30 223 ^ 232). We studied how the HSFT
effect depends on luminance contrast. An asymmetric colour-matching technique was used to
measure appearance of a horizontal grid of grey diamonds (5 cycles degÿ1) inserted into a (i) yellow,
(ii) pink, or (iii) alternating yellow/pink background. The patterns were displayed on a Barco
colour monitor driven by a VSG 2/3 board. Observers adjusted the uniform (matching) patch
beneath the pattern to appear the same colour as the grid by using a keypad to control inde-
pendently hue, saturation, and brightness of the matching strip. Luminance of the test
diamonds was varied (10 ^ 40 cd mÿ2) while luminance of the background remained the same
(25 cd mÿ2). Three observers made five measurements for each test colour. Observers' matches
were expressed in terms of S-component of the match. For the test diamonds on the pink
background, S-component was highest (indicating a saturated blue perception) for equiluminant
conditions, while it decreased monotonically (colour became less saturated) the further the
pattern was from equiluminance. Although S-component was lowest (saturated yellow^ green
perception) at equiluminance for test diamonds on the yellow background, change in S-component
as a function of test/background luminance contrast was not as pronounced as for the diamonds
on the pink background. Results suggest that spatial processing of the colour signal in the S-cone
channel is affected by the M- and L-cone channels. Our results are in line with those obtained
by Brainard and Williams (1993 Vision Research 33 105 ^ 116) who showed that the tritanopia of
the central foveola effect was reduced by introducing a test/background luminance contrast.

^ Colour vision testing a colour appearance model
I R Moorhead, P AWard, E P Liggins (Centre for Human Sciences, QinetiQ Ltd,
Cody Technology Park, Ively Road, Farnborough GU14 0LX, UK;
e-mail: irmoorhead@QinetiQ.com)

Colour appearance prediction remains a challenging area for theories of colour vision. Current
models are typically parametric, simplifying the representation of the input image by reducing it
to the equivalent of a few areas of uniform colour. Appearance models will, in future, be used to
process real-world imagery. Application of simple models to complex imagery is inappropriate.
To this end we are developing a synthetic observer, designed to analyse complex colour imagery,
in the same way as a human observer. The synthetic observer has already been used to model
performance in simple psychophysical experiments. As part of a validation exercise we have
investigated model performance with standard colour vision tests. The paper presents the
methods and results of simulating the tests which included Ishihara, Farnsworth Munsell 100 Hue
and The City University test. Results are also presented on how the model performs when it is
set up to be different types of dichromat rather than a trichromat.
[British Crown Copyright 2001. Published with permission of the Controller of Her Britannic
Majesty's Stationery Office.]

^ Colour constancy for transparencies and materials
Q Zaidi, B Khang (SUNY College of Optometry, 33 West 42nd Street, New York,
NY 10036, USA; e-mail: qz@sunyopt.edu)

Possibly the most important perceptual functions of colour are the identification of objects across
illuminants and through transparencies, and of illuminants across objects. We examined the effects
of perceptual scission, image junctions, colour adaptation, and colour correlations on identification.
Simulations of natural illuminants, materials, and filters were used in a 4AFC procedure to
simultaneously measure thresholds for identifying filters and materials across illuminants, and
discrimination thresholds within illuminants. In almost 90% of the cases, if observers could
discriminate within illuminants, they could identify across illuminants. Since results were similar
for identical colour distributions whether transparency cues like X-junctions were present or
not, the primary cues for colour identification were systematic colour shifts across illuminants.
These colour shifts can be well described by three-parameter affine transformations, and the
parameters can be derived from differences and ratios of mean chromaticities. A strategy based
on colour matching after transformation leads to generally accurate identification despite
perceptible colour shifts. Colour adaptation serves to attenuate each of the parameters of the
transform, thus promoting the accuracy of the strategy, a role that is different from the conven-
tional notion of Von Kries adaptation.
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SYMPOSIUM
PERCEPTION OF 3-D SHAPE
" Pictorial space

J J Koenderink (Department of Physics of Man, Helmholtz Institute, Princetonplein 5,
NL 3584 CC Utrecht, The Netherlands; e-mail: j.j.koenderink@phys.uu.nl)

`Pictorial space' arises in consciousness when a human observer views a `picture'. The picture is
often a flattish object, covered with pigments in a certain order. The origin of this order can be
various, eg random cause, artistic rendering, or a photographic record. In all cases the observer is
simultaneously aware of the picture as a physical object (`looking at') and of a three-dimensional
space (`looking into'). The structure of the latter is based upon the particular bouquet of c̀ues'
and the expertise and creative power of the observer. `Cues' are necessarily cues to an observer and
not intrinsical. Under certain prior assumptions cues may partly specify scene properties. In
the case of straight photographs, the cues specify a class of scenes that would have produced the
photograph in case the assumptions held true. The actual scene at the time of exposure is a
member of this infinite set. The beholder's share fills gaps and resolves ambiguities, thus arriving
at a more or less specific percept which may resemble this fiducial scene to some extent. Pictorial
space has a geometrical structure that is determined by the generic ambiguities. The congruences
appear as the observer's freedom to assume various `mental perspectives'.

" A contour propagation approach to surface filling-in and volume formation
P U Tse (Max Planck Institute for Biological Cybernetics, Spemannstrasse 38,
D 72076 Tu« bingen, Germany; e-mail: peter.tse@tuebingen.mpg.de)

A new approach to surface and volume formation is introduced in response to the question:
`̀ Why do some silhouettes look 3-D and others look 2-D?'' The central idea is that form information
can propagate away from a `propagable segment' (PS) of occluding contour that could have
projected onto the image from the visible portion of a cross-section of a surface. A key property
of a PS is that it exhibits abrupt curvature changes where it meets the rest of the occluding contour.
Evidence is provided that the visual system is highly sensitive to the existence of contour curvature
discontinuities in a scene. An algorithm is described for filling in curved surfaces from a PS.
When copies of a PS are propagated into the interior, they act as cross-sectional surface contours
that also exhibit abrupt curvature changes with the rest of the occluding contour. The result is
a non-metric coding of 3-D shape in terms of local ordinal surface curvature and orientation
relationships that is invariant to scale, translation, and rotation.

" A new observer model of 3-D shape from texture cues
A Li, Q Zaidi (SUNY College of Optometry, 33 West 42nd Street, New York, NY 10036,
USA; e-mail: ali@sunyopt.edu)

Li and Zaidi (2000 Vision Research 40 217 ^ 242) showed that the veridical perception of 3-D
shape from texture cues is entirely dependent on the visibility of patterns of oriented energy
created by perspective projection of surface markings oriented along the axis of maximum 3-D
curvature. Texture patterns missing this oriented component do not convey veridical shape
despite the presence of texture gradients and spatial-frequency modulations. Li and Zaidi (2001
Vision Research 41 1519 ^ 1534) showed formally that only geodesics of maximum curvature
provide orientation modulations sufficient to distinguish between concave and convex surfaces,
whereas other geodesics provide frequency and/or orientation modulations sufficient only to
identify locations of curvature extrema. Using the Brodatz set of real textures and phase-
randomised but amplitude-spectrum-matched synthetic textures, Li and Zaidi (in press, Journal
of the Optical Society of America) found that the capacity to convey veridical shape can be
predicted from the amplitude spectrum alone, and depends on the power and discreteness of the
energy parallel to lines of maximum curvature. In simulation experiments, Zaidi and Li (2000,
ARVO) showed that a matched-filter neural model built from V1 neurons, which extracts
signature patterns of orientation modulations, successfully identifies the location, orientation,
and amplitude of 3-D curvatures. These results rule out gradient and spatial-frequency based
approaches to shape-from-texture. The oriented-energy-based observer model is simpler and more
biologically feasible than affine-deformation models.

" Light and shape
P Mamassian (Department of Psychology, University of Glasgow, 58 Hillhead Street,
Glasgow G12 8QB, Scotland, UK; e-mail: pascal@psy.gla.ac.uk)

Light and surfaces interact in a variety of fascinating ways. This complex interaction gives rise
to a number of light effects that the visual system can use to segregate, localise, and identify
objects in a visual scene. I review past investigations and discuss the following outstanding issues:
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(i) Shape from shading. What is the information available in the image to recover surface shape
from shading? Why do humans appear to be worse at using this cue than at using other pictorial
depth cues? (ii) Shape and reflectance. How can surface shape and reflectance be simultaneously
estimated from the same luminance measurement on a surface? (iii) Prior assumptions on light.
Why do humans seem to assume that light comes from above-left? How strong is the assumption
that light is stationary? (iv) Prior assumptions on shape. Why do objects appear flatter at low
contrast levels? (v) Shadows versus black paint. Are there any generic principles to distinguish
shadows from dark surfaces? Are humans able to make this distinction? (vi) Spatial layout from
cast shadows. Can the location of an object be quantitatively inferred from its cast shadow?
How are objects successfully matched with their cast shadows? (vii) Impossible shadows. How
sensitive is the visual system to detect when a cast shadow is incongruent with its casting object?

" Perception of three-dimensional structure from motion: a new theory
F Domini (Department of Cognitive and Linguistic Sciences, Brown University,
190 Thayer Street, Providence, RI 02912, USA; e-mail: Fulvio_Domini@brown.edu)

An important source of information to the three-dimensional structure of the environment are
the dynamic properties of moving images. The problem how the visual system uses this informa-
tion has been traditionally studied by assuming that the pattern of 2-D velocities on the retina
is analysed by the visual system by means of a veridical mathematical analysis. A new approach
that is proposed here is characterised by two main hypotheses: (1) the visual system relies on
properties of the optic flow that are not necessarily sufficient for deriving the projected objects
and their 3-D motion; (2) the derivation of the 3-D structure and motion is based primarily on
a heuristic analysis of the optic flow. I have provided evidence for these hypotheses by studying
human performance in a variety of perceptual tasks that involved judgments of 3-D structure
and 3-D motion. These empirical outcomes can be predicted by a model that derives local
orientation of 3-D surfaces and their 3-D motion from a property of the optic flow called
deformation. Since this property is inherently ambiguous, surface attitude and angular velocity
are recovered by determining magnitudes of these parameters that most likely produce the defor-
mation of the velocity field.

" Physiologically based models of stereovision
N Qian (Center for Neurobiology and Behavior, Columbia University, 722 West 168th Street,
Annex 730, New York, NY 10032, USA; e-mail: nq6@columbia.edu)

I present some recent work from my laboratory on modeling stereovision and motion ^ stereo
integration based on the physiological properties of binocular cells in the visual cortex. I show
that binocular disparity maps can be effectively computed from stereograms with a population
of complex cells, and that the resulting stereo model can be naturally combined with the motion-
energy models into a unified framework. I also demonstrate that our models can be used to explain
many interesting experimental observations, including the disparity attraction and repulsion phe-
nomenon, a family of Pulfrich depth illusions, and the induced depth effect from vertical disparity.

SYMPOSIUM
BRAIN IMAGING
" Contrast independence of fMRI signals induced by luminance-defined figure ^ ground

segregation
M Fahle, L Rosik, M Repnow, B Terweyô (Department of Human Neurobiology,
University of Bremen, Argonnenstrasse 3, D 28211 Bremen, Germany; ô ZKH Bremen,
St Juergenstrasse, D 28211 Bremen, Germany; e-mail: mfahle@uni-bremen.de)

Presentation of visual stimuli increases the blood flow especially at the posterior pole of the
brain. This increase of blood flow can be visualised via the increased blood oxygen concentration
by means of functional magnetic resonance imaging (fMRI). We used this method to investigate
the dependence of cortical activity on stimulus contrast in a figure ^ ground segregation task, in
order to assess the relative impact of suprathreshold contrast levels on the intensity of cortical
processing. Cortical activation was tested in a block design for checkerboard stimuli as compared
to homogeneous stimuli. Checkerboards were defined by luminance at contrasts between 1.25%
and 97%, flickering at 4 Hz. Six observers participated in the experiments using a Siemens Vision
1.5 T tomograph. We used BrainVoyagerÕ software to evaluate and display the data. Stimulus
contrasts of 1.25% yielded a significant increase of the fMRI signal in some observers only,
while those between 2.5% and 97% significantly increased the BOLD response of all observers
especially in the retinotopically organised cortical areas. Activity increased steeply for contrasts
up to 10% and then saturated slowly for higher contrasts. Hence, we find the fMRI response to
be relatively independent of contrast for these stimuli.
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" Processing of perceived visual shape in the human lateral occipital complex
Z Kourtzi (Max Planck Institute for Biological Cybernetics, Spemannstrasse 38,
D 72076 Tu« bingen, Germany; e-mail: zoe.kourtzi@tuebingen.mpg.de)

The human lateral occipital complex (LOC) has been implicated in visual recognition. Does the
LOC represent higher-level shape information rather than low-level image features? To address
this question event-related fMRI adaptation was used in which lower neural responses were
observed for two identical than two different consecutively presented stimuli. Adaptation across
a change between two stimuli implicates a common neural representation invariant to that change.
A set of studies with stereoscopically defined displays showed that the sameness of perceived
shape rather than of low-level contours is necessary and sufficient for adaptation in the LOC.
These results indicate that the LOC represents perceived shape rather than low-level features of
objects. Further studies addressed the question how abstract these shape representations are by
testing for adaptation in the LOC across changes in the 3-D structure of objects. In particular,
these studies tested adaptation (a) across rotations and changes in the 3-D configuration of
objects, and (b) between 3-D shapes defined by binocular (ie stereo) or monocular (ie shading)
depth cues and 2-D silhouettes of the same objects.

" Event-related fMRI of the saccadic system
M W Greenlee (Carl-von-Ossietzky-Universita« t Oldenburg, Ammerla« nder Heerstrasse 114,
D 26111 Oldenburg, Germany; e-mail: mark.greenlee@uni-oldenburg.de)

Recent fMRI studies on saccadic eye movements that employed block- and event-related designs
are reviewed. BOLD responses in visual cortex, the parietal cortex and prefrontal/premotor areas
that are involved in the control of fixation and saccades are compared. Comparison of responses
for different saccadic amplitudes and frequencies indicates that the frontal eye fields (in the
lateral extent of the precentral sulcus) play an important role in the execution of saccades.
The supplementary eye fields in the medial part of Brodmann area 6 are activated in these tasks,
even when, after the preparation of the saccade has been completed, the eyes do not move.
Comparison of different tasks (pro- and anti-saccades; gap, step and overlap; visual versus
memory-guided) reveals important insights into the areas controlling when and where we change
our gaze. Event-related paradigms open new ways to look at ad hoc effects such as saccadic
reaction times and misguided shifts of gaze.

" Perception of heading: is optic flow necessary? Comparative psychophysical and fMRI
study of normal subjects and stroke patients
L M Vaina, S Soloviev, M Kopcik, O Botnar (Brain and Vision Research Laboratory,
Department of Biomedical Engineering, College of Engineering, Boston University,
44 Cummington Street, Room 315, Boston, MA 02215, USA; e-mail: vaina@engc.bu.edu)

There is ample psychophysical evidence that changes in the optic-flow pattern over time provide
critical information for determining the direction in which an observer is moving or `heading'.
There is also evidence that landmarks may provide significant cues for one's heading perception.
But are landmarks alone sufficient for heading computation? To address this question we used
psychophysics and fMRI in eight normal subjects and a stroke patient with a single small lesion
localised by conventional MRI and fMRI retinotopic mapping within the human homologue of
V2 in the left hemisphere. We discuss results from two sets of psychophysical tasks of heading
perception: (i) heading in which (a) random-dot kinematograms (RDKs) simulated a planar tra-
jectory of one's heading, and (b) the stimulus simulated a room with obvious landmarks that
provided additional cues for heading perception; and (ii) choppy heading in which two displays
were identical to those in experiments 1a and 1b, respectively, but the optic-flow information
was removed by inserting long pauses (150 ^ 200 ms) between motion frames. On experiments 1a
and 1b the normal controls had similar heading-discrimination performanceöroughly 28 accu-
racy. The patient was very impaired on experiment 1a, but had normal performance on exper-
iment 1b. The fMRI data revealed that the normal subjects used the same cortical areas in the
two tasks (mostly the human homologue of MT and MST), suggesting that, if optic flow is
available, it is used for heading perception. In the patient, the cortical activity was different in
the two tasks (1a and 1b). She had little cortical activity when optic flow was the only heading
cue (experiment 1a), but when landmarks served as a potential cue she revealed activity in the
parahippocampus, hippocampus, and the temporal lobe (BA21 and 22). These areas have been
previously reported as significantly active in maze learning and spatial navigation tasks. The
choppy heading tasks were only administered psychophysically. As expected, none of the subjects
could compute heading in the choppy RDK display, but in the choppy landmarks display both
normal subjects and the patient perceived their `heading' effortlessly. This indicates that land-
marks and spatial information also provide useful cues for heading computation, and, while optic
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flow may be preferred when available, it is not the only computational substrate for heading
perception.
[Supported by NIH Grant 2R01-EY-07861-10A2.]

" MEG recordings reveal neurophysiological correlates of dual-task interference
K Shapiro, A Schnitzlerô, F Schmitzô, S Martensô, K Muellerô, D Loach, E Akyu« rek½,
B Hommel½ (School of Psychology, University of Wales ^ Bangor, Bangor LL57 2AS,
Wales, UK; ôDepartment of Neurology, Heinrich Heine University of Du« sseldorf,
Moorenstrasse 5, D 40225 Du« sseldorf, Germany; ½ Section of Experimental and Theoretical
Psychology, University of Leiden, Postbus 9555, NL 2300 RB Leiden, The Netherlands;
e-mail: k.shapiro@bangor.ac.uk)

We investigated the neural correlates of dual-target interference by studying the attentional blink
(AB) paradigm using whole-head magnetoencephalography (MEG). In the AB task, two targets,
T1 and T2, are presented, which are separated from trial to trial by two different temporal lags,
as part of a rapid stream of visual information. Lag 2 separated the targets by 300 ms and
Lag 6 by 900 ms. Target and non-target black letters were presented at fixation, at a rate of
7 items per second, with the participant required to determine whether 0, 1, or 2 pre-specified
targets were presented, then to identify each. The AB was revealed on trials when two targets
were presented and, upon successful identification of T1, participants' ability to identify T2
was severely reduced at Lag 2. Performance at Lag 6 was equivalent to baseline, as established
on trials when only T1 or T2 was presented. MEG recording substantiated the behavioural result
as it revealed a significant attenuation of neural activity on trials when T2 was presented but
unable to be reported, most noticeably in dorso-lateral frontal cortex and in temporo-parietal
areas.

" Multimodal object-related activation in the human ventral pathway
E Zohary, A Amedi, R Malachô (Department of Neurobiology, Hebrew University,
Givat Ram, IL 91904 Jerusalem, Israel; ôDepartment of Neurobiology,Weizmann Institute,
IL 76100 Rehovot, Israel; e-mail: udiz@lobster.ls.huji.ac.il)

A growing body of evidence suggests that the ventral pathway is involved in visual object
recognition. In humans, a central stage in this pathway is an occipito-temporal region termed the
lateral-occipital complex (LOC), which is preferentially activated by visual objects compared to
textures or scrambled versions of the same objects. Yet, objects have characteristic attributes
(such as 3-D shape) that can be perceived both visually and haptically. This raises the possibility
that object-related regions may hold a representation of objects in both modalities. Using fMRI
to map object-related brain areas, we found robust and consistent somatosensory activation in the
occipito-temporal cortex. This region showed clear preference for objects compared to textures in
both modalities. Most somatosensory object-related voxels were within the greater visual object-
related region LOC. This raises the possibility that neuronal populations in the occipito-temporal
cortex may constitute a multimodal object-related network.

" Learning to see in the presence of noise: single-neuron and fMRI studies
G Rainer (Max Planck Institute for Biological Cybernetics, Spemannstrasse 38,
D 72076 Tu« bingen, Germany; e-mail: gregor.rainer@tuebingen.mpg.de)

The perceptual ability of both humans and monkeys to identify objects in the presence of noise
is improved by experience. We study this form of perceptual learning in monkeys by requiring
them to identify natural images in the presence of different amounts of noise. Experience with a
particular set of objects allows them to detect these objects in the presence of greater amounts
of noise than in the case of completely novel objects. Such perceptual improvements are thought
to occur by modifying neural representations and involve neural plasticity. To better understand
these representational modifications, and how they occur at the level of single neurons and larger
neural ensembles, we recorded single-neuron activity in frontal and extrastriate cortical areas as
well as performing fMRI studies in monkeys. Together, these studies may provide insights into
how complex natural objects are represented in different visual brain regions and how these
representations change with experience.

" The effects of aging on visual memory: Evidence for functional reorganisation of cortical
networks
P J Bennett, A B Sekuler, A R McIntoshô (Department of Psychology, University of
Toronto, 100 St. George Street, Toronto, Ontario M5S 3G3, Canada; ôRotman Research
Institute, North York, Ontario M6E 2B1, Canada; e-mail: bennett@psych.utoronto.ca)

Recent evidence suggests that the mature human brain is capable of substantial functional
reorganisation as a result of learning and following injury. The fact that the brain retains a great
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deal of plasticity throughout the lifespan raises the possibility that cortical reorganisation may
occur during normal aging. We examined this issue by using positron emission tomography
(PET) to measure the regional cerebral blood flow associated with short-term memory for simple
visual attributes in young and old observers. A two-interval forced-choice procedure was used
to measure spatial-frequency discrimination thresholds for sine-wave gratings presented at differ-
ent interstimulus intervals (ISIs). Discrimination thresholds increased as a function of ISI, but
performance did not differ between young and old observers. Despite this similarity in perform-
ance, multivariate correlational analyses and neural modeling indicated that different neural sys-
tems were correlated with performance in old and young observers. These results support
the hypothesis that the functional networks underlying visual memory undergo reorganisation.
Moreover, our findings suggest that one should be cautious when concluding that different
patterns of activation necessarily imply differences in mental processing.

THE LECTURE
, From single units to population codes and back again

H B Barlow (Physiological Laboratory, University of Cambridge, Downing Street,
Cambridge CB2 3EG, UK; e-mail: hbb10@cam.ac.uk)

Thirty years ago I wrote a paper saying that the selectivity, sensitivity, and reliability of single
neurons can account for overall sensory performance. But not everyone believed it, so now, like
Moses returning from the mountain, I am going to show that concepts like `distributed represen-
tation' and `population coding' are false idols. These say that more than one neuron is active in
a sensory pathway at any one time, which is true, but has never been denied. The connectionist
movement has shown that interesting and relevant computations can be performed by distributed
calculations on distributed representations using simple elements, but it has not shown that they
are actually done this way, nor that they could not be done by elements with different properties.
Furthermore A R Gardner-Medwin and I have shown that estimates of frequencies are liable to
be statistically inefficient when events are represented in a distributed wayöa serious disadvantage
for their use in learning. In contrast, investigations of intracellular control mechanisms show
that neurons are much more computationally powerful than previously supposed, and that this
sometimes tells us how sensation really works. How might this extra computational power of a
single neuron be used?

POSTER SESSION
COLOUR
* Object colour appearance under extreme illumination conditions

M Jurkutaitis, A Daugirdieneô, I J Murray, J Kulikowski (Department of Optometry and
Neuroscience, University of Manchester Institute of Science and Technology, PO Box 88,
Manchester M60 1QD, UK; ôDepartment of Biochemistry and Biophysics, Vilnius University,
Cí iurlionio 21, LT 2009 Vilnius, Lithuania; e-mail: mjcxxmj@fs1.op.umist.ac.uk)

When overall illumination of a complex scene changes slowly, allowing receptoral and post-recep-
toral adaptation, colour appearance of an object in the scene is hardly affected (a phenomenon
known as colour constancy). Under these conditions, the human visual system is able to estimate
surface reflectance discounting the illuminant incident on the object. This is achieved by utilising
different cues. To reveal the main mechanisms underlying colour appearance, we tested visual
system performance under extreme conditions (limited information presented in spatial scene
and/or restricted adaptation). Colour appearance of a computer-simulated Munsell sample on a
neutral uniform background under test illumination was evaluated, by matching it by a reference
sample presented on the same neutral background under standard illuminant C. Data were collected
by means of asymmetric sequential (restricted test sample presentation time, unrestricted matching
time) and simultaneous colour matching. In both cases, subjects were unable to achieve a near-
perfect colour match. The luminance difference between chip and background, introduced by a
non-neutral illuminant, was mainly preserved. This supports the idea that the first stages
of colour constancy rely on the presence of fast achromatic and chromatic compensatory
mechanisms sensitive to the shift of illumination. The implementation of these mechanisms and
interactions between them are discussed.
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* Concurrent judgments of colour and shape
J I Vallines, J P Thomasô, M W Greenlee (Department of Cognitive Neuropsychology,
Carl-von-Ossietzky-Universita« t Oldenburg, Ammerla« nder Heerstrasse 114, D 26111 Oldenburg,
Germany; ôDepartment of Psychology, University of California at Los Angeles, Franz Hall,
405 Hilgard Avenue, Los Angeles, CA 90095-1563, USA;
e-mail: jose.i.vallines.garcia@mail.uni-oldenburg.de)

Colour and shape perception play a central role in human vision. Whether the mechanisms
involved share common pathways has been frequently questioned. Using an uncertainty para-
digm, we measured the ability of subjects to monitor simultaneously the colour and shape
dimensions of a single object. The stimulus was an oval 8.8 deg high, presented for 250 ms.
On each trial the stimulus differed from an implicit standard in either colour or aspect ratio,
but never both. Accuracy was reduced and response times increased when the viewer did not
know which dimension would change on a given trial. As measured by d 0, accuracy was
reduced to about 60% of control values, significantly lower than the reduction to 70% expected
for an ideal observer. However, this reduction is small compared to the reductions observed
by Magnussen and Greenlee when viewers made simultaneous judgments about contrast, or
simultaneous judgments about spatial frequency (1997 Journal of Experimental Psychology:
Human Perception and Performance 23 1603 ^ 1616). Response times increased 14% from the
control values.

* Hue discrimination and colour thresholds in persons with peripheral visual neuron
damage
R Lukauskieneç , V Viliunasô (Neurosurgical Centre, Kaunas Medical University Clinic,
Eiveniu 2, LT 3007 Kaunas, Lithuania; ô Faculty of Philosophy, Vilnius University,
Didlaukio 47, LT 2057 Vilnius, Lithuania; e-mail: lukarita@takas.lt)

Computerised Farnsworth ^Munsell 100-hue (F ^M 100) test and the colour threshold test were
used to examine patients with peripheral visual neuron damage. Hue discrimination and colour
determination thresholds were measured in eleven subjects with damage of peripheral visual
neurons and in thirty healthy subjects with normal colour vision. Testing of each person
was repeated several times. Eight persons were subjected to a series of tests before and after
treatment. The results were analysed according to: (i) mean data of F ^M 100 test error scores;
(ii) mean data of colour determination thresholds; (iii) colour deficiency type according F ^M
100 test; (iv) colour deficiency type according colour-thresholds test. We found that: (i) a correla-
tion exists between F ^M 100 test mean error score and the mean colour threshold (coefficient
of correlation 0.85); (ii) F ^M 100 test mean error score and the mean colour threshold were
significantly worse (more than by a factor of 2) in persons with peripheral visual neuron damage
than in healthy subjects; (iii) persons who received some type of treatment in 10% of cases
showed better results in the last series of tests.

* Chromatic contrast sensitivity in anomalous trichromats
E P Liggins, I R Moorhead, I J Murrayô, P AWard (Centre for Human Sciences,
QuinetiQ Ltd, Cody Technology Park, Farnborough GU14 0LX, UK; ôDepartment
of Optometry and Neuroscience, University of Manchester Institute of Science and
Technology, PO Box 88, Manchester M60 1QD, UK; e-mail: epliggins@QuinetiQ.com)

Chromatic contrast sensitivity functions do not show the bandpass characteristics of achromatic
contrast sensitivity, but exhibit a low-pass nature for red ^ green and blue ^ yellow gratings. Mullen
(1985 Journal of Physiology 359 380 ^ 400) has shown that sensitivity to chromatic contrast varies
as the red ^ green and blue ^ yellow ratios in grating stimuli are varied. In the current experiments,
chromatic contrast sensitivity functions of colour normals and anomalous trichromats were
measured and compared by using isoluminant red ^ green gratings. Low to medium spatial fre-
quencies were used to avoid artifacts due to aberrations. Results are presented which show that
different red ^ green intensity match criteria are required for anomalous trichromat observers
when compared with colour normals. Chromatic contrast sensitivity functions for anomalous
trichromats, measured with the use of red ^ green content ratios based upon these intensity match
criteria, show the expected low-pass characteristics. Results are also expressed in terms of cone
contrast, calculated from the spectroradiometric measurements of the colour CRT used in the
experiments.
[British Crown Copyright 2001. Published with permission of the Controller of Her Britannic
Majesty's Stationery Office.]
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* Positional adaptation reveals independent suprathreshold luminance and chromatic mechanisms
P V McGraw, DWhitaker, D J McKeefry (Department of Optometry, University of Bradford,
Richmond Road, Bradford BD7 1DP, UK; e-mail: p.v.mcgraw@bradford.ac.uk)

We have examined the degree of interaction between the three postreceptoral mechanisms
[red ^ green (L/M), blue ^ yellow (S/(L+M)) and luminance (Lum)] in determining perceived position.
A three-blob vernier alignment test stimulus was used. The elements consisted of Gaussian-wind-
owed isoluminant chromatic- or luminance-defined modulations. Prior to the presentation of
the test stimulus, subjects adapted to an antisymmetric modulation. Under certain conditions
a misalignment of the central element of the test stimulus was perceived after adaptation.
The magnitude of this perceived offset was measured for conditions where the adaptation and
test stimuli were similarly defined (eg L/M adapt and L/M test), and also when they differed
[eg L/M adapt and S/(L+M) test]. When the adaptation and test stimuli are defined by the same
information, a marked effect of prior adaptation upon the perceived position of subsequently
presented stimuli was found. All three postreceptoral mechanisms showed perceived shifts of
approximately equal magnitude. However, when the nature of the test and adapting stimuli
differed, the magnitude of the perceived offset was greatly reduced, demonstrating little or no
crossover effect. These results indicate that at suprathreshold contrast levels, L/M, S/(L+M), and
Lum mechanisms process information independently.

* A cross-cultural study of children's colour cognition and a test of the linguistic relativity
hypothesis
S K Boyles, I R Davies (Department of Psychology, University of Surrey, Guildford
GU2 7XH, UK; e-mail: s.boyles@surrey.ac.uk�

The Namibian language Ndonga has no separate terms for orange, pink, and purple; rather,
these colours are included among yellow, red, and blue. In addition, the correct use of colour terms
by Ndonga-speaking children is delayed relative to English-speaking children. The linguistic rela-
tivity hypothesis (LRH) suggests that these differences in colour vocabulary will be paralleled
by differences in performance on cognitive tasks involving colour. Three experiments varying in
their information-processing demands from higher-level strategy use through to low-level perceptual
processes were conducted to test the hypothesis. Ndonga and English speaking children completed
free sorting, visual search, and odd-one-out tasks. Significant differences between groups were
found for all tasks. For example, Ndonga children are more likely than English children to group
red and pink, orange and yellow, and orange and red stimuli together. And, children's odd-one-out
choices tend to correspond to the way in which stimuli are named, rather than showing a common
pattern based on possible universal perceptual similarity. The results are consistent with the
LRH operating both directly, through naming, and indirectly by producing perceptual changes.

* Colour discrimination as function of retinal eccentricity
P AWard, C Carr, C Roberts, I R Moorhead, E P Liggins, E Loweô, L Suttonô,
W Robinsonô (Centre for Human Science, QinetiQ Ltd, Cody Technology Park, Ively Road,
Farnborough GU14 0LX, UK; ô Railway Safety Limited, Evergreen House, 160 Euston Road,
London NW1 2DX, UK; e-mail: paward@QinetiQ.com�

Visual acuity and colour detection thresholds vary with retinal eccentricity. Coloured signals
such as those used on railways specify their visual characteristics in terms of the foveal lumi-
nance (or luminous intensity) and CIE chromaticity coordinates. The aim of this study was to
determine experimentally how an observer's ability to discriminate red and yellow stimuli varies as
a function of retinal eccentricity and size. A 2AFC computer-based task was designed where the
subject had to fixate a cross whilst a red or yellow stimulus was presented at one of 5 different
eccentricities from 5.0 to 25.0 deg from fixation. The task was repeated with four different-sized
stimuli (7 min of arc, 14 min of arc, 0.5 deg, 2.5 deg). Data were analysed by signal detection
theory and the discrimination index d 0 calculated. The results indicate a significant effect of
stimulus size and eccentricity. When the stimulus size was small (7 min of arc) colour discrim-
ination performance rapidly deteriorated to chance at 15.0 deg eccentricity, no effect was found
for the large stimulus.
[British Crown Copyright 2001. Published with permission of the Controller of Her Britannic
Majesty's Stationery Office.]

* Identifying the locus of linguistic influence on colour judgments
M Pilling, I R Davies (Department of Psychology, University of Surrey,
Guildford GU2 7XH, UK; e-mail: m.pilling@surrey.ac.uk)

We tested the linguistic relativity hypothesis [Whorf, 1956 Language, Thought, and Reality
(Cambridge, MA: MIT Press)] by comparing speakers of English and Ndonga, languages with
different numbers of basic colour terms. Ndonga has no separate terms for orange, pink, or
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purple; rather, these are included in red, yellow, or blue. Stimuli were chosen so that they fell in
fewer categories for Ndonga than for English. The tasks (sorting, triads, and search) varied in their
information-processing demands (perception, memory, executive function) in order to determine the
locus of any linguistic effects. Overall, there were substantial similarities between the performances
of English and Ndonga speakers, although differences associated with language were found on all
tasks. On the sorting task, for each language, colours in the same nominal category tended to be
grouped together, producing different patterns between languages. For the triads task, the nomi-
nally least similar colour within each language tended to be chosen as the most different. For
the search task, English speakers performed faster than Ndonga speakers detecting targets that
differed nominally from distractors, but slower than Ndonga speakers for targets that overlapped
nominally with distractors. The results are consistent with the differing category structures
producing differing perceptual representations of colour space. However, direct language effects
cannot be completely ruled out.

* Surface colours, basic categories, and the Bezold ^ Bru« cke effect
J Lillo, N G Pesta·a, H Moreira, I R Daviesô (Departamento de Psicolog|̈a Diferencial
y del Trabajo, Facultad de Psicolog|̈a, Universidad Complutense de Madrid, Pozuelo de
Alarcon, E 28223 Madrid, Spain; ôDepartment of Psychology, University of Surrey,
Guildford GU2 7XH, UK; e-mail: julillo@psi.ucm.es)

The presence of a Bezold ^ Bru« cke (B ^B) effect can be concluded when different hues are
perceived in response to equivalent dominant-wavelength stimuli but appear quantitatively differ-
ent. The results obtained in a monolexemic naming task showed that the perceptual importance
of the B ^B effect is bigger than commonly assumed and that this effect can be considered
essential to understand the perception of hue and the use of basic chromatic categories. To
exhaustively evaluate the influence of quantitative variables on hue perception, the full set of 1795
tiles contained in the NCS colour atlas was twice presented to nine observers, who had to use
one of the eleven Spanish basic categories to name each one. The 1623 tiles that produced
consistent responses allowed us to determinate the photo-colorimetric characteristics of the
Spanish basic colour categories. Our results agree with what Boynton and Olson observed for
English speakers twenty years ago. On the other hand, the use of the NCS Atlas instead of OSA
made possible a better colorimetric specification of achromatic categories. The 1305 tiles consis-
tently named with chromatic categories allowed us to observe important B ^B effects, especially
for a specific range of dominant wavelengths. More concretely, denominations of tiles with dom-
inant wavelengths between 566 nm (H � � 96:4) and 523 nm (H � � 328) were very much influ-
enced by reflectance.

* Does the choice of colour depend on psychiatric disorder or current mood?öA controlled
multicentered prospective study of a hundred psychiatric patients
G Gerlach, C Melliesô, W Klaas, J Bo« tel, S Schro« der (Centre for Psychiatry and Psycho-
therapy, University Hospital, Alexandrinenstrasse 1, D 44791 Bochum, Germany; ôCentre
for Psychiatry, Psychotherapy and Psychosomatic Disorders, Hermann-Simon-Strasse 10,
D 33334 Gu« tersloh, Germany; e-mail: cjmellies@t-online.de)

The relation between colour choice and mental state is a question of general interest. To date, there
are only a few studies on psychiatric patients including the psychometric examination of their
current mood. The psychiatric disorder was diagnosed according to ICD 10.

We included a hundred patients on two secluded wards and hundred controls. All of them were
asked to choose one out of forty-four colours, presented in a circle diagram. In addition, the current
mood was assessed by applying the self-estimation scale BfS (Befindlichkeits-Skala by von Zerssen).
The patients were grouped by diagnosis: schizophrenia, mania, depression, personality disorder,
dementia, alcoholism, and other substance abuse, respectively. There was a significant correla-
tion between an elevated mood and the yellow component of the chosen colours as well as a
negative correlation between a euphoric mood and the black component. In general, patients
chose more flashy colours than controls. Overall, bright yellow was preferred more often by
patients, compared to control persons, particularly by schizophrenic patients (430%). These
results are discussed with respect to current neurophysiological findings as well as Goethe's theory
of colours.

* Complementary chromatic induction and remote effects are predicted by an opponent-cell
model
S Semo, H Spitzer (Department of Biomedical Engineering, Faculty of Engineering,
Tel Aviv University, Tel Aviv 69978, Israel; e-mail: sarits@eng.tau.ac.il)

The mechanism for the colour induction effect is still in dispute. There is even no consensus as
regards the nature of colour induction. Several studies show the shift in colour appearance due
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to colour induction to be in a complementary direction to the inducing stimulus (eg Krauskopf
et al, 1986 Journal of the Optical Society of America A 3 1752 ^ 1757; Webster and Mollon, 1995
Nature 373 694 ^ 698). Previous studies showed in different paradigms some deviations from this
rule. The common notion was that a complementary colour shift must stem from a cortical
(high-level) origin, whereas an opponent colour shift is expected if the mechanism is a second-
order one, which presumably cannot produce a complementary colour shift. We show here that
a colour constancy model (Spitzer and Semo, 2001 Pattern Recognition in press) which is based
on opponent colour-coded cells, can predict the complementary colour shift in induction effects.
To further validate the predictions of the model, we are testing the shift caused in the perceived
colour of a central achromatic test stimulus, by a remote inducing colour field (not adjacent to it).
This experiment is designed as a variation on the nulling technique (Krauskopf et al, 1986 loco cit),
in which the subject is required to achromatise the colour of the test stimulus. Preliminary
results show a general trend towards the predicted complementary nature of shift in the perceived
colour. The results and their compatibility with the model are presented and discussed.

* Compression of colour-mapped images
Z Arnavut (Department of Mathematics and Computer Science, SUNY Fredonia,
227 Fenton Hall, Fredonia, NY 14063, USA; e-mail: arnavut@cs.fredonia.edu)

A colour-mapped (pseudo-colour) image is composed of colour information contained in a
look-up table, and pixel values that are indices, which point to colour values in the look-up table.
In most computer applications, images are used to help stimulate human visual perception. Since
a colour-mapped image utilises approximately one third of memory space of its corresponding
true-colour representation, colour-mapped images are used as user interface elements of most
windowing operating systems. Similarly, almost all the images on the Worldwide Web contain
one or more colour-mapped images. Colour-mapped images contain too a few colours such that
well-known linear predictive schemes, such as JPEG and CALIC, perform poorly when used
with colour-mapped images, while universal compressors, such as Bzip, Gzip, Pkzip, and Compress,
yield better compression gain. It is shown that the lossless compression technique for colour-
mapped images described here yields on average 8% better compression than block sorting coding
techniques such as Bzip, 15% better than Gzip, and 36% better than CALIC.

* Greek colour terms: evidence for a natural category boundary within blue
A Androulaki, N G Pesta·aô, J Lilloô, I R Davies (Department of Psychology, University
of Surrey, Guildford GU2 5XH, UK; ôDepartamento de Psicologia Differencial y del
Trabajo, Facultad de Psicolog|̈a,Universidad Complutense de Madrid, Pozuelo de Alarcon,
E 28233 Madrid, Spain; e-mail: annaandroulaki@hotmail.com)

Berlin and Kay [1969 Basic Color Terms: Their Universality and Evolution (Berkeley, CA: University
of California Press)] argued that all linguistic colour categories were drawn from a universal set
of just eleven categories, and that these were based on universal underlying physiology. The
clearest exception to the theory is that some languagesöRussian, Turkish and possibly Romance
languagesöhave two non-overlapping terms for the blue region, rather than the expected one.
Here we describe an investigation of Greek blue terms to see if two putative Greek blue terms
are basic; we compare the results to Russian and Turkish; and we test whether the category
boundary occurs at a naturally salient region in colour space by training English speakers to
learn the Greek terms. Galazio and ble met the criteria for basicness. They had high salience and
were used frequently and consistently by both bilingual Greek students in Britain and mono-
lingual Greek villagers. The terms were also produced faster than non-basic terms [cf Boynton
and Olson, 1987 Color Research and Application 12(2)]. The boundary also corresponded to the
Russian boundary, but not the Turkish. English speakers learned the Greek terms faster than an
equivalent novel boundary in the green region. We conclude that Greek has a twelfth basic term
that has formed around a natural division in psychological colour space.

* Blue-on-yellow increment and decrement sensitivity: effects of stimulus size and retinal
eccentricity
A G Vassilev, M B Vidinovaô, R S Andersonô (Institute of Physiology, Bulgarian Academy
of Sciences, Acad. G Bonchev Street, bl. 23, BG 1113 Sofia, Bulgaria; ôVision Science
Research Group, School of Biomedical Sciences, University of Ulster, Coleraine BT52 1SA,
Northern Ireland, UK; e-mail: angel@iph.bio.bas.bg)

Detection threshold was measured on a background consisting of a bright (360 or 600 cd mÿ2 )
yellow light and 1 or 3 cd mÿ2 blue light. The stimulus was a 100 ms luminance increment or
decrement over circular patches of variable size and retinal location. S-cone isolation at the
highest detection threshold was verified for these background-and-test stimuli. Systematic changes
in the increment/decrement threshold ratio with retinal eccentricity and stimulus size were found.
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With small-size stimuli, decrement thresholds were lower than increment thresholds at central
locations, were equal to them at intermediate locations, and higher than they for increments at
more peripheral points (15 deg or more). Large-size stimuli had generally the same thresholds.
The data support the notion of existence of separate ON and OFF S-cone pathways.
[Supported partially by the Bulgarian National Council of Scientific Research, Contract L803/98.]

* A study of colour naming by Japanese young children
T Mochizuki (Japan Women's University, 1-1-1 Nishiikuta, Tamaku, Kawasakisi,
Kanagawa 214-8565, Japan; e-mail: motizuki@ikuta.jwu.ac.jp)

In their study of cross-linguistic colour categorisation and naming, Berlin and Kay [1969 Basic
Color Terms (Berkeley, CA: Unversity of California Press)] proposed that (i) there is a restricted
universal inventory of such categories, and (ii) a language adds basic colour terms in a con-
strained evolutionary order. We investigated whether children learn new terms and concepts
for colours in approximately the same order as that in which languages/cultures have evolved
new `basic colour terms'. Experiment 1 shows that Japanese children aged 3 ^ 5 years can cite
eleven basic colour terms, but primary basics are cited at a higher rate (especially red) than
secondary basics, except pink and orange. Experiment 2 on matching basic colour terms with
colours demonstrated that red, yellow, white, black, and pink were easier to match correctly than
brown, purple, and grey. Green and blue were reciprocally confused. Giving a colour name to
each colour patch was more difficult for 3- and 4-year-old children than pointing to the most
suitable colour patch for the name. These results suggest the possibility that colour concepts were
acquired in the following sequential process in the case of most Japanese children: [red, yellow,
white, black, pink]4 [blue, green]4 [orange]4 [brown, purple]4 [grey]. The boundaries and focal
colour of each category were studied in experiments 4 and 5.

* Less effect of interfering figure in a different layer on colour assimilation
T Hasegawa, H Kondoô (Department of Psychology, University of the Sacred Heart,
4-3-1, Hiroo, Shibuya-ku, Tokyo 150-8938, Japan; ôDepartment of Pharmacoepidemiology,
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan;
e-mail: hasegawa@u-sacred-heart.ac.jp)

Previous findings suggested that the higher-level function was related to visual induction. To make
sure contribution of the central function to assimilation (de Weert and van Kruysbergen, 1997
Perception 26 1217 ^ 1224), we measured, on a TFT screen, colour induction quantity in five kinds
of assimilative figures with and without a dark gray distracting grating pattern which apparently
overlapped the assimilation figure in the same and the different layer. We adopted a new matching
method in which a test figure was surrounded by nine matching colours composed of small
unresolvable dots. Five sets of matching colours for a test figure were prepared. Four young well-
trained females participated as the subjects. Assimilation itself was clearer in open figures like
straight lines than in closed figures such as cross lines, and more effective in blue color than in
other colours. The distracting pattern in the different layer gave less effect but in the same layer
it provided a considerable effect. This fact suggests that colour assimilation is in some measure
affected by the central functionötop ^ down processing. The new matching method was easier
to use than the method of mixing R, G, and B primaries.

LIGHTNESS/BRIGHTNESS
* Anchoring in the illumination domain

S Zdravkovic, A L Gilchrist (Department of Psychology, Rutgers University,
101 Warren Street, Newark, NJ 07102, USA; e-mail: suncica@psychology.rutgers.edu)

When two parts of a single flat object are differently illuminated, observers give different lightness
matches for the two parts. These `patch matches' are well-predicted by anchoring theory. But
observers can also give a different match for the whole object. Previous work shows that the
object match does not agree with the patch in the special illumination (spotlight or shadow).
The problem can thus be reduced to an anchoring problem: finding the `normal' illumination.
We report a series of six experiments in which a display of five adjacent rectangles was either
suspended in midair or placed on a wall. Part of the display was covered with either a spotlight
or a shadow, so that each rectangle was divided by a penumbra. Overall, the results show object
matches based on a compromise between the patch in the largest field of illumination and the
patch in the field of highest illumination. This implies an elegant parallel between anchoring in the
illumination domain and anchoring in the lightness domain. Normal illumination (functionally)
depends on both the highest and largest fields of illumination, just as the anchor in lightness
(white) depends on both the highest and largest luminance within the field of illumination.
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* Experiments on new contrast patterns
D L R Marini, A Rizziô, C Gattaô (Dipartimento di Tecnologie dell'Informazione, Universita©
degli Studi di Milano, via Bramante 65, I 26013 Crema (Cremona), Italy; ôUniversita© degli Studi
di Brescia, via Monte Ortigara 79, I 25128 Brescia, Italy; e-mail: daniele.marini@unimi.it)

The appearance of two identical gray patches on black or white surround can vary according to
the spatial distribution of the patches. This illusion is common to well-known contrast effects
and any theory of visual perception has to deal with them. We present some new contrast
patterns that show unexpected effects with respect to other known ones and discuss possible
explanations of these visual effects. We consider three main explanation hypotheses that reduce
the interpretation to different visual tasks: centre ^ surround low-level visual tasks, higher-level
visual tasks, and multi-resolution processing. The new configuration proposed, a checkerboard
configuration with a gray square surrounded by black or white vertical and horizontal squares,
cannot be explained by the first two hypotheses. Moreover, it is not clear if multi-resolution
processing alone can explain this effect or if other low-level tasks should also be taken into
account. Multi-resolution hypotheses, proposed among others by John McCann, show that low-
pass filtering of the patch configuration exhibits the same behaviour as that observed at normal
resolution. We applied a multi-resolution analysis to the basic configuration and to some new
variants, with contradictory results. The variants introduce a variable-thickness white frame
around the gray patch. We also performed an observation test with ten students, to check the
effectiveness of the appearance shift, and found that the test data agree.

* Apparent brightness of a transparent border depends on phase congruency
A Perna, C Morroneô (Scuola Normale Superiore and Istituto di Neurofisiologia
del CNR, via G Moruzzi 1, I 56127 Pisa, Italy; ôUniversita© `Vita-Salute' San Raffaele
Milano, via Olgettina 58, Milan, Italy, and Istituto di Neurofisiologia del CNR, Pisa,
Italy; e-mail: perna@cibs.sns.it)

Previous experiments with complex quantised faces and checkerboards have shown that, by
altering the phase spectra at the edges of the images, it is possible to induce a perception of
transparency. Here we investigated if phase spectra could also explain the transparency percept
of simple images comprising only four different luminance levels, as in the case of Metelli's
illusion. We measured the apparent contrast of a luminance border that could be interpreted as
seen through an achromatic semitransparent patch, varying the reflectance of the transparent
surface (Metelli's transparency). When the object appears to be transparent, perceived contrast is
less than physical contrast. Interestingly, when the transparency illusion occurs, the phases
between low and high spatial frequencies at the border of the transparent surface differ by about
1808, signalling the presence of an edge of inverted polarity. Eliminating the phase discordance
by band-pass filtering the original images produces a reduction of the apparent contrast of
the border and an increased perceptual opacity of the surface, supporting the idea that phase
congruence between scales may play a crucial role in the perception of transparency.

* Playing with luminance gradients: a phenomenological overview
D Zavagno (NEC Research Institute Inc., 4 Independence Way, Princeton, NJ 08540, USA;
e-mail: dzavagno@research.nj.nec.com)

Several luminance-gradient effects are considered; similarities and differences among them are
discussed by means of phenomenological demonstrations. The goal is to approach a taxonomy
based both on the geo-photometric features and on the phenomenal outcome of those configu-
rations. A major focus is on the glare effect (Zavagno, 1997 Perception 26 Supplement, 26 ^ 27)
and on the phantom illumination illusion [Zavagno, 2000 Investigative Ophthalmology & Visual
Science 41(4) S229]. These two illusions have similar physical properties and also the perceptual
outcome can be considered to fall under the same category, since they both produce a brightness
enhancement of a region surrounded by luminance ramps. Yet they appear to diverge both in the
nature of the perceptual outcome and for the kind of influences due to configuration features.
It is discussed whether the model that appears to be able to account for the glare effect, and
for the perception of luminosity in general (Zavagno and Caputo, 2001 Perception 30 209 ^ 222),
can be extended to the phantom illumination illusion and to other gradient effects.

SHAPE
* Comparison of perceptual reversals with rotating and static versions of the Necker cube

G A Hamilton, S Wilson, P A Goddard (Department of Psychology, University of Lincoln,
Brayford Pool, Lincoln LN6 7TS, UK; e-mail: ghamilton@lincoln.ac.uk)

Apparent changes in direction-of-rotation of a Necker cube (NC) signify perceptual reversals
(PRs) equivalent to perspective reversals experienced when viewing a static NC. Rotations of
20 turns minÿ1 generate the same number of PRs as the static NC (Gorea and Agonie, 1997
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Vision Research 37 2195 ^ 2206). We wanted to know if the pattern of reversals during an
observation interval would also be the same. For the static form the rate of PRs increases during
a fast phase and then becomes constant after 2 ^ 3 min during a slow phase (Borsellino et al,
1972 Kybernetik 10 139 ^ 144).

In our experiment, ten observers recorded PRs viewing rotating and static NCs in six 5 min
observation intervals, respectively. Surprisingly, we found no evidence for the fast and slow
phases, but each observer's performance fell into one of three distinctive patterns: (i) rotating
NC generates far more PRs than static NC; (ii) rotating NC generates about the same number
of PRs as the static NC; (iii) rotating NC generates far fewer PRs than the static NC. We suggest
that in (i) motion aliasing increases the PR rate and that in (ii) a common mechanism is respon-
sible for generating PRs in the rotating and static NC, but in (iii) motion inhibits PRs. These
findings are considered in the context of the integration of shape and motion cues.

* 3-D shape modeling of objects with concavities
M Kampel, R Sablatnig, S Tosovic (Pattern Recognition and Image Processing Group,
Vienna University of Technology, Favoritenstrasse 9/183-2, A 1040 Vienna, Austria;
e-mail: kampel@prip.tuwien.ac.at)

In excavations, a large number of sherds of archaeological pottery is found. Since the documentation
and administration of these fragments represent a time-consuming and personnel-intensive effort,
we have constructed a computer-aided documentation system for archaeological fragments to
form the basis for subsequent semi-automatic classification and reconstruction. In addition, the
use of virtual-reality models will greatly enhance the perception of reconstructed sites.

An algorithm for the automatic reconstruction of a 3-D model of archaeological vessels is
presented. To acquire the shape of objects with handles in 3-D is complicated, since occlusions
of the object's surface are introduced by the handle and can only be resolved by taking multiple
views. Therefore, the 3-D reconstruction is based on a sequence of images of the object taken
from different viewpoints. The object's silhouette is the only feature which is extracted from an
input image. Images are acquired by rotating the object on a turntable in front of a stationary
camera. The algorithm uses an octree representation of the model, and builds this model incre-
mentally, by performing limited processing of all input images for each level of the octree.
Results obtained with this algorithm are presented for both synthetic and real input images.

* Is global shape sufficient for automatic object identification?
R Job, R Dell'Acquaô (Department of Developmental Psychology, University of Padua,
8 via Venezia, I 35131 Padua, Italy; ôDepartment of Human Sciences, University of Ferrara,
38 via Savonarola, Ferrara, Italy; e-mail: remojob@psico.unipd.it)

We report two experiments that investigate the critical features of an object shape that automatically
elicit recognition. Silhouettes of real objects (targets) and meaningless patterns (fillers) in both
canonical and noncanonical formats were presented to subjects, in an attempt to test whether
information about the global shape of an object was sufficient for automatic object identification.
In experiment 1, target ^ filler discriminability was evaluated by means of a reality ^ decision
task. In experiment 2, subjects had to perform an elongation ^ decision task, previously shown to
be sensitive to the influence of automatically activated object identities (Dell'Acqua and Job,
1998 Psychonomic Bulletin & Review 5 496 ^ 503). Contrary to the previous findings, the present
study shows that, although silhouettes were identified with surprisingly good accuracy in the
reality ^ decision task, the effects of object identity on the elongation ^ decision task were negligible.

* Modeling orientation effects in amodal completion
C Fantoni, F Sgorbissa, W Gerbino (Department of Psychology, University of Trieste,
via Sant'Anastasio 12, I 34134 Trieste, Italy; e-mail: fantoni@psico.univ.trieste.it)

According to our dynamic model of visual interpolation [Gerbino and Fantoni, 2000 Investigative
Ophthalmology & Visual Science 41(4) S441], the interpolation trajectory results from the vecto-
rial combination of two local factorsögood continuation (GC) and minimal path (MP)ö
weighted by global factors like orientation and form regularity. Previous data (Gerbino et al,
2000 Abstracts of the Psychonomics Society 5 82) indicate that the differential effect of orientation
on GC and MP is mediated by form regularity. To test this hypothesis we estimated the interpo-
lation trajectories when either GC or MP were tilted relative to the vertical. Displays contained
symmetrically or asymmetrically occluded right angles in which the MP tilt (series 1) or the GC
tilt (series 2) was systematically varied. For each experimental display observers adjusted the
position of long probe lines with three different slopes, selected according to the size of the
MP ^GC angle. The comparison of results obtained in series 2 versus series 1 is consistent with
the hypothesis that orientation affects GC more than MP. The direction of the effect suggests
that form regularity affects visual interpolation, as predicted by our dynamic model.
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* Priming of multiple completions of partly occluded quasi-regular forms
T C J de Wit, R J van Lier (Nijmegen Institute for Cognition and Information,
University of Nijmegen, Montessorilaan 3, NL 6525 HR Nijmegen, The Netherlands;
e-mail: t.dewit@nici.kun.nl)

Our earlier research on more natural cases of occlusion showed that the visual system completes
at least some quasi-regular forms in a global way. However, there is not one specific global
completion for an occluded quasi-regular form, but rather a range of plausible global comple-
tions. Therefore, the question was raised whether there is a perceptual relevance for multiple
global completions of quasi-regular occluded forms. This was investigated by manipulating the
degree of globality, by using metrical variations for the completed part of an occlusion stimulus,
in a primed-matching experiment. In this paradigm, a prime is presented before the participants
have to make a judgment on the similarity of two forms (the test pair), where primes congruent
with the test pairs sped up the decision. We showed participants a partly occluded form as a
prime (with a prime duration of 500 ms), which should facilitate the response on the test pairs
that are congruent with the completed form of the occluded prime. The test pairs consisted of
the various globally completed forms. Occlusion primes speeded up responses for the more
global test pairs. The results support the notion that quasi-regular occluded forms give rise to
multiple global completions.

* The effect of figural texture on size perception
H J Kim, K Noguchiô (Design Psychology Unit, Chiba University, 3-25-40 Sakurajousui,
Setagaya-ku, Tokyo 156-8550, Japan; ôDepartment of Psychology, Nihon University, 3-25-40
Sakurajousui, Setagaya-ku, Tokyo 156-8550, Japan; e-mail: hyeonjeong1014@hotmail.com)

Our previous study demonstrated, on the example of Mach's square and diamond, that the size
of a simple geometrical figure with different shapes was perceived differently even when shapes
were equal in area, and that the perceived size of a shape was influenced by a surround figure
or the background enclosing the shape. In the present study, we examined how the perceived
size of textured shape was affected by changing elements of the texture. Dot and horizontal
stripes, black on white ground, used as elements were changed in number, diameter, or width in
three steps. The method of paired comparison was applied to measure the perceived size of the
textured square. We found that textural characteristics influenced the perceived size of the square.
The dotted square tended to appear larger than the striped square; the square was perceived
larger as the elements of the texture became larger and the number of the elements decreased,
with some exceptions. These findings suggest that the ratio of the area of the elements to that
of the square, black-to-white ratio, is one of the most important factors determining size perception.

* The perception of neon colour spreading among three kinds of primate
Y Nagasaka, Y Osadaô (Department of Psychology, Rikkyo University,
3-34-1 Toshima-ku, Nishi-Ikebukuro, Tokyo 171-8501, Japan; ôDepartment of Brain
and Cognitive Sciences, Massachusetts Institute of Technology, 400 Main Street,
Cambridge, MA 02139, USA; e-mail: nyasuo@rikkyo.ac.jp)

Watanabe and Sato (1989 Perception & Psychophysics 45 427 ^ 430) have suggested that the
perceptual processes of subjective contours and transparency participate in the perception
of neon colour spreading. These perceptual phenomena are thought to affect each other in
surface perception in the primary visual system. Therefore, research on neon colour spreading
would throw light on the early visual processes concerned with surface representation. So far,
most experimental studies on neon colour spreading have been performed on humans. However,
when focusing on early visual systems, it is important to examine visual perception in species
that have simpler brain structure than humans. We examined the perception of neon colour
spreading in squirrel monkeys, rhesus monkeys, and humans using a matching-to-sample task.
The matching stimuli were induced by neon colour spreading stimuli composed of cross-hatched
lines. Performance varied with the thickness and spacing of the lines, and with the luminance
ratio of the inner-to-outer segments. The results were similar, and identical psychometric func-
tions were obtained for the three species. The results show that the perception of neon colour
spreading evolved in common among the three kinds of primate. This suggests that surface
representations like neon colour spreading, subjective contours, transparency, and amodal com-
pletion stem from simpler mechanisms than has hitherto been thought.

* Effect of complexity and ordinal transformations of luminance on binocular shape perception
H Boyaci, LT Maloney (Department of Psychology and Center for Neural Science, NewYork
University, 6 Washington Place 877, NewYork, NY 10003, USA; e-mail: boyaci@cns.nyu.edu)

Several studies in literature suggest hints of better shape estimations in complex scenes. We are
testing the effects of scene complexity and ordinal transformations of luminance on shape
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perception. An observer judged the surface normal of computer-rendered ellipsoids at preset
locations in four scenes with varying complexity, where complexity is defined by the number of
ellipsoids present, and with two ordinal transformations which were power functions of inten-
sityöone compressive, one expansive. Stimuli were rendered stereo image pairs presented in a
computer-controlled Wheatstone stereoscope. All ellipsoids had the same colour and surface
reflectance function, which is Lambertian � specular (specularity 0.001). Observer completed 400
trials by adjusting a monocular gradient probe to estimate the surface normal at preset locations
with 10 repetitions for each. One observer completed the task. In the range of ordinal trans-
formations and complexities employed, we find no discernible effect. Under certain conditions,
however, such as an additional ellipsoid casting shadow on target, observer's judgment is sub-
stantially influenced around such a shadow boundary. Our findings suggest that human shape
algorithm uses only ordering of luminance values in binocular shape-from-shading/contour/
specularity and that a single ellipsoid is complex enough to permit stable reconstruction.

* Categorisation of dynamic objects
S Huber, F N Newellô, C Wallraven½ (Friedrich Miescher Laboratory of the Max Planck
Society, Spemannstrasse 34, D 72076 Tu« bingen, Germany; ôDepartment of Psychology,
Trinity College, University of Dublin, Dublin 2, Ireland; ½Max Planck Institute for Biological
Cybernetics, Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: susanne.huber@tuebingen.mpg.de)

We investigated the role of static and dynamic object properties in a categorisation task. The
question was whether dynamic properties can be used to the same extent as static properties.
Sixteen participants were presented with computer-generated objects varying systematically in
four attributes. The static attributes were 3-D shape and colour, and the dynamic attributes were
path on a 2-D plane and motion pattern (eg rotating, swinging). In the learning phase, partic-
ipants were instructed to learn two categories via feedback from a sample of six objects consist-
ing of two prototypes, two objects with one static and two objects with one dynamic cue from
the other category. In the test phase, participants had to categorise objects from a new sample
of eight objects with four objects having one attribute from the other prototype and four objects
with two attributes from each prototype. Overall, participants used both static and dynamic
cues for categorisation, showing no bias towards one or the other. There was, however, a signifi-
cant bias towards the type of action used, showing that subjects paid more attention to motion
pattern than to the path. Our results are discussed with emphasis on the relative importance of
static and dynamic cues in object categorisation.

* Perception of structure from motion across the changing orientation
R Sikl (Institute of Psychology, Academy of Sciences, Veveri 97, CZ 60200 Brno,
Czech Republic; e-mail: sikl@psu.cas.cz)

It is a well-known fact that the perceptual discrimination of the length of two stimuli presented
in the image plane is remarkably accurate, whereas the same stimuli oriented along the line of
sight are perceptually ambiguous. An experiment was carried out to examine the length percep-
tion of 3-D moving objects between these extreme orientations. Subjects viewed two nonparallel
half-ellipsoids oscillating about a vertical axis. The orientation of mutually nonparallel objects
was varied from possible values of 128, 208, 288, 368, and 448 angles relative to Z direction (ie ten
combinations of orientation in sum). The objects differed up to 20% in length from base to
apex. Observers compared the 3-D length in unequal orientation.

Discrimination thresholds obtained in a stretching tasks experiment were around 11%. The
thresholds were slightly higher in the case of 128 orientations, but in general the accuracy did
not improve significantly as the object's orientation was gradually increased from 128 to 448.
Neither a systematic bias to perceive the more slanted object also as a deeper one nor an
influence of the amount of nonparallelity on performance were observed. When the deviation
from the Z direction is at least �208, the perceived structure of moving objects remains stable
across the changing orientation.

* New size illusion: Does the increase of perceived depth lead to the decrease of perceived width?
K Miura, S Taya (Department of Psychology, Kyushu University, 6-19-1 Hakozaki,
Higashi-ku, Fukuoka 812-8581, Japan; e-mail: miura@lit.kyushu-u.ac.jp)

In the Oppel ^Kundt illusion, a divided extent is overestimated in comparison to an undivided
extent. Miura and Inoue [1999 Japanese Journal of Psychonomic Science 18 194 (abstract in Japa-
nese)] found that the amount of overestimation substantially decreased when the dividing lines
were distributed in an extent with a texture gradient from the centre to the ends. That is, when
observers perceived the divided area as a three-dimensional curved surface like a cylinder, the
width of the extent was perceived smaller than when they perceived the area as a flat stripe.
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In the present study, we examined the relation between the perceived depth and width using
squares divided by vertical lines whose widths and intervals gradually narrowed from the centre
to the ends. Seven kinds of changing rate of the texture gradient were used. The results showed
a high negative correlation (r � ÿ0:98) between the perceived depth and width. Additional
experiments in which squares with a gradient of dot density and luminance were used confirmed
this result. This suggests that the new size illusion of this type is caused not by the occlusion of
the space or the irregularity of the divided extent but by the perception of shape from texture
or shading.

SPACE AND SCENE PERCEPTION
* Dissociations of visual integration deficits in early DAT

M M Del Viva, R Lauro-Grottoô, C Piccini½ (Dipartimento di Psicologia, Universita©
di Firenze and Istituto di Neurofisiologia del CNR, via G Moruzzi 1, I 56010 Pisa, Italy;
ôDipartimento di Psicologia and ½Dipartimento di Neurologia, Universita© di Firenze,
via Morgagni 85, I 50100 Firenze, Italy; e-mail: michela@in.pi.cnr.it)

Subject DB suffers from an early dementia of the Alzheimer type (DAT). MRI scans of her
brain reveal a very mild generalised atrophy while an asymmetric hypoperfusion of the right
occipito-parietal cortex is evident at cerebral SPECT imaging. Her neuropsychological profile is
characterised by a selective and profound impairment in all visual tasks requiring the integration
of local elements into a unitary percept: she is unable to report the global level of hierarchical
stimuli, she does not perceive illusory contours, and cannot identify degraded and overlapping
figures. We measured her thresholds for the detection of a closed chain of Gabor patches as a
function of the background noise for different values of local interelement distance in the target.
DB showed a consistent reduction of the integration thresholds for all the measured conditions
when compared to normal subjects. However, her performance also differs from the one of a
clinically very similar DAT patient, MC, at shorter interelement distances. Interestingly, MC and
DB also differ in their ability to perceive biological motion. We discuss the two patients profiles
in the light of a neurophysiological hypothesis assuming interactions between temporo-parietal
neuromodulatory top ^ down signals and occipital bottom ^ up integration processing.

* Global and local analysis of rotated letters during their simultaneous and successive
presentation
F S Marucci (Department of Psychology, Universita© `La Sapienza' di Roma,
via dei Marsi 78, I 00185 Rome, Italy; e-mail: francesco.marucci@uniroma1.it)

Several studies have shown a decrease in response time when subjects are requested to analyse
global characteristics of the stimulus when the targets appear within hierarchically organised
patterns. Conversely, response time is generally found to be longer in local analysis of visual
configurations. These results have been explained by postulating an increased attentive effort or
more detailed processing of perceptual information. The perceptual system first performs an
analysis of the global configuration and only then analyses information regarding the local
elements. In the case of local analysis the processing of the configuration seems to take longer to
provide a response. Two experiments were carried out on local and global processing, the first
to study the influence of simultaneous presentation of stimulus pairs and the second to examine
the effect of successive presentation of the pairs of letters in visual comparison tasks by assessing
similarities and differences. In both experiments the Shepard's mental-rotation paradigm has
been used to control the orientation effect on the local and global analysis during same and
different judgment.

* Contextual influences on object recognition
A Torralba, P Sinha (Department of Brain and Cognitive Sciences, Massachusetts
Institute of Technology, E25-225, 45 Carleton Street, Cambridge, MA 02142, USA;
e-mail: torralba@ai.mit.edu)

Much of the work so far on object recognition has focused on isolated objects devoid of context.
This is surprising since visual contextual cues appear to play an important role in our ability
to recognise objects. Notwithstanding the intuitive plausibility of contextual influences on object
recognition, formal experimental evidence on this issue is still mixed. In a series of experiments, we
have attempted to test for the existence of contextual influences on object recognition. An important
characteristic of our experiments is that the stimuli used are blurred, which corresponds to
ecologically viewing conditions such as haze, rapid scanning, and long viewing distances. The
results provide evidence of strong contextual priming for objects when they are immersed in their
typical environment. Under degradation, background features provide more relevant information
about object identities than the object intrinsic features. We propose a probabilistic framework
for modeling contextual influences. We represent context in terms of the spatial layout of spectral
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components that provides relevant contextual information and dispenses with a prior step of
object recognition. The resulting scheme serves as an effective procedure for object priming,
context-driven focus of attention, and automatic scale-selection on real-world scenes.

* Perisaccadic compression after saccade adaptation
H Awater, D C Burrô, M E Goldberg½, M Lappe, C Morrone# (Department of General
Zoology and Neurobiology, Ruhr University Bochum, Universita« tsstrasse 150, D 44780 Bochum,
Germany; ô Istituto di Neurofisiologia del CNR, via G Moruzzi 1, I 56010 Pisa, Italy;
½Department of Neurology, Georgetown University School of Medicine,Washington, DC 20057,
USA; #Istituto di Neurofisiologia del CNR, and Universita© `Vita Salute', via Olgettina 58,
Milan, Italy; e-mail: awater@neurobiologie.ruhr-uni-bochum.de)

Is the perisaccadic compression of space observed with briefly flashed objects driven by motor
parameters of the eye movement or by the visual image of the saccade target? To distinguish
these two possible contributions, we studied perisaccadic localisation after saccade adaptation.
Three subjects performed rightward saccades in front of a computer monitor. During saccade
execution, the saccade target jumped to a new position (either leftward or rightward, always
constant in a given session). After a few trials, subjects adapted their saccade amplitudes and
readily directed their saccades to the new target position. Before, during, or after the saccade a
vertical bar flashed for 4 ms at a random position. Subjects verbally indicated the perceived
position of the bar on a horizontal ruler. Perisaccadic compression obtained with normal
saccades also occurred with adapted saccades. Perceived positions clustered near the saccade
endpoint. However, in the adapted state mislocalisation also occurred long (4300 ms) before the
saccade. This adaptation-related mislocalisation was position-dependent, ie it occurred mainly in
the adapted part of space, and resulted in an overall shift of perceived position in the direction
of the adaptation. Relative to this overall shift, perisaccadic mislocalisation (starting 50 ms
before the saccade) showed a pattern of errors that indicated compression towards the initial
saccade target.
[Supported by HFSP-RG0149/1999B.]

* Local and lateral interactions in striate cortex: towards a comprehensive model
N Guyader, J Herault (Laboratoire des Images et des Signaux, Institut National Polytechnique
de Grenoble, 46 avenue Fëlix Viallet, F 38031 Grenoble, France; e-mail: nguyader@lis.inpg.fr)

After the retinal preprocessing, images are treated in V1 by a bank of filters (ie locally projected
onto a non-orthogonal set of functions). These functions code basic cues (spatial frequency,
orientations), in the same way that the retina uses three (L, M, S) photoreceptors to analyse
colour. In the retina, the photoreceptors are nonlinear, adaptive, and submitted to further inter-
actions which give rise to colour-opponent channels more orthogonal and more suitable for
coding. We argue that the cortical feature detectors are likely to follow the same (but rather
more complex) scheme. We present a model of local and lateral cortical interactions under a
general framework which can account for figure ^ ground separation, perceptual grouping, after-
effects, or normalisation. In this model, the interactions are driven by the signal itself, as well
as by higher-level attentional processes. We illustrate its behaviour in one example of figure ^
ground assignment: a test image of aligned oriented patterns among nonaligned ones is
presented. The model shows clearly (i) an enhancement of the aligned patterns, (ii) a strong highlight
of the extremities of the alignment.We are currently using this model in the preprocessing of images
for purposes of scene analysis and categorisation in computer vision.

* Do different eye heights improve object localisation while moving in a virtual environment?
C Favre, B Baumberger, M Flu« ckiger (Experimental Psychology Laboratory, FPSE,
University of Geneva, 40 bd du Pont d'Arve, CH 1205 Geneva, Switzerland;
e-mail: Caroline.Favre@pse.unige.ch)

Our purpose was to compare the accuracy with which children and adults locate landmarks while
moving towards them from different eye heights in a simulated environment. As the eye height
rose, depth perception and the possible use of ground texture were facilitated. Three groups of
sixteen subjects (children 8 and 10 years old, and adults) were shown short motion sequences,
representing a fixed line of three simplified trees (FT) plus two additional trees (AT) with varying
positions. The sequences were shown at four eye heights (1.25, 1.6, 3.2, and 16 m). After viewing
each displacement sequence in perspective, subjects were asked to replace both additional trees
on the screen, on a plan-view showing only the fixed trees. The absolute distance between the
given position and the position at which subjects placed the additional trees diminished with
age and with the rise in eye height. Depth error also decreased with rise of eye height, whereas
lateral error was not influenced by it. All subjects showed a tendency to place the trees closer
than they actually were when presented. This underestimation occurred both for the lateral and
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in-depth position of the additional trees. We conclude that adults and 10-year-olds were better
than the 8-year-olds at localising the position in depth of objects, whereas both groups of children
were better than the adults for lateral localisation.
[Supported by Swiss FNRS Grant 1114-57239.99.]

* A visual space mapping: Evidence of cross talk between action and perception
B F M Marino, N Stucchi (Dipartimento di Psicologia, Universita© degli Studi di Milano-
Bicocca, piazza dell'Ateneo Nuovo 1, I 20126 Milan, Italy; e-mail: barbara.marino@unimib.it)

In order to map the structure of visuospatial representation we applied a line-reproduction task
to young right-handed and left-handed adults. Participants were given a computer-generated line,
designated only by its endpoints, and were requested to position the cursor so as to reproduce
the given line in a mirror-like manner. The two endpoints, one of which was always centred
on the body midline and served as fixation point, were presented at three different distances and
in eight different orientations. We found that the mean reproduction length was significantly
influenced by both the distance between the two original points and their orientation. Increasing
the distance to reproduce led the subjects to robustly underestimate the reproduction length.
For right-handed individuals, underestimation was significantly greater when reproduction was
performed in the left hemispace. The mean reproduction inclination was not influenced by either
the distance between the two original points or their orientation. Differences between right-
handed and left-handed subjects as well as right ^ left asymmetry within dextrals are interpreted
in terms of influence of unfolding procedural knowledge on visuospatial representation processing.

* Centroid bias evident in separation judgments is absent from the judgments of orientation
T Seizova-Cajic, B Gillam (School of Psychology, University of New South Wales, Sydney,
NSW 2052, Australia; e-mail: tatjanas@student.unsw.edu.au)

If the endpoints of an interval are embedded in two separate clusters of similar elements, their
perceived separation is biased towards the separation between the centres of the clusters (Morgan,
Hole, and Glennerster, 1990 Vision Research 30 1793 ^ 1810), which these authors attribute to a
bias in perceived position towards the cluster centroid. We conducted a study to determine
whether the same contextual bias influences orientation judgments. In experiment 1, each of the
two points (7 min of arc) was embedded in a circular cluster (d � 100 min of arc) of identical
elements except for a difference in colour. The clusters were 3.5 deg apart, with alignment �14 deg
from the horizontal. A staircase method was used to measure the perceived orientation of
an imaginary line through the target points (in comparison to the context-free standard). Offsets
of the points from the cluster centres were �52 min of arc and 0. A similar method was used in
experiment 2 to test the separation bias.We found a mean bias of about 30 min of arc for perceived
separation, confirming the results of Morgan et al, but no bias for orientation. We conclude that
perception of relative distance (separation) and that of direction (orientation) seem to be subject to
different contextual constraints and not to be derived from a single position signal.

* Heading judgments for a passive observer virtually displaced at different eye heights
B Baumberger, M Flu« ckiger (Experimental Psychology Laboratory, FPSE, University
of Geneva, 40 bd du Pont d'Arve, CH 1205 Geneva, Switzerland;
e-mail: Bernard.Baumberger@pse.unige.ch)

Relative motion among objects perceived from pedestrian eye height is maximal and efficient
for heading in virtual environments. However, this information may decrease when spatial separa-
tion of objects increases. In previous experiments we showed that when a `driver' has to maintain
control of his trajectory, eye elevation does not improve heading. In this experiment we tested if a
`passenger' can obtain a major benefit from elevation, presumably using different sources of informa-
tion. Stimulus trials simulated locomotion of a `passenger' across a tree-filled plane with a pursuit
fixation display while a camera aimed at a central tree on the screen. Subjects were presented with
short motion sequences showing a group of simplified trees from three different eye heights (1.6, 16, and
32 m). Their task was to indicate when they perceived they were looking left or right of their path of
movement (nominal judgments). The angle between gaze and the simulated direction of movement
varied between �18, �38, and �98. Thresholds were calculated from instantaneous heading responses.
Performances are almost similar at the two higher eye heights and worse than those at the lowest
elevation. The difference in heading between the eye height at 1.6 m and 16 m is close to being
significant ( p 5 0:08), whereas it is significant between the former height and 32 m ( p 5 0:05).
It seems reasonable to postulate that, when texture compression in depth is reduced as a result of
eye elevation, the layout surface may become a more reliable source of information. This assumption
still has to be confirmed with eye recordings. However, the effect seems to agree with the observation
that passengers pay less attention to local relative motions attributed to the trees than does the driver.
[Supported by Swiss FNRS Grant 1114-57239.99.]
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* Complex stimuli and recognition time
M L F de Mattiello, A Delfino (Consejo Nacional de Investigaciones Cient|̈ficas
y Tëcnicas, Laboratorio de Investigaciones Visuales, Jun|̈n 956 (1113), Buenos Aires,
Argentina; e-mail: info@fundvis.org)

When identifying visual stimuli, observers use different recognition times (RTs) and specific
cues according to the complexity of the task. These RTs can be reduced if adequate chromatic
signals are presented. Continuing with the investigation of this subject, 44 scenes of varying
degrees of complexity were studied in four experimental sessions. First, investigations were made
in order to measure the time required by the observers to recognise the chosen experimental
material: after 3 s recognition was nil, after 8 s there was a 50% success rate, and after 15 s 100%.
Then, a weak colour was applied to identical scenes on characteristic and non-characteristic
cues, achieving a reduction in RT of 30% and an increase of successful recognition by 50%,
respectively. Immediately afterwards, non-grouped images of four different scenes were presented
and the observers were asked to say which matched with which. According to the degree of
difficulty, this task took 5 ^ 16 s. Finally, the observers were presented with four new scenes taken
from different viewpoints and distances. The task consisted in recomposing them. Here the
observers took 40 ^ 100 s. The RTs were influenced by organisation, scale, and the viewpoint of
the scenes, showing that there are strong restrictions in composing complex images. The varia-
bility observed in those RTs between 5 s and 100 s can be considered as an index of the dynam-
ics of neuronal interaction produced in recognition tasks. These rates can be reduced if there is
an adequate use of colour, owing to the preattentive character of colour, that directs attention.
In the situations analysed, it was observed that the cues did not add up or average out as occurs,
for instance, in depth estimation.

* Do we drive better at a higher elevation in virtual environments?
M Flu« ckiger, B Baumberger (Experimental Psychology Laboratory, FPSE,
University of Geneva, 40 bd du Pont d'Arve, CH 1205 Geneva, Switzerland;
e-mail: Michelangelo.Fluckiger@pse.unige.ch)

We measured observers' ability to adjust their heading direction at different eye heights and
with simulated pursuit fixation on one target. In a previous experiment, using the same display,
we established that passively driven observers performed better with decreased elevation. However,
in driving most attention might be allocated to relative object motion, while other information
related to global flow is used less effectively. Stimulus trials simulated locomotion across a textured
plane with trees, and with fixation on a central tree. The task was to adjust heading by moving
a mouse in the direction of the fixation tree. Each trial consisted of a 12 s motion sequence
showing a group of trees observed from four different eye heights (1.25, 1.6, 3.2, and 16 m).
Thresholds were computed from adjustments of heading responses. At lower eye heights (1.25
and 1.6 m) heading errors were smaller than 48 and closer to accustomed values, but at higher
eye heights thresholds increased to 88 of angle. Drivers do not appear to benefit from the
decrease in texture compression with increase in elevation because they have to keep their gaze
oriented towards the trees to be reached. In future research we will investigate this assumption
with eye records to establish if comparatively less time is spent exploring layout surface in this case.
[Supported by Swiss FNRS Grant 1114-57239.99.]

* Influence of object background on spatial-frequency processing
GGiraudet, C Roumesô (Essilor International, R&D Optique, Service d'Optique Physiologique,
57 Avenue de Condë, F 94106 Saint Maur, France; ô Institut de Mëdecine Aërospatiale du
Service de Santë des Armëes, BP 73, F 91223 Brëtigny-sur-Orge Cedex, France;
e-mail: giraudeg@essilor.fr)

It is well established that visual information is analysed through various spatial-frequency tuned
channels. In natural scenes, the optimal spatial-frequency range for object recognition changes
according to the perceptual demand, providing evidence of visual flexibility (Giraudet, Roumes,
and Plantier, 2000 Perception 29 Supplement, 82 ^ 83).We examined whether object background also
determines spatial-frequency processing. Filtered images (0.8 to 12.8 cycles degÿ1) of objects on
natural or uniform environment were briefly displayed (50 or 150 ms). The subjects had to choose
among four targets which one had been displayed. Results showed that the optimal or diagnostic
spatial frequency (ie the performance peak) varied with the object background. Furthermore, the
differences of performance between large and small objects were background-dependent. Taking
into account the influence of object background on spatial-frequency processing could explain
opposite results in the literature concerning the relative contribution of various spatial-frequency
bands to object recognition (Parish and Sperling, 1991 Vision Research 31 1399 ^ 1415; Alexander,
Xie, and Derlacki, 1994 Journal of the Optical Society of America A 11 2375 ^ 2382).
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* Lateralised effects of target location and hand used on reaction times in finger-lifting
and manual aiming tasks
M Ishihara, K Imanaka, I Kita (Department of Kinesiology, Graduate School of Science,
Tokyo Metropolitan University, 1-1 Minamiosawa, Hachioji, Tokyo 192-0397, Japan;
e-mail: ishihara-masami@c.metro-u.ac.jp)

We investigated whether the reaction times of both finger-lifting and manual aiming at a visual
target appearing on a touch-panel monitor were affected by either the spatial location (left,
centre, or right) of the target or hand (right or left) used. Subjects were asked to either quickly
lift the index finger from a computer-mouse button after the target onset, or touch the centre
of the target by quickly moving the finger from the button after the target onset. RTs were
measured for both finger-lifting and manual aiming, and differential RTs were calculated by
subtracting the finger-lifting RTs from the aiming RTs. The differential RTs indicate the informa-
tion-processing time needed for preparing motor action per se, rather than the initiation, of
manual aiming. An ANOVA performed on the differential RTs showed a significant interaction
between the hand and the spatial location. The differential RTs for the right target appeared shorter
than those for either the left or central target when the right hand was used, and vice versa when the
left hand was used. Moreover, the differential RTs for the left hand were generally shorter than
those for the right hand. In contrast, the finger-lifting RTs appeared significantly shorter for the
central target than either the left or the right target. This was the case for both hands. Shorter
differential RTs for the ipsilateral target than for contralateral and central targets imply that the
preparation of aiming movement is mediated by information processing of the spatial nature of
visual targets. Furthermore, superiority of the left hand over the right hand in differential RTs
suggests right-hemisphere dominance in preparing aiming movements.

* How human performance in finding a way in an environment is related to spatial abilities
M Ohmi (Kanazawa Institute of Technology, 3-1 Yakkaho, Matto, Ishikawa 924-0838,
Japan; e-mail: ohmi@his.kanazawa-it.ac.jp)

Substantial individual differences are observed in finding a way in a real-world environment.
Two factors have been regarded as crucial for successful wayfinding: learning routes in the envi-
ronment and acquiring a cognitive map of the environment. Although it has been documented
in the literature on developmental psychology that the development of these abilities is related
to that of other spatial abilities for an individual child, it is not clear whether this account also
holds for adults. Here a study is reported of the relationship between wayfinding abilities and
spatial abilities of adult observers. Wayfinding abilities were assessed by the performance
in learning a route and acquiring a cognitive map in a virtual maze without landmarks. Spatial
abilities were estimated by the performance in rotating a mental image and memorising a
spatial image. The results showed that the quality of the acquired cognitive map was significantly
better for observers who spent less time wayfinding in the virtual maze, whereas route-learning
performance was significantly better for observers with higher spatial abilities. At the same
time, there was no statistically significant relation between the quality of the acquired cognitive
map and spatial abilities. These results suggest that there are two stages of information process-
ing in wayfinding: the first stage is learning the route and the second one is acquiring allocentric
information. Spatial abilities relate only to information processing in the first stage.

* Spatiotemporal prototypes: some empirical results and modelling concepts
K Schill, F Ro« hrbein, V Baierô (Institut fu« r Medizinische Psychologie, Ludwig-Maximilians-
Universita« t Mu« nchen, Goethestrasse 31, D 80336 Munich, Germany; ô Institut fu« r Informatik,
Technische Universita« t Mu« nchen, Arcisstrasse 21, D 80290 Munich, Germany;
e-mail: kerstin@imp.med.uni-muenchen.de)

Basic dynamic concepts such as motion selectivity are not sufficient to explain the recognition
of more complex spatiotemporal patterns. Therefore we conducted a number of psychophysical
experiments and considered a representational framework for the processing of spatiotemporal
information. These experiments were focused on the existence and properties of motion proto-
types on different time scales. The results show a difference between processing of dynamic
patterns and their static versions, a difference between continuously and discretely varying direc-
tions of motion, differences in the processing of straight versus curved trajectories, the influence
of spatial displacement on the differentiation of straight dynamic trajectories, and a dependence
of the performance on the degree of curvature. Furthermore, by increasing the duration and
complexity of motion shapes we could obtain initial results on the existence of a prototypical
shape vocabulary. These results are used as constraints for a spatiotemporal neural network
model aimed to process dynamic information on different levels of abstraction and granularity.
Its major architectural features are Kohonen's `self organising maps' organised in a hierarchical
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manner. The first layer has an orthogonal spatiotemporal structure reflecting early visual memory
stages. The model is trained by an unsupervised learning algorithm with local feedback in each
computational layer

* Amplitude of self-motion perception is unaffected by the relative direction of visual
and physical motion
D C Zikovitz, L R Harris, M Jenkin (Centre for Vision Research, York University,
4700 Keele Street, Toronto, Ontario M3J 1P3, Canada; e-mail: danz@yorku.ca)

Even with both visual and vestibular cues, subjects are inaccurate in judging their amplitude of
self-motion suggesting dominance of vestibular information. Do vestibular cues still dominate
when visual and vestibular cues are misaligned?

Subjects were moved physically at constant acceleration in the direction of the chest with
the head either straight-ahead or 90 deg to one side. They wore a virtual-reality helmet and viewed
a corridor angled at 0 ^ 180 deg in the horizontal plane. Motion was either visual, physical in
the dark, or a combination. Subjects indicated when they had traversed a previously presented
distance. During straight-ahead vision-only trials, subjects overestimated their motion. As the
direction changed towards sideways movement (radial to frontoparallel optic flow), they became
more accurate. Physical motion was overestimated. Combined visual and physical motion in
all combinations was overestimated relative to vision-only judgments, irrespective of the direction
of head motion, even when the visual and vestibular directions were opposite or orthogonal.
We conclude that perception of the amplitude of self-motion is determined by visual acceleration
and direction and the presence or absence of vestibular stimulation. The relationship of visual and
vestibular interaction is unaffected by their misalignment or by the direction of vestibular stim-
ulation relative to the head.

* Fluctuations in perceived depth and convergence
N J Wade, I Curthoysô, H MacDougallô, E Cornellô (Department of Psychology, University
of Dundee, Perth Road, Dundee DD1 4HN, Scotland, UK; ôVestibular Research Laboratory,
Department of Psychology, University of Sydney, Sydney, NSW 2006, Australia;
e-mail: n.j.wade@dundee.ac.uk)

Patrick Hughes has produced three-dimensional paintings that induce powerful reverse perspective
(see http://www.perceptionweb.com/perc0999/wade.html). The parts that are physically close to
the observer are pictorially distant. They appear initially as conventional flat pictures but fluc-
tuate in apparent depth; when the observer moves, they undergo a plastic and fluid motion never
experienced in physically flat pictures. One possible interpretation of the fluctuations is that
convergence of the eyes changes, modifying the apparent distance of the picture plane; the false
value for apparent distance can then influence apparent depth and motion. The variation in
apparent distance can also affect the perception of depth with a stationary head. We measured
convergence continuously with the VidEyeO system, and changes in apparent depth (in an
enlarged version of the work available from the website above) were monitored. VidEyeO consists
of two head-mounted infrared sources and two cameras which capture and track the location of
each pupil, providing samples of convergence at 17 Hz. Six subjects were tested and fluctuations
in depth were not correlated with changes in convergence.

* Large-scale frontoparallels under free viewing and full cue conditions
A M L Kappers, J J Koenderink, A J van Doorn, J S Lappinô (Department of Physics
of Man, Helmholtz Institute, Princetonplein 5, NL 3584 CC Utrecht, The Netherlands;
ôVanderbilt Vision Research Center, Vanderbilt University, 301 Wilson Hall, Nashville,
TN 37203, USA; e-mail: a.m.l.kappers@phys.uu.nl)

Exocentric pointing experiments carried out in a natural environment under free viewing conditions
showed that the apparent frontoparallels are significantly curved (Koenderink et al, 2000 Percep-
tion 29 69 ^ 79). Qualitatively different results seem to be obtained in a line intersection task
(Koenderink et al, in press). The current experiment was aimed at measuring the apparent fron-
toparallels in detail using the intersection task.

The experiments were performed in a large open field under varying weather conditions.
Observers were instructed to direct a cube placed at eye height on a radiographically controlled
vehicle towards the intersection of a line segment indicated by two physically frontoparallel poles
(A and B) and a direction indicated by another pole (C) much further away. Line A ^B was
placed at a distance of either 2 m or 10 m from the observer; A ^ observer ^ B formed an angle
of 308, 608, or 1208. Pole C appeared in 1, 3, or 5 directions, respectively. For each observer,
all possible combinations were measured five times in random order. The results show distinctly
curved frontoparallels, concave towards the observer. This is different from the exocentric pointing
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results where the frontoparallels at 10 m were convex. We conclude that exocentric pointing and
intersection of line segments follow different geometries.

* Two strategies to integrate visual-vestibular self motion: comparison of landmark
and optic-flow information
M von der Heyde, H H Bu« lthoff (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: Markus.von.der.Heyde@Tuebingen.mpg.de)

Perception of self turns is crucial for self-localisation and, consequently, for navigation. Yet in
most virtual reality (VR) applications turns are misperceived, which leads to disorientation. We
compare the effects of optic-flow information (textured ground) and reliable landmark information
(town environment) on perceived turns, each in combination with vestibular information. We
used a VR setup including a motion simulator (Stewart platform) and a head-mounted display
for presenting vestibular and visual stimuli, respectively. The subjects' task was to learn and
memorise a sequence of turns that included heading changes between 8.58 and 178. During a
reproduction phase, the gain between the joystick control and the resulting visual and vestibular
turns was independently varied by a factor of 1=

���
2
p

, 1, or
���
2
p

. When landmark information was
provided, subjects followed a purely visual strategy, thus ignoring conflicting vestibular informa-
tion. With reduced visual information (optic flow), the modality with the bigger gain factor had
a dominant effect on the reproduced turns. Our interpretation is that the integration of visual
and vestibular information follows a `max rule', in which the larger signal is responsible for the
perceived and memorised heading change.

* The effect of movie editing on the subjective interpretation of a movie: evidence
concerning the Kuleshov effect
K Suzuki,Y Osadaô (Department of Psychology, Rikkyo University, 3-34-1 Nishi-Ikebukuro,
Toshima-ku, Tokyo 171-8501, Japan; ôMassachusetts Institute of Technology, E25-634, Main
Street, Cambridge, MA 02139, USA; e-mail: skiyosig@sam.hi-ho.ne.jp)

The Kuleshov effect is a well-known effect of movie editing, which has been discussed as part
of montage theories in Russia. However, there is no plausible account of the existence of this
effect and only a few attempts have been made so far at an experimental study of the effect. In
our experiment, the order of presentation of the two shots was manipulated to test whether the
first or the second shot had a greater effect on the total impression of the movie. Twenty-three
subjects took part in the experiment and were asked to give responses to twelve different movies
composed of six shots, three of which were `human face' shots and three `object' shots. Our
results provide clear evidence that the total impression of the combinations of two shots depends
significantly on the order of display of the shots. In those cases when subjects perceived a strong
relationship between the two shots, their interpretations of the movie changed qualitatively.
Particularly interpretations of time and space perception in the movie have changed. On these
grounds we have come to the conclusion that movie editing changes the dynamic organisation
of two shots, and the organisations of time and space in combinations of two shots affect the
subjective interpretation of a movie.

* Takete ^ Maluma phenomenon
D Jankovic̈, S Markovic̈ô (Petnica Science Centre, PO Box 118, 14000 Valjevo, Yugoslavia;
ô Laboratory of Experimental Psychology, University of Belgrade, Cí ika Ljubina 18 ^ 20,
11000 Belgrade, Yugoslavia; e-mail: djankovi@f.bg.ac.yu)

According to Ko« hler, some phonetic patterns (pseudo-words), can be associated with visual
patterns, eg takete can be taken as a pseudo-name for sharp, angular patterns, and maluma as
a pseudo-name for smooth, curvilinear patterns [Ko« hler, 1949 Gestalt Psychology (New York:
Liveright)]. In our previous study we used the production method to evaluate the takete ^maluma
hypothesis (Jankovic̈ and Markovic̈, 2000 Perception 29 Supplement, 77). In this study we used
both production and choice method. In experiment 1, subjects were asked to give pseudo-names
for a new set of abstract visual patterns. Takete and maluma patterns were identified. Results
indicated that taketes (angular figures) included significantly more phonemes t, z, r, c, k, etc
than malumas. Malumas (curvilinear figures) included more m, a, l, o, n, etc than taketes. In
experiment 2 we used the choice method. The subjects were asked to associate given pseudo-
names with figures. There were four takete (angular) figures and four maluma (curvilinear)
figures. Two groups of pseudo-names were defined: the ten pseudo-names composed of phonemes
t, z, r, c, k, ..., and the ten pseudo-words composed of phonemes m, a, l, o, n, ... We found
that significantly more takete pseudo-words were associated with each of the takete figures,
whereas significantly more maluma pseudo-words were associated with each of the maluma
figures.
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* Implicit and explicit features of visual Gestalten
S Markovic̈, D Jankovic̈ô (Laboratory of Experimental Psychology, University of Belgrade,
Cí ika Ljubina 18 ^ 20,YU 11000 Belgrade,Yugoslavia; ô Petnica Science Centre, Cí ika Ljubina
18 ^ 20, YU 11000 Belgrade, Yugoslavia; e-mail: smarkovi@f.bg.ac.yu)

A visual Gestalt is composed of explicit (objective) and implicit (subjective) features. For example,
both lines / and ö are seen as explicitly still and static, but implicitly line / is seen as more
dynamic than line ö. In the present study, we tried to specify the basic subjective dimensions of
a visual Gestalt (experiment 1), and to specify the relation of these dimensions to the objective
(explicit) features (experiment 2). In experiment 1, subjects (N � 384) were asked to judge
abstract visual patterns on sixty-five bipolar seven-step scales (adjectives with opposite meaning
defined the poles of scales). The stimuli were constructed in order to cover a wide spectrum of
visual Gestalten. In factor analysis (principal component method plus Promax rotation) three
main factors were obtained: Evaluation, Arousal, and Regularity. In experiment 2 subjects
(N � 68) judged stimuli on these three factors. Stimuli were constructed by systematic variation
of complexity, symmetry, compactness, continuation, orientation, curvilinearity, and lightness.
Results have shown that basic subjective dimensions were selectively sensitive to different stim-
ulus constraints. For example, Evaluation was the most discriminative with respect to lightness
and curvilinearity, Arousal to complexity and dispersion, and Regularity was the most sensitive
to symmetry and continuation.

* Anticipating human action in a crowd
I M Thornton, H H Bu« lthoff, N Aguilar (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany; e-mail: ian.thornton@tuebingen.mpg.de)

Anticipating future actions is clearly adaptive. Several lines of behavioural and physiological
research have indicated that such anticipatory mechanisms may be a fundamental feature of
our visual system. Here, we used one such behavioural paradigmörepresentational momentum
(Freyd and Finke, 1984 Journal of Experimental Psychology: Learning, Memory, and Cognition
10 126 ^ 132)öto explore anticipation of human motion in complex video images. Digital video
clips of crowds (more than ten people) were filmed in and around a major German city. The clips
depicted activities such as exiting a train, browsing in a store, walking through a market place.
Such stimuli differ from those generally used to explore representational momentum, as they
contain meaningful, complex, real (rather than implied) motion. On each trial observers saw a
brief (400 ms) inducing sequence taken from a random position within a 10 s video clip. Immedi-
ately after the inducing display the screen went blank for 250 ms and observers tried to
remember the stopping point. A same/different response was then made to a probe image which
was either identical to the stopping point or varied by �40, �80, or �120 ms. As in previous
studies with less complex displays, observers consistently misremembered the stopping point
forward rather than backward of the true stopping point.
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^ Are stored aftereffects contingent aftereffects?

P Thompson, S Lindley (Department of Psychology, University of York, York YO10 5DD,
UK; e-mail: pt2@york.ac.uk)

The motion aftereffect (MAE) is generally regarded as a short-lived consequence of adaptation,
fatigue, or inhibition early in the visual pathway, a view challenged by the `storage' phenom-
enonödecay of the MAE is retarded by interposing a period of darkness between adaptation
and test phases of the MAE. This `stored aftereffect' shares much with the McCollough effect.
Specifically, the McCollough effect is reduced after caffeine ingestion and is stronger in extraverts
than in introverts. We have tested the hypothesis that the stored MAE, but not the immediate
MAE, will show a similar dependence on caffeine (experiment 1) and extraversion (experiment
2). In experiment 1, magnitude and duration of the immediate MAE and the MAE after 90 s
dark storage were measured. Caffeine had no effect on the immediate MAE and approached
significance ( p � 0:078) in showing a reduced stored effect. In experiment 2, a high and a
low extraversion group, derived from the EPI [H J Eysenck and S B G Eysenck, 1964 Eysenck
Personality Inventory (London: Hodder and Stoughton)] were tested on immediate and stored
MAE conditions. Results showed no effect of extraversion/introversion on immediate MAE, but
stored MAEs were significantly larger in the extravert group. These results support the propo-
sition that the stored MAE shares a common mechanism with contingent aftereffects.

^ Flash-lag effect reduces perceptual crowding
R Nijhawan, B Khurana (Vision Group, School of Cognitive and Computing Sciences,
University of Sussex, Falmer, Brighton BN1 9QH, UK; e-mail: romin@cogs.susx.ac.uk)

Acuity for detecting a target feature decreases when the target is surrounded by additional
contours. Is this contour interaction effect (CIE) due to fast `early' neural interactions or those
occurring after the primary visual cortex? Dichoptic presentation of target and surrounding
contours does not significantly reduce the CIE, indicating that retinal interactions are not neces-
sary for the CIE (Flom et al, 1963 Science 142 979). We employed the ring ^ disk version of the
flash-lag effect (FLE) to test whether retinal interactions are sufficient to produce the CIE.
Observers viewed a black ring on a gray background. In the centre of the ring either an n-sided
polygon (n � 3, 6, 9, ..., 21) or a disk was flashed. The vertices of the flashed items abutted
the inner perimeter of the ring. Observers reported whether the flashed item was a disk or a
polygon in two conditions: (i) ring moving (FLE condition), (ii) ring stationary. Observers were
significantly more accurate in the FLE condition. This suggests that retinal interactions are not
sufficient to produce the CIE, and that the flash-lag effect, by causing separation between `late'
neural representations of the moving ring and the polygon, weakens the CIE.

^ Flash-lag needs no change in feature space and its extent depends on the spatial
proximity of single-flashed object and in-stream object
T Bachmann, E Po« derô (Chair of Psychology, Institute of Law, Kaarli pst. 3, Tallinn 10119,
Estonia; ô Tallinn Pedagogical University, 25 Narva Road, Tallinn 10120, Estonia;
e-mail: talis.b@lawinst.ee)

Usually, to achieve a perceptual match between a flashed target object and a gradually changing
one, the flashed object should have the feature value corresponding to the value to be obtained
by the gradually changing object only later. We have found that flash-lag effect is present even
if the continuously accumulating pre- and post-target input stream consists of spatially and
featurally invariant stimulation (Bachmann and Po« der, 2001 Vision Research 41 1103 ^ 1106). We
now demonstrate that the extent of flash-lag effect with invariant pre- and post-target input,
measured in terms of the negative onset asynchrony between the in-stream target and single-
flashed target that satisfies perceptual simultaneity, depends on spatial proximity of the stream
including the in-stream target and the location of the single-flashed target. The closer in space
the single target is to the in-stream target, the smaller the flash-lag effect. The results are inter-
preted on the basis of perceptual acceleration which is due to the increasing speed of signal
sampling as a function of the presence of preceding spatiotemporally adjacent input.
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^ A unified theory for threshold coherence and Dmax in random-dot kinematograms
S P Tripathy, H B Barlowô (Department of Optometry, University of Bradford, Richmond
Road, Bradford BD7 1DP, UK; ôDepartment of Physiology, University of Cambridge,
Downing Street, Cambridge CB2 3EG, UK; e-mail: s.p.tripathy@bradford.ac.uk)

Two measures of the limit of motion detection in random-dot kinematograms have commonly
been used: threshold coherence and Dmax . Here we propose a single theory that can adequately
describe both measures. Our previous theory estimated the statistical limit to detection of coherence
on the assumption that it was limited by correspondence noise (Barlow and Tripathy, 1997
Journal of Neuroscience 17 7954 ^ 7966). Here it is assumed that the motion detectors in the
visual system that are best suited for detecting displacements of a particular size have a pair of
catchment areas separated by that displacement, each with a radius proportional to that displace-
ment. This assumption permits us to estimate how correspondence noise limits Dmax as well as
threshold coherence, and we have tested this unified theory with computer simulations that use
a single measure of the stochastic stimuli to determine both threshold coherence and Dmax for a
variety of stimulus configurations. Our results show excellent agreement with published psycho-
physical studies describing how these measures change with stimulus parameters (eg Eagle and
Rogers, 1997 Vision Research 37 2091 ^ 2101; Barlow and Tripathy, loc. cit.), and we report addi-
tional experimental and computational results.
[Supported by the Wellcome Trust.]

^ Sensitivity to first-order and second-order global motion in 5-year-olds and adults
D Ellemberg, T Lewisô, M Dirksô, D Maurerô, T Ledgeway½, F Lepore, J Guillemot#
(Department of Psychology, University of Montrëal, CP 6128, Succursale-Centre-Ville,
Montrëal, Quëbec H3C 3J7, Canada; ôMcMaster University, Hamilton, Ontario L8S 4K1,
Canada; ½McGill University, 1205 Dr Penfield Avenue, Montrëal, Quëbec H3A 1B1, Canada;
#University of Quëbec, CP 8888, Succursale-Centre-Ville, Montrëal, Quëbec H3C 3P8,
Canada; e-mail: ellembed@magellan.umontreal.ca)

We studied differences in the development of sensitivity to first-order versus second-order global
motion by comparing the thresholds of 5-year-olds and adults tested at three velocities. We used
random-Gabor kinematograms formed with luminance-modulated (first-order) or contrast-modu-
lated (second-order) concentric Gabor patterns with a carrier spatial frequency of 3 cycles degÿ1.
To achieve equal visibility, contrast (amplitude modulation) was set at 30% for first-order Gabors
and at 100% for second-order Gabors. On each trial, the subject's task was to indicate whether
the Gabors were moving up or down. Coherence was varied by a 2-down, 1-up staircase to
determine thresholds. Subjects were twenty-four adults (mean age � 19.7 years, range 18 ^ 23
years) and twenty-four 5-year-olds (mean age � 5.0 years, range 4.9 ^ 5.25 years).

An ANOVA on the coherence thresholds revealed an interaction between age, type of motion,
and velocity ( p 5 0:01). 5-year-olds were significantly worse than adults for both types of motion
at all three velocities ( ps 5 0:01). At the faster velocities (6 and 9 deg sÿ1), they were equally
immature for first-order and second-order motion and significantly worse (about 1.9 times worse)
than adults ( ps 5 0:0001). At the slowest velocity (1.5 deg sÿ1), they were significantly more
immature for second-order motion (4.8 times worse than adults) than for first-order motion
(4.4 times worse than adults) ( p 5 0:0001).

For both first-order and second-order global motion, 5-year-olds were more mature at faster
than at slower velocities, as has been shown during infancy (Aslin and Shea, 1990 Developmental
Psychology 26 589 ^ 598). At 1.5 deg sÿ1, the results also suggest a different developmental pattern
for sensitivity to first-order versus second-order global motion. At that velocity, 5-year-olds were
significantly more mature for first-order motion than for second-order motion. Thus, the percep-
tion of first-order versus second-order global motion is likely mediated by separate neuronal
mechanisms that mature at different rates

^ Spatial and temporal interactions in motion discrimination
D Tadin, J S Lappin (Vanderbilt Vision Research Center, Vanderbilt University,
301 Wilson Hall, Nashville, TN 37203, USA; e-mail: duje.tadin@vanderbilt.edu)

Observers discriminated the direction of a foveal Gabor patch (s � 9 min of arc, 3 cycles degÿ1

vertical gratings, 5 Hz, 36% contrast) as the duration of a Gaussian temporal window was varied
(s � 7^ 25 ms). This centre Gabor was presented either alone (baseline condition) or flanked by
two Gabors. Trials with flankers moving in the same and in the opposite direction from the
centre Gabor were randomly intermixed. The effects of centre ^ flanker separation (1 ^ 4 deg) and
flanker ^ centre temporal offset were investigated. Flankers moving in the opposite direction
facilitated direction discriminations of the centre Gabor (40% threshold reduction). This flanker
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effect was isotropic and unaffected by positional noise. Facilitation persisted even when flankers
temporally preceded the centre (0 ^ 118 ms). Increasing centre ^ flanker spatial separation lengthened
the maximum temporal offset for which facilitation was observed (about 100 ms at 2 deg versus
40 ms at 1 deg separation). Flankers moving in the same direction, however, inhibited direction
discriminations of the centre when they were closer than 1.5 deg and temporally offset by more than
50 ms. Evidently, encoding of local motion depends on the neighbouring image structure. The
temporal offset data suggest that this effect may be mediated by faster `long-range' facilitation
between differentially moving features and slower `medium-range' inhibition between features
moving in the same direction.

FACE PERCEPTION
^ The efficiency of face recognition: effects of inversion and contrast reversal

A B Sekuler, C Gaspar, J M Goldô, P J Bennett (Department of Psychology, McMaster
University, 1280 Main Street West, PC 305, Hamilton, Ontario L8S 4K1, Canada;
ôDepartment of Psychology, University of Indiana, 1101 East 10th Street, Bloomington,
IN 47405-7007, USA; e-mail: sekuler@mcmaster.ca)

Face recognition usually appears simple and automatic, but research with inverted and contrast-
reversed faces points to underlying complexity in processing. Previous investigations of these effects
have tended to focus on the extent to which configural or featural processing dominates. Here, we
present a novel approach to the issue of face recognition, asking whether recognition differences
depend on differences in the efficiency of processing or on the amount of internal noise in the visual
system. We find that recognition differences for upright, inverted, and contrast-reversed faces
generally depend on differences in the efficiency with which observers process information in
those stimuli (efficiency is about a factor of 2 higher for upright faces than for other conditions).
Differences in internal noise levels are generally small and inconsistent across conditions. We
also adapt the classification image technique, previously used with more basic visual stimuli, to
determine `behavioural receptive fields' for face recognition. These behavioural receptive fields
show that the information people use differs from one class of faces to another. Observers generally
use less of the stimulus when processing inverted or contrast-reversed faces than when processing
upright faces, and behavioural receptive fields are most ideal for upright faces.

^ Characteristic motion of human face and human form
B Knappmeyer, I M Thornton, H H Bu« lthoff (Max Planck Institute for Biological
Cybernetics, Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: barbara.knappmeyer@tuebingen.mpg.de)

Do object representations contain information about characteristic motion as well as characteristic
form? To address this question we recorded face and body motion of human actors and applied
these patterns to computer models. During an incidental learning phase observers were asked to
make trait judgments about these animated faces (experiment 1) or characters (experiment 2).
During training, the faces and characters always moved with the motion of one particular actor.
For example, face A was always animated with actor A's motion, and face B with actor B's motion.
In tests, stimuli were either consistent (face A/actor A) or inconsistent (face A/actor B) relative to
training. In addition, we systematically introduced ambiguity to the form of the stimuli (eg
morphing between face A and face B). Results indicate that as form becomes less informative,
observers' responses become biased by the incidentally learned motion patterns. We conclude that
information about characteristic motion seems to be part of the representation of these objects. As
shape and motion information can be combined independently with this technique, future studies
will allow us to quantify the relative importance of characteristic motion versus characteristic form.

^ Detecting faces in impoverished images
P Sinha, A Torralba (Department of Brain and Cognitive Sciences, Massachusetts
Institute of Technology, E25-229, 45 Carleton Street, Cambridge, MA 02142, USA;
e-mail: sinha@ai.mit.edu)

The ability to detect faces in images is of critical ecological significance. It is a prerequisite for
several other important face-perception tasks such as person identification, gender classification,
and affect analysis. Here we address the question of how the visual system classifies images into
face and non-face patterns. We focused on face detection in impoverished images, which allowed
us to explore information thresholds required for different levels of performance. Furthermore,
since the degradations correspond to real-world viewing conditions, our results have ecological
validity. Our experimental results provide lower bounds on image resolution needed for reliable
discrimination between face and non-face patterns. Additional experiments yielded insights into
the nature of facial representations used by the visual system under degraded viewing conditions.
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Specifically, they enable an evaluation of the contribution of luminance contrast, image
orientation, and local context on face-detection performance.

^ Constructing the prototype face in human and Japanese macaque infants
M K Yamaguchi (Department of Psychology, Chuo University, Higashinakano 742-1,
Hachioji-city, Tokyo 192-0393, Japan; e-mail: ymasa@tamacc.chuo-u.ac.jp)

A study is reported whether infants show preference for mother's face or not. It has been
assumed that even newborn infants prefer mother's face. However, infants' preference for
mother's face may be based on a preference for the prototype face. Infants would then not
prefer their mother's face but the prototype face. It is postulated that the prototype face is
constructed as the sum of infants' visual experience, and in a natural situation the mother's
face resembles this prototype face. If this hypothesis is true, infants would prefer the average
family face to the mother's face. In order to test the hypothesis photographic CG images
were made of the average family face, the caricatured mother's face, and the anti-caricatured
mother's face. Tests were carried out on human and Japanese macaque infants' preferences for
these faces during a 10 month period. Results were obtained from human infants and Japanese
macaque reared by own species and reared by a human. The results showed that (i) preferences
for the prototype face were found in human infants and Japanese macaque infants reared by
a human, (ii) preference for the prototype face was weak in Japanese macaque infants reared
by own species.

^ Effects of viewing distance and image blurring on gaze perception
T Sato, N Matsuzaki (Department of Psychology, Faculty of Letters, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan; e-mail: Lsato@mail.ecc.u-tokyo.ac.jp)

The feeling of `being looked at' occurs when the looker's gaze is directed to the area between the two
ears, and this corresponds to a 1 deg shift of the edge of the pupil. It is not clear, however, whether
this limit should be related to acuity limit (absolute amount of angular shift), or to the amount
of shift relative to the eye-ball size, since measurements in past studies have been made at only
one viewing distance. To clarify this, we measured the characteristics of gaze perception at five
different viewing distances with actual-size colour photographs of faces with nine gaze directions.
Subjects discriminated whether stimulus gazes hit or missed their faces. Results indicated no
effect of viewing distance. Hit responses occurred when the gaze was directed within 3 deg
range around the nose regardless of the viewing distance. We then measured gaze perception for
low-pass filtered images with several different cut-off frequencies. No effect of low-pass filtering
was found. These results, together, indicate that gaze perception is determined by shifts of pupil
relative to the eye-ball size rather than absolute angular shifts, and largely with low-spatial-
frequency contents.

^ Holistic and featural representations in face recognition: independence or
interdependence?
A Schwaninger, S M Collishawô, J Lobmaier (Department of Psychology, University
of Zurich, Attenhoferstrasse 9, CH 8032 Zurich, Switzerland; ô School of Cognitive
and Computing Sciences, University of Sussex, Falmer, Brighton BN1 9QH, UK;
e-mail: aschwan@allgpsy.unizh.ch)

Faces form a highly homogenous class of stimuli, which differ in subtle featural and configural
ways. The aim of this study was to investigate the role and interrelationship of featural and
holistic representations. This was achieved by scrambling faces, which preserves featural infor-
mation while disrupting holistic processing, and by blurring faces, which reduces featural
information while still allowing holistic processing. In experiment 1 we showed that subjects
could recognise previously learned faces not only when they were blurred but also when they
were scrambled. In experiment 2 we replicated this effect using very strong blurring and
scrambling procedures. In experiment 3 we found similar results for the recognition of familiar
faces. All three experiments provided converging evidence in favour of the view that recog-
nition of familiar and unfamiliar faces relies on both featural and holistic representations. In
all experiments we also investigated whether there were transfer effects from scrambled to
blurred recognition and vice versa. Transfer effects were found for familiar faces, suggesting
that featural and holistic processing are not independent of one another. The results pro-
vided converging evidence in favour of an integrative model of recognition of unfamiliar and
familiar faces.
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MOTION: 2-D. II
^ Opponent-motion energy normalisation: area is the determining factor

N E Scott-Samuel, S J M Rainvilleô, R F Hess½, W L Makousô (Department
of Experimental Psychology, University of Bristol, 8 Woodland Road, Bristol BS8 1TN,
UK; ôCenter for Visual Sciences, University of Rochester, PO Box 270270, Rochester,
NY 14627-0270, USA; ½ Vision Research Unit, Department of Ophthalmology,
McGill University, 687 Pine Avenue West, H4-14, Montrëal, Quëbec H3A 1A1, Canada;
e-mail: n.e.scott-samuel@bristol.ac.uk)

The final stage of the Adelson ^ Bergen motion energy model (1985 Journal of the Optical Society
of America A 2 284 ^ 299) yields opponent motion: the difference between directionally opposite
signals EL and ER. Georgeson and Scott-Samuel (1999 Vision Research 39 4393 ^ 4402) demonstrated
that human direction discrimination performance is better described by motion contrast (Cm ),
which is given by opponent energy (ELÿ ER) divided by flicker energy (EL� ER). We have
shown [2001, ARVO] that this normalisation is tuned for both orientation and spatial frequency.
Here we investigate its spatial range and form. Observers discriminated between left and right
motion while viewing a checkerboard in which half of the checks contained a drifting 1.9 cycle
degÿ1 vertical sinusoid and the other half contained flicker (counterphasing sinusoid). The relative
luminance contrasts of flicker and motion checks determined the checkerboard's overall motion
contrast. We measured Cm thresholds whilst varying the area and aspect ratio of the checks.
Cm thresholds dropped as the check area increased, regardless of the aspect ratio. It appears that
the flicker component which normalises opponent motion energy is (i) localised in space, and
(ii) insensitive to the spatial distribution of its input (ie concerned only with the total area over
which its input is gathered).

^ Contrast and spatial frequency effects in the perception of head-centric speed
J H Sumnall, T C A Freeman, R J Snowden (School of Psychology, Cardiff University,
PO Box 901, Cardiff CF10 3YG,Wales, UK; e-mail: SumnallJH@Cardiff.ac.uk)

Many stimulus properties modify the relationship between physical and perceived speeds of moving
patterns. Here we investigate how contrast and spatial frequency affect perceived head-centric speed
of pursued and non-pursued patterns. Two patches of Gaussian blobs were presented sequentially
and their speed match determined. Observers tracked the first pattern with their eyes and viewed
the second with eyes stationary. Eye movements were recorded and found to be independent of
stimulus properties. For stimuli with identical contrast, the pursued pattern was perceived to
move slower than the non-pursued pattern [the Aubert ^ Fleischl phenomenon (A ^F)]. Varying
the contrast of the non-pursued pattern resulted in a systematic change to the magnitude of the
A ^F. This change correlated with the size of the contrast effect obtained when the eyes were
stationary in both intervals. Similar results were obtained for spatial-frequency manipulation.
A parsimonious explanation is that stimulus properties modify perceived retinal speeds, but not
perceived pursuit speeds (Freeman and Banks, 1998 Vision Research 38 941 ^ 945). Alternative
models suggest that stimulus properties change the optokinetic potential of the pattern during
pursuit. However, a further condition in which the contrast or spatial frequency of the pursued
pattern was varied, resulted in no change to the A ^F.

^ No low-level interaction between visual and auditory motion
D Alais, D C Burr (Istituto di Neurofisiologia del CNR, via G Moruzzi 1, I 56010 Pisa,
Italy; e-mail: david.alais@in.pi.cnr.it)

Recent reports indicate audition can influence vision at attentional and perceptual levels. We
tested for low-level audio ^ visual (AV) motion interactions. Visual stimuli were random-dot
kinematograms. Auditory motion was defined by either interaural intensity differences, with
high-frequency noise, or by interaural phase differences, with pink noise. Motion coherence
thresholds were obtained separately for audition and vision. Both stimuli were then combined
and AV motion thresholds measured, with the psychometric slopes used to match for sensitivity.
In separate conditions, auditory and visual motions were either in-phase or anti-phase. We also
tested whether the point of subjective coherence in random-dot kinematograms may be biased
by suprathreshold auditory motion (in-phase or anti-phase).

AV thresholds were better than single modality thresholds but did not exceed probability
summation predictions. The improvement was identical for in-phase and anti-phase motion, and
for both auditory stimulus types. Auditory movement did bias perceived visual coherence,
lowering the point of subjective coherence (when in-phase) or raising it (when anti-phase).
We concluded that the small and non-specific improvements in threshold rule out a common
low-level AV motion-detection mechanism. However, auditory motion can bias visual sensitivity,
pointing to higher-level interactions analogous to (visual) motion capture.
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^ Perception of acceleration with short presentation times: Can acceleration be used
in interception?
A Brouwer, E Brenner, J Smeets (Department of Physiology, Erasmus University Rotterdam,
Postbus 1738, NL 3000 DR Rotterdam, The Netherlands; e-mail: Brouwer@fys.fgg.eur.nl)

To investigate whether acceleration can be used in interception tasks, we determined how well
subjects could detect acceleration at short presentation times. Two different tasks, in which
differential or absolute judgments had to be made, were used to find thresholds. In the differential-
judgment task, two dots were presented successively; one accelerated and the other decelerated.
Subjects had to indicate which of the two accelerated. In the absolute-judgment task, subjects
had to adjust the motion of a dot such that it appeared to be moving at a constant velocity.

The results were similar. Most subjects could do these tasks even when the presentation
time was only 300 ms. About 25% change of the average velocity was needed to detect acceler-
ation with reasonable confidence.

It is claimed that, in order to catch a ball, one uses the distinction between acceleration
and deceleration of the optic projection of the ball to determine whether one has to run back-
ward or forward. We examined the results of a real ball-catching task (Oudejans, Michaels, and
Bakker, 1997 Journal of Sports Sciences 15 587 ^ 595) and found that subjects reacted before
optic acceleration could have been detected. We conclude that acceleration is not used to initiate
locomotion in catching balls.

^ Theory and some data for up to four transparent motions
E Barth, M Dorr, I Stuke, C Mota (Institute for Signal Processing, University of Lu« beck,
Ratzeburger Allee 160, D 23538 Lu« beck, Germany; e-mail: barth@isip.mu-luebeck.de)

We present analytical solutions for the estimation of up to four transparent motions. The results
are an extension of methods based on the structure tensor J that is well known in the
computer-vision literature. For n motions we obtain an M6M generalised structure tensor Jn
with M � (n� 1)(n� 2)=2 and we present a comprehensive classification of different types of
transparent motions based on the ranks of Jn . In the case of one motion, the rank of J1 must be
two and difficulties arise otherwise, eg if the rank is one (aperture problem) or three (occlusions
and discontinuities). If n motions need to be determined, the rank of Jn must be Mÿ 1.

Subjects viewed between two and four overlaid moving patterns (sparse dot arrays) and
were asked to indicate the number of motions. Our results show that the distinction between
two, three, and four motions is possible and that the limiting factor is not the number of motions
but rather the angular separation of the motion vectors, which is, in turn, related to the rank
of Jn . Finally, we present some new examples of overlaid motions and an illusion that is similar
to the barber-pole illusion but is induced by transparent motions.

^ VEP selective response to flow motion in adults and infants
M M Del Viva, C Morroneô½, A Fiorentini½ (Dipartimento di Psicologia, Universita©
di Firenze and Istituto di Neurofisiologia del CNR, via G Moruzzi 1, I 56010 Pisa, Italy;
ôUniversita© `Vita-Salute' San Raffaele, via Olgettina 58, Milan, Italy, ½ Istituto di Neurofisiologia
del CNR, Pisa, Italy; e-mail: michela@in.pi.cnr.it)

Psychophysical and brain imaging studies in humans and electrophysiological recordings in
monkeys show the existence of mechanisms selective to optic flow. We recorded VEP responses
in adult humans and in 4 ^ 6-month-old infants to expanding, rotating, and translating flow patterns.
The stimuli comprised random fields of black and white dots moving with limited lifetime on a grey
background, along radial, tangential, or linear trajectories. To elicit a VEP response, the stimuli
alternated between coherent flow, incoherent motion, reversed coherent flow, incoherent motion, all
matched for local motion. The proportion of dots moving coherently (signal) was varied from
trial to trial to evaluate the signal-to-noise sensitivity of the VEP response. In adults, we found
significant responses to rotating and expanding flow patterns up to an alternation frequency
with incoherent motion of about 6 Hz. The response decreased with the number of coherently
moving dots, extrapolating to the psychophysical threshold. There were also significant VEP
responses in recordings where rotating dots were alternated directly with expanding flow fields,
indicating neurons selective to different kinds of flow. In infants, significant VEP responses to
flow stimuli appear around the 5th week, then only for relatively low temporal frequencies
(4 Hz), maturing rapidly thereafter.
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DETECTION AND DISCRIMINATION
^ Does subthreshold summation occur with end-line illusory contours?

V Salvano-Pardieu, T Meigenô, B Wink½ [Dëpartement de Psychologie, Universitë de
Tours (Francois Rabelais), 3 rue des Tanneurs, BP 4103, F 37041 Tours Cedex 1, France;
ôUniversita« ts-Augenklinik, Joseph-Schneider-Strasse 11, D 97080 Wu« rzburg, Germany;
½ Psychology Division, University of Wolverhampton, Wulfruna Street, Wolverhampton
WV1 1SB, UK; e-mail: Veronique.Pardieu@wanadoo.fr]

Previous studies have reported subthreshold summation with edge (Kanizsa square) illusory
contours (Dresp and Bonnet, 1995 Vision Research 35 1071 ^ 1078). According to these authors
the formation of illusory contours may be mediated by bipole cells. In the present study, we
attempted to establish whether the same mechanism can account for end-line illusory contours.
Eight participants detected targets in three conditions: (a) targets superimposed on an illusory
contour in an Ehrenstein figure, (b) targets located between two dots (should not produce an
illusory contour and consequently no subthreshold summation), (c) targets presented alone
(control). Straight and curved targets were used to ensure that the target superimposed the
illusory contour. Targets were presented for an unlimited time or for 100 ms (4AFC, Best-Pest).
The results showed no significant difference between the Ehrenstein condition and the dot con-
dition, although performance in the two experimental conditions was significantly better than in
the control condition. Although detection was significantly better with unlimited time, there was
no interaction between presentation duration and stimulus type (Ehrenstein, dots, or control).
These results show no evidence for subthreshold summation in the Ehrenstein figure. We conclude
that a reduction in spatial uncertainty rather than the presence of the illusory contour itself
causes the enhanced detection of lines superimposed on the Ehrenstein figure.

^ Absence of uncertainty effect in processing of luminance and contrast-modulated visual noise
V Manahilov, J Calvert, W Simpson (Department of Vision Sciences, Glasgow Caledonian
University, Cowcaddens Road, Glasgow G4 0BA, UK; e-mail: vma@gcal.ac.uk)

Recent studies have suggested that two different mechanisms process modulations of luminance
and carrier contrast. The existence of two distinct mechanisms is tested in uncertainty experi-
ments in which the observer does not know which type of noise modulations will be presented.
No uncertainty effect is expected if the signals are analysed by a single mechanism. The stimuli
were: (i) a sinusoidal luminance grating added to noise (LM) and (ii) sinusoidal modulations of
noise contrast (CM). Dynamic 2-D binary noise of 40% contrast was used. The modulating
signal had spatial frequency of 0.5, 1, 2, or 4 cycles degÿ1 and a contrast of four times the
detection threshold. In go/no-go experiments we measured the reaction times (RTs) for detection
of vertical patterns and RTs for discrimination of vertical from horizontal stimuli. In the certainty-
conditions, the observer knew ahead of time the stimulus type to be presented. In the uncertainty
conditions, both types of noise modulations were presented randomly.We found that both detection
and discrimination RTs did not significantly differ from the corresponding RTs in certainty and
uncertainty conditions. In addition, we did not establish an uncertainty effect in detectabilities (d 0 )
of LM and CM patterns. Results do not support the suggestion that two distinct mechanisms
underlie detection and orientation discrimination of LM and CM noise patterns.
[Funded by a BBSRC project grant (223/S13702) to VM and WAS.]

^ Orientation averaging and positional uncertainty in crowded and spaced arrays
F Felisberti, M J Morgan (Applied Vision Research Centre, The City University,
Northampton Square, London EC1V 0HB, UK; e-mail: F.Felisberti@city.ac.uk)

Orientation classification of parafoveal targets is degraded by distractors (Baldassi and Burr, 2000
Vision Research 40 1293 ^ 1300; Morgan et al, 1998 Quarterly Journal of Experimental Psychology
51 347 ^ 371; Morgan and Parkes, 1999 Perception 28 Supplement, 39 ^ 40). Can spatial cueing of
target location overcome such impairment both in crowded and spaced arrays?

Gabor patches were displayed along an imaginary parafoveal circle. Observers had to judge
whether a target flanked by 1 ^ 7 distractors was tilted clockwise or anticlockwise. Target and
distractors were either well-separated (spaced) or close together (crowded). The target position
was either uncued, or cued with a small spot.

In crowded arrays, orientation thresholds increased with number of distractors and cueing
the target improved performance. Thresholds were high when the target was inside an array,
but lower at its edges, while thresholds for uncued targets were similarly high at all locations.
In spaced arrays, distractors also induced sensitivity loss, but less so than in crowded displays.
Cueing improved performance, but did not cause complete distractor exclusion.

Oral presentations: Detection and discrimination 37



We conclude that distractors impair performance for two reasons: (i) increase of spatial
uncertainty in well-separated, uncued displays; (ii) c̀rowding', which may cause obligatory local
averaging of the orientation signal when the target is flanked on both sides by distractors.

^ False alarms reveal phase uncertainty in the parafovea
J A Solomon (Department of Optometry and Visual Science, City University, Northampton
Square, London EC1V 0HB, UK; e-mail: J.A.Solomon@city.ac.uk)

Observers viewed a sequence of displays at 3 deg eccentricity. Each display contained a different
sample of visual noise. After each display, observers determined whether or not a simple target had
been added to the noise. The target was a horizontal, 3 cycle degÿ1 Gabor pattern in c̀osine phase'
(ie it had a central white stripe). Since the target had relatively little contrast, observers frequently
made errors. Target-absent trials in which the sample of noise was positively correlated with the
target were no more or less likely to produce errors (ie false alarms) than target-absent trials in
which the sample and target were negatively correlated. Thus, when added (pixel-by-pixel) together,
the samples eliciting false alarms look just like another random sample of visual noise. On the other
hand, the sum of their power spectra, which contain no information about spatial phase, strongly
resembles the power spectrum of the target. Therefore observers must have reported seeing the
target whenever the display contained the appropriate spatial frequencies, regardless of their
phases. I conclude that observers are inherently uncertain about spatial phase when looking for a
parafoveal target.

^ Modeling short-range and long-range detection facilitation with collinear line targets
and inducers
B Dresp, T Tzvetanov (IMF-UMR 7507 Universitë Louis Pasteur, CNRS, Biomechanical
and Cognitive Systems Laboratory, Eè cole Nationale Supërieure de Physique, Poª le API,
F 67400 Illkirch, France; e-mail: birgitta.dresp@ensps.u-strasbg.fr)

Spatial interactions between collinear orientation stimuli such as lines or Gabor patches may
facilitate the contrast detection of visual targets. Such interactions are assumed to reveal
mechanisms that integrate visual signals across space, and may be essential to the generation of
representations of visual contour over smaller (short-range) and larger (long-range) gaps in the
physical stimulus. We present a quantitative model for both short-range and long-range line
contrast detection facilitation with collinear target and context lines. The spatial boundaries of
short-range and long-range domains are defined on the basis of empirical studies on spatially
induced contrast detection facilitation, also called spatial facilitation. Psychophysical data measur-
ing contrast detection thresholds with a temporal 2AFC procedure as a function of the coaxial
distance separating collinear target and context lines were recorded. A sigmoid function was
found to provide the best fit describing transitions between short-range and long-range spatial
regimes in line contrast detection performance of trained human observers. The function predicts
facilitating effects for spatial separations up to 2.5 deg between collinear targets and inducing
lines, which is consistent with several earlier findings on this kind of spatial facilitation. The
possible interpretation of our findings in terms of interactions between orientation-selective
neural mechanisms is discussed.

^ Automatic detection of the presence of stego-signals and watermarks in images
B Sankur, N Memonô, I Avcibas (Department of Electrical ^ Electronics Engineering,
Bogazici University, Bebek, Istanbul, Turkey; ôDepartment of Computer and Information
Science, Polytechnic University, Brooklyn, NY, USA; e-mail: sankur@boun.edu.tr)

We present techniques for steganalysis of images that have been potentially subjected to a water-
marking algorithm. Steganography refers to the science of invisible communication and its main
goal is to communicate securely in a completely undetectable manner. A general underlying
idea behind watermarking is to create a watermarked signal that is perceptually identical but
statistically different from the host signal. A particular watermarking scheme leaves statistical
evidence or structure that can be exploited for detection with the aid of proper selection of image
features and multivariate regression analysis. In fact a decoder uses this statistical difference in
order to detect the watermark. We have studied twenty-six different image quality metrics and,
using statistical significance analysis, we identified eight useful metrics that are instrumental in
discriminating watermarked from the original images. The selected image quality measures with
respect to their discriminative power are the following: (1) mean square error, (2) multiresolution
distance measure, (3) structural content, (4) cross correlation, (5) weighted spectral distance,
(6) median block weighted spectral distance, (7) normalised absolute error (HVS), (8) HVS
based L2, and (9) gradient measure. The watermarking techniques we used were the following:
(1) Photoshop plug-in Digimarc, Coxs technique, and the technique from Swiss Federal Institute
of Technology, PGS. One reason for the selection of these techniques was their free availability
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on the Internet and they were all widely known algorithms. The other reason was that with these
techniques it was possible to embed watermarks at different strengths. The experimental results
on a set of 30 images show that our method can distinguish the watermarked from non-water-
marked images with 85% accuracy. In addition, it can identify with 75% correctness the origin
of the algorithm. Thus both `̀ Is it watermarked for steganography?'' and `̀ Whose watermark is it?''
types of questions can be answered.

ATTENTION AND SEARCH
^ Transient covert attention accelerates the accrual of visual information at different eccentricities

M Carrasco, B McElree, K Denisova (Department of Psychology, New York University,
6 Washington Place, 8th floor, New York, NY 10003, USA; e-mail: marisa.carrasco@nyu.edu)

We have recently shown that transient covert attention not only improves discriminability but
also accelerates the accrual of visual information (Carrasco and McElree, Proceedings of the
National Academy of Sciences of the USA, in press). Given that the concentration of magno cells
(fast-conducting visual cells) increases with eccentricity, in the present study we investigated
whether: (a) the temporal dynamics were faster with increasing eccentricity; (b) the effect of
attention on temporal dynamics varies with eccentricity. We tested this hypothesis by using time-
course functions derived from the response ^ signal speed ^ accuracy trade-off (SAT) procedure
for feature (orientation) and conjunction (orientation and spatial frequency) discrimination
tasks, at 4 deg (near) and 9 deg (far) eccentricities. Each trial began with a peripheral precue
(50 ms), which was either informative (small bar, indicating the target location) or neutral
(a circle appearing in the middle of the display). After a 50 ms ISI, Gabor patches, with 0, 3, or
7 distractors, appeared for 100 ms. A tone sounded at 1 of 7 SOAs ranging from 40 to 2000 ms
to prompt observers to respond. Precueing the target location improved discriminability and
accelerated the temporal dynamics for all set sizes in both search tasks. Furthermore, the
temporal dynamics were faster at far than near eccentricities.

^ Saccading right while shifting attention left; the `anti-shift'
A J Reeves (Department of Psychology, Northeastern University, 360 Huntingdon Avenue,
Boston, MA 02115, USA; e-mail: reeves@neu.edu)

Yes, it is possible to make a saccade from point A (located 2 deg left of fixation) to B (2 deg to
the right), while simultaneously shifting attention from B to A (`anti-shifting'). It takes 5 to 10
hours of practice to anti-shift for the first time, and then another couple of hours or so before
one can anti-shift almost every time. Achieving simultaneity requires overcoming a strong
tendency to anti-shift attention only after completing the saccade. Heavily practiced subjects
become automated; the eye tracker shows the same latency and about the same precision for
saccades in both conditions (shifting normally and anti-shifting); and the attention shifts are
executed in the same time in both conditions, as shown by the `attention shift paradigm' of
Reeves and Sperling (1986 Psychological Review 93 180 ^ 206). Having learnt to anti-shift, subjects
can instantly generalise to new locations.

^ Vision and attention: electrophysiological evidence of the role of training in human observers
C Casco, G Campanaô, A Grieco, G Caputo½ (Dipartimento di Psicologia Generale,
ôDipartimento di Psicologia dello Sviluppo, Universita© di Padova, via Venezia 8, I 35131
Padua, Italy; ½ Istituto di Psicologia, Libera Universita© di Urbino, via Saffi 15, I 61029 Urbino,
Italy; e-mail: casco@psico.unipd.it)

We investigated visual evoked potentials (VEPs) in two observer populations during presentation
of a texture-defined bar oriented 458 clockwise or counterclockwise. Observers performed a task
which required their attention to be engaged either on the bar (attention-to-bar) in a discrimination
of bar-orientation task or removed from the bar and engaged on the centre of the display in a
digit-identification task (inattention-to-bar). VEPs were recorded during onset ^ offset stimulation
in which the bar appeared and disappeared cyclically from a uniformly textured background. A
difference component was obtained by subtracting offset VEPs from onset VEPs. In the attention-
to-bar condition this difference component presented two negative peaks (with a mean latency
of 139 and 200 ms), as previously shown, which are related to local (segregative) and global
(aggregative) aspects of perceptual organisation, respectively. Viewing the bar in the inattention-
to-bar condition significantly reduced the amplitude of the second negative peak, suggesting that
aggregative (perceptual grouping) processes involve attention. However, when the first population
performed the inattention-to-bar task after the attention-to-bar task, a second component was
found with an amplitude not significantly different from that in the attention-to-bar task. We
conclude that, without attention, figure ^ ground segmentation may be based on either local
orientation contrast at the textured edge or global perceptual grouping, depending on attentional
training.
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^ Relative saccade direction and inhibition of (saccade) return in picture viewing
and visual search
I Hooge, E A B Over, R J A vanWezel (Utrecht University, Padualaan 8, NL 3584 CH Utrecht,
The Netherlands; e-mail: i.hooge@bio.uu.nl)

The content of a scene and instruction affect the spatial distribution of fixations over a scene.
However, scanning and searching are to some extent automatic processes and eye movement
parameters could reflect aspects that are independent of scene content and instruction. An
example of such a process is inhibition of (saccade) return (IOR/ISR). To which extent does relative
saccade direction (a, the angle between two subsequent saccades) depend on scene content and
instruction under different viewing and search conditions?

We asked subjects to look for (i) little crosses in pictures (search and complex scene),
(ii) dark-gray pixels on a light-gray background (search and almost empty scene), and (iii) to
look to different pictures (no instruction, complex scene). For three subjects we collected 12 000
saccades. Subjects were more likely to make saccades in the direction of their previous saccade
(ÿ308 5 a 5 308) and opposite to their previous saccade (1508 5 a 5 2108). Fixations preceding
return saccades were 20 to 60 ms longer than other fixations. For each subject, these results
were similar for all conditions. We conclude that the distribution of relative saccade direction is
independent of scene content and instruction and therefore reflects aspects of an autonomous
`scanning mode' of the saccadic system.

^ Attentional capture: object onsets or contour onsets
G G Cole, A Gellatly (Department of Psychology, University of Keele, Keele ST5 5BG, UK;
e-mail: psa20@Keele.ac.uk)

In experiments with two different tasks, we have investigated the mechanisms mediating attentional
capture by new visual objects. Yantis and Hillstrom (1994 Journal of Experimental Psychology:
Human Perception and Performance 20 95 ^ 107) and Gellatly and Cole (2000 Journal of Exper-
imental Psychology: Human Perception and Performance 26 889 ^ 899) have previously shown
that newly onset objects that are equated for luminance with their background effectively capture
visual attention. On this basis, it was suggested that attention must therefore be captured at a
relatively `high' level rather than at a `low' level of luminance change detection. However, this
conclusion has to be qualified because in these studies new object onsets were confounded with
the onset of new contours constituting the new objects. The question remains whether attention
is captured by the detection of new contours or by the detection of new objects. In an exper-
iment with the onset singleton task, two kinds of placeholder for old objects were compared,
placeholders that acquired new contours when transforming into a search display and placehold-
ers that shed contours at transformation. In experiments with a multiple onsets task, the size of
already onset `old' objects could be held constant or could be altered at transformation, so
changing the location of their contours. Results of the experiments with both tasks tended to
support the view that attentional capture is at the level of object descriptions and is independent
of individual contour onsets.

^ Effects of background colour on asymmetries in colour search
R E Rosenholtz, A L Nagyô, N R Bellô (Xerox Palo Alto Research Center,
3333 Coyote Hill Road, Palo Alto, CA 94304, USA; ô Psychology Department,
Wright State University, Dayton, OH 45435, USA; e-mail: rruth@parc.xerox.com)

To test the prediction (Rosenholtz, 1999 Vision Research 39 3157 ^ 3163) that changing the back-
ground colour may reverse a colour search asymmetry, observers were asked to search for a
known target among homogeneous distractors. The stimuli consisted of 0.14 deg diameter disks
at random locations within a 4.25 deg diameter area. We measured the time for an observer to
depress a response button indicating that they had determined whether a target was present.
Seven equiluminant target ^ distractor pairs were used, ranging from unsaturated white to satu-
rated red, with each member of a pair serving as target and distractor in different blocks of
trials. Each pair was presented on both achromatic and red backgrounds of a lower luminance.
With an achromatic background, reaction times were shorter when the target was more saturated
than the distractors. When the same stimuli appeared on a red background, the asymmetry
reversed. On both backgrounds, the size of the asymmetry increased with increasing chromaticity
difference between background and target ^ distractor pair. Results also suggest that the size of
the asymmetry in colour search can be much larger on luminous backgrounds than on dark
backgrounds (Nagy and Cone, 1996 Vision Research 36 2837 ^ 2847). We conclude that both the
direction and magnitude of a colour search asymmetry depend upon the background colour.
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^ Luminance and colour differences between objects do not `pop out'
D C Burr, S Baldassiô (Istituto di Neurofisiologia del CNR, via G Moruzzi 1, I 56010 Pisa,
Italy; ô Smith-Kettlewell Eye Research Institute, 2318 Fillmore Street, San Francisco,
CA 94115, USA; e-mail: dave@in.pi.cnr.it)

It is generally assumed that colour and luminance pop out from the background, processed in
parallel without dependence on set size. Here we show that this is not necessarily true. In one
experiment, luminance and chromatic contrast sensitivity for detecting Gaussian blobs against
a blank or noisy background showed no dependence on set size and was not improved by
positional pre-cueing, consistent with the pop-out notion. However, when the stimuli to be
discriminated were defined by a small colour difference with respect to the background, detection
of luminance or chromatic changes depended strongly on effective set size, following a square-
root law. The results were well simulated by a two-stage model that first detects and locates
stimuli, then identifies them as luminance or colour increments or decrements (or as edges). The
detection stage is performed in parallel over the entire visual array by searching for peaks in
local energy. The peaks are then examined for increases or decreases in luminance by a second-
stage mechanism, that either integrates the various luminance estimates or performs a nonlinear
signed maximum search on the output. We conclude that pop-out is not a property of colour or
luminance, but of detection of features or objects.

^ Second choices during visual search distinguish the signal detection from the guided
search accuracy model
M P Eckstein, S S Shimozaki (Department of Psychology, University of California, Santa
Barbara, Santa Barbara, CA 93106, USA; e-mail: eckstein@psych.ucsb.edu)

In 1956 Tanner, Swets, and Green measured second-choice decisions in an auditory tone detection
experiment to distinguish between two detection models that predicted observers' first-choice
decisions (the theory of signal detectability and the high-threshold model). Two current models of
visual search accuracy are: (1) the guided search accuracy model, a serial-processing ^ high-
threshold model that is guided by a parallel stage (GSA modelöEckstein, Stone, and Beutter,
2000, NASA, TM 209594), and (2) the signal detection theory model, a parallel processing model
that takes into account the inherent noise in the visual system [SDTöGreen and Swets, 1966
Signal Detection Theory and Psychophysics (New York: John Wiley)]. These two distinct models
predict quantitatively the effect of set size on target localisation accuracy for different salience
levels (eg signal contrast). Following the approach of Tanner et al we use second-choice decisions
to distinguish these two models of visual search. The existence of a threshold in the GSA model
predicts lower performance for second-choice decisions in large set-size conditions than that of
the SDT model. We compare model predictions to observer performance in the search of a bright
ellipse among dimmer ellipses.
[Supported by NASA NAG 9-1157 and NIH 53455.]

BINOCULAR VISION AND DEPTH
^ Depth perception with ambiguous displays in humans and monkeys

R von der Heydt, F Qiu, K Endoô (Krieger Mind/Brain Institute, Johns Hopkins University,
3400 North Charles Street, Baltimore, MD 21218, USA; ôNihon University, 8-24 Kudan-
Minami 4-chome, Chiyoda-ku, Tokyo 102, Japan; e-mail: von.der.heydt@jhu.edu)

To study 3-D shape perception in monkeys we have designed a depth-adjustment task (Qiu et al,
2000 ARVO). The stimuli consisted of computer-generated 3-D objects that were presented in
stereoscopic or monocular view. Subjects were required to align a stereoscopic cursor with one
of the edges of the object. When matching the depth of monocular Necker cubes, the three
monkeys never produced bimodal distributions that were typical for human subjects. Monkey B
set the cursor depth consistently to zero while the other two produced scattered settings in the
`near' range. To eliminate the possibility that monkeys had difficulty adjusting a binocular cursor
to a monocular display we used binocular priming. The display switched to monocular when
the monkey started to adjust the cursor. Under this condition, monkey B produced settings that
varied according to the primed disparity. Thus, monkeys are capable of aligning the cursor with
a monocular object and can perceive the two modes of the Necker cube. Our results indicate
that displays which produce compelling monocular depth perception for humans may look flat
to monkeys. Unlike humans, monkeys do not perceive spontaneous depth reversals of the Necker
cube. Monkeys seem to rely more strongly on binocular stereopsis than do humans.
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^ Bistable stereoscopic percepts and depth cue combination
R van Ee, K Hol, C Erkelens (Helmholtz Institute, Utrecht University, Princetonplein 5,
NL 3584 CC Utrecht, The Netherlands; e-mail: r.vanee@phys.uu.nl)

There is a variety of stereoscopic phenomena in which perceived surface slant is not what one
would predict from the presented binocular disparities. Our subjects estimated perceived slant
produced by anaglyphically presented grids in which disparity-specified and perspective-specified
slants were conflicting. We were specifically interested in conditions in which the disparity-speci-
fied slant was very different from perspective-specified slant. We found that in such a condition,
a single surface patch gave rise to a bistable percept: subjects perceived one of two slants at a
time and were able to alternate between them at will. There are at least two ways in which the
perceived slants may be related to the available depth cues: in a `weighted' or `winner-take-all'
fashion. We found the former to be the case. We developed a theory of slant estimation based
on combination of depth cues that explains bistable slant perception.

^ Perceptual stabilisation of binocularly unpaired region by superposing an illusory surface
M Idesawa, T Sanada, O Watanabe (Graduate School of Information Systems,
University of Electro-Communications, 1-5-1 Chofugaoka, Chofu-shi, Tokyo 182-8585,
Japan; e-mail: idesawa@is.uec.ac.jp)

It is believed that a binocularly unpaired region of a stereogram should be perceived at the
same depth as that of background or at a greater depth than a paired region [Julesz, 1971
Foundation of Cyclopean Perception (Chicago: University of Chicago Press)]. In real world, an
object occluding a more distant object produces binocularly unpaired regions to its immediate
left and right; they are opto-geometrically valid unpaired regions and binocular instability is not
perceived (Shimojo and Nakayama, 1990 Vision Research 30 69 ^ 80). Normally, a binocularly
unpaired region of a stereogram without any valid occluding condition produces binocular
rivalry and instability. We reported earlier that binocularly unpaired regions on an object with a
curved surface (which is not the above valid case) play an essential role in volume perception
(Idesawa, 1991 Japanese Journal of Applied Physics 30-4B, L751 ^L754). In further work, we
showed that binocularly unpaired regions without any occluding surface could be perceived sta-
bly at a nearer depth than the paired regions and the perception corresponds to a physically
valid situation (Idesawa and Kushihara, 1998 Perception 27 Supplement, 101). We investigated a
stereogram with binocularly unpaired parts in the flank areas of a paired region, producing
unstable perception. We found that when an illusory surface was suitably superposed, the binoc-
ularly unpaired area could be perceived stably and binocular rivalry did not appear even though
there was no significant difference in physical stimuli. Surprisingly, the same phenomena were
observed for both an opaque and a transparent illusory surface. It can be inferred from the
above effects that not only the occlusion but also the perceived structure of an illusory surface
stopping the correspondence-solving process for the binocularly unpaired regions, reduces bio-
logical instability.

^ Perception of multiple depth at a single retinal position
M Kikuchi, K Sakai, Y Hirai (Institute of Information Sciences and Electronics,
University of Tsukuba, Tennoudai 1-1-1, Tsukuba, Ibaraki 305-8573, Japan;
e-mail: kikuchi@viplab.is.tsukuba.ac.jp)

When objects in 3-D space project onto our 2-D retina, occlusion often occurs among them.
However, the visual system usually recognises those objects and perceives their spatial relations
correctly, owing to the mechanism of amodal completion. We investigated the nature of object
perception in occlusion condition asking: how many surfaces can the visual system encode in a
single retinal position? We performed a psychophysical experiment measuring the certainty of
perception of spatial relationship for a number of patterns having different depth in a single
retinal position. In the experiment, each stimulus consisted of several long and narrow-shaped
rectangles in 3-D space. All rectangles projected onto the 2-D plane had the same shape, but
had various depths at their central position and various slants and tilts. Their central parts over-
lapped each other. One of the rectangles had marking points on its two ends. Subjects, using
stereo glasses, had to respond whether the marked rectangle had the greatest depth at the central
region among all the rectangles. As a result, we obtained a curve characterising the limitation
of depth encoding in a single retinal position. This result is a measure of our ability to perceive
3-D scenes.
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^ The binocular combination of chromatic contrast
D R Simmons, I K Munro (Department of Psychology, University of Glasgow,
58 Hillhead Street, Glasgow G12 8QB, Scotland, UK; e-mail: d.r.simmons@psy.gla.ac.uk)

How is chromatic contrast combined binocularly? One index of binocularity is the binocular
contrast summation ratio (BCSR), which is the improvement in contrast sensitivity with binoc-
ular rather than monocular presentation. Simmons and Kingdom (1998 Vision Research 38
1063 ^ 1071) noted that BCSRs with some red ^ green isoluminant stimuli were suggestive of full
linear summation.

This suggestion was investigated further in four subjects by measuring binocular and monocular
contrast thresholds for the detection of 0.5 cycle degÿ1 isoluminant (red ^ green) and isochromatic
(yellow ^ black) Gabor patches. These Gabor patches had either vertically or horizontally oriented
carriers and were either correlated (same coloured bars matching) or anti-correlated (opposite
coloured bars matching) between the eyes. Full linear summation would be indicated by BCSRs
of 2 for the correlated and 0 for the anti-correlated conditions.

Mean BCSRs at isoluminance were 1.77 and 0.88, respectively, for the correlated and anti-
correlated stimuli with horizontal carriers. BCSRs with isoluminant stimuli were not significantly
higher than those obtained with the corresponding isochromatic stimuli in the correlated condi-
tions but were significantly lower in the anti-correlated conditions. These data fall short of
demonstrating full linear summation of chromatic contrast between the eyes, but they do indicate
that there are strong binocular interactions at red ^ green isoluminance.

^ Vertical disparity and binocular phantom contours
B Gillam, J Byrne, M Pianta (School of Psychology , University of New South Wales,
Sydney 2052, NSW, Australia; e-mail: b.gillam@unsw.edu.au)

A strong vertical phantom occluding contour appears when a set of randomly oriented lines
(within 458 of horizontal) are terminated by a vertical cut in slightly different lateral positions
(crossed) in the two eyes, resulting in both a horizontal and a vertical disparity at the cutting
point of each line. (This is a variant of Anderson's discovery in 1992 of the role of vertical
disparity in binocular subjective contours.) Little contour is seen, however, when the lines are all
at the same oblique orientation. This suggested that the critical feature is not the monocular
vertical excess revealed by image matching or vertical positional disparity but a vertical size
difference between congruent configurations in the two eyes. Using the method of paired
comparisons, we attempted to isolate the critical features for the phantom contour, varying figure
regularity, number of orientations/line lengths, and the presence or absence of anchors for image
matching. Regardless of other factors, the critical feature was the presence of at least two line
orientations, supporting the configuration view. For uncrossed disparity, lines looked slanted,
which also suggests that vertical position is ignored. Other aspects of the role of vertical disparity
in binocular image segmentation are discussed.

^ Differing roles for vertical disparity in the perception of direction and depth
E M Berends, R van Ee, C Erkelens (Helmholtz Instituut, Universiteit Utrecht,
Princetonplein 5, PO Box 80.000, NL 3508 TA Utrecht, The Netherlands;
e-mail: e.m.berends@phys.uu.nl)

In stereoscopic vision, gaze angles are used for perceiving both direction and depth. In depth
perception, it is known that gaze angles are estimated from both eye-position signals and vertical
disparities. Here, we investigated the role of vertical disparity in perceiving direction.We dissociated
the common relationship between the vertical disparity field and gaze direction by applying a
vertical magnification to one eye's image (vertical scale). We used a staircase paradigm to meas-
ure whether perceived straight-ahead depends on the amount of vertical scale in the stimulus.
Subjects judged whether a test dot was flashed to either the left or right side of straight-ahead.
The test dot was flashed during the presentation of a random-dot stereogram that was larger
than the visual fields. We found that perceived straight-ahead did indeed depend on the amount
of scale but only after subjects adapted (5 min) to vertical scale (and only in five out of nine
subjects). Thus, in perceiving direction, vertical disparity is not used to estimate gaze. We suggest
that vertical disparity is a factor in the calibration of eye-position signals. In conclusion, the
role of vertical disparity in perceiving direction is different from its role in perceiving depth.

^ Asymmetric processing of convexities and concavities
B Khurana, R Nijhawan (Vision Group, School of Cognitive and Computing Sciences,
University of Sussex, Falmer, Brighton BN1 9QH, UK; e-mail: beenak@cogs.susx.ac.uk)

Gestalt psychologists highlighted the role of contour assignment in shape perception. Here we
investigate the processing of unassigned versus assigned contours. In experiment 1 observers
judged whether contours made up of line segments were the same or not. In experiment 2, the
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contours of experiment 1, combined with other contours to form either convex or concave shapes,
were presented for observers to judge whether two such shapes could fit together to make
a rectangle or not. In experiment 3, convex or concave shapes were presented to allow the
imagery of the complementary shape. Observers judged whether a presented shape matched
their imagery or not. Reaction time and error rates were measured.

Observers were faster (a) on the contour task relative to the shape task; (b) to generate a
complementary convexity from a concavity, than vice-versa; (c) when their imagery and the
displayed shape were both convex; and (d) more accurate in deciding whether the displayed
convexity was the correct one or not. We suggest that (i) contours are processed differently
once organised as a convexity or concavity, and (ii) concavities signal `incompleteness' to the
perceptual system in the assumed shape, with a clear suggestion of a `missing piece', whereas
convexities do not.

POSTER SESSION
ATTENTION AND SEARCH
* Influence of semantic factors on blindness to progressive changes in visual scenes

M Auvray, J K O'Regan (Laboratoire de Psychologie Expërimentale, Universitë Renë
Descartes, CNRS, Centre Universitaire de Boulogne, 71 avenue Edouard Vaillant,
F 92774 Boulogne-Billancourt Cedex, France; e-mail: auvray.malika@caramail.com)

Several studies have shown that under some circumstances observers have difficulty detecting
changes that occur in successive views of a visual scene. Recent work has confirmed this finding
in situations where the change, instead of occurring abruptly, is made gradually but in full view.
All this work suggests that observers have access only to a small portion of the information
available in a scene. The question arises, what determines which information will be accessed.
The experiments reported here first confirm that change blindness can be obtained by using
progressive changes in full view. Second, they investigate the influence on change detection of
two semantic factors: `interest' of scene elements and their consistency within the scene. We show
that change detection improves as a function of the interest of an element and as a function of
its degree of inconsistency with the scene.

* Computational modeling of spatial cueing in visual attention
L M Kouhsari, R Rajimehr (School of Intelligent Systems, Institute for Studies in
Theoretical Physics and Mathematics, Niavaran, PO Box 19395-5746, Tehran, Iran;
e-mail: montaser@karun.ipm.ac.ir)

The computational model of visual attention can be considered from different aspects. One is
bottom ^ up spatial cueing, which has been studied most extensively by Posner. We are examining
the procedure of covert spatial location priming by an abrupt onset cue in our model. What is
required for cue processing is a saliency map that encodes conspicuity of locations in the visual
field. Winner-take-all in the saliency map could be explained by various theories and models
such as Crick's theory for spotlight attention in thalamus, Taylor's model for a global competitive
network in thalamic reticular nucleus (NRT), and Koch's model for early cortical processing
in visual attention. To understand the role of thalamocortical, corticocortical, and pulvinocortical
pathways in cue processing, we have analysed neuronal structures of the thalamus, NRT, pulvinar,
superior colliculus, and early cortical regions as a single interconnected system. This analysis
is based on the theories and models mentioned earlier. Our model can describe the limited
capacity for parallel processing of multiple cues. The neuronal basis of inhibition of return (IOR)
and stimulus onset asynchrony (SOA), as two attentional temporal effects, has been proposed in
the model. Biological implications and computer simulation suggest that our saliency-based
model is a suitable mechanism for cue processing. Finally, cue processing with the help of a
saliency map is studied from the information theory standpoint.

* The late negative figure ^ ground VEP modulated by focal attention
Y Miyawaki, R Hayashiô, T Maedaô, S Tachiô (Riken Brain Science Institute,
2-1, Hirosawa, Wako-shi, Saitama 177-0041, Japan; ô School of Engineering,
University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 133-8656, Japan;
e-mail: miyawaki@bsp.brain.riken.go.jp)

Recent visual evoked potential (VEP) studies suggest that the late negative component, enhanced
by small-figure stimuli after a 50 ^ 100 ms delay from the initial response, reflects figure ^ ground
(F/G) segregation processes. However, few studies have considered attentional effects, although
a small figure is a strong attractor of attention, and thus a similar response enhancement might
also be caused by focal attention itself.
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We used a dual task (T/L discrimination) procedure concurrently with VEP measurements
to control the direction of attention, and to extract pure geometrical F/G effects defined by
retinal information. F/G properties of stimuli were controlled by the size of the figure relative to
background, extending up to full size (homogeneous stimulus).

Two successive negative components were clearly evoked by F/G segregated stimuli. The
delayed components were enhanced by small-figure stimuli, decreased with increasing figure size,
and dropped to a minimal response level for the homogeneous stimulus. Amplitude modulation
depending on figure size was observed regardless of attentional state, although the gain was
reduced when attention was directed to the outside of the figure. Therefore, the delayed response
enhancement can be modulated by focal attention, but is basically caused by a separate neural
mechanism. These results suggest that the late negative component closely correlates with F/G
processes, and contextual modulation is a plausible neural origin of the biphasic negative VEP.

* Perceptual organisation with and without attention
S Yeh, H Chang, I Chenô, J Li (Department of Psychology, National Taiwan University,
No. 1, Sec. 4, Roosevelt Road, Taipei, Taiwan; ôNational Yang-Ming University,
Center for General Education R108, No. 155, Sec. 2, Li-Nong Street, Taipei, Taiwan;
e-mail: suling@ccms.ntu.edu.tw)

Recent studies concerning the role of attention in perceptual organisation have provided evidence
against the widely held view that perceptual organisation occurs preattentively, eg the inattention
blindness (IB) to perceptual grouping as demonstrated by Mack et al (1992 Cognitive Psychology
24 475 ^ 501). Moore and Egeth (1997 Journal of Experimental Psychology: Human Perception
and Performance 23 339 ^ 352) argued for the preattentive view by showing that similarity of
luminance in the unattended background could still be perceived to render the Ponzo illusion.
The black and white dots they used, however, created the first-order signal available to the low-
spatial-frequency filters, thus not necessarily evoking perceptual organisation. We used stimuli
that could be detected only through second-order local association among filters. Grouping by
good continuity is evident even in the inattention condition, but not the grouping by similarity
of orientation. Therefore local connections between filters tuned to orientations aligned with the
global path can be formed automatically without attention, though the report of such a path
needs attention.

* Visuospatial attention in Alzheimer's disease
R J Snowden, A Tales, J Muir (School of Psychology, Cardiff University, Cardiff CF11 3YG,
Wales, UK; e-mail: snowden@cardiff.ac.uk)

Using a cueing paradigm we assessed the ability of Alzheimer's disease (AD) patients, age-
matched controls, and younger participants to use the cues to guide attention to the location
indicated by the cue. In separate experiments we attempted to isolate cues that attract attention
automatically (exogenous cueing) and those that require the wilful movement of attention (endog-
enous cues). We found significant cueing effects for all groups for both types of cue. However,
the group with AD showed far greater cueing effects when using an exogenous cue, whilst no
difference between groups' ability to use the cue was found for the endogenous cue. No differ-
ences in cueing were found for either cue as a function of normal ageing. We further tested
whether the differences in cueing found in the group with AD were due to a generalised slowing
of function. By transforming the data to take account of the overall slowing of all responses we
still found significant differences between this group and the control groups. We conclude that
patients with AD have an abnormality in automatic but not controlled visuospatial attention.

* Is feature search free of attentional demands?
M Pavlovskaya, S Hochsteinô, H Ring (Loewenstein Rehabilitation Hospital and Sackler
Medical School, Tel Aviv University, Ahuza 279, Raanana, IL 403100, Israel; ô Institute of
Life Sciences, Hebrew University, Jerusalem, IL 91904, Israel; e-mail: marinap@netvision.net.il)

We address a long-standing conflict in the visual search and unilateral spatial neglect literature
by studying search performance of neglect patients using laterally presented search arrays and
comparing performance on feature and conjunction search tasks. The issue relates to whether
feature search is performed `pre-attentively' ie supposedly independently of attention (Treisman
and Gelade, 1980 Cognitive Psychology 12 97 ^ 136), or with `spread attention' ie irrespective of
the number or eccentricity of the elements, but demanding attention, nevertheless (see Treisman,
1988 Quarterly Journal of Experimental Psychology A 40 201 ^ 237). If neglect has to do only
with focusing attention, and if feature search is a pure pre-attentive task, we would expect that
left-neglect patients would have no problem in performing a feature task in the left visual field.
Five neglect patients and six normal controls were tested with stimulus arrays composed of
363, 565, or 767 elements presented centrally, or in the left or right hemifield at three possible
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eccentricities. Array centres were at 0 or 2.5 ^ 6.5 deg of visual angle from the fixation cross. We
found that when search arrays were placed centrally, neglect subjects had a more difficult time
finding targets that fall in the neglected hemifield array. When arrays were placed laterally,
neglect subjects' performance dropped dramatically when the array was in their neglected
hemifield. Thus, neglect effects are found not only for conjunction but also for feature search,
suggesting that feature search, too, depends on attention, albeit on spread attention, and that
this type of attention, too, is affected by neglect.

* Attentional impairment in an odd case of dementia
H A Pringle, I R Davies (Department of Psychology, University of Surrey,
Guildford GU2 7XH, UK; e-mail: H.Pringle@surrey.ac.uk)

AB was diagnosed with multi-infarct dementia but presented symptoms of visual Alzheimer's
disease: local rather than global processing. She could not name the print colour in the Stroop
task or attend to single attributes of objects. We explored whether these deficits were due to a
common attentional impairment. Tasks included (i) Navon-type figures varying in absolute size,
global : local ratio, and congruence; (ii) variations of the Stroop task, eg separating features of
colour and form, and replacing letter forms with coloured blocks; and (iii) grouping on the basis
of a common feature (eg colour) when only that feature varied and when an additional feature
varied (eg colour and form). Her local processing preference was determined by relative size;
she could not name the print colour in conventional Stroop, or for a non-colour word or a letter,
but she could name the colour of a square; she could group multiple objects if they only varied
on one feature, but not if two features varied; she could selectively attend to the shape and
colour of a single object providing it was not a letter. Overall, she cannot selectively attend to
within-object spatial components (cf Cooper and Humphreys, 2000 Neuropsychologia 38 723 ^ 733).

* Preattentive segmentation of objects from backgrounds in visual search
A Oliva, S J Butcher, J M Wolfe (Center for Ophthalmic Research, Brigham and Women's
Hospital, Harvard Medical School, 221 Longwood Avenue, Boston, MA 02115, USA;
e-mail: oliva@search.bwh.harvard.edu)

In a visual search task, subjects search for a target among distractors. Most laboratory searches
involve isolated items on a blank ground, but the real world presents a continuous patterned
background. Here, we report the results of search experiments using a large variety of back-
grounds, ranging from homogeneous textures to realistic scenes. We found that the complexity of
the background does not interfere with the efficiency of the search as measured by response
time (RT)6set size slopes, as long as the background is not itself a texture of distractors (eg a
needle in a haystack). There is an additive mean RT cost that is a direct function of the complexity
of the background. The results suggest a preattentive process that segments potential objects
from the `rest' of the visual information. Attention can be guided to members of the set of task-
relevant objects. It might be proposed that attention is simply directed to loci containing the
appropriate basic features (colour, size, orientation, etc) and that segmentation of the object from
the background is an attention-demanding process that processes one object at a time. The
current data do not support that class of model.

* The strength and specificity of attentional modulation of lateral interactions
E D Freeman, J Driver, D Sagiô (Institute of Cognitive Neuroscience, University College
London, Alexandra House, 17 Queen Square, London WC1N 3AR, UK; ôWeizmann
Institute of Science, IS 76100 Rehovot, Israel; e-mail: elliot.freeman@ucl.ac.uk)

Last year we reported that facilitatory lateral interactions between a target Gabor patch and a pair
of collinear flankers depend on attention to the flankers (2000, Perception 29 Supplement, 62).
Here we assess the strength of this attentional modulation compared to stimulus-driven effects,
and test the specificity of the attentional effect for global configuration.

Stimuli comprised two pairs of flankers positioned on two orthogonally intersecting axes
(forming an `X' configuration), around a central target. Target contrast thresholds were measured
by the 2IFC method of constant stimuli; a secondary Vernier task required attention to the
flanker-pair along one axis, while the other flanker-pair was irrelevant.

When the flankers along one axis were collinear with the target, we again found modulation
of target thresholds depending on whether these collinear flankers were relevant to the Vernier
task, or the other orthogonally oriented flanker pair. There was no attentional effect when both
flanker pairs were orthogonal to the target. Attention thus appears to specifically modulate low-
level contextual integration processes sensitive to the global configuration of stimulus elements.
Also, comparison of stimuli with and without target-flanker collinearity revealed no consistent
facilitation from unattended collinear flankers. The attentional effect is therefore strong enough
to completely override stimulus-driven perceptual interactions between collinear contour segments.
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* The effect of alcohol concentration levels on the useful field of view: A differential effect
T Miura, T Ishidaô, Y Nishida½, K Ishimatsu (Graduate School of Human Sciences,
Osaka University, Yamada-oka 1-2, Suita, Osaka 565-0871, Japan; ô School of Human
Sciences, Waseda University, Mikashima, Tokozawa 359-1192, Japan; ½National Research
Institute of Police Science, Kashiwanoha, Kashiwa 277 0882, Japan;
e-mail: toshi@hus.osaka-u.ac.jp)

Characteristics of the useful field of view (UFOV) were examined for three levels of breath alcohol
concentration: none (control condition); under 0.25 mg litreÿ1 (the mean was 0.15 mg litreÿ1övery
light condition); and over 0.25 mg litreÿ1 (the mean was 0.33 mg litreÿ1ölight
condition). The level of 0.25 mg litreÿ1 is a legal criterion of drunken driving in Japan. Forty-
seven subjects participated. UFOV performance was examined with the subjects operating a
driving simulator. The size of projected forward scenery was 45 deg (W ) by 30 deg (H). The target
consisting of a red square (1 deg by 1 deg) was presented spatially and temporally at random. The
presentation duration was 200 ms. The reaction time and rate of detection were measured.
The reaction time in the very light condition and light condition was longer than in the control
condition, but no difference was found between the former two. On the other hand, the rate of
detection in the light condition was lower than in the control and very light conditions, but no
difference was found between the latter two. Thus a differential effect of alcohol levels on
UFOV was found in latency and rate of detection. The relevant factors are discussed in terms of
density and volume of processing resources.

* Costs and benefits in the identification of visual stimuli during the execution of
compatible, incompatible, and neutral responses
P Wu« hr, J Mu« sselerô (Max Planck Institute for Psychological Research,
Amalienstrasse 33, D 80799 Munich, Germany; e-mail: wuehr@mpipf-muenchen.mpg.de)

Recent dual-task studies showed that the execution of a response in the primary task can specifically
interfere with concurrent perceptual encoding in the secondary task. For example, Mu« sseler
and Hommel (1997, Journal of Experimental Psychology: Human Perception and Performance 23
861 ^ 872) found that, while performing a left or right keypress, participants were worse in identify-
ing a response-compatible arrow than in identifying an incompatible stimulus. This observation
has been interpreted as a `blindness to response-compatible stimuli'. However, empirical evidence
that the blindness effect really reflects costs in identifying compatible stimuli, and not benefits
in identifying incompatible stimuli, is still lacking. Two experiments addressed this issue by compar-
ing identification performance for compatible and incompatible stimuli with neutral conditions.
Participants performed a speeded four-choice response to a cue and identified masked arrows
presented with varying delay after the cue. The response was either compatible or incompatible
(left or right keypress) to the visual stimulus, or it was a neutral response (eg pressing both keys
simultaneously). Both experiments revealed that, around the execution of the response, identifica-
tion performance for response-compatible stimuli was significantly worse than identification
performance in the neutral conditions. These results are interpreted in terms of a model that
posits structural and procedural overlap of response-planning and stimulus-encoding mechanisms.

* Shift of attention in three-dimensional space: The effect of number of fixation points
and perceptual load
T Kimura, T Miura, S Usui, K Shinohara (Department of Applied Cognitive Psychology,
Graduate School of Human Sciences, Osaka University, 1-2 Yamadaoka, Suita,
Osaka 565-0871, Japan; e-mail: takahiko@hus.osaka-u.ac.jp)

Many studies on the shift of attention have been performed in two-dimensional (2-D) space.
However, when we obtain multiple information in actual visual environment, attention has to shift
in three-dimensional (3-D) space. The purpose of this study was to examine the characteristics of
attention in real 3-D space. In experiment 1, three fixation points were located on the central line of
sight. They were located 140 cm, 240 cm, and 340 cm from the observer. Two near targets and
two far targets were arranged around each fixation point. When one of them was presented,
subjects were asked to judge as quickly as they could whether it appeared nearer or farther than
the fixation point. The shift of attention was found to be faster from near to far than the other
way round at the fixation point 240 cm away. The same tendency was also found at the fixation
point 140 cm away. In experiment 2 subjects had to detect blinking of the fixation point. This
task was given to provide a perceptual load. Here, the attentional shift was found to be greater
than in experiment 1. As the findings of this study are inconsistent with those of previous
studies, the relevant factors which affect allocation of attention in the real world are discussed.
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* Capturing attention when attention `blinks'
F K Chua, S Wee (Department of Social Work and Psychology, National University
of Singapore, Kent Ridge Crescent, Singapore 119260, Singapore;
e-mail: fkchua@leonis.nus.edu.sg)

When two targets have to be engaged in rapid succession, processing the second target (T2) is
hampered when it appears 200 ^ 500 ms after the first target (T1). T1's attentional engagement
appears to cause an `attentional blink' (AB). Does attention capture occur when the system is
beset with an AB? Both exogenous and endogenous capture were investigated with a rapid serial
visual presentation (RSVP) paradigm. The targets were black and distractors were white letters.
For the baseline, no capture stimulus (a square frame surrounding a distractor) was presented.
The main variable was the lag (300 ^ 600 ms) between the capture stimulus and T1. In experi-
ment 1, the frame was the same colour as the distractors. The results show small or no capture
effects. A variation involving a two-stream RSVP task, however, showed small but reliable
capture effects suggesting that these effects were masked in the single-stream presentation.
In experiment 2 we investigated endogenous capture and found much larger effects, suggesting
that attention may dwell for a shorter time when the exogenous capture stimulus shares
distractor features. In experiment 3, where the capture stimulus was the same colour as the targets,
the effect of capture was found to be larger, consistent with an early-selection interpretation.

* The uniqueness of abrupt onset in capturing attention: evidence from inattentional blindness
J Li, S Yeh (Department of Psychology, National Taiwan University, No.1, Sec. 4,
Roosevelt Road, Taipei, Taiwan; e-mail: jingll@ms27.hinet.net)

Whether attentional capture can be solely stimulus-driven or contingent on attentional settings
is still an unsolved problem. Evidence for either side cannot exclude the role of expectation, since
a display-wide attentional setting was also shown to affect attentional capture. We conducted
the inattentional blindness (IB) paradigm with the main task as attentional settings to explore
whether critical items in the background capture attention. Six combinations of three main tasks
(abrupt onset detection, colour change detection, and letter identification) and two critical
items (abrupt onset and colour change) were adopted. Substantial IB was found when the feature
of the critical items was different from that in the main tasks. Though the abrupt-onset item
could not be reported when the main tasks were colour-change detection or letter identification,
an approximate location could still be indicated. Therefore, abrupt onset seems to be unique to
capture attention where it occurs, but whether further processing proceeds depends on attentional
settings. This model can assist in explaining the controversial evidence of the attentional-
capture debate.

* Perceptual organisation guides a shift of visual attention
M Sekine, Y Sakaguchi (Graduate School of Information Systems, University of
Electro-Communications, 1-5-1 Choufugaoka, Choufu-shi, Tokyo 182-8585, Japan;
e-mail: sekine@is.uec.ac.jp)

It was reported that Kanizsa-type illusory object could be detected without focal attention (Davis
and Driver, 1994 Nature 371 791 ^ 793), though its mechanism is still unclear. Here, we examined
whether or not the perceptual organisation process drew attention automatically. The stimulus
consisted of a 666 matrix of randomly oriented pacman elements, where four (262) of them
were arranged so that a Kanizsa square could be perceived. After a variable delay, four line
segments together with a cue were presented briefly among the elements, then all stimuli were
masked. Observer's task was to report the orientation of the cued line segment (probe) and its
position as quickly as possible. The performance varied according to the spatial relation between
the probe and the Kanizsa square. The performance was improved when the probe appeared
inside the square but was reduced when it appeared outside the square, compared to the control
condition (ie when no illusory object was presented). This tendency became more prominent
with longer delay. The magnitude of the effect varied according to the number of the square.
These results suggest that the perceptual process organising the illusory object draws attention or
has an attention-like effect.

* The effects of spatial attention on temporal resolution
Y Yeshurun, L Levy (Department of Psychology, University of Haifa, Haifa, IL 31905,
Israel; e-mail: yeshurun@research.haifa.ac.il)

To better understand the temporal component of visual perception, we studied the effects of spatial
attention on temporal resolution. Yeshurun and Carrasco (eg 1998 Nature 396 72 ^ 75) have pre-
viously shown that spatial attention can sharpen spatial resolution. In this study we investigated
whether spatial attention can also affect temporal resolution. To assess temporal resolution we
measured the two-flash fusion threshold. Two flashes of light are presented successively to the
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same location. The threshold is the minimal interval between the flashes at which they are still
perceived as two flashes, rather than a single flash. This was combined with a direct manipula-
tion of spatial attention. Prior to the target appearance a peripheral cue indicated its location.
This cue allows observers to direct their attention in advance to the target location. The ISI
between the two flashes and target eccentricity varied systematically. The advanced allocation
of spatial attention significantly affected the two-flash fusion threshold. However, the pattern of
this attentional effect depended on target eccentricity. These results demonstrate that attention
can also affect temporal resolution. Moreover, because the pattern of this effect on temporal
resolution depends on the spatial position of the target, it may be a product of the attentional
effects on spatial resolution.

* Capacity limitations in the perception of relative position
E Po« der (Laboratory of Cognitive Neuroscience, Tallinn Pedagogical University,
25 Narva Road, EW 10120 Tallinn, Estonia; e-mail: ep@tpu.ee)

Heathcote and Mewhort (1993, Journal of Experimental Psychology: Human Perception and
Performance 19 488 ^ 516) have demonstrated in reaction-time experiments that after a short
training observers were able to discriminate simple stimuli from their mirror images in parallel
(independently of set size). I used similar stimuli and measured the percentage correct responses
as a function of stimulus contrast for two set sizes (1 and 8). The results were compared with
the prediction of unlimited capacity model based on signal detection theory (SDT). The set-size
effect was found to be significantly larger than the prediction of the model. Training (4 sessions,
each of 1000 trials) did not eliminate this capacity limitation. When similar targets and distrac-
tors differed in orientation, or when stimuli with very simple 3-D interpretation were used, the
results were close to the model of unlimited capacity. This leads to the conclusion that usually
the relative position of stimulus components cannot be perceived without capacity limitations.
Additionally, the shape of psychometric functions indicates that ordinary SDT models may not
be applicable to the perception of relative position.

* Split or unitary attention, measured by motion aftereffect
S Lin, S Yeh, J Li (Department of Psychology, National Taiwan University, No.1, Sec. 4,
Roosevelt Road, Taipei, Taiwan; e-mail: r89227012@ms89.ntu.edu.tw)

The issue whether nonadjacent locations can be selected simultaneously is under continuous
debate. Studies that support the unitary view have usually been criticised for using the probe
procedure that introduces an abrupt onset to capture attention, and yet those that support the
split view could not exclude the possibility of a unitary attention shifting between locations. To
avoid these confounding factors and with the evidence that motion aftereffect (MAE) is modu-
lated by attention, we measured MAE in the background field while participants performed an
attention task of different levels of difficulty. In three experiments, attention was manipulated by
matching two digits on both sides of fixation or by viewing the static or changing digits passively
while the participants adapted to a moving random-dot pattern. The test pattern for measuring
the MAE duration was an ellipse placed between the two digits (experiment 2) or the same as
the adaptation pattern (experiment 1). Results showed that MAE duration was longer when the
participants passively viewed the static or changing digits than when they were required to respond
to the changing digits. In experiment 3, in addition to judging the MAE duration as in experiment 1,
the participants were also required to draw any differential pattern of the random-dot background
during the test period. As substantial MAE was still observed under the highest attention load
condition and the residual pattern drawn by the participants was unitary, we concluded that the
distribution of attention was unitary, but nonuniform.

* Attention to moving surfaces
E Blaser, Z Vidnyanszky, T V Papathomas (Laboratory for Vision Research,
Rutgers University, 152 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA;
e-mail: blaser@ruccs.rutgers.edu)

We investigated the interaction of surface organisation and object-based attention, using the motion
aftereffect (MAE). Observers viewed two superimposed drifting fields of randomly scattered dots.
The dots in one field were coloured black, the other white, and, depending on condition, the fields
either contained an equal number of dots, or one contained 90% of the dots. Also, depending on
condition, a field of dots could change direction over time, or be composed of a spectrum of
motion vectors, but on average both fields drifted in a single, common direction. Observers either
passively viewed the adapting stimulus, or were instructed to attend to one of the dot fields.

Almost always, attending to the weaker component (that comprised of fewer dots) yields a
smaller MAE than attending to the stronger component, even though both components are
spatially superimposed and, on average, traveling in the same direction.When the two components
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are of equal strength, the MAE is unaffected by attention instructions. We argue that attention
modulates the adaptation resulting from a particular motion component not directly, by enhanc-
ing or inhibiting particular motion vectors per se, but instead influences MAE indirectly, by
enhancing or inhibiting entire surfaces.

* Short-term and long-term effects of shifting visuo-spatial attention at the visual field
border of brain-lesioned patients
D A Poggelô ½, E Kasten½, E M Mueller-Oehring½, H Strasburgerô, B A Sabel½
(ôGeneration Research Program, Ludwig-Maximilians-Universita« t Mu« nchen,
Arzbacherstrasse 12, D 83646 Bad To« lz, Germany; ½ Institute of Medical Psychology,
Otto-von-Guericke-Universita« t Magdeburg, Leipzigerstrasse 44, D 39120 Magdeburg,
Germany; e-mail: poggel@grp.hwz.uni-muenchen.de�

Visuo-spatial cueing of attention improves visual information processing in normally sighted
subjects, particularly at threshold. A special cueing procedure was designed to help patients with
visual-field defects shift their focus of attention at the visual field border, to investigate whether
residual vision can be activated during visual-field testing (short-term effects) and visual-restitution
training (long-term effects), respectively. In visual-field tests with versus without visuo-spatial
cueing, we found a short-term increase of stimulus detection and decrease of reaction times in
valid trials, but also unspecific benefits in invalid trials. This effect depended upon the size of areas
of residual visionöpatients with `soft' field borders showed more improvement. Long-term effects of
attention were investigated in a training study comparing conventional visual-restitution training
and attention field training (with visuo-spatial cueing). Restitution training resulted in a highly
significant increase of stimulus detection performance and a shift of the visual-field border
when data of all patients were analysed. Moreover, the cue in the attention-field training changed
spatial and temporal patterns of visual-field recovery. Thus, visuo-spatial attention not only
activates residual vision of brain-lesioned patients on a short-term scale but also influences long-
term neuronal plasticity.

* Unitary versus splitting focal attention: Evidence in favour of a unitary model
J Li, S Yeh (Department of Psychology, National Taiwan University, No.1, Sec. 4,
Roosevelt Road, Taipei, Taiwan; e-mail: d89227005@ms89.ntu.edu.tw)

Using the spatial cueing paradigm, Castiello and Umilta© (1992 Journal of Experimental Psychology:
Human Perception and Performance 18 837 ^ 848) presented two pre-cued boxes with varying sizes
followed by a target. On the basis of the box-size effectöie the inverse relationship between RT
and box sizeöthey concluded that there were two independent attentional foci on the two cueing
boxes, thus claiming that focal attention can be split. Their evidence, however, could also be
explained by the unitary model, for the box size was covaried with the inter-box distance in their
experiments. In three experiments, we adopted a probe procedure while keeping the inter-box
distance constant. Consistent with the unitary model, experiments 1 and 2 demonstrated that
box-size effect disappeared and RT to the probes presented outside of the presumed unitary
attentional loci was significantly longer than RT to those presented inside. Experiment 3 ruled
out the possibility that the presentation of the probe affected the way attention was distributed.
We conclude that in the detection task employed here focal attention is unitary.

* Reflexive orienting to social and non-social directional stimuli
T A Russell, R Corcoranô, R G Morris (Department of Psychology, Institute of Psychiatry,
De Crespigny Park, London SE5 8AF, UK; ôDepartment of Psychology, University of
Manchester, Elizabeth Gaskell Campus, Hathersge Road, Manchester M13 0JA, UK;
e-mail: T.Russell@iop.kcl.ac.uk)

We set out to explore reflexive orienting to eye-gaze direction. Thirty-seven healthy subjects
were presented with a gaze-direction-matching task which necessitated viewing a central pair of
eyes gazing to one of four diagonals and matching this direction to one of four pairs of eyes
presented in the corners of the screen. For half the trials the central eyes were looking towards
the location of the correct answer (congruent condition). In the remaining trials the correct
answer was located in another position (noncongruent condition). To test the specificity of this
effect for eye stimuli, subjects also completed the same task where the central pair of eyes had
been replaced by an arrow. In a third task only arrows were used. Although subjects were not
informed of the congruence dimension, they were significantly faster and more accurate on the
congruent as compared to noncongruent trials. A task by congruence interaction for reaction
time indicated that greater response-time facilitation was afforded by arrows relative to eyes and
arrows and eyes mixtures. These findings are discussed in relation to Baron-Cohen's model of
the eye-direction detector and recent work exploring social orienting.
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* Effects of feature-selective attention on neuronal responses in macaque area MT
A Thiele, K P Hoffmannô, T D Albright½ (Department of Psychology,
University of Newcastle upon Tyne, Ridley Building, Claremont Place,
Newcastle upon Tyne NE1 7RU, UK; ôDepartment of Zoology and Neurobiology,
Ruhr University Bochum, Universita« tstrasse 150, D 44780 Bochum, Germany;
½ The Salk Institute, Howard Hughes Medical School, 10010 N Torrey Pines Road,
La Jolla, CA 92037, USA; e-mail: alex.thiele@ncl.ac.uk)

Visual attention can be directed towards spatial locations or objects and towards features of
objects. Various studies have demonstrated effects of spatial attention on neurons in macaque
visual cortex (Spitzer et al, 1988 Science 240 338 ^ 340; Treue and Maunsell, 1996 Nature 382
539 ^ 541). Little is known about effects of feature-selective attention on neuronal activity. We
therefore investigated neuronal correlates of feature-selective attention in area MT. Three monkeys
were trained to report either the direction (left, up, right, down) or the colour (red, blue, green,
yellow) of moving gratings. We predicted that directionally selective cells in MT would exhibit
higher activity when the monkey attended to direction of motion rather than to colour. Signifi-
cantly different activity was found in 60/199 directionally selective neurons (two-way RM-ANOVA,
p 5 0.05). Half of these neurons increased their activity when the monkey attended to the direc-
tion of motion, while the other half increased activity when the monkey attended to the colour.
The patterning of effects does not match the prediction, but is in line with reports on MT
activity during binocular rivalry (Logothetis and Schall, 1989 Science 245 761 ^ 763). The perplex-
ing result could be resolved if successive stages pooled the two groups of neurons separately.
[Supported by DFG; T D Albright is a Howard Hughes Investigator.]

* The contribution of voluntary deployment of visual attention to simple reaction time
and temporal order judgment tasks
M Baldo, H Haddad Jr, L R Carreiro (Department of Physiology and Biophysics,
Institute of Biomedical Sciences, University of Sa¬ o Paulo, Av. Prof. Lineu Prestes 1524,
05508-900 Sa¬ o Paulo, Brazil; e-mail: baldo@fisio.icb.usp.br)

Visual attention is considered to convey automatic and voluntary components. In this work we
investigated the effects of voluntary attentional deployment by manipulating the spatial predict-
ability of visual stimuli. In separate experiments, two perceptual tasks were employed: simple
reaction times (RT) and temporal order judgments (TOJ). In the RT study, participants had to
press a key as quickly as possible when the visual target was presented. In TOJ, participants
had to judge the temporal order of two stimuli, one centrally and another peripherally presented.
In both tasks, the predictability of either the target (RT) or the peripheral stimulus (TOJ) was
set from higher to lower levels by increasing the number of possible presentation locations. An
ANOVA showed a significant increase of both response time (RT) and perceived asynchrony
(TOJ) as a function of the decrease in the stimulus predictability. Comparing the results obtained
under high and low predictability conditions, we were able to isolate and measure, in both
tasks, the specific contribution of the voluntary component of visual attention. Moreover, despite
perceptual and procedural differences between these tasks, the average contribution of this
voluntary component amounted to statistically identical effects.

* Spatial attentional dwelling in an RSVP target-identification task
M R Nieuwenstein (Psychological Laboratory, Helmholtz Institute, Utrecht University,
Heidelberglaan 2, NL 3584 CS Utrecht, The Netherlands; e-mail: m.nieuwenstein@fss.uu.nl)

One of the controversies regarding attention shifts is whether these shifts are characterised by a
gradual release and redeployment of resources, or whether attention must first be disengaged from
the current location before it can be engaged at a new location. We investigated the temporal
dynamics of attention shifting in a rapid serial visual presentation (RSVP) target-identification
task. In two experiments, multiple targets requiring identification were presented intermixed
with distractors in rapid succession, at either the same or at different spatial locations. The
results were consistent in showing a benefit for returning to a former target location. This benefit
occurred even with an intermediate location switch. The duration of this spatial dwelling effect
depended on whether the former target had been identified, with a 400 ms dwell-time estimate
for locations where a target had been identified, and a 100 ms dwell time for locations of
unidentified targets. These results suggest that the distribution of spatial attention across loca-
tions is influenced by off-line processes of stimulus identification. In addition, these results show
that spatial attention may be distributed across multiple locations at any one point in time, in
accordance with an activity-distribution model of spatial attention.
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* Vertical meridian asymmetry in spatial resolution: visual and attentional factors
C P Talgar, M Carrasco (Department of Psychology, New York University, 6 Washington
Place, 8th floor, New York, NY 10003, USA; e-mail: cp304@nyu.edu)

We have reported that: (i) Attending to the target location improves performance in a texture-
segmentation task where the resolution is too low (periphery) but impairs it where resolution is
already too high (central locations) for the task. This finding indicates an enhanced spatial
resolution at the attended location (Yeshurun and Carrasco, 1998 Perception 27 Supplement,
69 ^ 70). (ii) Observers' contrast sensitivity is greater in the lower than upper region of the vertical
meridian, an asymmetry determined by visual, rather than attentional, factors (Carrasco, Talgar,
and Cameron, in press). In the present 2IFC task, transient covert attention was manipulated
by a peripheral cue that indicated the location and time of target onset, and performance was
compared to a neutral cue. Observers reported the interval containing a target patch appearing
at varying eccentricities in a large texture pattern along the vertical meridian. We found that:
(1) Performance peaked at farther eccentricities in the lower than upper visual field indicating
that resolution was higher in the lower than upper half of the vertical meridian. (2) The peripheral
cue affected performance along the vertical meridian uniformly, indicating that the degree of
enhanced resolution brought about by transient attention was constant along the vertical meridian.

* Cross-modal attention modulates induced gamma MEG response to visual motion
A Sokolovô, M A Pavlovaô, W Lutzenberger, N Birbaumer½ (Institute for Medical
Psychology and Behavioural Neurobiology, University of Tu« bingen, Gartenstrasse 29,
D 72074 Tu« bingen, Germany; ô also Institute of Psychology, Russian Academy of Sciences,
129366 Moscow, Russia; ½ also Department of General Psychology, University of Padua,
I 35131 Padua, Italy; e-mail: alexander.sokolov@uni-tuebingen.de)

Attentional modulation of cortical MEG activity in the gamma (25 ^ 75 Hz) range was studied
in a dual-modality temporal order task. After concurrent exposure to visual and auditory noise,
subjects were presented with an asynchronous (SOA, 500 ms) pair of a visual (global regular
motion of bars, 3 deg sÿ1) and an auditory (distractor) stimulus. Either stimulus in a pair could
occur first equally often; their order was not cued. Subjects determined the first stimulus
and monitored it to respond upon its offset. In the attended conditions, an enhancement of
the induced gamma response (64 Hz) over the occipital cortex occurred within 250 ms from the
stimulus onset. When unattended, however, the same stimuli led to a significantly decreased
(beneath baseline) gamma response over the modality-specific cortical region. The spectral power
decrements occurred at lower frequencies (30 Hz) than the increments. Overall, the findings
suggest that the induced gamma response distinguishes the attended from unattended representa-
tion of identical coherent stimuli. We assume that attention-related facilitation and suppression
of stimulus representations may involve either local or distributed neural networks operating at
higher or lower gamma-range frequencies, respectively.
[Supported by the DFG.]

* How often do we look during a glance? Processing of foveal and peripheral information
during visual search
F W Cornelissen, A C Kooijman (Laboratory of Experimental Ophthalmology,
University of Groningen, PO Box 30.001, NL 9700 RB Groningen, The Netherlands;
e-mail: f.w.cornelissen@med.rug.nl)

During search, our visual system uses short periods of relatively stable gaze positionöfixationsö
to sample information from foveal view about the object(s) currently in view and from peripheral
view to plan the next saccade. We examined whether foveal `what' and peripheral `where next'
information is processed concurrently or sequentially. Concurrent processing predicts that the
influence of the peripheral-planning task on fixation duration will be less for more difficult foveal
tasks. Sequential processing predicts the same influence regardless of foveal task load.

Subjects searched for a target ring with two gaps amongst distractors with a single gap while
a `real-time' window moved with their gaze allowing independent manipulation of objects in
foveal and peripheral view. Objects inside this window could be used to distinguish target from
distractors. Objects outside of it could only be used for localisation and were displayed at one
of five different levels of contrast in order to vary peripheral task difficulty. Gap size was varied to
modulate foveal task load.We found that peripheral contrast influenced fixation duration similarly
for all three levels of foveal task difficulty, from which we conclude that foveal and peripheral
task information is processed sequentially. We appear to look twice during a single glance.
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* Processing spatial symmetry in a categorical same ^ different task
T Lachmann, H G Geissler (Department of Psychology, University of Leipzig,
Seeburgstrasse 14/20, D 04103 Leipzig, Germany; e-mail: lachmann@uni-leipzig.de)

We used the memory-guided inference approach, which attempts to specify information processing
strategies in perception and memory as a function of task-related representations of sets of
objects. It is assumed that, owing to organisational constraints, strategies in complex recognition
exhibit characteristic deviations from unconditionally optimal performance (seeming redundancy).
Data from several experiments are reported, in which transformationally related patterns have
been used which under rotations and reflections form equivalence sets of different size. In a
same ^ different task, two successively presented patterns were to be judged as same when they
belonged to the same equivalence set, ie independently of their orientation, and different other-
wise. Reaction times have been found to depend on the size of the equivalence set to which the
patterns belong, even when they are physically identical. Results suggest that subjects perform a
memory search within the equivalence sets, activated by the patterns to be compared instead of
comparing these patterns directly. This interpretation is strengthened by the finding that the
experimental manipulation of the probability of occurrence of one single pattern affects perform-
ance for all members of an equivalence set.

* Effects of spatial position on visual search asymmetry for viewing direction
H Umemura, H Watanabe, K Matsuoka (Stress and Aging Evaluation Team,
Human Stress Signal Research Center, 1-8-31 Midorigaoka, Ikeda, Osaka 563-8577, Japan;
e-mail: umemura@onri.go.jp)

A search asymmetry for the direction at which three-dimensional objects are viewed has been
reported earlier. This asymmetry is more pronounced in the lower visual hemifield (von Gru« nau
and Du« be, 1994 Perception & Psychophysics 56 211 ^ 220). We examined whether the search asym-
metry might change with the spatial position where stimuli are displayed. In the experiments,
an array of cubes was displayed 60 cm above or below the eye height on a 3 m63 m screen.
Subjects fixated the centre of the stimulus by moving their heads. When stimuli were line-drawn
cubes or shaded cubes whose upper and bottom faces were lighter than side faces, we found
that a bottom-view target among top-view distractors was detected faster than a top-view target
among bottom-view distractors. In addition, displaying stimuli in an upper field made the overall
performance worse. On the other hand, shaded objects whose upper and bottom faces were darker
than side faces promoted the detection of a top-view target among bottom-view distractors in
an upper field. These results indicate that only when the objects' direction and shading informa-
tion are appropriately combined is the contextual effect of viewing upward achieved.

FACE PERCEPTION
* Recognitions of human heads from different viewpoints change under inverted presentation

E Nakato, Y Nagata (Department of Psychology, Komazawa University, 1-23-1 Komazawa,
Setagaya-ku, Tokyo 154-8525, Japan; e-mail: enakato@komazawa.com)

We reported that different view-specific information was used for recognising human heads
from different viewpoints (1998 Perception 27 Supplement, 131; 1999 Perception 28 Supplement,
113). Inversion of the frontal face view seems to disrupt relational processing between internal
features. We aimed to investigate whether different view-specific information is useful for the
recognition of human heads across a viewpoint change under inverted presentation. Stimuli were
both upright and inverted images of three familiar persons, which were viewed from five view-
points (08, 458, 908, 1358, and 1808). Subject's task was to identify each person. The results showed
that the mean response times were slower in the inversion condition than in the upright one for
08, 458, and 908 viewpoints. Specifically, 908 was significantly slower to identify than 08. There
was no difference between the inversion and the upright conditions for the 1358 and 1808 view-
points. From these results it would appear that, in the inversion condition, recognitions of the
profile and of the back of the head are not the same as that of the frontal face. This implies
that each view may depend on different types of information for identification.

* Two-dimensional modeling of the facial expressions
S Shibui, T Hoshino, H Yamadaô, K Shigemasu (Department of Cognitive and Behavioral
Science, University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo 153-0041, Japan;
ôDepartment of Psychology, College of Humanities and Sciences, Nihon University,
3-25-40 Sakurajosui, Setagaya-ku, Tokyo 156-8550, Japan; e-mail: s-shibui@tb3.so-net.ne.jp)

It is a fundamental question whether facial expressions are processed categorically or continuously
in the multidimensional space. According to Young et al (1997 Cognition 63 271 ^ 313), two-
dimensional continuous model predicts that: (i) transitions between expressions should be
continuous, and (ii) at least some transitions between expressions should pass through a central
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neutral region or a region corresponding to a third emotion. We investigated this issue using
schematic facial expressions which were used by Yamada (1993 Applied Cognitive Psychology 7
257 ^ 270). These stimuli were made to deform the shapes of facial elements from the standard
ones by changing eight feature points. We measured the difference between the neutral and each
of six facial stimuli with basic expressions and created opposite faces with reference to the
neutral face [100% (original, eg happy), 50%, 0% (neutral), ÿ50%, ÿ100% (opposite, eg unhappy),
for each expression]. Subjects rated these stimuli using the semantic differential method. Factor
analysis of the ratings revealed two underlying factors interpreted as `pleasantness' and `activity'.
The configuration of each emotional stimulus showed that each stimulus (100%) passed the
neutral face and reached the opposite face (ÿ100). This is in line with the two-dimensional
continuous model of facial perception.

* Average faces and gender categories: no evidence of categorical perception
I Bu« lthoff, F N Newellô, H H Bu« lthoff (Max-Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany; ôDepartment of Psychology, Trinity
College, University of Dublin, Dublin 2, Ireland; e-mail: isabelle.buelthoff@tuebingen.mpg.de)

Categorical perception is a sophisticated mechanism which allows our visual system to discriminate
between highly similar objects. Perceptually, physical differences between groups of objects are
enhanced as compared to equal-sized differences within a group of objects, thus creating clear
boundaries between groups of items. Humans are expert in face recognition. Does a categorical
perception mechanism help us to differentiate between male and female faces?

Using a three-dimensional morphing technique, we built an average three-dimensional face
and constructed an artificial gender continuum of average faces. Our experimental results show
that facial information provided by the morphs was sufficient for the purpose of gender classi-
fication. However, when we tested for the existence of a categorical effect, we found no evidence
that differences between faces located at either side of the gender boundary were perceptually
enhanced. Despite the fact that average faces lack any personal distinctive features that might
interfere with gender, and although other information displayed by faces (expressions and identity)
has been shown repeatedly to be perceived categorically, there is no evidence of a distorted
perceptual space for face gender. Thus, categorical perception does not always exist when similar
items are categorised.

* Perception of prototypically defined checkerboards is as impaired by inversion as
perception of faces
L M Thomas, P T Sowden, I R Davies (Department of Psychology, University of Surrey,
Guildford GU2 7XH, UK; e-mail: lisa.thomas@surrey.ac.uk)

It is well documented that inverted faces are particularly difficult to recognise. However, McLaren
(1997 Quarterly Journal of Experimental Psychology A 50 257 ^ 273) has suggested that inversion
effects can occur for any category defined by a prototype with which an individual has sufficient
expertise. Here we investigated this by directly comparing inversion effects with faces to those with
prototypically defined checkerboard stimuli. In experiment 1, categories were created from morphed
face continua. Following category learning, recognition of upright and inverted faces was explored
with an old/new recognition test. As expected, an inversion effect was observed for the newly
learned face categories. In experiment 2, checkerboard stimulus categories were created from
prototypes and used in the same paradigm. Following acquisition of expertise through category
learning, an inversion effect equal to that found with the faces was revealed. However, unlike faces,
these checkerboards lacked global orientation cues and this may have resulted in the effects being
found by default. Consequently, in experiment 3 we repeated experiment 2, but using checkerboards
with global orientation cues and found extremely similar results. Overall our findings indicate
inversion effects equivalent to those found with faces can occur, following acquisition of category
expertise, even for abstract object categories that are defined by a prototype.

* The multiple-faces phenomenon: further aspects
ML de Bustamante Simas (Departamento de Psicologia, Universidade Federal de Pernambuco,
CFCH 9e Andar, Recife 50.670-901, PE, Brazil; e-mail: mlbslabv@elogica.com.br)

The multiple-faces phenomenon (2000 Perception 29 1393 ^ 1396) was first investigated at the
blind spot. It was analysed on 37 video records. Categories were: (i) disappearance/darkening/
whitening of: eyes, nose, mouth, face, nasal face, temporal face, hair; (ii) variation in size of
these face parts; (iii) movement perception/change in facial expression of: eyes, mouth, face,
eyebrow; (iv) perception of different characteristics or of other faces: 3-D, face upside down, the
subject's own face, younger, older, see tooth, moustache/beard, hair changes, see profile, see
other faces. Reports falling into categories (iii) and/or (iv) showed the phenomenon. Analysis
across subjects yielded 87% and 68% for these categories. Effects occurred more frequently with
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images of mother as compared to father. We report additional detailed results. Analysing data
from 23 subjects (both mother and father faces), we used four further aspects: (1) recognising
one face; (2) recognising two faces; (3) recognising three or more faces, and (4) no recognition of
perceived faces. Analysis was restricted to those who reported seeing other faces (59%). Across
subjects, comparing faces of mother versus father, results were 39.13%, 0%, 0%, and 13.04%
versus 21.73%, 8.69%, 0%, and 17.39% for (1), (2), (3), and (4), respectively. When nine non-na|« ve
subjects saw faces of both parents and reported observations at the site contralateral to the
blind spot, percentages for either parent in the former categories (iii) and (iv) were equal (89%).
Subjects who did not report `multiple-faces' at the blind spot did perceive it at its contralateral
side. The results are discussed in terms of peripheral form processing and the influence of
frequency of viewing the same face during visual development in early infancy.

* The ventriloquist effect occurs with auditory and visual delay
P F Heard, P Webb (Department of Psychology, University of the West of England,
St Matthias Campus, Oldbury Court Road, Bristol BS16 2JP, UK;
e-mail: Priscilla.heard@uwe.ac.uk)

Driver (1999 Nature 381 66 ^ 68) demonstrated a new auditory ^ visual illusion. Two tapes of
triplets of words spoken at 5 s intervals separated by a longer gap were played synchronously
through the same speaker, such that the words on the two tapes coincided exactly. The speaker
was displaced from a television monitor showing the lip movements of one of the streams. Driver
found that the auditory stream corresponding to the lip movements appeared to be mislocated
on the lips (the ventriloquist effect) and the non-corresponding stream appeared to be located
at its visible speaker. We followed this paradigm and introduced both an auditory and visual
delay. Participants were able to use the visual lip movements to separate the two streams under
both delay conditions up to about 150 ^ 200 ms but not beyond about 300 ms.

* Computational and psychophysical investigation of visual perception of mouth movements
M V McCotter, R J Watt (Department of Psychology, University of Stirling, Stirling
FK8 1HQ, Scotland, UK; e-mail: mvm1@stirling.ac.uk)

During speech, mouth movements produce marked contrasts between dark and light, and spatial
deformations in the features. This information should reveal occluded features (eg teeth, tongue)
and specify the spatial arrangement of features (eg shape of lips). If spatial cues are used,
sensitivity to spatial discrimination of mouth movements should be affected by viewing distance
of stimuli presented to the observer. If contrast cues are used, sensitivity should be unaffected
by viewing distance until mouth movements cannot be resolved by the eye of the observer. We
investigated these issues using computational and psychophysical methods. Video recordings of
mouth movements and syllables were presented computationally at viewing distances of up to
70 m. Stimuli were discriminated by a psychophysical 2AFC procedure. In experiment 1, male
and female faces were presented with the mouth open or closed. In experiment 2 the same faces
were presented articulating the syllables /ba/, /bi/, and /va/. Discrimination of mouth move-
ments was reliable up to a cut-off distance of 30 m. Discrimination of consonants and vowels
was reliable up to distances of 15 m. These data suggest that contrast differences between the
lips, teeth, and tongue are important for human communication and can be perceived accurately
at a range of viewing distances.

* Perceiving genuineness in human faces
B Lee, M D Hill, I Winkler (Department of Psychology, University of Edinburgh,
7 George Square, Edinburgh EH8 9JZ, Scotland, UK; e-mail: b.lee@ed.ac.uk)

We investigated whether a direct signal for genuineness can be detected from human faces, as
suggested by Ekman [1992 Telling Lies (New York: W W Norton)]. Two video reels were con-
structed each comprising 12 short video clips. One hundred and eighty-one participants viewed
either reel 1 or reel 2. Both reels depicted the same six male and six female actors, presenting a
biography of themselves. The actors were depicted in one reel presenting a true autobiography,
and in the other a false autobiography. Each reel contained six true and six false autobiographies.
Participants indicated after each clip whether they perceived the biography to be true or false.
At the end of the experiment participants rated the actors for likeability from stills taken from
the clips. Likeability was assessed to see whether perceived genuineness directly afforded a
change of attitude. We found that (i) participants scored better than chance at detecting auto-
biographical genuineness; (ii) accuracy scores were higher for actor-genuine biographies than for
nongenuine ones; (iii) female participants were more accurate when judging female actors; and
(iv) rated likeability was higher for actors correctly judged genuine than when correctly judged
nongenuine. The results indicate the existence of a signal for genuineness, which is gender
attuned, and directly causes a change of attitude.
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* Assessing sensitivity to spatial displacement of human facial features
S M Collishaw, G Hole (School of Cognitive and Computing Sciences, University of Sussex,
Falmer, Brighton BN1 9QH, UK; e-mail: stefanc@cogs.susx.ac.uk)

The configuration of facial features is important to our ability to recognise human faces. Less is
known about which particular spatial properties are salient. Studies comparing people's sensitivity
to configural changes of different types and magnitude (Haig, 1984 Perception 13 505 ^ 512) have
addressed this issue. However, such studies have typically used sequential picture-matching designs,
which confound face-specific processes, general picture-matching strategies, and the ability to detect
violations to basic face-schemas.

Our aim is to clearly disentangle these effects, in order to address whether previous studies
have overestimated people's sensitivity to the spatial properties of faces. Task 1 involved matching
sequentially presented faces. Task 2 involved no matching, as participants judged whether single
pictures of celebrities had been altered. In task 3 subjects decided whether individual pictures of
unfamiliar faces had been altered. In each task, three spatial properties were systematically
varied (inter-eye distance, mouth ^ nose distance, vertical position of internal features). Subjects
were as sensitive to spatial displacements in task 2 (face recognition), as in task 1 (picture matching).
Participants were able to detect some larger changes in task 3, suggesting that these alterations
violate a typical face prototype. We discuss the implications for the interpretation of previous
research, and for the design of future studies.

* Different strategies at detecting direction of eye gaze: comparing individuals with autism
or Asperger's syndrome to IQ-matched controls
S Wallace, A Bailey, M Colemanô (Department of Child and Adolescent Psychiatry,
Institute of Psychiatry, Decrespigny Park, Denmark Hill, London SE5 8AF, UK;
ôDepartment of Human Communication Science, University College London,
Gower Street, London WC1N 1PG, UK; e-mail: spjwsbw@iop.kcl.ac.uk)

Baron-Cohen [1995 Mindblindness: An Essay on Autism and Theory of Mind (Cambridge, MA:
MIT Press)] has argued that the detection of eye gaze is triggered by an innate, reflexive
mechanism. He proposed a modular eye-direction detector (EDD) system. The purpose of this
experiment was to test the ability of individuals with autism and Asperger's syndrome (AS),
compared to a matched control sample, at detecting gaze direction. Stimuli consisted of whole
faces, the eye region, and pairs of arrows. Participants responded according to the direction the
eyes were looking or the arrows were pointing (right, left, straight ahead). Stimuli were presented
for 40, 70, or 100 ms. Overall, the clinical group were significantly less accurate compared to
the control group at detecting direction of eye gaze, while no such group differences were found
when judging the direction of arrows. When the two face conditions were analysed in more
detail, significant group differences remained for the whole face but not for the eyes-alone con-
dition. The current study presents evidence that individuals with autism and AS may use different
strategies, compared to a control sample, when judging direction of eye gaze.

* Does configural information require global attention that encompasses the whole area
of the face in the recognition of faces?
Y Osada, Y Nagasakaô, C Liu½ (Department of Brain and Cognitive Sciences,
Massachusetts Institute of Technology, E25-634, 400 Main Street, Cambridge,
MA 02139, USA; ôDepartment of Psychology, Rikkyo University, 3-34-1 Toshima-ku,
Nishi-Ikebukuro, Tokyo 171-8501, Japan; ½Department of Psychology, Concordia
University, DS 413-33, 7141 Sherbrooke Street West, Montrëal, Quëbec H4B 1R6, Canada;
e-mail: osada@rikkyo.ac.jp)

It is well established that face recognition involves encoding both of facial features and of config-
urations. Because configural information plays an important role in face recognition, it is essential
to understand how our visual system encodes this information. We focused on the early stage of
face processing, particularly on the attentional mechanisms. We studied whether or not configural
information requires global attention that encompasses the whole area of the face. Subjects were
asked to memorise each of 30 faces under different viewing conditions: free viewing, limited
peripheral viewing, and limited central viewing of a face. They were required to read numeric digits
successively displayed on various parts of a face image. After this task, subjects were tested on their
recognition of the faces shown in the first session of the experiment. Reaction times and error rates
were measured. We also recorded eye movements by the method of corneal reflection to monitor
saccades made by the subject. The results of the recognition task show that hit rates dropped
significantly more for the condition of peripheral viewing of a face than for the free viewing and
central viewing conditions, and that reaction times were longer. We conclude that narrowing the
spatial extent of attention could lead to impairment of configural encoding.
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* Effects of parts involved in the recognition of facial expressions
M Oda (College of Letters, Ritsumeikan University, 56-1 Tojiin Kitamachi, Kita-ku,
Kyoto 603-8577, Japan; e-mail: oda@lt.ritsumei.ac.jp)

In our previous research it was suggested that a composite face with a different kind of expres-
sion for each part of it (eyes, mouth, etc) can be recognised as an unexpected expression from
the original expression. Therefore, we examined more precisely the recognition of complicated
expressions using artificially created faces. Upper parts (eyebrows and eyes) and lower parts
(nose and mouth) were changed for the type of expression (smiling, angry, and sad) and the intensity
(100% and 70% of the maximum) of expression in neutral face photographs. For example, a face
showing 100% sad eyebrows and eyes and 70% angry nose and mouth was created. The subjects were
asked to select photographs and match them to a list in which expressions like the sad face of a
person who failed an examination were described. The same type of complicated expression was
recognised as showing a different facial expression nuance between male and female faces. More-
over, some faces that had the same kinds of expressions but had different intensity were recognised
as different. These results show that people can recognise a different nuance of a facial expression
even when the stimuli involved are classified into the same category.

* Context helps in the fovea and hinders in the periphery
M Martelli, N Majaj, A Swezey, D G Pelli (Psychology and Neural Science, New York
University, New York, NY 10003, USA; e-mail: mlm9@nyu.edu)

Even when a smiling face differs from a sad one just by the mouth, it is easier to identify the facial
expression when the rest of the face is present, even though it is irrelevant to the task. This is an
example of the face superiority effect (Tanaka and Farah, 1993 Quarterly Journal of Experimental
Psychology 46 225 ^ 245). We discovered that testing with the same stimuli in the periphery reveals
a face inferiority effect that is much bigger than the face superiority found in the fovea.

* An energy-based algorithm for the detection of symmetry in human faces
R Scognamillo, C Morroneô, D C Burr½, G Rhodes# (Scuola Normale Superiore,
piazza dei Cavalieri 7, I 56126 Pisa, Italy; ôUniversita© `Vita-Salute' San Raffaele Milano,
via Olgettina 58, Milan, Italy, and Istituto di Neurofisiologia CNR Pisa; ½ Istituto
di Neurofisiologia del CNR, via G Moruzzi 1, Pisa, I 56010, Italy; #Department
of Psychology, University of Western Australia, Nedlands, Perth, WA 6907, Australia;
e-mail: Renata.Scognamillo@sns.it)

It is well known that symmetry detection is important for many biological visual systems, including
insects and birds. Furthermore, a strong correlation between facial symmetry and perceived
attractiveness has been demonstrated in many species (including humans). It seems reasonable to
suspect that such a basic ability may be mediated by basic visual mechanisms. We describe here a
symmetry-detection algorithm based on the local-energy feature detection model of Morrone and
Burr (1988 Proceedings of the Royal Society of London, Series B 235 221 ^ 245). The algorithm
detects the axis of maximum symmetry for human faces, and calculates the magnitude of the
symmetry. We have evaluated the algorithm on the data set of Rhodes et al (1998 Psychonomic
Bulletin and Review 5 659 ^ 669) and found that: (i) the algorithm is able to discriminate small
variations of symmetry performed by manipulation in a single face image; (ii) the values measured
by the algorithm correlate well with the human psychophysical symmetry ratings.

* Are abnormalities in the processing of eyes specific to paranoid schizophrenia?
T A Russell, R Corcoranô, R G Morris (Department of Psychology, Institute
of Psychiatry, De Crespigny Park, London SE5 8AF, UK; ôDepartment of Psychology,
University of Manchester, Elizabeth Gaskell Campus, Hathersge Road,
Manchester M13 0JA, UK; e-mail: T.Russell@iop.kcl.ac.uk)

Patients with schizophrenia have been observed clinically to avoid eye contact. Recent work has
demonstrated that paranoid subjects have abnormal viewing strategies (avoiding the eye region)
when completing face-recognition tasks. Abnormalities in gaze-direction processing have also
been demonstrated for schizophrenia subjects as a heterogeneous group, and particularly paranoid
subjects. We sought to further explore eye-region processing in eighteen paranoid schizophrenics,
nineteen patients with schizophrenia experiencing passivity phenomena, and thirty controls
using a task that required subjects to match open and closed eye pairs. Paranoid subjects made
significantly more errors than the control group. They were also significantly slower to complete
the task relative to both controls and schizophrenic subjects experiencing passivity phenomena.
These findings are interpreted as preliminary evidence that there may be a specific property of
eyes that causes processing abnormalities in the paranoid group. One suggestion, drawing on
aspects of Baron-Cohen's thesis, is that their paranoid thinking may cause these subjects to read
malevolent intent behind the eyes, leading to arousal and a resultant decrement in response latency.
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* Distinctiveness induces categorical perception of unfamiliar faces
A Angeli, J Davidoff, T Valentine (Department of Psychology, Goldsmiths College,
University of London, New Cross, London SE14 6NW, UK; e-mail: a.angeli@gold.ac.uk)

Recent research on the categorical perception (CP) of face identity (Levin and Beale, 2000
Perception & Psychophysics 62 386 ^ 401) suggested that morphed continua between unfamiliar faces
can be perceived categorically. We investigated the phenomenon by manipulating the familiarity
and the distinctiveness of the faces used to generate the face identity continua. In experiment 1,
morphed faces from the same continuum were shown to familiar and to unfamiliar observers.
Only the familiar observers showed CP. In experiment 2, we were again unable to show CP for
unfamiliar faces except in one instance, but this result could be accounted for by the exceptional
distinctiveness of one of the continuum end-points. In experiment 3, we tested and verified the
hypothesis that the CP effect can be induced on continua between unfamiliar faces when one of
the faces generating the continuum is very distinctive. Our results suggest that familiarity is a
sufficient but not necessary condition for observing CP, and that distinctiveness plays a role in
producing CP when this effect is found on continua between unfamiliar faces.

* Taste-elicited facial expressions and recognition
Y Hakoda, S Nakamizo, C Shiramizu (Department of Psychology, Graduate School
of Human-Environment Studies, Kyushu University, Hakozaki, Fukuoka 812-8581, Japan;
e-mail: hakoda@lit.kyushu-u.ac.jp)

This study addressed the following questions: (i) what facial reactions are elicited by taste
stimulation, (ii) how accurately do subjects identify the facial responses, and (iii) what type of
emotion is interpreted as corresponding to each taste-elicited facial expression. In experiment 1,
sweet, salty, sour, and bitter solutions were separately injected into the mouths of adult subjects,
and their facial responses were recorded by means of a digital video camera. In experiment 2,
still pictures or movies of the facial expressions were presented to the subjects, who were
required to identify the stimuli on the confidence rating scale. In experiment 3, the subjects
were required to rate emotional tone of the facial expressions for the still pictures used in experi-
ment 2. The results of the three experiments showed that: (i) the facial responses to sour and
bitter solutions were clear and were identified correctly, and (ii) the subjects did not use the cue
of face motion in identifying facial expressions. These findings are discussed in terms of the
communicative meanings of differential facial expressions to the tastes.

* Interpersonal perception in Japanese and Western observers
B Lee, T Kitoô (Department of Psychology, University of Edinburgh, 7 George Square,
Edinburgh EH8 9JZ, Scotland, UK; ôFaculty of Literature, Kurume University,
1635 Mii-machi, Kurume-shi, Fukuoka-ken 830, Japan; e-mail: b.lee@ed.ac.uk)

How do Western observers interpret images depicting Japanese interpersonal relationships? We
compared the performance of 201 Japanese and 203 Western subjects using a 31-photograph-
problems test with two or three alternative solutions. The photographs consisted of lovers,
married couples, parents and children, teachers and students, and complete strangers. Subjects
also indicated the cues they used from the following: facial expression, gaze, distance, bodily
position and/or attitude, or other. A Mann ^Whitney test showed that the overall performance
of the Japanese group exceeded that of the Western group (z � 3:842, p 5 0.001). To investigate
the contribution of culture and gender, a two-factor ANOVA (culture6gender) was performed
for each of the 31 problems after transforming the data by the arcsine transformation method.
A significant cultural effect was found for 14 of the problems. Of these, surprisingly, Westerners
outperformed Japanese subjects in 5 problems. There was a gender effect in 4 problems and a
significant culture6gender interaction in 3 of the problems. These results indicate that cultural
experience assists the visual appraisal of interpersonal relationships. However, the data also
indicate that experience may sometimes cause perceptual errors. Concerning the cues used in the
judgments, the groups showed similar tendencies.

* Event-related potentials in a discrimination task of facial expressions of emotion
R Suzuki, H Yamadaô, G Tokita½ (Graduate School of Literature and Social Sciences,
Nihon University, 3-25-40 Sakurajosui, Setagaya, Tokyo 156-8550, Japan; ôDepartment
of Psychology, College of Humanities and Sciences, Nihon University, 3-25-40 Sakurajosui,
Setagaya-ku, Tokyo 156-8550, Japan; ½ College of Commerce, Nihon University,
5-2-1 Kinuta, Setagaya, Tokyo 157-8570, Japan; e-mail: ryuta@chs.nihon-u.ac.jp)

We analysed the event-related potentials (ERPs) in a discrimination task of facial expressions of
emotion. Twenty-one participants were shown four schematic faces (happy, angry, sad, and
surprised) repeatedly in 8 sessions. In each session, one face (eg happy face) was presented
40 times and another face (eg angry face) 10 times in a random order. Each face was displayed
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for 300 ms at a time. In each trial, participants were asked to make a discrimination judgment
by pressing the buttons. The result showed that the amplitudes of N2 and P300 components
differed significantly among the several emotional categories of facial expressions, but those of
P170 components did not. Our previous studies (eg Suzuki et al, 2000 International Journal of
Psychology 35 333) showed, however, that the positive components with latency of around
150 ^ 200 ms (P170) were intensified with increasing `faceness' of the stimuli. Thus the results,
taken together, seem to indicate that the P170 components reflect an early stage in facial infor-
mation processing, such as the detection of face, and the N2 and P300 components reflect the
discrimination processing of facial expression of emotion.

MOTION
* Visual motion-related evoked potentials recorded from primary to cognitive cortex

M Kuba, J Kremläc̄ek, Z Kuboväô, J Chlubnovä, J Szanyi, D Gayer, F Vit (Department
of Pathophysiology and ôDepartment of Physiology, Charles University Prague, Medical
Faculty in Hradec Krälovë, Simkova 870, CZ 50001 Hradec Krälovë, Czech Republic;
e-mail: kuba@lfhk.cuni.cz)

Short abrupt motion of a low-contrast pattern produces (besides primary striate area activation)
a dominant motion-onset specific negativity (N170) lateralised to the secondary parieto-occipital
cortex) (Kuba and Kubovä, 1992 Documenta Ophthalmologica 80 83 ^ 89). These potentials seem
to be mediated mainly through the magnocellular system of the visual pathway (Kubovä et al,
1995 Vision Research 35 197 ^ 205) and can be used for detection of its disorders (eg in multiple
sclerosis, glaucoma, dyslexia). When a cognitive task is included in the visual motion stimulation
(eg recognition of direction, velocity, or coherence of motion), it is possible to test via event-related
potentials also cognitive brain functions (Kuba et al, 1998 Physiological Research 47 265 ^ 270).

We have been investigating the electrophysiological effect of a large spectrum of visual
motion stimuli on various levels of the human cortex. The most important motion stimulus
parameters were determined to provide enough homogenous data for recognition of a norm and
pathology. To match better a moving stimulus to the properties of the visual system, it is preferable
to use radial motion (eg `expansion') of a concentric pattern with decreasing spatial frequency
and increasing motion velocity toward periphery. We demonstrate a set of moving stimuli,
distribution of the produced VEPs, and examples of their diagnostic use.
[Supported by the Ministry of Education of the Czech Republic Grant J13/98:111500001) and by
the James S McDonnell Foundation, USA, Grant 99-57EE-GLO.04.]

* The role of local position and motion signals in biological motion perception
J A Beintema, M Lappe (Department General Zoology and Neurobiology, Ruhr University
Bochum, Universita« tstrasse 50, D 44780 Bochum, Germany;
e-mail: beintema@neurobiologie.ruhr-uni-bochum.de)

People can perceive human activity from displays of only a few moving points. Recently, we
showed that the sequence of positions without local motion suffices for spontaneous recognition
of a human (Lappe et al, 2000, Society for Neuroscience Abstracts 26(2) 1503). Here, we explored
the role of local position and motion signals quantitatively by varying the number of points and
point lifetime as function of frame rate (5 to 100 Hz). Subjects were presented point-light walker
displays (1.6 s, 1 step cycle) in which lifetime was limited by jumping each point to a new random
position on the limbs after a certain number of frames (1 ^ 8). We measured correct responses in
discriminating walking direction (left/right), coherence/incoherence (whether upper and lower
body walk in same direction), and forward/backward walking. Performance dropped with fewer
points, showing the importance of local position signals. Increased lifetime did not raise perform-
ance, arguing against a contribution of local motion signals. These results were independent of
frame rate; lower frame rate only generally reduced performance. Direction and coherence judg-
ments require form information only. Illustrating inappropriateness of these tasks, the perform-
ance in coherence judgments remained the same whether the walker stepped or stood still, and
remained high even for low frame rates. Nevertheless, the forward/backward performance, which
does require temporal integration, shows no influence of local motion. Therefore, we conclude
that sequential position information suffices for biological motion perception.

* The chromatic selectivity of global motion processing
A I Ruppertsberg, S Wuerger, M Bertaminiô (MacKay Institute of Communication
and Neuroscience, University of Keele, Keele ST5 5BG, UK; ô Psychology Department,
University of Liverpool, Eleanor Rathbone Building, Liverpool L69 7ZA, UK;
e-mail: a.ruppertsberg@keele.ac.uk)

Only recently have researchers looked into the interaction of colour and motion cues for global
motion integration across space (Edwards and Badcock, 1996 Vision Research 36 2423 ^ 2431).
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To assess the chromatic selectivity of the global motion mechanism we used random-dot
kinematograms with 300 coloured Gaussian blobs (0.22 deg, 1 deg sÿ1, 5.1 deg64 deg). Observers
had to distinguish between an interval with random motion and an interval in which 33%
of the blobs moved either left or right (2IFC). All blobs had the same colour in a given trial
and were presented on a grey background (luminance, 50 cd mÿ2). We determined global
motion detection thresholds (75% correct) as a function of the chromatic contrast in the cone-
opponent colour-space [S-(M-L) space]. Cone contrast is defined as follows: CL � DL=Lbg ;
CM � DM=Mbg ; CS � DS=Sbg ; where DW � Wtc ÿWbg , W stands for L, M, and S, bg refers
to background and tc refers to test colour. For a typical observer the threshold in cone contrast
values (CL , CM , CS ) for green was (ÿ0:027, 0.051, 0) and for red (0.024, ÿ0:045, 0). But for
yellow and blue, the thresholds exceeded the maximum available S cone contrast (0, 0, 0.706).
Even for a coherence level of 100%, observers failed in identifying coherent global motion.
We conclude that the mechanism that integrates local motion signals receives no or only a very
small input from the S cones for stimuli moving at moderate speeds.

* Wave effect in multiple launching sequences
G B Vicario (Pedagogical Faculty, University of Udine, via Antonini 8, I 33100 Udine,
Italy; e-mail: vicario.gb@for.uniud.it)

Consider a row of black vertical rods (2 mm620 mm) on a white ground, spaced 11 mm apart.
Then move the first rod toward the second, stopping it before it reaches the second; then move
the second to the third, and so on until the penultimate rod moves toward the last one. Under
suitable conditions we do not see a multiple launching effect [Michotte, 1947 La Perception de
la Causalitë (Louvain: Publications Universitaires)], but we see a `wave' to go through the entire
row. Twenty-two subjects were presented with 30 stimuli on a monitor, where the number of
rods was 13, the path of each rod toward the successive one was given one of five values (1.8, 3.6,
5.5, 7.3, 9.1 mm) and the pause between the arrest of each rod and the start of the successive
one was given one of six values (0, 45, 90, 135, 180, 225 ms). The multiple launching effect occurs
with intermediate jumps and longer pauses, whereas the wave effect occurs with short jumps
and shorter pauses. Perhaps the perceptual system, unable to manage a series of single events
following each other too fast, resorts to building an event of higher complexity.

* Tunnel effect with a moving tunnel
Y Kiritani, G B Vicarioô (Faculty of Engineering, Department of Design and Architecture,
Chiba University, 1-33 Yayoicho, Inabgeku, Chiba 263-8522, Japan; ô Pedagogical Faculty,
University of Udine, via Antonini 8, I 33100 Udine, Italy; e-mail: kiritani@design.ti.chiba-u.ac.jp)

In the tunnel effect the entry ^ exit interval (EEI) obviously depends on the width of the screen
and on the velocity of the object, though it must be smaller than the physical interval (POI)
during which an actual object would keep moving behind an actual screen (Burke, 1952 Quarterly
Journal of Experimental Psychology 4 121 ^ 138). But what happens when both the object and
the screen move: do the physical laws of summation and subtraction of velocities hold anyway?
The combination of the relative velocity and the width of the screen, the EEI, and the relation
between movements (object faster/slower) have been chosen as variables. When the object moves
faster, overtaking the screen, the optimal EEI has to be smaller than POI (ÿ15%), exactly as in
the condition of a stationary screen. On the contrary, when the screen moves faster, overtaking
the object, the EEI must be longer (about �15%) than POI. This tendency was ascertained both
for movement in the same direction and for that in the opposite direction. When the EEI is
increased above �45%, the tunnel effect is replaced by the impression that the screen drags or
carries away the object and later on releases or abandons it along the path. This effect is reminis-
cent of Michotte's [1954 La Perception de la Causalitë (Louvain: Publications Universitaires)]
entrainement effect.

* Flicker and visual performance: a psychophysical experiment with fluorescent lamps
M E Jaen, C F Kirschbaum (Departamento de Luminotecnia, Luz y Visiön, Facultad
de Ciencias Exactas y Tecnologia, Universidad Nacional de Tucuma© n, Av. Independencia
1800, (4000) Tucumän, Argentina; e-mail: mjaen@herrera.unt.edu.ar)

The effect of light flicker on visual performance was estimated. Eight observers carried out visual
tasks under two types of illumination provided by fluorescent lamps: high modulation frequency
(30 kHz), with electronic ballast, and low modulation frequency (100 Hz), with conventional
ballast. Two different sizes and three contrasts of characters were used in the following tasks:
(i) Landolt's rings test: the accuracy was significantly better for high-frequency condition
(F1 96 � 8:82, p 5 0:0038); (ii) visual search: the accuracy was 100% for the two lighting con-
ditions, but the speed was significantly higher for 30 kHz (F1 96 � 9:74, p 5 0:0024).

,
,
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The agreement of these results with previous works is analysed.We think that our results can be
explained by a model of visual processing which postulates that light modulated at a frequency
just above the temporal fusion threshold generates a higher nervous excitement state than a
very-high-frequency modulation. This effect could explain the lower accuracy for the Landolt's
rings task with 100 Hz flicker. For a visual search task, the speed was significantly higher at
30 kHz. That means that, for equal accuracy, the visual performance is also better at high frequency.

* Flicker sensitivity across the visual field: effects of retinal locus and age
T I Yankova, A G Vassilev (Institute of Physiology, Bulgarian Academy of Sciences,
Acad. G Bonchev Street. bl. 23, BG 1113 Sofia, Bulgaria; e-mail: tsveta@iph.bio.bas.bg)

Critical fusion frequency (CFF) and sensitivity to flicker of different frequencies were measured
within the central visual field (radius 30 deg) of ophthalmologically healthy people. The apparatus
was a temporal modulation perimeter (Krumov et al, 1995 Comptes Rendus de l'Acadëmie Bulgare
des Sciences 11 ^ 12). Background luminance was 10 cd mÿ2 and stimulus luminance was sinusoidally
modulated around this mean level. Stimulus size was 1.2 deg in diameter. CFF was almost constant
up to 20 deg and declined beyond that or near the blind spot. The distribution of sensitivity to
flicker exhibited the known `hill of vision' at low frequencies that was transformed to a plateau
with a slight foveal trough at frequencies higher than 15 Hz. The data specify the transition
from spatial to temporal criteria in detecting a stimulus upon the testing conditions. CFF decreased
with age at the rate of 0.08 to 0.222 Hz per decade with no statistically significant dependence
on eccentricity. The data suggest a slow and uniform across the visual field age-related deterio-
ration of the mechanism detecting a stimulus by temporal criteria.

* Evidence for impaired visual organisation in dyslexics revealed from performance
on a primed ^ unprimed target-detection task
C Becker, T Lachmann, M A Elliott, H J Mu« llerô (Institut fu« r Allgemeine Psychologie,
Universita« t Leipzig, Seeburgstrasse 14/20, D 04103 Leipzig, Germany;
ô Ludwig-Maximillians-Universita« t, Leopoldstrasse 13, D 80802 Munich, Germany;
e-mail: cbecker@psy.uni-muenchen.de)

On the basis of the idea that a failure to correctly organise visual information might contribute
to the impaired reading performance in dyslexics, we examined the hypothesis that such a failure
might occur within mechanisms related to the `binding' of separate stimulus attributes. Reaction
times (RTs) were taken from thirteen dyslexic subjects (aged 13 ^ 16 years) to multi-element visual
search matrices, which on 50% of trials contained a Kanizsa-type square target. In order to
vary detection performance, targets were varied in figural integrity. Target matrices were preceded
by presentation of an oscillating matrix of premask crosses (at 40 Hz), which on 50% of trials
contained a target-relevant `priming' stimulus. RTs were overall slower for dyslexic relative to
control performance, suggesting the dyslexics had some general difficulty detecting the presence
or absence of targets. In all conditions RTs were expedited by prime presentation, which was,
however, significantly enhanced for dyslexic performance under less salient target conditions.
In the case of a two-stage continuous activation model, the differences between primed and
unprimed dyslexic relative to control performance can be described in terms of an elevation in
the target detection criterion for the dyslexic subjects. This leads to the idea that dyslexic per-
formance in this visual task is related to impaired visual stimulus ^memory-matching processes
where the principal process under investigation may be inherently temporal in nature.

* Sequential priming and its effect on response preparation
B M Skalska, P Jas̈kowski, R Verlegerô (Institute of Psychology, University of Casimirus
The Great, ul. Staffa 1, PL 85867 Bydgoszcz, Poland; ôDepartment of Neurology,
Medical University of Lu« beck, D 23528 Lu« beck, Germany; e-mail: blandyna@ozzl.org.pl)

Primes masked by metacontrast, although invisible, can influence motor reactions to the mask.
This effect can be explained by the assumption that primes initiate an automatic response prepa-
ration (via the dorsal system) according to their identity. It is of interest whether several invisible
primes displayed one after another and masking one another would be able to initiate a response
before target presentation. Four primes were sequentially presented before each target. Every
prime was a somewhat larger copy of the previous one, masking it by metacontrast (d 0 � 0). RTs
were shorter and the percentage of correct responses (PC) was higher for congruent than for
incongruent targets. Moreover, a summation effect of primes was found: the more primes called
for a given response, the larger their facilitating/inhibitory impact on the RT to the target. However,
even if all four primes were mapped onto the response that differed from the target, PC was not
smaller than 85%. Thus, in spite of summation of action codes, fully automatic response execution
seems to occur seldom. One explanation would be that the overall performance is controlled `off
line' by the ventral system which modulates the action threshold to keep PC at an acceptable level.
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* Motion-onset VEPs in mismatch negativity paradigm
J Kremläc̄ek, Z Kuboväô, J Chlubnovä, M Kuba (Department of Pathological Physiology and
ôDepartment of Physiology, Charles University Prague, Medical Faculty in Hradec Krälovë,
Simkova 870, CZ 50001 Hradec Krälovë, Czech Republic; e-mail: jan.kremlacek@lfhk.cuni.cz)

The ability to automatically detect a stimulus change in the magnocellular system (dorsal stream)
was examined. Mismatch negativity (MMN), familiar in auditory perception, was studied by
measuring motion-onset visual-evoked-potential responses (VEPs). The stimulus consisted of low-
contrast (10%) horizontal sinusoidal gratings: low spatial frequency outside central 10 deg area
(0.1 cycle degÿ1) and high spatial frequency (1 cycle degÿ1) inside central 5 deg area. A paradigm
of standard ( p � 0:88, upward peripheral motion 50 deg sÿ1), deviant ( p � 0:06, downward
peripheral motion 50 deg sÿ1) and rare ( p � 0:06, central motion) condition was adopted to elicit
MMN. The subject was asked to pay attention to the central stimulus and to press a hand-held
button when the rare condition appeared. Results showed that the major negative peak N160 as
well as the slow late VEP component (200 ^ 300 ms) had a significantly more negative amplitude
in response to the deviant stimulus than to the standard one (in 7 out of 9 tested subjects).
Because of motion-onset VEP insensitivity to motion direction, we can conclude that the ampli-
tude difference represents MMN-like response elicited without active attention of the subject.
The fact that visual motion-onset specific component N160 changed in the deviant condition
suggests that N160 reflects higher-level motion processing and not merely the motion-detection
stage.
[Supported by the James S McDonnell Foundation, USA, Grant 99-57EE-GLO.04, and by the
Ministry of Education of the Czech Republic Grants 111500004 and 111100008.]

* Cognitive evoked potentials to visual moving stimuli
Z Kubovä, M Kubaô, J Kremläc̄ekô, J Szanyiô, J Chlubnoväô (Department of Physiology
and ôDepartment of Pathophysiology, Charles University Prague, Medical Faculty in Hradec
Krälovë, Simkova 870, CZ 50001 Hradec Krälovë, Czech Republic; e-mail: kubova@lfhk.cuni.cz)

Visual moving stimuli have so far been only rarely used for event-related potential (ERP)
acquisition. Nevertheless, these stimuli make it possible to test simultaneously the function of the
magnocellular visual pathway and cognitive functions, which might be advantageous for the
diagnostics of brain dysfunction.

Three types of visual moving stimuli with cognitive task were employed: (i) detection of
movement direction change, (ii) detection of velocity change, and (iii) detection of movement
incoherence. An oddball paradigm was applied for the recording of cognitive responses. Fifty
healthy subjects with normal visual acuity participated in the experiments. After pilot experi-
ments, ERPs to movement coherence/incoherence were selected for a more detailed study.

Responses to both rare and frequent stimuli contained a distinct response to the onset of
motion (motion-onset VEP), characterised by the main negative N160 peak. Late cognitive
complex (with the main P300 peak) dominated mainly in responses to rare stimuli; the average
latency of P300 was about 450 ms and its amplitude was 13 mV. The average reaction time was
in the range from 322 to 611 ms and there was no correlation between the reaction time and
P300 latency. In a subgroup of six subjects, a circadian intra-individual variability of P300 was
studied. There was, however, no change attributable to daytime. Visual moving stimuli introduced
in our study are fully suitable for visual ERP acquisition, and their use can improve electro-
physiological diagnostic possibilities.
[Supported by the James S McDonnell Foundation, USA, Grant No. 99-57EE-GLO.04 and by
the Ministry of Education of the Czech Republic Grant CEZ:J13/98:111500001.]

* Investigating existing computations of pattern motion by bringing the hypotheses
into the experiment
L Bowns (School of Psychology, University of Nottingham, University Park, Nottingham
NG7 2RD, UK; e-mail: lbowns@psychology.nottingham.ac.uk)

There is evidence that humans combine motion information from two-component patterns
using the `intersection of constraints' (IOC) rule; the `vector sum' rule; and `feature tracking'. All
three hypotheses were tested by incorporating their predictions into a single forced-choice psycho-
physical experiment. Subjects were asked to judge whether or not the pattern is moving in the same
direction as the angle of a line; the line appears after the moving stimulus has disappeared.
The direction of the line corresponds to the predicted direction for the stimulus, and the predicted
direction is randomly selected from one of the three hypotheses. Three questions were addressed.
(1) Is there a single hypothesis that accurately predicts all motion when the hypotheses are tested
under identical conditions? (2) If not, is there complementarity between the vector-sum hypoth-
esis and the IOC hypothesis? (3) Are plaids predicted by the same hypothesis in all directions?
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Results show, as expected, that there is no single hypothesis that predicts motion even when the
conditions are identical; that, if a plaid is not perceived in the vector-sum direction, it is not
necessarily perceived in the IOC direction; and that results are preserved under rotation.

* Motion transparency: Optical flow or optical snow?
M S Langer, R A Mannô (School of Computer Science, McGill University, 3480 University
Street, Montrëal, Quëbec H3A 2A7, Canada; ôDepartment of Computer Science, University
of Waterloo, Waterloo, Ontario N2L 3G1, Canada; e-mail: langer@cs.mcgill.ca)

Perceptual studies of motion processing in humans and monkeys often make use of stimuli
composed of moving dot patterns, gratings, or blurred noise. One interesting issue is how the
superposition of such patterns can give rise to the perception of transparency. Here we introduce
a computational model of motion transparency which is not based on surfaces, but rather on
moving points in 3-D space. The stimuli we consider are similar to what an observer sees during
a snowfall or when walking through a densely cluttered scene such as a forest. We show that
such images give rise to a bow tie signature of power in the 3-D spatiotemporal frequency
domain. This result generalises the finding of A B Watson and A J Ahumada (1985 Journal of the
Optical Society of America A 2 322 ^ 343) that translational motion of a surface gives rise to a
plane in the frequency domain. Our model also suggests that the problem of determining motion
in such transparent images can be decomposed into two natural subproblems: first determine
the direction of motion, second determine the range of speeds of the motion. We present results
from this computational model, using both synthetic and natural image stimuli.

* Another look at the flash-lag effect: results of systematic variation of luminance and velocity
J Pede, J Allik (Department of Psychology, University of Tartu, 78 Tiigi Street,
EE 50410 Tartu, Estonia; e-mail: jaanp@ut.ee)

There are many explanations of the flash-lag effect: movement extrapolation, differences in the
perceptual delay, variations in visual awareness, etc. A common feature of these explanations is
that the observed phenomenon reflects fundamental properties of the visual processing or the
perceived spacetime. Another possibility, that the flash-lag effect reflects constraints that arise
when observers are instructed to carry out a task to which the visual system is not adapted, is
much less explored. A systematic study of the timing and localising accuracy was carried out in
which the basic attributes of the moving stimulus (luminance and velocity) and the instruction
were varied. The results support the idea that the visual system is not very well adapted for a
task in which simultaneity of two perceptual events is decided.

* Effects of stimulus material on the Fro« hlich Illusion
D Kerzel, J Mu« sseler (Department of Cognition and Action, Max Planck Institute
for Psychological Research, Amalienstrasse 33, D 80799 Munich, Germany;
e-mail: kerzel@mpipf-muenchen.mpg.de)

In the Fro« hlich illusion, judgments of the first position of a moving object are typically displaced in
the direction of motion. The illusion has been obtained with linear motion of a small target,
and with rotary motion of a spatially extended line. We compared judgments of the initial
orientation of a small dot and a line that rotated around the point of fixation. The illusion was
absent with the dot, whereas it was reliably obtained with the line. When the density of the line
was reduced to two dots, the illusion persisted. However, the illusion was absent when a half-line
extending to only one side from fixation was presented. We interpret the results with reference
to attentional accounts of the Fro« hlich illusion: The single dot attracted focal attention, whereas
the line did not. Also, localisation performance may differ between tasks requiring judgments of
stimulus amplitude and of stimulus direction.

* Vertical hemifield effects are different for global versus local motion
J E Raymond, G T Hill (School of Psychology, University of Wales ^ Bangor,
Bangor LL57 2AS,Wales, UK; e-mail: j.raymond@bangor.ac.uk)

We explored the idea that the lower visual field (LVF) may be specialised for perception of
global motion and the upper visual field (UVF) for perception of local motion (Previc, 1990
Behavioral and Brain Sciences 13 519 ^ 541; 1998 Psychological Bulletin 124 123 ^ 164. In experi-
ment 1, observers judged cardinal global directions in partially coherent five-frame (83 ms) and
ten-frame (166 ms) random-dot kinematograms (RDKs) presented in three different locations in
each hemifield. A LVF advantage was found at both durations. In experiment 2, a second RDK
containing wholly random motion was simultaneously presented at fixation. This central dis-
tractor magnified the LVF advantage, especially for the lower-right quadrant. In experiment 3,
bidirectional (transparent) eight-frame (133 ms) RDKs comprising fully coherent orthogonal
motion directions were presented to each visual quadrant. Observers were better able to discriminate
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both directions in the LVF, especially in the lower-left quadrant. In contrast, in experiment 4
observers were required to judge the vanishing point of a single dot moving rapidly along the
horizontal axis for 30 ^ 110 ms. A distinct UVF advantage was found. These data not only
strongly support Previc's view of upper versus lower field processing, but also suggest that visual
processing of global direction involves different brain areas from those used to denote the trajec-
tory of a single object.

* Motion detection and moving text in reading disabled subjects
M Benassi, R Bolzaniô, A Rydberg½ (Department of Psychology, University of Modena,
via Gobetti 1, I 42019 Scandiano, Italy; ô Eye Clinic, University of Modena, via del Pozzo 71,
I 41100 Modena, Italy; ½Department of Clinical Science, Karolinska Institutet, Huddinge
University Hospital, S 14186 Huddinge, Sweden; e-mail: bmgrazia2000@yahoo.it)

The aim of this work was to investigate in generally reading disabled subjects the receptive fields
associated with motion perception and the reading test with moving letters.

Two experiments were set up to compare the motion perception characteristics of controls
and reading disabled subjects. In experiment 1, part of 256 dots moved in one of eight directions
(up, down, left, right, and the four oblique main directions), while the remaining dots moved
randomly around a point of the screen. The subjects were required to detect the direction of
coherently moving dots. The correct answers (score) as well as the latency of the response and
the directional sensitivity was measured. In experiment 2, the reading ability was measured by
means of standard stories presented in three conditions: normal text, moving text, and text
written with Mach band letters. The number of errors was used as the reading score.

The differences between controls and reading disabled subjects were statistically significant
in the case of the motion perception score, with a better performance by the control group. In
the second experiment the interaction effect between groups and text was found significant,
showing less sensitivity to the text presentation in the control group.

* The disappearance effect
G Parovel, M Sinico, G B Vicarioô (Department of General Psychology, Universita©
di Padova, via Venezia 8, I 35131 Padua, Italy; ô Pedagogical Faculty, Universita© di Udine,
via Antonini 8, I 33100 Udine, Italy; e-mail: parovel@psy.unipd.it)

The distinction cause/effect is often linked to the distinction before/after [Michotte, 1946
La Perception de la Causalitë (Louvain: Institut Supërieur de Philosophie)]. We run two experi-
ments referring to Michotte's launch-effect paradigm, to test the hypothesis that it is possible to
perceive a relationship of causation when (I) the second member B of the succession disappears
before being touched by the first member A (from 450 ms of anticipation to 366 ms of delay),
and when (II), given the simultaneity of the stopping of A and the vanishing of B, B is not in
contact with A (from 1 to 70 mm) and it is in different spatial positions. Experimental results
show that the perception of causation persists even (i) if B disappears 170 ms before A ceases
its motion, and (ii) if the distance between the two squares is about 6 mm. The position of B is
not relevant. The conclusions are: (1) an event can be perceived as an effect even when it occurs
before the first event, perceived as the cause, finishes; (2) since the event effect is not a motion,
there is no room for the Michotte's theory (about perception of causality) of amplification of
the movement.

* Conditions for perceiving velocity as constant
T Tayama (Department of Psychology, Hokkaido University, North 10, West 7, Kita-Ku,
Sapporo 060-0810, Japan; e-mail: tayama@psych.let.hokudai.ac.jp)

Perceived velocities during a brief period of exposure (51.2 s) were measured to examine
whether velocity is perceived as faster or slower just after stimulus presentation, and how much
time is necessary for perceiving velocity as constant. As stimuli, sinusoidal moving gratings
with relatively slow velocity were used. A sequential presentation method and PEST were also
used to measure perceived velocity. The integrated data of two experiments showed the following
results. At the beginning of stimulus presentation, a moving pattern was perceived as stationary
until the critical time (about 58 ms) had passed. After that, perceived velocity increased linearly
with moving distance, unrelated to physical velocity, until the moving distance attained the critical
distance. After that, velocity was perceived as constant. The critical distance was approximately
0.24 deg and compares with the size of Dmax or Braddick limit (0.25 deg). The third experiment
confirmed that the value of the critical distance varied among observers but was relatively stable
within each observer, independent of spatial frequencies. A simple model explaining these experi-
mental results is proposed.
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* Purkinje's illusion and motion processing
N J Wade, M T Swanstonô, D Johnson (Department of Psychology, University of Dundee,
Perth Road, Dundee DD1 4HN, Scotland, UK; ô School of Social and Health Sciences,
University of Abertay Dundee, Bell Street, Dundee DD1 1HG, Scotland, UK;
e-mail: n.j.wade@dundee.ac.uk)

Purkinje observed the apparent distortions and motions that are visible when viewing geometrically
periodic patterns like concentric circles or ray patterns [see Wade and Brozª ek, 2001 Purkinje's
Vision: The Dawning of Neuroscience (Mahwah, NJ: Lawrence Erlbaum Associates)]. The ray-
pattern illusion has been examined in recent years, and it has been suggested that its origins are
in V5. We conducted an experiment with twenty subjects using four ray patterns viewed at three
distances; ratings on eight categories of distortion were obtained. These are pattern clarity,
apparent depth, line waviness, disappearance, streaming, opposing apparent motions, rotary
motion, and subjective colours. High-spatial-frequency ray patterns (with or without white
annuli) were presented in positive and negative at 1, 2, and 4 metres. Ratings (on a 5 point scale)
did not vary with viewing distance in any category. Line waviness was more intense in ray
patterns without annuli, but disappearances occurred more when annuli were presented. Stream-
ing and rotary motion were rated higher in patterns with annuli, and subjective colours were
visible more with positive than with negative patterns. Attempts to localise the dynamic distor-
tion effects seen with geometrically periodic patterns should take note of their different forms
and the dependence of distortions on pattern characteristics.

* Modulation of apparent motion by real motion depends on luminance contrast
and orientation
L Hsu, C Chenô, J Huang (Department of Psychology, National Taiwan University, No.1,
Sec. 4, Roosevelt Road, Taipei 107, Taiwan; ô The Neurometrics Institute, Berkeley, CA, USA;
e-mail: d6227002@ms.cc.ntu.edu.tw)

Our object was to investigate how the strength of apparent motion (AM) can be affected by
a real motion (RM) stimulus. The AM inducing stimuli were 4 cycles degÿ1 Gabor patches
presented at the two diagonal corners of a rectangle for 100 ms and then, after a 150 ms
blank, presented at the other pair of corners. The task of the observer was to respond whether
the Gabor patches appeared moving vertically or horizontally. The percentage of reported verti-
cal motion was used as an index of AM strength. The RM stimuli were 4 cycles degÿ1 sinusoidal
gratings moving at 6 deg sÿ1, windowed by a Gaussian presented in the centre of two presenta-
tions of AM stimuli. We controlled the orientation and the luminance contrast of the RM
stimuli and observed how they affected AM. When high-luminance-contrast RM stimuli moved
in parallel with the AM path, they facilitated AM. The high-contrast RM stimuli moving
orthogonal to the path inhibited AM. The low-contrast RM stimuli had an opposite effect on
AM strength to the high-contrast ones. The results imply that the AM strength is orientation-
selective at low contrasts and direction-selective at high contrasts.

* Comparing mislocalisations with moving stimuli: the Fro« hlich effect, the flash-lag effect,
and representational momentum
J Mu« sseler, S Stork, D Kerzel (Max Planck Institute for Psychological Research,
Amalienstrasse 33, D 80799 Munich, Germany; e-mail: muesseler@mpipf-muenchen.mpg.de)

When observers are asked to localise the onset position of a moving target, a position during
an ongoing movement relative to a flash, or the final position of a moving target, they typically
make localisation errors in the direction of movement. The errors are known as the Fro« hlich
effect (eg Mu« sseler and Aschersleben, 1998 Perception & Psychophysics 60 683 ^ 695), flash-
lag effect (eg Nijhawan, 1994 Nature 370 256 ^ 257), and representational momentum (eg Hubbard,
1995 Psychological Bulletin and Review 2 322 ^ 338), respectively. To date, these effects have been
examined separately, and the present experiments were designed to directly compare the illusions.
The pattern of results showed substantial localisation differences between illusions. An integrative
model is proposed, which suggests a common underlying mechanism, but emphasises the specific
processing components of the Fro« hlich effect, flash-lag effect, and representational momentum.

* The reaction time to motion onset is related to the perceived speed
A Maiche, J L Moliner, S Mateeffô, C Bonnet½ (Laboratori de Visiö i Control de l'Acciö,
Universitat Autòé noma de Barcelona, Barcelona, Spain; ô Institute of Physiology, Bulgarian
Academy of Science, 1113 Sofia, Bulgaria; ½ Laboratoire des Syste© mes Biomëcaniques et
Cognitifs, Universitë Louis Pasteur, UMR 7507 du CNRS, 12 rue Goethe, FT 67000 Strasbourg,
France; e-mail: Alejandro.Maiche@uab.es)

The reaction time (RT) to onset of motion of visual stimuli decreases with the increase in physical
speed (Hohnsbein and Mateeff, 1992 Vision Research 32 1789 ^ 1791; Bonnet and Dresp, 2001
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Psychologica, in press). It is also known that the perceived speed of an oblique bar is under-
estimated when compared to that of a vertical bar (Castet, Lorenceau, Shiffrar, and Bonnet, 1993
Vision Research 33 1921 ^ 1936). In this study we examined whether RT measurements are
sensitive to perceived speed. In experiment 1 the subject matched the speed of a cross with five
different orientations to the speed of a standard vertical bar. Crosses were composed of two
crossed drifting bars. In accordance with the results of Castet et al, crossed bars appeared to
move significantly slower when their orientation approached the horizontal. In experiment 2 the
choice RT to left/right motion onset of the same kind of stimuli was measured. It was found
that for a constant physical speed the RT increased when the orientation of the bars approached
the horizontal, as would be expected if the perceived speed determined the response. It is shown
that the perceived speed can be estimated from the RT data.

* Flicker impairs direction discrimination performance and the directional selectivity
of neurons in areas MT and MSTöa combined human and monkey study
J Churan, U Ilg (Abteilung Kognitive Neurologie, Neurologische Universita« tsklinik Tu« bingen,
Auf der Morgenstelle 15, D 72076 Tu« bingen, Germany; e-mail: jan.churan@uni-tuebingen.de)

Single-unit recording experiments in areas MT and MST of two rhesus monkeys have shown that
neuronal responses to a moving object are strongly influenced by the presence of dynamically
flickering background. In comparison to motion stimuli presented on static background, the direc-
tional selectivity (DS) on dynamic background was reduced by 16% on average. More detailed
investigations have shown that this reduction of DS is not evenly distributed among the neuronal
population but is dependent on speed tuning. In neurons with high preferred velocities (20 ^ 40
deg sÿ1), the reduction of DS was higher than average (25%), while in neurons with low preferred
velocities (5 ^ 10 deg sÿ1), the DS was not significantly reduced. These findings are clearly
connected with the results of psychophysical experiments on human subjects. We compared the
reaction times for direction discrimination with motion stimuli presented on both types of back-
ground. For dynamic background, reaction times were increased by about 80 ms ( p 50.001) for
a wide range of velocities. With increasing velocities the difference between the reaction times
was also slightly increased, but not to the same extent as the reduction of DS of neurons tuned
to high speeds. The reason for this discrepancy is that broad speed tuning of most neurons
provides sufficient DS for many different velocities. However, these congruent results from the
two studies demonstrate the similarity of motion systems in man and monkey as well as the
important role of areas MT and MST for motion perception.

* Action control affects the perceived vanishing point of a moving stimulus
S Stork, J Mu« sseler, S F W Neggersô (Max Planck Institute for Psychological Research,
Cognition and Action, Amalienstrasse 33, D 80799 Munich, Germany; ôHelmholtz Institute,
University of Utrecht, Heidelberglaan 2, NL 3584 CS Utrecht, The Netherlands;
e-mail: stork@mpipf-muenchen.mpg.de)

When participants are asked to determine the vanishing point of a moving target, the judged
vanishing point is displaced beyond the final position. This phenomenon has been explained
with the so-called representational momentumöthe notion that physical dynamics have been
internalised into the cognitive system (Hubbard, 1995 Psychological Bulletin & Review 2
322 ^ 338). However, we observed that action control with regard to anticipatory eye movements
and control of the vanishing point modulates the localisation error in a critical way. In our first
experiment we replicated the finding of Kerzel et al (in press, Journal of Experimental Psychol-
ogy: Human Perception and Performance) that mislocalisations in movement direction occur
only when the observer follows the target with the eyes. In the subsequent experiments the target
offset was either externally controlled (induction condition) or internally controlled by a keypress
(intention condition). In the intention condition the localisation error was reduced as compared
to the induction condition. Accordingly, the eye trajectories showed an overshoot, which was
largely reduced in the intention condition. These results indicate that action control affects the
perceived visual space via a modulation of the eye movement trajectories (Jordan et al, in press,
Attention and Performance XIX ).

* Reaction time to motion of sinusoidal and complex gratings
D L Mitov, C Bonnetô, C Totev (Institute of Physiology, Bulgarian Academy of Sciences,
Acad. G Bonchev Str. bl. 23, BG 1113 Sofia, Bulgaria; ô LSBMC, Universitë Louis Pasteur,
UMR 7507 du CNRS, 12 rue Goethe, F 67000 Strasbourg, France; e-mail: mitov@iph.bio.bas.bg)

Reaction time (RT) to moving sinusoidal and complex gratings was studied for two tasks:
motion onset detection and direction discrimination. We found that for velocities used
(0.29 ^ 9.2 deg sÿ1) and lower contrasts (4 ^ 8 times above the motion threshold) RT decreased
with increase of spatial frequency (SF) (0.87 ^ 6.93 cycles degÿ1). The data for the different SFs
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were fitted by similar Pieron functions with temporal frequency (TF) as argument. We suggested
that the visual system responds to the phase displacement and thus the TF determines the RT.
At higher contrasts, RT did not depend on SF. The data were fitted by a unique Pieron function
with velocity as argument. Thus, the visual system responds to the angular displacement and
the velocity determines the RT. Stronger contrast effect on RT at lower SFs than at higher SFs
was observed, which might explain why RTs to the same velocity, but different SFs, became equal
at high contrast. Experiments with complex stimuli, consisting of gratings with SF of F and 3F,
also demonstrated two types of motion-mechanism operation at different contrasts. It was shown
that RT to F� 3F with low-contrast components was determined by the faster 3F component,
whereas at high contrast the RTs to F, 3F, and F� 3F were equal.
[Supported by the NSF, Bulgaria, Contract L809/98.]

* Duration of crossed and uncrossed disparity views for targets in oscillatory motion
H Shore, M Shore (College of Arts and Sciences, Florida International University,
Biscayne Bay Campus, 3000 NE 151 Street, North Miami, FL 33181-3600, USA;
e-mail: shorem@fiu.edu)

A study on perceived depth as a function of oscillatory frequency for a random-dot target was
presented at ECVP98 (1998 Perception 27 Supplement, 115). The perception of oscillatory motion
was achieved by viewing paired spots of perpendicularly polarised light through a rotating polar-
iser with perpendicular polarisations for each eye. The study revealed an amplitude minimum at
0.82 Hz and a gradual decrease to zero for uncrossed-disparity depth along the frequency scale.
The purpose of the present investigation was to determine the termination frequency for the
uncrossed-disparity view. A computer-interfaced device was designed to record the onset of views
with crossed, zero, and uncrossed disparity as observers tapped a mouse. Thus the duration for
each view was determined for frequencies from 0 to 1 Hz. The uncrossed-disparity termination
frequency was found to coincide exactly with the frequency of the depth minimum at 0.82 Hz.
The common frequency shared by the amplitude minimum and the onset of rectified oscillations
could be evidence of a strong connection between the two effects. The perceived trajectory was
also studied. The target movements between succeeding views were practically instantaneous,
forming square pulses of crossed-disparity and (if seen) uncrossed-disparity depth, although the
input had been sinusoidal.

* Perception bias of a rotating cylinder: Are you `clockwise' or `anticlockwise' ?
S Kanazawa (Department of Psychology, Shukutoku University, Chiba 260-8701, Japan;
e-mail: kanazawa-so@ma7.seikyou.ne.jp)

Under parallel projection, the motion of a rotating transparent cylinder, depicted by dots, can
be interpreted in two ways. In one interpretation, subjects judge that the cylinder rotates clockwise
(the surface nearest to the viewer moves to the left); and in another, that it rotates anticlockwise (the
surface moves to the right). In this study I examined the direction perception bias of a rotating
cylinder. The stimulus was a transparent cylinder depicted by 20 dots. The cylinder rotated in a series
of discrete 36 steps. A single frame had no cues to depth. But the sequence of frames yielded a
strong impression of rotation. Four kinds of rotation axis (08, 458, 908, and 1358) were prepared
and one of the four was presented in each trial. Subjects had to answer in which direction the
cylinder rotated (clockwise or anticlockwise). All subjects completed one session in a day and
after a week the subjects did another session. In total, four sessions were completed for each
subject during four weeks. The results showed that in five subjects the bias was completely
consistent throughout the four weeks. And the remaining seven subjects also showed consistent
tendency of bias. These results suggest that there is individual bias in motion perception.

* Absolute judgments of motion-in-depth trajectories specified by looming and disparity
A E Welchman, J M Harris (Department of Psychology, University of Newcastle
upon Tyne, Ridley Building, Claremont Place, Newcastle upon Tyne NE1 7RU, UK;
e-mail: A.E.Welchman@ncl.ac.uk)

As an object approaches an observer, its retinal size and its binocular disparity increase. These
cues alone, or in combination, allow observers to make fine discriminations between motion-in-
depth trajectories. Harris (2000 Perception 29 Supplement, 83 ^ 84) assessed the perception of
disparity-defined trajectories using an absolute task. Observers consistently overestimated the
angular trajectory of the approaching dot. This could result from inappropriate disparity scaling
produced by an observer's misestimation of viewing distance. Looming can provide information
about angular trajectory independent of viewing distance. Here, we assess whether trajectory
perception is veridical when looming information is included. Observers fixated a dot at zero
disparity and viewed motion-in-depth trajectories of a 0.2 deg60.2 deg square that (i) loomed,
(ii) changed disparity, or (iii) did both. They reported their perception of the trajectory using a
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pointer on a disc positioned in front of them. Observers overestimated the angular trajectory of
the approaching square. Overestimations were significantly larger in the disparity-alone condi-
tion. Looming information reduced the magnitude of overestimation. However, responses were
still far from veridical. Providing both cues [condition (iii)] did not improve performance over
looming alone. It appears unlikely that an observer's misestimation of viewing distance can
explain the misperception of motion-in-depth trajectories.

* Perceived direction of motion in depth is task dependent
J M Harris (Department of Psychology, University of Newcastle upon Tyne, Ridley Building,
Claremont Place, Newcastle upon Tyne NE1 7RU, UK; e-mail: j.harris@ncl.ac.uk)

Binocular information can be used to precisely judge differences in the angle of trajectories of
motion in depth. In contrast, observers are very poor at estimating the trajectory angle of an
object moving in depth (Harris, 2000 Perception 29 Supplement, 83 ^ 84). Here it is shown that
the pattern of errors can be different, depending on the task used.

Observers viewed a single point on a computer display, presented via stereogoggles, moving
in depth in the dark. A stationary reference pattern at zero disparity was continuously present.
After viewing the motion, observers indicated the perceived trajectory direction using several
different tasks: (a) drawing a straight line to indicate the angle on a data collection sheet;
(b) moving a pointer to estimate the trajectory angle; (c) indicating whether or not the target was
following a trajectory that would hit their head.

For all tasks observers systematically overestimated the angle of the trajectories. Errors
were similar for tasks (a) and (b). However, the overestimation was less for task (c) where observers
were asked about the consequences of the trajectory, rather than its angle. This suggests that the
visual system is more suited to performing tasks that make reference to an object's location
with respect to the body.

* The adjacent occluder affects the structure-from-motion perception
M Kitazaki (Department of Knowledge-based Engineering, Toyohashi University of
Technology, Tempaku-cho, Toyohashi, Aichi 441-8580, Japan; e-mail: mich@tutkie.tut.ac.jp)

We perceive depth structure from random-dot motion with a velocity gradient. It has been reported
that the structure-from-motion perception is influenced by contour configuration. Ramachandran
et al (1988 Perception & Psychophysics 44 390 ^ 393) and Treue et al (1995 Vision Research 35
139 ^ 148) showed that a contour attributed to the moving-dot area (intrinsic contour) modified/
increased the perceived depth, but that attributed to the outside area as occluder (extrinsic
contour) did not affect the percept. I therefore focused on the effect of occluders on structure-
from-motion. The subject rated depth perceived from the random-dot motion simulating a front
half-cylinder with and without adjacent occluders, which were in the form of coloured surfaces
located adjacent to the moving-dot area. The depth curvature and the occluders configuration
were manipulated. The perceived depth was significantly less when the adjacent occluders were
on the accretion/deletion sides of moving dots than in conditions without occluders and with
occluders on the shearing sides. Moreover, the effect was strongest when the cylinder diameter
was the same as the moving-dot area so that the occluders did not occlude anything but were
simply adjacent to the area. These results suggest that the adjacent surfaces were interpreted as
occluders and decreased the perceived depth.

* A physiologically based model for computing relief structure from motion
N Qian, J M Fernandezô (Center for Neurobiology and Behavior, Columbia University,
722 West 168th Street, Annex 730, New York, NY 10032, USA; ôUniversidad Nacional
de La Plata, CC 727 (1900) La Plata, Argentina; e-mail: nq6@columbia.edu)

Recent psychophysical experiments suggest that humans can only recover relief structure from
motion (SFM); ie an object's 3-D shape can only be determined up to a stretching transformation
along the line of sight. Here we propose a physiologically plausible model for the computation
of relief SFM without rigidity assumptions. We assume that the perception of depth from motion
is related to the firing of a subset of MT neurons tuned to both velocity and disparity. The model
MT neurons are connected to each other laterally to form modulatory interactions. The overall
connectivity is such that when a zero-disparity velocity pattern is fed into the system, the most
responsive neurons are not those tuned to zero disparity, but instead are those having preferred
disparities consistent with the relief structure of the velocity pattern. The model can recover the
correct relief structure under a wide range of parameters and can also reproduce the SFM
illusions involving coaxial cylinders. It is consistent with the psychophysical observation that
subjects with stereo impairment are also deficient in perceiving motion parallax, and with the
physiological data that the responses of direction-tuned and disparity-tuned MT cells covary with
the perceived surface order of bistable SFM stimuli.
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WEDNESDAY
SEMINAR
FORM AND MOTION: A SEMINAR IN HONOUR OF JOHN ROSS
" The influence of embedded form signals on the perception of global motion

J Ross (Department of Psychology, University of Western Australia, Crawley, WA 6009,
Australia; e-mail: jr@psy.uwa.edu.au)

Some artists, Degas for example, convey a strong sense of movement in their drawings and
paintings. So do cartoonists, less subtly, by the use of speed lines. Indications of direction are
embedded in Glass patterns, in the pairs of which they are composed. Coherent global motion
is seen when viewing a succession of independent Glass patterns, showing that embedded form
signals can organise global motion. The motion signals themselves are powerless to do so in
this case because they are incoherent.

I examine the influence of embedded form on global motion when motion signals do have
some coherence. Experiments show that form and motion signals combine to determine how
global motion is seen. The results pose the question how form signals exert their influence. They
leave open the possibility that the organisation of global motion depends solely on indications
of direction which motion leaves behind (motion streaks) that are indistinguishable from
embedded form signals at global levels of analysis.

" Motion-stereo mechanisms respond to interocular phase differences of Fourier components
M J Morgan (Applied Vision Research Centre, The City University, Northampton Square,
London EC1V 0HB, UK; e-mail: m.morgan@city.ac.uk)

Ross (1974 Nature 248 363 ^ 364) described depth-from-delay in random dynamic noise. If one
eye sees the noise stream slightly later in time than the other, the observer sees the noise swirling
around in depth, as if it were painted on a transparent cylinder rotating around a vertical axle.
The direction of rotation is the same as in the Pulfrich effect, but where are the horizontal
motion signals? I argue that they are embedded in the noise and filtered out by a dynamic stereo
mechanism sensitive to phase differences between horizontally drifting Fourier components. To
measure the phase tuning of the effect I used noise in which the individual (static) elements
flickered sinusoidally in luminance. I found threshold phase lag to be in the region 58 ^ 108 in
different observers, and the upper frequency threshold to be about 20 Hz. The lower frequency
threshold was well below 0.1 Hz. Phase differences centred around 1808 were less detectable
than those centred around 08, arguing against a quadrature-tuned mechanism and suggesting a
similarity to static stereopis, which also dislikes interocular antiphase. I hope to describe func-
tional imaging studies to reveal the brain areas involved in dynamic stereopsis.

" The induced twinkle aftereffect: a long-range rebound effect in the M system?
C W Tyler (Smith-Kettlewell Eye Research Institute, 2318 Fillmore Street, San Francisco,
CA 94115, USA; e-mail: cwt@ski.org)

After viewing a blank region surrounded by a dynamic noise stimulus, viewers report the perception
of prolonged dynamic twinkle in the unstimulated region. This twinkle aftereffect must activate
long-range neural connections because it may be induced up to 10 deg from the edge of the noise
(but not beyond). It is doubly dissociated from the noise filling-in effect because the induced
twinkle occurs only for large inducing and test regions while filling-in occurs only for small test
regions. The properties of this aftereffect suggested mediation by the magnocellular processing
(M) system. No aftereffect can be induced by luminance noise above 5 Hz or by an equiluminant
colour stimulus at any frequency. The luminance noise aftereffect above 5 Hz is stronger for
larger inducing elements. The most plausible model for this aftereffect is a steady normalisation
signal interpreted as dynamic twinkle according to the `specific nerve energy' of the M system.

" Separate spatial representations for perception and action at the time of saccadic eye movements
C Morroneô, D C Burr, J Ross½ (Istituto di Neurofisiologia del CNR, via G Moruzzi 1,
I 56010 Pisa, Italy; ô also Universita© `Vita-Salute' San Raffaele Milano, via Olgettina 58, Milan,
Italy; ½Department of Psychology, University of Western Australia, Crawley,WA 6009, Australia;
e-mail: concetta@in.pi.cnr.it)

We investigated the long-standing idea of separate spatial representations for perception and
action, taking advantage of a strong perceptual distortion that occurs at the time of saccadic eye
movements (Ross et al, 1997 Nature 384 598 ^ 601). Subjects were required to make 20 deg hori-
zontal saccades and report the position of a bar briefly displayed on a touch screen just prior
to the saccade, either verbally or by pointing to a touch screen (with hand obscured from view).
The screen was viewed through a liquid crystal shutter that could close 75 ms after bar display.
With verbal reports, subjects reported large errors in localisation, showing the characteristic
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compression of perceived positions towards the saccadic target, as previously reported. This
occurred both with clear viewing and when the shutter closed after bar presentation. However,
under the same conditions, subjects pointed accurately to the target position (with shutter or
eyes closed at time of pointing). Interestingly, when subjects pointed to a screen in clear view
(but with their hands concealed), the pointing showed the same compression as verbal reports.
We conclude that there are separate representations of visual space, one plastic and subject to
distortion, the other not. The plastic representation, used for conscious visual perception, seems
to dominate when both are available.
[Supported by HFSP RG 0149/1999-B and Murst 40%.]

" Glass pattern responses in macaque areas MT and MST
B Krekelberg, S Dannenberg, F Bremmer (Department Neurobiology, Ruhr University
Bochum, ND7/30, Universita« tsstrasse 150, D 44780 Bochum, Germany;
e-mail: bart@neurobiologie.ruhr-uni-bochum.de)

Form and motion processing are commonly considered to proceed along largely separate
pathways in the primate visual system. Phenomena such as structure-from-motion, however,
show that motion gives form information. In the macaque, the neural substrate for this interac-
tion has been located in area MT. We show that the converse holds true as well: cells in areas
MT and MST derive motion information from static form.

We compared neural responses of a fixating monkey (M. mulatta) to random flicker, coherent
motion, and rotational and translational Glass patterns. Glass patterns carry no coherent motion
information, but their form induces an illusory-motion percept. We found cells in areas MT and
MST that respond to coherent motion as well as to illusory Glass motion, but not to random
flicker. Also, neurons' tuning for the orientation of Glass patterns is consistent with their tuning
for the direction of coherent motion.

These results add to the existing evidence that areas MT and MST represent the perceptual,
rather than the purely physical, aspects of motion. Furthermore, our findings show a new inter-
action between form and motion in areas MT and MST, strengthening the view that the what
and where pathways are less independent than commonly thought.

" Derivation of Glass pattern detectors by reverse correlation
P Neri (Jordan Hall, Room 400, 450 Serra Mall, Building 420, Stanford University,
Stanford, CA 94305-2130, USA; e-mail: pn@white.stanford.edu)

To characterise sensory receptive fields for processing Glass patterns, observers viewed random-dot
Glass patterns in which some dots (`signal') came in horizontal (or, on other trials, vertical)
pairs, while the remaining dots (`noise') were randomly placed. Their task was to report whether
signal dots were horizontally or vertically paired, and signal dot percentage was adjusted so as
to obtain threshold performance. A variant of Ahumada's noise image classification technique
(1996 Perception 25 Supplement, 18) was then applied, in which noise images for individual trials
were computed from the average noise configuration surrounding each dot on that particular
trial. Noise images associated with `yes' responses were then averaged (separately for hits and false
alarms) and summed, and those associated with `no' responses (misses and correct rejections) were
similarly averaged and then subtracted. This procedure yielded the optimal local configuration
of dots for detecting horizontal dot pairs versus vertical ones. Optimal configurations were found
to resemble simple-cell-like receptive fields, summating energy along an oriented streak, rather
than just at locations that match inter-dot separation. Glass pattern detection does not seem to
be supported by optimally matched dot-pair templates, but rather by oriented receptive fields
similar to those of simple cells.

" Sensitivity to global form coherence lies outside retinotopically ordered brain areas
O J Braddick, J O'Brien, J Wattam-Bell, J Atkinson, C Huttonô (Department of Psychology,
University College London, Gower Street, LondonWC1E 6BT, UK; ôWellcome Department
of Cognitive Neurology, Institute of Neurology, University College London, 12 Queen Square,
London WC1N 3BG, UK; e-mail: o.braddick@ucl.ac.uk)

We have reported a range of brain areas activated by the coherent organisation of line segments
into global concentric forms, which are distinct from the areas responding to coherent motion
(1999 Perception 28 Supplement, 59; 2000 Current Biology 10 731). Here we examine the relation
of these areas to occipital areas identifiable by retinotopic organisation.

The same subjects underwent functional magnetic resonance imaging (fMRI) (a) contrasting
stimulation with line segments aligned with concentric circles, with randomly oriented segments;
(b) analysing the phase of the response to a rotating wedge and an expanding annulus of pattern-
reversing checkerboard, which yielded the layout of retinotopically organised areas on a flattened
view of the cortical surface.
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Comparison of (a) and (b) shows that the major foci of activation by form coherence, in the
middle occipital gyrus and on the occipital ventral surface, both lie anterior to the identifiable
retinotopic areas, including V4v. These results suggest that the response to form coherence reflects
genuinely global processing, rather than local operations detecting contour alignment and locally
parallel structure. They raise the question of homology of human ventral areas with monkey V4,
where some neurons respond to concentric organisation (Gallant et al, 1993 Science 259 100 ^ 103).

" The perceptual grouping of dynamic contour fragments
A Hayes (Department of Psychology, University of Hong Kong, Pokfulam Road, Hong Kong;
e-mail: ahayes@hku.hk�

Oriented fragments, if closely aligned on a smooth curve, are easily detected as linked chainsö
contoursöeven when they are embedded against a noise background of quasi-randomly placed
identical fragments. This binding of the fragments is rapidly disrupted with small displacements
of the fragments off the axis of the smooth curve. If the fragments contain an internal motion
signalöfor example by constructing fragments from a drifting sinusoid vignetted by a stationary
Gaussianöthen the contour becomes easier to detect if the internal drift of each fragment is in
the same direction, but more difficult to detect if the internal drift of each fragment is in a
different direction. However, in the latter construction a small displacement of fragments in the
opposite direction to their internal drift results in some recovery of contour detection. The
motion signals appear to play two roles in the integration of contour fragments. The motion
signal itself leads to segmentation of contour fragments from their background if the fragment
drift directions are the same. The motion signals also induce an apparent displacement of frag-
ments and thus an off-axis apparent stagger if the internal drifts of the fragments are in different
directions. The apparent stagger attenuates binding of the fragments into a contour.

" Interactions between form and motion
D R Badcock, S Khuu, A McKendrick, C Acacio (Department of Psychology,
University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia;
e-mail: david@psy.uwa.edu.au)

Ross, Badcock, and Hayes (2000 Current Biology 10 679 ^ 682) have used dynamic Glass patterns
to show that a consistent global form input can disambiguate random motion and lead to a
percept of globally consistent flow. This result questions the current view that form and motion
processing are independent within the human visual system. We discuss some of the consequen-
ces of this altered view. First, the possibility that motion direction might always be derived
from form information is investigated. We have examined the relative sensitivity to form and
motion, with comparable stimuli, and our experiments show that form detection cannot always
precede motion detection. Second, the suggestion that perceived motion direction is often a
result of form-gated motion signals filling-in between the edges of a stimulus is discussed and
some phenomena consistent with this view are demonstrated. Finally, the consequences for speed
perception are addressed. Data are presented to support the suggestion that speed is processed
in at least two ranges and that the perceived speed is proportional to the average magnitude of
all of the available motion vectors within one or other of the two speed ranges.

" The unique criterion constraint,Weber's fraction, and the structure of perceptual dimensions
A Gorea, D Sagiô (Laboratoire de Psychologie Expërimentale, CNRS and Rënë Descartes
University, 71 avenue Edouard-Vaillant, F 92774 Boulogne-Billancourt, France; ôDepartment
of Neurobiology/Brain Research, Weizmann Institute of Science, IL 76100 Rehovot, Israel;
e-mail: gorea@psycho.univ-paris5.fr)

A basic, long-standing question in visual psychophysics concerns the processes that limit visual
detection and discrimination (Weber's fraction). While the transducer is an obvious answer, its
characterisation depends entirely on whether or not the associated noise is constant (or flat).
Visual detection/discrimination performances accord equally well with the existence of (i) a non-
linear transducer associated with a constant noise, (ii) a linear transducer associated with a noise
directly proportional to the internal response, or (iii) any combination of the two. By taking
advantage of a recently discovered constraint in the decision processöthe use of a unique
response criterion to decide on the occurrence of any among N equally likely events (Gorea and
Sagi, 2000 Proceedings of the National Academy of Sciences of the USA 97 12380 ^ 12384), we
disentangle the two processes and show that contrast discrimination is limited by a compressive
transducer and a constant internal noise. We propose that this unique criterion constraint can
be used to probe the processes underlying discrimination performances along any other dimension,
including extensive ones (eg spatial frequency, velocity). For this latter case, the characterisation
of the underlying transducing and noise processes provides a means of specifying the shape
and bandwidth of the channels involved as well as the operations performed on their outputs.
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SYMPOSIUM
NATURAL IMAGES
" Limitations of the standard filter model, extra-classical receptive field properties,

and the statistics of natural scenes
C Zetzsche (Institut fu« r Medizinische Psychologie, Ludwig-Maximilians-Universita« t Mu« nchen,
Goethestrasse 31, D 80336 Munich, Germany; e-mail: chris@imp.med.uni-muenchen.de)

The explanatory scope of the standard model, the multi-channel decomposition by linear spatial-
frequency-selective filters, is currently under heavy debate, but finding the appropriate nonlinear
extensions among the plethora of possible nonlinear mechanisms is not a simple task. Here it is
suggested that the statistics of natural images can be of help in this process. The standard model
seems to be confirmed by the results of independent component analysis, but our investigations
of the multivariate wavelet statistics and of the polyspectra of natural images show that there
would remain substantial statistical dependences between purely linear filter mechanisms. Exploi-
tation of these dependences requires specific nonlinear operations, in particular the potential
for AND-like combinations of frequency components, to achieve a selective encoding of the non-
redundant local pattern configurations. For the majority of units this results in a narrowing of
their response region in signal space, which in turn requires an increase in the total number
of units, ie an overcomplete representation. The nonlinear interactions predicted by this approach
comprise the classical nonlinearities of complex cells and of cortical gain control, but they also
provide an explanation of more `tricky' nonlinear interactions between the classical receptive field
and its extra-classical surround.

" Rapid visual categorisation of grey-scale natural scenes: robustness to large variations
in luminance and contrast
M Fabre-Thorpe, M Macë, S J Thorpe (CNRS, Centre de Recherche Cerveau & Cognition,
Facultë de Medecine de Rangueil, 133 route de Narbonne, F 31062 Toulouse, France;
e-mail: mft@cerco.ups-tlse.fr)

Rapid visual categorisation occurs when subjects detect targets such as animals in briefly flashed
natural photographs with short RTs (often 5300 ms). Previous work demonstrated that this
sort of processing does not require colour information (Delorme, Richard, and Fabre-Thorpe,
2000 Vision Research 40 2187 ^ 2200). Here, we tested the effect of large variations of contrast
and luminance using monochrome images. We used the same go/no-go categorisation task with
1800 highly varied photographs, 50% of which contained animal targets. Within each block of
trials, all conditions of luminance and contrast were randomly mixed. Despite very large fluctua-
tions in grey levels, performance was remarkably robust. Halving the contrast had no significant
effect on accuracy (96.6% versus 96.7% for full contrast images) and only a very mild effect on
mean RTs (well 5 10 ms). Shifts in mean luminance toward higher or lower values also had
remarkably little effect: a shift �50% resulted in an accuracy decrease of 52% and a mean
RT increase under 25 ms. As in previous studies (Thorpe, Fize, and Marlot, 1996 Nature 381
520 ^ 522), differential ERP activity between target and distractor trials started at around 150 ms
in all these conditions. This remarkable robustness rules out a large number of simple explana-
tions for this kind of rapid categorisation.

" Will they have a fight? The predictability of natural behaviour viewed through CCTV cameras
T Tros̈cianko, A Holmes, J Stillmanô, M Mirmehdi½, D Wright (School of Cognitive and
Computer Sciences, University of Sussex, Falmer, Brighton BN1 9QH, UK;
ôMassey University, School of Psychology, PB 102904 N.S.M.C., Auckland, New Zealand;
½Department of Experimental Psychology, University of Bristol, 8 Woodland Road, Bristol
BS8 1TN, UK; e-mail: tomt@cogs.susx.ac.uk)

Can closed-circuit TV (CCTV) surveillance allow potentially antisocial or criminal behaviour to
be predicted? We report a study whose aims were to find out (a) whether observers can success-
fully predict the onset of such behaviour; (b) whether there may be a difference between na|« ve and
professional observers; (c) where, in the sequence of events, it is possible to make this prediction.

We obtained 100 sample scenes from urban locations in the UK, of which 18 led to criminal
behaviour (fights, vandalism). A further 18 scenes were matched as closely as possible to the crime
examples, but did not lead to any crime. The remaining 64 were neutral scenes chosen from a wide
variety of non-criminal situations. A signal-detection paradigm (yes/no, and a 6-point confidence
rating scale) was used. Results on fifty na|« ve and fifty professional observers show (a) that observers
can distinguish crime sequences from matches, with d 0e � 1:17; (b) that there is no difference
between the na|« ve observers and the experts; (c) that there are key types of behaviour (particu-
larly gestures and body position) that allow prediction to be made. In principle, it may be
possible to detect such aspects of behaviour and therefore produce alerting mechanisms.
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" Can unnatural visual scenes cause stress in captive birds?
E Smith,V Greenwood, A Goldsmith, I Cuthill, A Bennett (Department of Biological Sciences,
University of Bristol,Woodland Road, Bristol BS8 1UG, UK; e-mail: emma.smith@bristol.ac.uk)

Natural visual scenes are rarely entirely repetitive in character. Image elements in natural scenes
are often remarkably similaröfor example when we look at trees in a wood, there are lots of leaves
and branches which all resemble each other very closely. However, few of the leaves or branches are
identical in size, shape, or orientation, and the image contains information at a variety of spatial scales.
The natural illuminant, daylight, is a constant and steady source of light, although the overall
illuminance and wavelength composition are variable. In contrast, man-made environments are
frequently visually repetitive over space and time in a highly predictable way. Repetitive over space
because we often create visual surrounds which contain precisely repeating elements such as stripes
or checks, and repetitive over time because we commonly use 100 Hz fluorescent lighting which
continually flickers (at 100 Hz in Europe, 120 Hz in the USA). Both repetitive patterns and intermittent
lighting of certain rates of repetition, or frequency, are known to have adverse psychological and
physiological effects in humans. Less is known about whether other vertebrates suffer such effects.
Previous research, showing high critical flicker fusion frequencies in birds, suggests that birds may
be more at risk to adverse effects from conventional fluorescent lighting than we are. Also, we typically
keep birds in cages. Cage bars form a repetitive pattern over space, which may be an additional source
of visually mediated stress.We are currently investigating whether the frequency of the lights (temporal
frequency) or the visual surround (spatial frequency) can act, or interact, to harm the welfare of captive
birds. The effect of a given visual environment on welfare is being assessed with both behavioural
and physiological measures (preference, behaviour patterns, and plasma corticosterone levels).

" Colour categories and natural colour environments
G Malkoc, A C Bilson, T Rainer, S M Webster, M AWebster (Department of Psychology,
University of Nevada, Reno, Reno, NV 89557, USA; e-mail: malkoc@unr.nevada.edu)

Basic colour terms follow a common pattern across different linguistic groups. This suggests
that the qualitative categories along which chromatic stimuli are parsed are largely independent
of an observer's personal experience. Yet, quantitatively, the focal stimuli defining these catego-
ries can vary substantially across individuals, suggesting that these categories are malleable.
We asked how colour naming judgments of the kinds that have been used to define basic colour
terms might be biased by adaptation to the colour distributions characterising the individual's
environment. We collected a large set of outdoor images from diverse contexts with a calibrated
digital camera. In experiments, observers are adapted to a series of images drawn from a specific
context that are displayed on a monitor, and then judge the colour of a range of test stimuli,
either to define the focal colours and boundaries for different categories, or to define the unique
hues (ie pure red, green, blue, or yellow). Variations in colour naming are considered in relation
to variations in the colour distributions for the different image ensembles, and reveal the role
of both adaptation and spatial contextual influences on colour appearance. These results also
characterise how focal colours are related to colour in natural scenes.

" The spatial-frequency spectrum of the achromatic and chromatic components of the
internal noise of the human visual system
N N Krasilnikov, O I Krasilnikova,Y E Shelepinô (Department of Television and Transmitting
Systems, St Petersburg State University of Aerospace Instrumentation, 67 Bolshaya Morskaya,
190000 St Petersburg, Russia; ôVision Physiology Laboratory, Pavlov Institute of Physiology,
Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia;
e-mail: nnk k23@aanet.ru)

The internal noise of the human visual system and particularly its spatial-frequency spectrum
are very important characteristics describing the state of the visual system. Our experiments
demonstrated that these characteristics depend on the functional condition of the visual system
and differ for persons of various ages. We obtained the internal noise spectrum for the systems
of both achromatic and chromatic vision by the psychophysical method. We showed that the
internal noise spectrum for the achromatic vision system is proportional to approximately F ÿ2

where the spatial frequencies are below 2 cycles degÿ1. For higher frequencies it at first changes
slightly and then substantially increases with increasing frequencies. Its behaviour in the high-
spatial-frequency range is due to aliasing of the images on the retina cones. The spectrum of the
chromatic components of the internal noise of the visual system, in contrast to the achromatic
component, is constant in the low-frequency range and increases in the high-spatial-frequency
range. We have developed a functional model of the human visual system which explains the
features of the spectra of achromatic and chromatic components of the internal noise.
[Supported by Russian Foundation for Basic Research Grants 01-06-80297, 99-04-49647.]
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POSTER SESSION
DEPTH AND BINOCULAR VISION
* The effects of colour and blur in irradiation stereoscopy

W W Stine, S B Ewing, J S Skowronek, E T Filley (Department of Psychology, University
of New Hampshire, Conant Hall, Durham, NH 03824, USA; e-mail: bill.stine@unh.edu)

Cibis and Haber (1951 Journal of the Optical Society of America 41 676 ^ 683) discovered that a
pair of dichoptically presented squares that are geometrically identical but have differing lumi-
nances may appear (once fused) to be a single square oriented out of the frontoparallel plane
about the vertical axis. They proposed that the optics of the eyes smears the two images, thereby
creating a geometric disparity in the points where the intensity of each image rises above thresh-
old. When a pair of dichoptically presented square-wave gratings is used, the bars appear to be
individually oriented out of the frontoparallel plane about their vertical axes, much like a set of
vertically oriented, partially open Venetian blinds. We have shown previously that the Cibis ^
Haber model cannot account for the effect when the gratings have a contrast that is less than
unity (Filley and Stine, 1998 Perception 27 Supplement, 99; Stine and Filley, 1998 Perception 27
Supplement, 106). In two experiments involving six subjects, we studied the effects of a colour
difference between a pair of dichoptically presented gratings and the amount of blur between
the light and dark portions of each grating on the threshold luminance ratio for the effect. We
found that subjects were more sensitive to the ratio of average luminances between the gratings
when there was a difference in their colours and there was no blur. When the regions between
the light and dark portions of the grating were blurred, subjects were relatively insensitive to the
luminance ratio of the two gratings regardless of whether or not they differed in colour. These
results are discussed with respect to models from Stine and Filley (1998, loci cit.).

* Temporal-frequency characteristics of spatial-frequency-tuned binocular disparity
channels
S Lee, L Stelmachô (Department of Psychology, Carleton University, Ottawa, Ontario
K1S 5B6, Canada; ôCommunications Research Centre, 3701 Carling Avenue, Ottawa,
Ontario K2H 8S2, Canada; e-mail: stan.lee@psc-cfp.gc.ca)

It is generally accepted that binocular disparities are computed by the human visual system in spatial-
frequency-tuned channels.We studied the temporal characteristics of these hypothetical channels. This
was done by measuring the highest velocity at which observers could accurately report the depth
(crossed or uncrossed disparity) of a drifting sinusoidal grating. Results showed that the limiting
velocity at which observers could accurately perceive depth was inversely proportional to the spatial
frequency of the stimulus. We also measured the velocity limit of compound sinusoidal stimuli.
The results showed that the limiting velocity for compound sinusoidal stimuli was set by the lower
spatial frequency of the compound when component spatial frequencies were separated by two or
more octaves. However, the limiting velocity was constrained by the higher spatial frequencies of
the compound when component frequencies were separated by only one octave. Our results are
consistent with the emerging view that binocular depth perception is accomplished in the visual
system by spatial-frequency-tuned binocular disparity channels that exhibit high spatial-frequency
constraints within one octave separation, and are independent above two octaves separation.

* Binocular fusion of asymmetrically filtered images
L Stelmach, D Meeganô,W J Tam (Communications Research Centre, 3701 Carling Avenue,
Ottawa, Ontario K2H 8S2, Canada; ôDepartment of Brain and Cognitive Sciences,
University of Guelph, Guelph, Ontario N1G 2W1, Canada; e-mail: lew.stelmach@crc.ca)

Our goal was to advance scientific understanding of binocular image fusion. To provide an
empirical foundation for this work, we measured the apparent sharpness/blur of fused, asym-
metrically filtered, stereoscopic images. Images were produced by spatially filtering the left-eye
or the right-eye view of a naturalistic scene. For example, a test image might consist of an
unfiltered left-eye image, and a low-pass filtered right-eye image. Viewers adjusted a reference
image (which was filtered equally in both eyes) until it matched the test image in terms of
apparent sharpness/blur. Matching results for a set of low-pass, high-pass, and band-pass images
were modeled following Legge and Rubin (1981 Psychophysics 30 49 ^ 61), and Anstis and Ho
(1998 Vision Research 38 523 ^ 539). For approximately 87% of viewers, the fused percept was
weighted in favour of the image containing high spatial frequencies. In the example cited, the
fused percept looked as sharp as the unfiltered left-eye image. For the remaining 13% of viewers,
the fused percept was influenced by the dominant eye. In the example, if the right eye were
dominant, the fused percept would appear blurry, in extreme cases matching the blur of the low-pass
filtered image. Our results have important theoretical implications for understanding binocular
image fusion, and valuable practical implications for image compression, and refractive correction.
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* Perception of tilted segments when using different methods to present stimuli
M Tommasi (Dipartimento di Psicologia Generale, Universita© di Padova, via Venezia 8,
I 35131 Padua, Italy; e-mail: marco.tommasi@unipd.it)

Background affects the perceived tilt of a segment. Observers can rate verbally the variations of
perceived tilt due to background. However, there is experimental evidence showing that subjective
ratings are influenced by methods of presenting stimuli. In this experiment, nineteen observers
(nine male and ten female) rated the tilt of a 6.2 cm segment presented on a computer monitor.
The tilts used were 08, 28, 258, and 458 clockwise, and 28, 258, and 458 counterclockwise with
respect to vertical. Segments were either on their own or inside a square frame with a side length
of 9.3 cm and a tilted up ^ down axis (108 counterclockwise). Observers rated perceived tilts using
integers from ÿ20 to 20. To check how subjective ratings were affected by presentation, observers
performed their task sitting down or standing up and segments were presented at the centre or on
either side of the monitor screen. Results showed that judgments of perceived tilts were affected by
background (F1 17 � 9:1, p 5 0:01) but not by presentation methods, and that judgments by males
differed from judgments by females (F1 17 � 75:9, p 5 0:001). In particular, background influenced
judgments by females more than those by males. This is in contrast with the finding that presenta-
tion methods had a small effect on judgments by males, and none on judgments by females.

* Interaction of linear perspective, texture gradient, and binocular disparity cues in surface
slant perception
J Tozawa, K Tsutsuiô, M Tairaô (Laboratory of Psychology, Kawamura Junior College,
2-22-3 Mejiro, Toshima-ku, Tokyo 171-0031, Japan; ôDepartment of Physiology, Nihon
University School of Medicine, 30-1 Ohyaguchi-kamimachi, Itabashi-ku, Tokyo 173-8610,
Japan; e-mail: tozawa@kawamura-c.ac.jp)

We investigated the combined influence of pictorial (linear perspective/texture gradient) and
stereo cues on surface slant perception. Subjects wore LCD shutter-glasses to see the stereograms
and estimated the directions and the angles of surface slant. Direction of slant defined by both
cues was same or different (cue-consistent and cue-conflict conditions, respectively). The strength
of binocular disparity was manipulated to change the angle defined by stereo cues. In judging
the slant directions, subjects depended on stereo cues in most cases (70% ^ 90%). In judging the
slant angles, subjects tended to report smaller angles in the cue-conflict condition than in the
cue-consistent condition, and the underestimation of slant angle in the cue-conflict condition was
more evident when subjects depended on pictorial cues in judging slant direction. These results
suggest that stereo cues are assigned a greater weight in the perception of surface slant than
pictorial cues. However, the results also suggest that information from stereo and pictorial cues
is always summed in forming slant perception.

* Temporal processing of interocular correlation
E Gheorghiu, C Erkelens (Helmholtz Institute, Department of Physics of Man, Utrecht
University, Princetonplein 5, PO Box 80.000, NL 3508 TA Utrecht, The Netherlands;
e-mail: e.gheorghiu@phys.uu.nl)

We studied the temporal extent over which our visual system is able to detect interocular correla-
tion. We used large dynamic random-dot stereograms consisting of a repeated presentation of
one pair of images interleaved by the presentation of a second pair of images. We varied inter-
ocular correlation as a function of time by varying the presentation times of different sequences
of correlated and uncorrelated image pairs. Detection of correlation was examined in a forced-
choice depth-detection task.

The combinations of presentation times that resulted in depth detection were very similar in
four subjects. The experimental results are well described by a model of correlation processing
in which the incoming signals are integrated over periods of 50 ms and the interocular correla-
tion is detected if it remains above a threshold of about 60% for 25 ms. Our model suggests
how long it takes to solve the correspondence problem.

* Binocular vision: rivalry, stereoscopic lustre, and sieve effect
W Pieper, I Ludwigô (Department of Psychology, Justus Liebig University Giessen,
Otto-Behaghel-Strasse 10, D 35394 Giessen, Germany; ôDepartment of Psychology,
Phillips University Marburg, Gutenbergstrasse 18, D 35032 Marburg, Germany;
e-mail: pieper@psychol.uni-giessen.de)

Stereograms of black or coloured discs in one eye, and black or coloured circular rims filled
with white in the other eye can create the following phenomena: binocular rivalry, stereoscopic
lustre, or the sieve effectöa depth impression without disparity (Howard, 1995 Perception 24 67 ^ 74).
We studied the effect of the visual angle of the elements on these phenomena under (i) luminance
contrast (black, 0.5 cd mÿ2; white, 60 cd mÿ2), and (ii) colour contrast (magenta ^ green, 25 cd mÿ2)

,
,
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between the rivalrous discs. The stimuli were presented in a mirror stereoscope arrangement, on
two TFT ^LCD monitors as displays. The size of the elements varied from 0.18 to 3.0 deg in
twelve steps. Ten subjects judged psychophysically (constancy method) which phenomenon was
perceived. We found that: (i) Black ^white elements smaller than 0.5 deg produce the sieve effect.
With increasing size (0.5 ^ 1.5 deg) this impression is replaced by stereoscopic lustre. At sizes
larger than 1.5 deg binocular rivalry dominates. (ii) Magenta ^ green elements induce the sieve
effect (below 0.5 deg) and rivalry (above 0.5 deg). These data demonstrate that isoluminant
coloured elements do induce the sieve effect but no lustre. The transition size from depth to
binocular lustre was smaller than reported by Howard.

* Reduction of the disparity limit (Dmax ) for stereopsis when viewing targets through
transparent surfaces
L G Johnson, D A de Cunha, D J Hawkes (Department of Radiological Sciences, King's
College London, Guy's Hospital, London SE1 9RT, UK; e-mail: laura.g.johnson@kcl.ac.uk)

The emergence of augmented displays, which merge virtual and real world scenes, has stimulated
further interest in perception through transparent surfaces and, in particular, the limits where
3-D perception breaks down. The upper disparity limit for stereopsis (Dmax ) has been investigated
with random-dot stereograms (RDS) and with Gabor patches, with both types of target viewed
unobstructed by other objects. However, if target objects are viewed through transparent surfaces,
perceptual segregation is significantly more difficult. We have investigated the effect of viewing
an RDS target signal (25% dot density, 3 deg visual angle) through transparent Gabor patches
of different radius, spatial frequency, and signal-to-noise ratio, to study transparent surface mask-
ing and reduction of stereopsis range. The noise level was the rms luminance level of the Gabor
patch, with signal level taken as RDS mean luminance. The RDS stimulus was presented for
3 s, starting at a large and random disparity relative to the front Gabor surface. Using the
method of adjustment, observers indicated at which disparity the RDS target appeared correctly
behind the Gabor surface. The results showed a positive linear correlation between Dmax and
the visual angle subtended by the front Gabor surface of 44:2� 5:9 (min of arc/deg visual angle),
averaged over all frequencies of the Gabor. The change of disparity with signal-to-noise ratio
showed a gradient range from �5.6 (min of arc/db) for low frequency to ÿ14.6 (min of arc/db) at
high frequency. These results will be used to predict the range of disparities for correct 3-D
perception in augmented systems with restricted field of view.

* Grouping and segmentation in binocular rivalry
M A Silver, D A Leopold, N K Logothetis (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany; e-mail: michael.silver@tuebingen.mpg.de)

Dichoptic presentation of square arrays of dots that have no local interocular conflict can produce
binocular rivalry if the two arrays are of opposite contrast relative to a gray background. Subjects
reported when they experienced unitary percepts of only one array (and total perceptual suppres-
sion of the other array). The percentage of time of unitary perception was higher than would be
predicted if rivalry occurred only locally between small independent retinotopic zones. Since the
retinal location of each dot did not overlap the corresponding retinal locations of any dots in
the other stimulus, unitary perception must have occurred when each dot in the nonvisible array
was phenomenologically suppressed by a portion of the perceived array that contained only
pixels of background luminance. This suggests that these stimuli were able to rival as textured
surfaces rather than as sets of individual elements. Introduction of small (50.05 deg) random
displacements of each dot increased unitary perception of the arrays. These displacements may
have disrupted segmentation mechanisms that were activated by collinearity in the regularly spaced
arrays, thereby enhancing the perception of the arrays as surfaces. Experiments are in progress
to determine whether Gestalt grouping principles influence the amount of unitary perception.

* Effects of eccentricity and figure-inside on binocular rivalry
T Ohtani, K Yokosawaô, M Suganumaô, T Hasegawa½ (Graduate School, University
of the Sacred Heart, 3-4-1 Hiroo, Shibuya-ku, Tokyo 150-8938, Japan; ôDepartment
of Psychology, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan;
½Department of Psychology, University of the Sacred Heart, 4-3-1 Hiroo, Shibuya-ku,
Tokyo 150-8938, Japan; e-mail: ad0183@u-sacred-heart.ac.jp)

Logothetis, Leopold, and Sheinberg (1996 Nature 380 621 ^ 624) suggested that the resolution
of binocular rivalry is processed at a higher perceptual level than the eye-dominance level.
We investigated whether the rivalry could be influenced by the distance from fixation and/or by
an added structured figure such as a ring. The experimental method was the same as that of
Logothetis et al except for the positions where the subject was asked to report the percept and
for the addition of a ring figure. Orthogonal gratings were presented dichoptically and the ring
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(radius 0.9 deg) was superimposed on the centre of those gratings. The subject reported the percept
of gratings at 0.52 or 1.28 deg eccentricity from the fixation point. We found that the duration of
dominant percept was longer at far periphery, but with the rings superimposed in both eyes
was longer (inside the ring) at near periphery. Thus we obtained two findings. One is `the effect
of eccentricity'öthe rivalry is less in the periphery; and the other is `the effect of the inside of
the figure'öit is also more stable inside the ring. These results suggest that binocular rivalry is
processed in both levels: retinotopic representation and object-based representation.

* The effect of binocular disparity on metacontrast masking
J K Lukas [Institute for Psychology, Martin-Luther-Universita« t Halle-Wittenberg,
D 06099 Halle (Saale), Germany; e-mail: j.lukas@psych.uni-halle.de]

The detectability of a briefly flashed visual stimulus (target) is usually weakened considerably by
masking stimuli that are presented immediately after the target. The strength of this metacontrast
effect depends strongly on the spatial distance between target and masking stimuli. The aim of the
present experiment was to investigate the role of different binocular disparities with target and
mask presented at varying relative depth positions. In particular, a question to be resolved is if
metacontrast masking is a retinal rather than a central phenomenon of visual information proces-
sing. The stimuli were random-dot stereograms presented dichoptically and showing a Landolt C
with a randomly positioned gap as target and a surrounding annulus as mask. The subject's
task was to detect the position of the gap. A total of 84 conditions were examined (6 different
ISIs combined with 14 different combinations of disparities for mask and target, including
crossed as well as uncrossed disparities). The results show clear effects of depth separation and
ISI. They are discussed with respect to recent quantitative theories of metacontrast masking.

* Depth cue combination with correlated Gaussian errors: tests of a model
I Oruc, L T Maloney, M S Landy (Department of Psychology, New York University,
6 Washington Place, 8th floor, New York, NY 10003, USA; e-mail: ipek@cns.nyu.edu)

We have developed an ideal-observer model of depth cue combination for Gaussian observers
that allows for correlated depth cues, and applied it to a slant-discrimination experiment. Stimuli
were pairs of slanted planes, side by side, rotated about a horizontal axis, that included both
linear perspective (a grid) and a texture gradient (randomly positioned texture elements). One
plane had a slant of 758, and the other varied. Observers designated the plane that appeared to
have the larger slant. Each depth cue could be absent, low reliability (sparse), or high reliability
(dense). Eight cue reliability combinations were used (omitting the absent ^ absent condition).
The ideal observer model was fit to the discrimination data by maximum likelihood, and a
nested hypothesis test indicated the cues were indeed correlated (r � 0:88).

* Size illusion of a convex or concave circular surface in the three-dimensional space
S Nozawa [Department of Psychology, University of the Sacred Heart (Tokyo), Hiranuma
2-8-7-601, Nisi-ku, Yokohama, Kanagawa 220-0023, Japan; e-mail: shinn@mvf.biglobe.ne.jp]

Size illusion has usually been treated in such a way that the phenomenon was only a fact in
two-dimensional (2-D) space, but from a more general view, this problem must be reconsidered
as pertaining to a three-dimensional (3-D) pattern in 3-D space, ie a 2-D phenomenon is merely
a special case of the 3-D situation. In this report, the perceptual size of 3-D convex or concave
circular surface is compared to that of the flat circle in 3-D space. In each of the upper half
and lower half of the CRT display, two circular patterns were presented stereoscopically and
the upper circle was filled with random dots that formed a convex (or concave) surface, but the
lower circle was filled with random dots that formed a flat surface. All subjects always observed
that the size of the upper 3-D convex (or concave) circular surface seemed smaller than that of
the lower flat circle. Measurements of PSE for three standard stimulus patterns: random-dotted
convex, concave, and flat surfaces, were carried out with a series of variable patterns formed by
a simple line contour circle. The results proved that the PSE sizes of convex or concave circles
were also significantly smaller than those of the flat circle. The essential point of the 3-D pattern
recognition is the segregation of the surface and the process of this segregation might be the
cause of the shrinkage illusion.

* A role of tuned inhibitory cells in depth selection
VA Lyakhovetskii, G S Ilyushov, S VAlexeenkoô (St Petersburg Electrotechnical University,
Popova 5, 197198 St Petersburg, Russia; ô Vision Physiology Laboratory, Pavlov Institute of
Physiology, Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia;
e-mail: seva@decosp.spb.ru)

There are four well known types of disparity-tuned cells in the visual cortex: tuned excitatory
(TE), tuned inhibitory (TI), near, and far. The role of TI cells in visual perception is still not
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clear. We proposed that in V1 the TI cells inhibit the TE cells tuned to the same disparity and
provide robustness for depth selection. TI cell signals are also used for forming vergence eye
movements and TE cells send signals to V2 for a further depth selection process. We constructed
a simple model of TI cells in V1 as a subsystem of our model of human visual-data-transfer
channel (Lyakhovetskii et al, 2000 Proceedings of Conference on `Pattern Recognition and Image
Analysis' volume 3, pp 541 ^ 546). The structure of the model resembles hierarchical pyramidal
models but differs from them by a more thoroughly simulated topology of connections. TI
`neurons' calculate the vergence potential U(i) � P jR(x, y)ÿ L(x� i, y)j, where L and R are
inputs from the left and the right eyes, x and y are the positions of receptive fields, and i is
disparity. The model was successfully tested on correlated and anticorrelated random-dot stereo-
grams so this function is convenient for driving TE `neurons' and for `eye movements'.

* Brain activity correlated with disparity level as revealed by fMRI
R Rutschmann, M W Greenlee (Carl-von-Ossietzky-Universita« t Oldenburg,
Ammerla« nder Heerstrasse 114 ^ 118, A 6, D 26111 Oldenburg, Germany;
e-mail: Roland.M.Rutschmann@uni-oldenburg.de)

Stimuli presented with different levels of disparity evoke the sensation of varying depth.
Gradient-echo, echo-planar imaging (EPI) was used in this experiment to identify areas in visual
cortex and associated areas in temporal and parietal cortices that show BOLD effects which
correlate with disparity level. Imaging was performed with a 1.5 T whole-body Siemens Magnetom
(Vision) equipped with a gradient system having 25 mT mÿ1 amplitude and 0.3 ms rise time. Sixteen
4-mm planes, positioned oblique to the axial plane, were imaged every 4 s with a T2*-weighted
sequence (TE � 62 ms, flip angle � 908, FOV 2566256 mm2, 1286128 voxels). We analysed the
data using BrainTools and SPM99. A pattern-reversal checkerboard with checks reversing in depth
(but not contrast) was created by means of a dichoptic random-dot kinematogram (RDK). The
stimuli were created on a VSG graphics board and back-projected with an LCD projector. The
results indicate that both ventral and dorsal visual areas respond to the presence of disparity in
RDK. An area at the parietal ^ occipital border responded to the relative disparity level in corre-
lated fashion. These findings suggest that various cortical areas underlie our ability to detect the
presence and to discriminate the magnitude of binocular disparity.

* Three types of illusory depth motion in stimuli without disparity change
L Likova, C W Tyler (Smith-Kettlewell Eye Research Institute, 2318 Fillmore Street,
San Francisco, CA 94115, USA; e-mail: likova lora@hotmail.com)

Changes in disparity generate the percept of motion in depth. We report a variety of spatial-
disparity configurations evoking depth motion in stimuli without disparity changes.

Repeating-element autostereograms were used to generate the change in disparity required
to elicit stereomotion percepts. The target was one horizontal line of dots that did not change in
disparity with various configurations of surround alternation between two disparities. Observers
estimated direction and speed of the target dots in a number of experiments, including lateral
target motion conditions.

In addition to the depth motion perceived directly from the disparity changes in the sur-
round, three types of illusory depth motion were identified: (a) induced depth motion of the
target in the opposite direction to surround disparity changes, (b) depth motion capture in syn-
chrony with surround disparity changes, and (c) `singular-point' depth motion evoked by simply
switching target dots on and off, with a static disparity from the surround. The singular-point
type was rearward only. Stereomotion interactions among lateral, induced, captured, and singular-
point motions resulted in a motion whose velocity approximated a vector sum of the disparity-
driven and illusory-motion components according to the principles of a dynamic disparity map.
Control experiments established that the illusory depth motions did not arise from vergence eye
movements.

* Coding spatial frequency in stereopsis of human vision
Y Tanaka [Vision Science (Freeman) Laboratory, School of Optometry, University
of California at Berkeley, 360 Minor Hall, Berkeley, CA 94720-2020, USA;
e-mail: yasutotanaka2000@yahoo.com]

Experiments addressing the problem whether size (spatial frequency) information is used to
achieve the perception of three-dimensional space are reported. Two different spatial frequencies
of vertically oriented bandpass-filtered sinusoidal gratings (Gabor signals: s � 2 deg, C � 50%)
were presented to each eye of human observers. The different spatial frequencies presented to
two eyes produced the perception of depth along the continuous surface (slant) within limited
ranges of difference (10% ^ 80%) in spatial frequency. Randomly jittering the phase of two
Gabors from ÿ1808 to 1808, or changing the phase of one Gabor from 08 to 3608 while keeping
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the other fixed did not disrupt the perception of slant, demonstrating that the effect is independent
of phase. These results support the original finding of Blakemore (1970 Journal of Physiology 211
599 ^ 622) that different spatial frequency alone induces stereo perception of slant and challenge
the local-position hypothesis (Halpern, Wilson, and Blake, 1996 Vision Research 36 2263 ^ 2270).

DETECTION AND DISCRIMINATION
* Is apparent motion real or really apparent?

S V Chukova, I N Kaianderô, A J Ahumada Jr½ (Pavlov Institute of Physiology, Russian
Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia; ôA F Ioffe Physico-
Technical Institute, Politekhnicheskaya 26, 194021 St. Petersburg, Russia; ½NASA Ames
Research Center, Mail Stop 262-2, Moffett Field, CA 94035-1000, USA;
e-mail: Sveta@chvs.infran.ru)

Discrimination thresholds for separation between two vertical lines presented with a short delay
are much lower than for those presented with a long delay (Chukova and Gauzelman, 1997
Perception 26 Supplement, 115 ^ 116). At short interstimulus intervals (ISIs) (0.05 ^ 0.2 s), all
observers report the stimuli to be `moving'; however, this perception disappears at the 2 s ISI.
To look for possible effects of apparent motion, we hypothesised different thresholds for `moving
away' (reference wider than comparison, R 4 T ) and `approaching' (R 5 T ) stimuli. If the
apparent motion affects discrimination, then at short ISIs the number of correct responses for
R 4 T and R 5 T might differ. Furthermore, if the apparent motion does improve discrimina-
tion, the improvement should occur whichever method is used for measuring threshold [classical
method of constant stimuli (MCS), using a single reference, or modified MCS, using mixed
references]. For classical MCS, at short ISIs (0.05 and 0.2 s), regression analysis shows no differ-
ence between the correct responses for `moving away' and `approaching' in 75% of the cases.
In contrast, for long ISI (2 s), the difference is highly significant ( p 5 0:05 in 75% cases). For
modified MCS, the difference between `moving away' and `approaching' is significant in 88% of
the cases, independent of ISI. The results suggest that the apparent motion has no obvious effect
on size discrimination, suggesting rather that the retrieval processes might be more important
determinants of discrimination performance.
[Supported by Russian Foundation for Basic Research Grant 01-06-80295.]

* Is there a pop-out of contours and boundaries for cyclopean and second-order stimuli?
Y A Petrov (Gatsby Computational Neuroscience Unit, University College London,
17 Queen Square, London WC1N 3AR, UK; e-mail: yury@gatsby.ucl.ac.uk)

Contextual surround interactions in V1 are well established. It is likely that it is due to these
interactions that contours and boundaries formed by luminance-defined edges are easily detect-
able. Such `pop-out' effect may underlie basic segmentation tasks. Can other features processed
in higher visual areas cause similar pop-out for contours and boundaries? In this psychophysical
study I show that if a contour or a boundary is not visible monocularly (ie it is cyclopean), or
if visual stimuli used to define a contour or a boundary lack first-order luminance contrast, there
is no pop-out. Stimuli used in this work to create cyclopean contours and boundaries were either
regular luminance-defined bars or bars defined by pairs of dots. Displaced-grating illusory bars
and random-dot depth-defined bars were used as an example of second-order stimuli. It has
been demonstrated by Peterhans and von der Heydt (1989 Journal of Neuroscience 9 1748 ^ 1763)
that displaced-grating illusory edges evoke response in V2, but not in V1. Recently Bakin et al
(2000 Journal of Neuroscience 20 8188 ^ 8198) showed that contextual surround interactions are
strongly depth-tuned in V2, but hardly so in V1. These results ensure that contours and boundaries
used in the present work are likely to be detected in V2 and higher visual areas only. Therefore,
the absence of pop-out established in the present work indicates that contours and boundaries
do not popout in these areas

* Artificial neural-network-based face detection in colour and gray-scale image in complex
scenes
F Kahraman, M Oral (Department of Electrical and Electronics Engineering, Mustafa
Kemal University, 31280 Iç skenderun/Hatay, Turkey; e-mail: globaldeep@yahoo.com)

A neural-network-based algorithm for detecting frontal views of faces in colour and gray-scale
image in complex scenes is presented. An error back-propagation algorithm is used to train the
neural network for face detection. The network receives 20620 pixel regions of a digitally
enhanced image as input and then generates output in the range of [0,1] signifying the possibility
of absence or presence of a face. The whole input image is scanned globally to find all the
possible human-face candidates with all possible sizes (not less than 20620 pixels) and locations.
The misclassifications are significantly reduced by applying labelling and filtering process to the
map image that is created by the output results.
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* Segmentation of object motion: matching psychophysics and computational models
J A Santos, A Campilhoô, C Baptista, M V Correiaô, P Noriega½, P B Albuquerque
(Department of Psychology, University of Minho, 4709 Braga Codex, Portugal; ô Institute
of Biological Engineering, Porto, Portugal; ½Department of Ergonomics, Technical
University of Lisbon, Lisbon, Portugal; e-mail: jas@iep.uminho.pt)

We present a set of research methods and experimental data on the perception of object-motion
with concurrent self-motion. Research on visual computation of multiple motion patterns is
scarce. This is mainly due to the complexity of stimulus generation, control, and related facilities.
To throw light on the visual perception of simultaneous movements, we are working on a project
involving empirical testing of a motion algorithm. Two methods are used: psychophysical and
computational (computer simulation). Psychophysics experiments allow a general description of
the human visual task, eg by determining object-motion detection thresholds. The same visual
input, as used with human participants, is then processed by a computational algorithm. This
algorithm works through two main levels. First, an optic-flow description is extracted from the
set of frames. Second, models of areas MT and MST, as proposed by Sejnowski, are then
applied. The outputs from psychophysics experiments (thresholds) and from model computations
(confidence rates) are then compared. An interactive process may then start: modifications of
the computational model can be tested against further experiments with human participants,
thus allowing a step-by-step improvement of the computational model through empirical testing.

* Trajectory misalignments depend on the orientation of the moving elements
M Girelli (Department of Neurological and Vision Sciences, Faculty of Medicine, University
of Verona, strada Le Grazie 8, I 37134 Verona, Italy; e-mail: massimo.girelli@univr.it)

A dot moving behind an occluder does not show the misalignment typical of the Poggendorff
illusion (Watamaniuk, 1998 Investigative Ophthalmology & Visual Science 39(4) S1075). It was
hypothesised that a moving element with an orientation axis (eg a bar) might show a different
pattern of results. In two different conditions a bar moved along a direction collinear to its
orientation axis, or along a direction at 458 with respect to its orientation axis. In a control
condition, a moving dot was also used. In all conditions, the direction of motion was at 458 with
respect to the sides of the occluder. The moving elements reappeared after the occluder with a
direction offset which was varied randomly and the observers had to report if the direction was
above or below the regular direction. The bar moving along the collinear axis yielded the most
accurate performance. The moving dot yielded an intermediate performance and the bar moving
at 458 with respect to the orientation axis yielded the worst performance. Interestingly, in this
condition the errors were towards the component of motion parallel to the sides of the occluder.
Therefore the orientation of the moving element has a large effect on the trajectory misalignment.

* Comparison of methods for the detection of alphanumeric symbols
G Lado, M L F de Mattiello, A Tonti (Laboratorio de Investigaciones Visuales,
Consejo Nacional de Investigaciones Cientificas y Tëcnicas, Junin 956, (1113) Buenos Aires,
Argentina; e-mail: info@fundvis.org)

In previous papers we used psychophysical methods (Biondini, Mattiello, and Pescio, 1996, in
Proceedings of II Workshop on Cybernetic Vision, 9 ^ 11 December, Sao Carlos, Brazil pp 89 ^ 92)
and the Hamming distance (Mattiello, Pescio, and Lado, 1999 Perception 28 Supplement, 148) to
analyse the distinctive features of alphanumeric patterns generated at random on a 365 matrix.
Having obtained these data, we are now interested in analysing the recognition of those patterns
by using a three-layer neural network of the backpropagation type. A problem arises here from
the reduced size of the matrices where, in some cases, a single bit could represent an important
feature. The entry layer reflected the size of the matrix; the hidden layer, containing the internal
representation of the features, was made up of 20 units; and the exit layer was made up of
26 units, one for each letter of the alphabet. Once the network was trained with both clearly
identifiable and other distorted patterns corresponding to the same letter, we found that the
network displayed its own criterion. Although this criterion did not necessarily coincide with
that of the majority of the observers who took part in the first experiment, the network always
responded correctly to the prototype patterns, and to similar patterns in the case of the distorted
ones. This leads us to postulate that the criterion adopted by the network was also based on
the distinctive features of each character.
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* Influence of glare eccentricity on contrast sensitivity
C Roumes, G Giraudetô, J Plantier, (Institut de Mëdicine Aërospatiale de Santë des Armëes,
BP 73, F 91223 Brëtigny-sur-Orge Cedex, France; ôEssilor International, R&D Optique,
Service d'Optique Physiologique, 57 avenue de Condë, F 94106 Saint Maur, France;
e-mail: croumes@imassa.fr)

As vision is supported by a spatial-frequency-selective mechanism, perceptual impairment caused
by glare can be assessed by determining contrast sensitivity function (CSF). Spatial-frequency
coding is directly related to the size of retinal receptive fields. Therefore, the influence of spatial
separation between the stimulus and the glare source was analysed to determine whether glare
decreases stimulus detection homogeneously over spatial frequencies. CSF was determined for
five sizes of stimuli with a two-dimensional difference-of-Gaussian profile (0.8 to 12.8 cycles degÿ1).
The glare source was annular around the stimulus to keep its eccentricity constant (5.0 and 8.5 deg).
Two glare conditions were used: 10 000 or 30 000 troland. An optical bench was designed to focus
stimuli on the retina in order to strictly control luminous intensity. Data show that contrast
sensitivity is preserved despite a 10 000 troland glare. For a 30 000 troland glare, contrast sensitivity
progressively decreases as stimuli with lower spatial frequencies are viewed. Such a variation of glare
effect with spatial frequency cannot be entirely explained by an increase in the size of stimulus
as lower spatial frequencies are displayed. Indeed CSF impairment is constant whatever the
eccentricity glare.

* Linear summation for remote masks in a contrast gain pool
D J Holmes, T S Meese (Neurosciences Research Institute, Aston University, Aston Triangle,
Birmingham B4 7ET, UK; e-mail: holmesdj@aston.ac.uk)

Foley's (1994 Journal of the Optical Society of America A 11 1710 ^ 1719) influential model 3
proposes that masking components in a contrast gain pool are raised to an exponent before
being summed. Contrary to this model's prediction, the inhibitory effects of 3 cycles degÿ1

(or 6 cycles degÿ1) mask gratings oriented at �458 were found to sum linearly for the detection
of a vertical 1 cycle degÿ1 (or 2 cycles degÿ1) test grating (experiment 1). In a further test of
summation (experiment 2), dipper functions were transformed in the same way by a fixed con-
trast mask that was either a plaid with component contrasts Ã~Äc or a grating with contrast c.
Results from experiment 1 are consistent with Foley's model 2, where gain pool summation
precedes an expansive nonlinearity. However, this model misrepresents the data for one observer
in experiment 2, where the fixed contrast mask reduced contrast increment thresholds for a
narrow range of pedestal contrasts. This distinctive qualitative feature is fit by a hybrid model in
which an expansive nonlinearity is applied to (i) the pedestal contrast and (ii) the linear sum of
the other components in the gain pool, prior to inhibition of the test by these two pathways.
We conclude that linear summation of inhibitory components is a feature of simultaneous con-
trast masking.

* Luminance artifacts in red ^ green isoluminant stereoscopic stimuli
R A Champion, D R Simmons (Department of Psychology, University of Glasgow,
58 Hillhead Street, Glasgow G12 8QB, Scotland, UK; e-mail: rebecca@psy.gla.ac.uk)

Are demonstrations of maintained stereoscopic performance at red ^ green isoluminance due to
the presence of luminance artifacts? We addressed this issue by adapting a technique of Lu et al
(1999 Proceedings of the National Academy of Sciences of the USA 96 8289 ^ 8294) to stereopsis.
The stimulus consisted of a c̀hromatic' (red/green) half-image in one eye and an `achromatic'
(yellow/black) half-image in the other. The ratio of red to mean luminance [R=(R�G) ratio] in
the 0.5 cycle degÿ1 Gabor stimulus was varied. A range of achromatic contrasts was employed
to find the best match for each chromatic stimulus. The dichoptic combination at each
R=(R�G) ratio giving the best performance in a stereoscopic task provided an estimate of the
strength of the artifact. Isoluminance was taken to be the R=(R�G) ratio at which the contrast
of this artifact was minimised. Using this new technique for isoluminance determination we
found that: (a) stereoscopic performance with isoluminant chromatic stimuli in both eyes could
not be explained in terms of the luminance artifact and (b) there still existed a c̀ontrast gap'
between contrast thresholds for stereopsis and simple detection at isoluminance (Simmons and
Kingdom, 1994 Vision Research 34 2971 ^ 2982). These data provide further evidence for the
existence of a chromatic-contrast-sensitive stereopsis mechanism.
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* Measurements of the efficiency of the human visual system in observing dynamic images
O I Krasilnikova, N N Krasilnikov, Y E Shelepinô (Department of Television and
Transmitting Systems, St Petersburg State University of Aerospace Instrumentation,
67 Bolshaya Morskaya, 190000 St Petersburg, Russia; ôVision Physiology Laboratory,
Pavlov Institute of Physiology, Russian Academy of Sciences, nab. Makarova 6,
199034 St Petersburg, Russia; e-mail: nnk k23@aanet.ru)

We investigated the dependence of the efficiency of the visual system on the conditions of
observing dynamic images. The efficiency is defined as the ratio of threshold contrast energy
of exactly known images for the ideal observer to threshold contrast energy of images for a
human observer in detecting or identifying the test objects. We measured the correct identifi-
cation probabilities of the test objects in noisy dynamic images by the human observer and by
a computer model of the ideal observer for different intensities of external dynamic noise and
for different durations of test object presentation. We found that, without a prior knowledge of
test object coordinates, a strong drop in efficiency takes place if the dynamic noise increases.
However, the absence of prior information about the instant of test-object appearance in the
dynamic image affects slightly the efficiency with increasing intensity of noise. Increase of
the duration of the test-object presentation beyond some value is followed by a reduction
of efficiency determined by the temporal properties of the visual memory. The quantitative
results we have obtained allow us to extend our functional model of the human visual system to
the case of dynamic image observation.
[Supported by Russian Foundation for Basic Research Grants 01-06-80297, 99-04-49647.]

* Effects of visual images generated from long-term memory (LTM) and short-term
memory (STM) on a visual detection task
C Craver-Lemley (Department of Psychology, Elizabethtown College, Elizabethtown,
PA 17022-2298, USA; e-mail: lemleyce@etown.edu)

Visual imagery has been shown to have, depending upon the conditions, either interfering (Perky,
1910 American Journal of Psychology 21 422 ^ 452) or facilitating interactions with visual perception.
Whereas Craver-Lemley et al have consistently demonstrated strong imagery-induced interference
on vernier line acuity (eg Craver-Lemley, Arterberry, and Reeves, 1997 Journal of Experimental
Psychology: Human Perception and Performance 23 3 ^ 13; Craver-Lemley and Reeves, 1987 Percep-
tion 16 599 ^ 614; Craver-Lemley and Reeves, 1992 Psychological Review 99 633 ^ 649), Ishai and Sagi
(1995 Science 268 1772 ^ 1774) reported imagery improves performance on Gabor detection, and
proposed that visual images generated from STM facilitate visual perception, while those recalled
from LTM (as in Perky's classic experiment) cause interference. This idea was tested by measuring
the effects of visual images generated from either LTM or STM on exactly the same visual detection
task. As usual in Perky experiments, the image was cued either to cover the target or to flank it (as a
control). Results revealed that images generated from LTM, which covered the target, interfered
with its detection, whereas images flanking the target had no effect. Images generated from
STM had little effect on the detection task, regardless of spatial position relative to the target.
Thus, although facilitation was not found, the importance of memory (LTM versus STM) was
confirmed.

* Digital analysis of computerised visual perception testing data
R Ruseckaite (Centre for Visual Sciences, RSBS, ANU, Canberra, ACT 0200, Australia;
e-mail: ruseckaite@rsbs.anu.edu.au)

According to the data of the 4th International Congress of Epileptology, Florence, 2000, 30%
of all humans suffer from epilepsy; 5% of these have refractory epilepsy, although drugs are
available to treat them. It is very important to diagnose this disease in time. Physicians use
manual testing and diagnostic tools, but the results are not always correct. My goal was to create
a computerised system for testing visual perception and predicting epilepsy from the results.
Here a computer system is described that encompasses together VP test procedure, symbolic
learning algorithm, and digital EEG processing methods. This machine learning subsystem
was able to extract interesting dependences that related VP test results to diagnosis. Digital
EEG analysis showed that LPC methods could be used together with machine-generated
rule sets (CHARADE) for epilepsy prediction. The two combined methods showed 80%
effectiveness.

82 Poster session: Detection and discrimination



SPATIAL VISION
* How are spatial derivatives used to describe visible features in images?

G S Barbieri-Hesse, M A Georgesonô (Colour and Imaging Institute, University of Derby,
Kingsway House East, Kingsway, Derby DE22 3HL, UK; ô School of Psychology,
University of Birmingham, Edgbaston Park Road, Edgbaston, Birmingham B15 2TT, UK;
e-mail: G.Barbieri@derby.ac.uk)

Smooth luminance edges give rise to peaks in the gradient (1st derivative) of the luminance
profile and to zero-crossings in the 2nd derivative (ZCs). What is the psychophysical relationship
between ZCs and perceived edges? To test this, we constructed 1-D luminance profiles containing
a localised maximum, or minimum, of gradient magnitude and hence a single ZC. Both types
of image had the same 2nd derivative profile, but were easily distinguishable in a discrimination
experiment. This shows that the 2nd derivative profile in general (and zero-crossings in particu-
lar) are not sufficient to describe the visible spatial structure of these simple images. In a second
experiment observers marked the positions of visible features (bars and edges) in these images.
The gradient increment was reported as a single edge while the decrement was reported as two
bars (light and dark) bounded by edges. These bars, without corresponding peaks of luminance,
may be classed as Mach bands. We propose a set of parsing rules to describe the way in which
local features are derived from 1st, 2nd, and 3rd derivative profiles of the image. Visible edges
arise from peaks in the gradient profile and sometimes, according to context, from peaks in the
3rd derivative.

* A hierarchy of spatial interactions in the processing of contrast-defined contours
P Wenderoth, C W G Clifford, A Ma Wyattô (Department of Psychology, Macquarie
University, North Ryde, Sydney, NSW 2109, Australia; ôDepartment of Psychology,
University of Western Australia, Crawley, WA 6009, Australia;
e-mail: peterw@vision.psy.mq.edu.au)

Both psychophysical and neurophysiological evidence suggest that there are two visual cortical
processing streams, a linear stream that processes first-order stimuli and a nonlinear stream
that also processes second-order stimuli. This evidence also suggests that prior to the extraction
of the second-order signal, the nonlinear pathway broadly, but not completely, pools signals
across initial linear filters that encode the orientation of the carrier of the second-order signal.
The evidence suggests that such pooling does not occur across carrier spatial frequencies.
We show here that similar results are obtained with repulsion tilt illusions but not with attraction
effects. Attraction effects exhibit complete orientation crossover (while retaining spatial-frequency
selectivity), perhaps indicating higher-level processing. An experiment on interocular transfer of
the effects seemed consistent with this conclusion.

* Size assessments and subjective judgments viewing through imperfect optical media
M E Jaen, J D Sandoval (Departamento de Luminotecnia, Luz y Visiön, Facultad de Ciencias
Exactas y Tecnolog|̈a, Universidad Nacional de Tucumän, Av. Independencia 1800,
(4000) Tucumän, Argentina; e-mail: mjaen@herrera.unt.edu.ar)

Diffusing media in the path between an object (stimulus) and the observer behave as a low-pass
spatial-frequency filter. This spatial-frequency filtering affects many characteristics of the
perceived image of the object, not only its contrast. Together with contrast variation, a change in
the apparent size of the viewed object can be detected. An experiment was set up to measure
and compare the subjective and physical apparent size of both bright and dark 10 cm diameter
stimuli presented through two different thick diffusing glasses (single and double glass plates).
The distance between stimulus and diffuser was varied and measured on a precision 6 m long
optical bench. The subjective apparent size was determined by three observers with normal vision
using specifically designed laboratory equipment, in ten sessions of three trials each. The lumi-
nance profile of the object was also recorded with a calibrated CCD camera. Physical and
subjective sizes were measured as a function of distance between stimulus and diffuser. The
results show that application of `10% intensity' criterion to determine the luminance profile
width of CCD images of the stimulus seems to match closely the implicit criterion by which
the observers establish the `subjective size'. This behaviour could be suitably predicted by consid-
ering the modulation transfer function of the experimental arrangement, the spatial filtering
produced, and the resulting degradation of the stimulus edge.
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* Crowding effect in a split-brain patient: A new blindsight experiment
L M Kouhsari, S R Afraz, M V Pashkam (School of Intelligent Systems, Institute
for Studies in Theoretical Physics and Mathematics, Niavaran, PO Box 19395-5746,
Tehran, Iran; e-mail: montaser@karun.ipm.ac.ir�

In blindsight, a visual stimulus affects the visual behaviour without the viewer having a conscious
percept of it. Here we are showing a new kind of blindsight effect in a patient with a partially
split brain. The posterior two-thirds of the corpus callosum, containing splenium (the main
pathway for transferring visual information between the two hemispheres) were surgically
resected. Two experiments were carried out on this patient. In the first we tested a classical
match-to-sample design in which the patient had to judge whether two visual stimuli presented
simultaneously in a display are the same or not. The patient made responses by pressing two
buttons with the index and middle fingers of one of her hands. When the two stimuli were
presented unilaterally, the patient could perform the task; but when they were presented bilater-
ally in separate visual fields, the patient's performance fell to chance level. This experiment
confirms that the patient's responding hemisphere is not aware of visual stimuli presented to the
other hemisphere. In the second experiment we tested the crowding paradigm on this patient.
Crowding is a phenomenon in which recognition of a visual target is impaired when the target is
flanked by similar visual stimuli. We found that visual distractors presented to one hemisphere
can impair recognition of the target stimulus presented to the other hemisphere in our patient.
The result of the first experiment shows that each hemisphere does not have conscious access to
the visual objects presented to the other hemisphere. This was predictable because the posterior
part of the patient's corpus callosum was cut. But, surprisingly, the result of our second exper-
iment shows that crowding distractors presented to one hemisphere can affect the responses of
the other hemisphere, although the responding hemisphere does not have any conscious access
to them. We suggest that the remaining anterior portion of the corpus callosum contributes to
crowding interaction.

* Nonsymmetrical line detectors in the periphery
M Danilova, V Bondarko (Pavlov Institute of Physiology, Russian Academy of Sciences,
nab. Makarova 6, 199034 St Petersburg, Russia; e-mail: dan@pavlov.infran.ru)

In search of mechanisms underlying contour interaction and crowding effects in central vision,
we reconstructed the shape of a line detector corresponding to the highest-spatial-frequency
channel measured by Wilson and Gelb (1984 Journal of the Optical Society of America, A 1
124 ^ 131). The extent of its off and on zones matches well the peaks and troughs of masking
functions obtained when a Landolt C is surrounded by bars. To extend this idea to peripheral vision
we measured the shape of a putative line detector using a subthreshold summation technique.
A thin line (1 min of arc wide, 1 deg long) was presented at 4 deg to the left or right of fixation
and was flanked on one side by a subthreshold line having the same dimensions. The sensitivity
of the putative line detector was calculated as a function of the position of the subthreshold
line. The central excitatory region is symmetrical, but its inhibitory flanks reveal strong asymme-
try: its wing extending to the periphery is longer and shows stronger inhibition than the second
wing extending towards the fovea. This shape can account for crowding effects in the periphery,
which are nonsymmetrical with respect to the flanking stimuli positioned at the different sides
of the test (Bouma, 1969 IPO Report 4 95 ^ 99).
[Supported by Russian Foundation for Basic Research Grants 01-04-49532, 00-04-49467.]

* The effect of age and optical defocus on the acuity of the SWS-cone pathway
M B Vidinova, R S Anderson, E Coulter (Vision Science Research Group, School of
Biomedical Sciences, University of Ulster, Coleraine BT52 1SA, Northern Ireland, UK;
e-mail: rs.anderson@ulst.ac.uk)

Resolution acuity was measured at four retinal locations in a group of normal subjects (aged 12
to 70 years). The stimuli were blue gratings presented on an intense yellow background, designed
to isolate the short-wavelength-stimulus (SWS)-cone pathway. The SWS acuity was compared
with the achromatic acuity (green gratings on green background). Both achromatic and SWS
acuities decline beyond the age of 50 years (0.5 cycle degÿ1 per decade). No selective loss in
acuity with age was found for SWS pathway. The effect of optical defocus was measured for both
detection and resolution acuity under conditions of SWS isolation. Gratings were presented at
the fovea and 20 deg eccentricity. Detection acuity declined continuously with defocus between 0
and �4 D for both fovea and periphery. Resolution acuity did not change between 0 and �2 D in
the fovea and between 0 and �4 D in the periphery and was lower than detection acuity in this
range, suggesting that performance was sampling-limited and independent of contrast.
[Supported by a Project Grant from the Wellcome Trust.]
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* Dissociation of critical phase and power band for pattern recognition
I Chen, S Linô, S Yeh, H Huang (National Yang Ming University, Center for General
Education, R108, Li-Nong Street, Taipei, Taiwan; ôDepartment of Psychology, National
Taiwan University, Roosevelt Road, Taipei, Taiwan; e-mail: ipchen@ym.edu.tw)

It has been shown that, in pattern recognition, Fourier components within a certain range of
spatial frequencies are better utilised by the visual system than others. However, it is not clear
whether it is phase or power information within this band that mediates recognition.We compared
critical phase and power band for recognising patterns of different spectral characteristics such
as faces, letters, and Chinese characters. A partial phase-randomisation paradigm was used to
determine the critical phase band for recognition. The critical power band was measured with noise
masking experiments. The contrast between the performances of ideal and human observers was
also evaluated to verify the psychological reality of the critical bands. The results indicated that
the critical phase bands for discriminating images of all categories are nearly identical (with a
peak of 8 cycles/image and a bandwidth of about two octaves), while the critical power bands
are category-dependent. It thus appears that there is a functional dissociation between the critical
phase and power bands.

* Short-term memory representation of target location within walking distance
C Yoshida, T Inui (Graduate School of Informatics, Kyoto University, Yoshida-hommachi,
Sakyo-ku, Kyoto 606-8501, Japan; e-mail: yoshida@cog.ist.i.kyoto-u.ac.jp)

We investigated, through pointing tasks, how the location of targets within walking distance
was remembered with reference to the body. Subjects perceived a target at 2 m ahead for 2 s.
After a delay of 3 s, they pointed to the location of the previously seen target. When the subjects
perceived the target and were asked to point in a lit room, they pointed to the correct positions
for all targets. When the subjects perceived the target in the lit room and were asked to point
with their vision blocked, they pointed to a location displaced by about 2 deg rightwards for
the leftmost target, and tended to point to the location with a displacement of 1 deg leftwards
for the rightmost target. When the subjects perceived the target and were asked to point in a
dark room, all subjects showed a displacement towards inside for all targets. Our results suggest
that: (i) spatial information on visual targets within walking distance is represented in the body-
centred coordinate system in the dark; (ii) in the light, visual information about objects other
than the target and the effector hand is available in executing the pointing behaviour to the
remembered target, as well as in memorising the target position.

* Noninvasive estimation of SWS-driven ganglion cell density across the visual field
R S Anderson, M B Vidinova, S Demirelô (Vision Science Research Group, School of
Biomedical Sciences, University of Ulster, Coleraine BT52 1SA, Northern Ireland, UK; ôSchool
of Optometry, Indiana University, Bloomington, IN, USA; e-mail: rs.anderson@ulst.ac.uk)

Peripheral resolution acuity for achromatic gratings is limited by the density of the underlying
ganglion cell sampling array, evidenced by a superiority of detection acuity over resolution acuity,
and observation of aliasing. We wished to determine if short-wavelength-stimulus (SWS) resolution
is sampling-limited by blue/yellow ganglion cells. We measured detection and resolution acuity
between 0 and 25 deg in the nasal and temporal retina, using blue sinusoidal gratings super-
imposed on a yellow background which ranged in intensity from 2.5 to 4.7 log trolands. Acuity
was also measured at the same locations with high-contrast achromatic gratings. For SWS isolat-
ing gratings, at all locations, detection and resolution acuities were the same for low background
intensities, but resolution acuity fell faster than detection at higher intensities. For resolution,
a transition zone could be observed where performance fell sharply but afterwards displayed a
plateau. Measurements of SWS plateau resolution agreed well with predicted performance based
on anatomical counts of small bistratified ganglion cell density.
[Supported by a Project Grant from the Wellcome Trust.]

* Edge and surface contributions to detection
F Devinck, S Delord, K Knoblauchô (Laboratoire EMC, Universitë Lumie© re Lyon 2,
5 avenue Pierre Mende© s France, F 69676 Bron Cedex, France; ô INSERM U371
`Cerveau et Vision', 18 avenue du doyen Le© pine, F 69675 Bron Cedex, France; and LIGIV,
Universitë Jean Monnet, 3 rue Javelin-Pagnon, BP 505, F 42007 St Etienne, France;
e-mail: frederic.devinck@etu.univ-lyon2.fr)

What visual information is used by the observer in a detection task: contour or surface? Given
that one of these is important, does the size of the stimuli influence their relative contributions?
To answer these questions, the classification image technique (Ahumada, 1996 Perception 25
Supplement, 18) was used. A weak, square luminance increment (d 0 � 1) of 1, 3, or 6 deg was
presented in a larger field (10 deg) of spatial noise. The noise from each trial was categorised
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and averaged according to whether it was a hit, false alarm, miss, or correct rejection. The
classification image was calculated by combining the four averages with a negative weight
assigned to the miss and correct rejection images. Results showed a central, bright blob corre-
sponding approximately in size to the signal and a weak but significant dark surrounding region,
indicating a negative contribution to the decision. A DoG function, fitted to the smoothed
image, showed that the size of the bright area corresponded to the size of the signal, except
for the larger signal whose size was reduced. Observers' responses were mainly based on the
surface and not on the edges. Moreover, for the largest signal, observers did not use information
from the whole surface but mostly from the central region.

* Effects of visibility and separation upon grating vernier acuity
B Barrett, D Whitaker, P Morrill (Department of Optometry, University of Bradford,
Richmond Road, Bradford BD7 1DP, UK; e-mail: B.T.Barrett@Bradford.ac.uk)

We investigated the influence of stimulus visibility upon vernier performance for abutting and
separated sinusoidal grating stimuli.Vernier thresholds were determined by using vertically oriented,
sinusoidal gratings. The vernier offset was created by shifting the upper and lower halves of the
grating relative to one another. Thresholds were determined for two spatial frequencies (1 and
8 cycles degÿ1), at a range of contrasts (0.05 ^ 0.80), and exposure durations (35 ^ 2100 ms). In
addition, the separation between the upper and lower elements was varied (from abutting to a
gap equivalent to 2.5 spatial periods of the grating).

As expected, for the abutting stimuli vernier performance was found to improve as a function
of contrast at all exposure durations for the lower spatial frequency (1 cycle degÿ1). This was
also true for the higher frequency (8 cycles degÿ1) at short exposure durations. However, per-
formance exhibited considerable contrast independence when longer durations were employed. In
the case of the separated stimuli, as the separation between the target elements was increased,
Vernier performance became increasingly independent of contrast. This trend was more evident
at the lower frequency. We conclude that vernier performance for abutting stimuli can be invariant
across much of the contrast range, provided high-frequency stimuli and long exposure durations
are employed.

* Determinants of individual differences in the judgment of visual orientation
R Daini, M Arfo' Guarrasiô, P Angionaô, G Antonucci½ (Department of Psychology,
Universita© degli Studi di Milano-Bicocca, piazza dell'Ateneo Nuovo 1, I 20126 Milan,
Italy; ôDepartment of Psychology, Universita© `La Sapienza' di Roma, via dei Marsi 78,
I 00185 Rome, Italy; ½ IRCCS Fondazione Santa Lucia, via Ardeatina 306, I 00179 Rome,
Italy; e-mail: roberta.daini@unimib.it)

Field dependence (FD) and field independence (FI) refer, respectively, to people with a big error
and a small error in the judgment of the vertical orientation of a rod surrounded by a tilted
square (rod-and-frame test, RFT). In trying to explain the rod-and-frame illusory effect, studies
have, separately, either explored difference between subjects' personality and cognitive profiles,
or concentrated on figuring out the mechanisms underlying this effect without paying attention
to the differences between the subjects. We wondered if FD and FI subjects share common
mechanisms. Using a standard peripheral RFT display, we tested two conditions (single and
double inducer frame) and three different orientations (118, 228, and 338), on 144 subjects.
We found that the big error shown by FD subjects in the single-frame condition decreased
significantly when an inner vertical square was added to the display (double-frame condition).
This did not seem to affect the FI subjects. Moreover, the two groups were not statistically
different in the double-frame condition, suggesting that the difference in the illusory effect ampli-
tude, shown in the standard RFT, is much more cognitive than physiological and that the two
groups share common visuo-spatial mechanisms.

* Mu« ller-Lyer illusion and visual field anisotropy
A Bulatov, A Bertulis, V Strogonov (Department of Biology, Kaunas University
of Medicine, Mickevic iaus 9, LT 3000 Kaunas, Lithuania; e-mail: bulatov@vision.kmu.lt)

A combined influence of stimulus orientation and structure on length judgment was tested in
psychophysical experiments. The subjects adjusted the test interval of a stimulus to be equal to
the reference interval in length. The three-dot stimuli or reduced Mu« ller-Lyer figures with two
outward-facing or inward-facing wings forming the reference interval and one dot presented aside
limiting the test interval were generated on the monitor. The length and orientation of both
intervals of the stimulus varied. The reference interval varied within 14 ^ 150 min arc range of
length and had four possible orientations: 08, 908, 1808, and 2708. The orientation of the test
interval varied from 08 to 3608 in 78 steps. We assume that the experiments with the three-dot
stimuli yielded pure characteristics of visual-field anisotropy, while those with the Mu« ller-Lyer
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figures showed the combined effect of both the anisotropy and illusion. The data obtained
demonstrate independence of the two factors from each other, and their algebraic summation in
a simultaneous manifestation. The strength of a pure Mu« ller-Lyer illusion varied with alterations
of the internal angle but not with the orientation of the main axis (bisector) of the stimulus.
The characteristics of pure illusion fit well the predictions of the model of spatial filtering.

* Light reflex component mechanisms revealed in studies of the pupil response
S I Moro, J L Barbur, J A Harlow (Applied Vision Research Centre, The City University,
Northampton Square, London EC1V 0HB, UK; e-mail: s.moro@city.ac.uk)

The classical view of the pupil is that it responds to light changes mediated entirely by a sub-
cortical pathway, but recent studies suggest that more than one neural mechanism is involved in
the pupil response. We measured pupil responses, elicited either by sinusoidal or square-wave
temporal modulation of luminance, to explore the spatial and temporal properties of the mecha-
nisms underlying the pupillary pathways. The stimuli were generated on a uniform background
(28 deg623 deg) of luminance 8 cd mÿ2. A stimulus presentation consisted of a number of cycles
at various frequencies with Hanning windows at stimulus onset and offset to minimise unwanted
transients. We tested 24 stimulus locations in the visual field and averaged a minimum of 8 traces
for six subjects. Pupil constriction amplitude and latency were computed from the discrete Fourier
transform of each averaged trace.

Much larger responses were found for square-wave than for sinusoidal modulation. This
difference cannot be accounted for simply as a contribution of higher harmonics present in the
square-wave modulation. Furthermore, unexpected nonlinear harmonics invalidate the frequency
analysis of the response. As an alternative model, we suggest that these nonlinear harmonics
could be produced by temporal integration of the neural signal input. In addition, we propose
that sinusoidal and square-wave modulations could be associated with two mechanismsö
sustained and transientöeach carrying a different spatial integration. This model explains the
better spatial summation found for sinusoidal modulation.

* Grasping and representational momentum
V H Franz, H H Bu« lthoff, M Fahleô, I M Thornton (Max Planck Institute for Biological
Cybernetics, Spemannstrasse 38, D 72076 Tu« bingen, Germany; ôDepartment of Human
Neurobiology, University of Bremen, Argonnenstrasse 3, D 28211 Bremen, Germany;
e-mail: volker.franz@tuebingen.mpg.de)

If a moving object suddenly disappears, its last seen position is usually perceived as being further
forward along the path of motion. This `representational-momentum effect' can also be found in
objects which change size.We tested whether representational momentum affects the action system.

Cubes of different sizes were presented to ten participants on a monitor. In each trial, three
cubes were presented for times from 20 ms to 250 ms with increasing or decreasing sizes (steps
of 1 cm width difference). In the perceptual task, participants compared the last cube to a
comparison cube. In the motor task, they grasped the last cube using a virtual haptic setup (two
robot arms attached to index finger and thumb).

In grasping we found a normal representational momentum effect. Participants opened their
fingers wider when a cube was preceded by smaller cubes than when it was preceded by larger cubes.
In the perceptual task, however, the effect was reversed. The perceptual effect and the grasping effect
correlated between observers. This suggests that the motor effect is related to the perceptual effect.

* Multiple spatial-frequency channels for the detection of orientation modulation patterns
P Huang, I Chen, I Lee (Department of Psychology, Chung Cheng National University,
Center for General Education R108, No.155, Sec. 2, Li-Nong Street, Taipei, Taiwan;
e-mail: pi_chun@kimo.com.tw)

Sensitivities of the second-order texture mechanisms to orientation modulation (OM) frequencies
have been assessed by measuring subjects' detection thresholds for high micropattern-density OM
gratings. The OM functions show a clear bandpass characteristic, peaking at 0.22 cycles degÿ1

with a bandwidth of 4.54 octaves. We investigated whether the OMF function is subserved by
a single or multiple spatial-frequency channels with subthreshold summation experiments.
OM contrast thresholds were measured for compound gratings containing two contrast-added
sinusoidal OM components. The spatial-frequency ratios between the two components were 2, 3,
4.5, and 6. The two components were either in phase or out of phase. The results showed that
the degrees of summation were inversely proportional to the spatial-frequency separations
between components. For compound gratings composed of components with the spatial-
frequency ratio of 3, the detection thresholds were insensitive to phase relationships between
components. Our results thus support the multiple-spatial-frequency-channels model for the
second-order OM detection.
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* Narrow-band angular-frequency filters compared to multiple spatial-frequency filters
using supra-threshold summation
M L de Bustamante Simas, N A dos Santos (Departamento de Psicologia,
Universidade Federal de Pernambuco, CFCH 9e Andar, Recife 50.670-901, PE, Brazil;
e-mail: mlbslabv@elogica.com.br)

We have been measuring frequency-response functions for 11 angular-frequency filters (AFF), as
well as for 7 spatial-frequency filters (SFF), whose test frequencies were centred at either 1, 2, 3,
4, 8, 16, 24, 32, 48, 64, and 96 cycles, or 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 cycles degÿ1, respectively,
using a suprathreshold summation method. In this procedure, a forced choice is made between
stimuli made up of the sum of the test frequency (same as that of the filter) and one of the
background frequencies, or stimuli consisting of the background frequency alone. Background
frequency contrast levels were constant for both types of stimuli and equal to 5 times the detec-
tion thresholds for the respective test frequencies. Only the contrast of the test frequency was
varied throughout an experimental session. A correct choice consisted of selecting the stimulus
containing the test frequency. The 11 functions of the 17 experimental conditions (each) for
AFF, and the 7 functions of the 11 experimental conditions (each) for SFF have been measured
for nine observers. At present, our partial results for the measured filters show that, for the
arbitrarily selected filter phases (sum in phase), maximum summation effects occurred at all test
frequencies for both angular-frequency (1, 2, 3, 4, 8, 16, and 24 cycles) and spatial- frequency
(0.5, 1.0, and 3.0 cycles degÿ1) filters. So far, we found summation effects for AFF to exceed those
for SFF. Absolute maximum effects were found for 24 cycles (AFF), 1.6 times lower than that
for the 3 cycles degÿ1 filter (SFF). These results suggest that there are narrow-band angular-
frequency filters operating somehow in the human visual system either through summation or
inhibition of specific frequency ranges. While comparing to results for SFF, we discuss the
involvement of higher visual areas.

* Pointing at the Judd illusion: the dorsal stream is susceptible
A Dunn, P Thompson (Department of Psychology, University of York,YorkYO10 5DD, UK;
e-mail: akd100@york.ac.uk)

Milner and Goodale [1995 The Visual Brain in Action (Oxford: Oxford University Press)] have
made claims for allocentric processing in the ventral (perceptual) stream and egocentric process-
ing in the dorsal (action) stream. It has been hypothesised that visually guided action is largely
unaffected by visual illusions, a position for which there is some experimental support. We have
investigated this hypothesis using the Judd illusion. Subjects (n � 14) were instructed to make
ballistic reaches to touch the end points and perceptual mid-point of a Judd illusion. Contrary to
expectations, a significant illusion persisted. Also, it has been established that scanning illusory
figures reduces their perceptual size. We have found that when subjects shifted fixation (10 left ^
right saccades) between the end points of the Judd figure prior to reaching, the size of the illusion
was significantly diminished. These results suggest that (a) the dorsal stream is susceptible to visual
illusions, and (b) it is possible to transfer the illusion decrement from (afferent) saccadic eye
movements to pointing movements, which may be due to a common arm ^ eye localisation signal.

* Influence of anxiety on recognition of fragmented contour images by human observers
V N Chihman, Y E Shelepin, S V Pronin, V V Lavrov, Y P Pushkarevô (Pavlov Institute
of Physiology, Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg,
Russia; ôMedical Pediatric Academy, Litovskaya 2, 194100 St Petersburg, Russia;
e-mail: chi@physiology.spb.su, niv@pavlov.infran.ru)

The purpose of the investigation was to show how anxiety influences perception of fragmented
images. The stimuli were displayed in random order. Each presentation started from one point
of the contour and successive fragments were added at random positions on the contour until
the observer named the test object. The experiments were carried out on twenty-one observers
with normal vision (aged 18 ^ 63 years, males and females). The resulting number of contour
fragments was measured as a percentage of the total contour length. We used only the results of
the first experiment where the observers were not familiar with the stimulus set (75 contour
images representing well-known visual objects). The analysis of emotional state of the observer
was made on the basis of a questionnaire comprising 15 questions. The average number of frag-
ments needed for recognition of the object varied from 4% to 18%. The level of observer anxiety,
measured before the beginning of the experiment, was between 1 and 7 arbitrary units.
A correlation analysis revealed a relationship between the level of anxiety and the number of
contour fragments needed to recognise the test objects (k � 0:82). The increasing of level of anxiety
was thus found to obstruct the recognition of visual signals.
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* The Gollin test and the optical properties of incomplete figures at threshold
V N Chihman, Y E Shelepin, N Foremanô, A V Merkuliev, S V Pronin, N N Krasilnikov½
(Pavlov Institute of Physiology, Russian Academy of Sciences, nab. Makarova 6,
199034 St Petersburg, Russia; ôDepartment of Psychology, Middlesex University, Enfield,
London, UK; ½ St Petersburg State University of Aerospace Instrumentation, 67 Bolshaya
Morskaya, St Petersburg 190000, Russia; e-mail: chi@physiology.spb.su, niv@pavlov.infran.ru)

The Gollin test is a developmental test for measuring visual perceptual skills (Gollin, 1960
Perceptual and Motor Skills 11 289 ^ 298). The aim of our work was to measure the thresholds of
recognition of incomplete figures when presented for the first time to observers, and relate this
to their contour lengths and 2-D Fourier spectra. We generated 73 contour images of familiar
objects. They were presented as incomplete figures, beginning from 0% of contour to 100% via
the random addition of small fragments. The observers' task was to recognise figures as quickly
as possible. Their score was the percentage of contour displayed at the moment of recognition.
We found that the value of the threshold, in terms of percentage of contour length displayed,
was similar for all images, averaging 12%, irrespective of the total length of contour of the full
figure. For both complete and incomplete figures at threshold we carried out 2-D Fourier trans-
form analysis, measuring the centroids of their spectra. The energy spectrum of each figure was
transformed into an averaged amplitude spatial-frequency profile, representing the total energy
within each of three orientation profiles, and the centroid was then calculated. We found that the
value of the centroid at threshold was similar across the figures employed, averaging 6.3 cycles
degÿ1. We showed that the centroid of the amplitude spatial-frequency spectrum of an image
coincides with the maximum on the curve of human contrast sensitivity.

* Integrating first-order and second-order information during form perception
A Brooks, R van der Zwan (School of Psychology, James Cook University, Cairns Campus,
PO Box 6811, QLD 4870, Australia; e-mail: Anna.Brooks@jcu.edu.au)

The human visual system is exquisitely tuned for extracting form information from the visual
scene. Just as for motion, form is extracted via the processing of luminance (so called first-order)
and contrast (so called second-order) cues, and those processes operate at both a local and
global level. Parsimony suggests a general mechanism rather than several pattern-specific mecha-
nisms may give rise to all types of perceived form. For this reason, an understanding of Glass
pattern processing may provide the basis for a more general model of form perception.

Luminance decrement and contrast cues were manipulated to examine the prediction that form
processing utilises negative halfwave rectification of luminance signals at the local level. Using a
configuration in which two types of Glass pattern were simultaneously defined, we identified the
carrier combination producing the more salient global percept. The data show luminance grouping
predominates over contrast grouping, indicating global form is being preferentially driven by
first-order signals. However, they also show that it is possible to manipulate the global percept
by selective combination of signal pairs. These findings are evidence that, at the local level, the
visual system selectively combines carrier information to give rise to global percepts.
* Stimuli masked by crowding cannot prime

I Werner, P Jas̈kowski (Department of Psychophysiology, Psychological Institute, University of
CasimirusThe Great, ul. Staffa 1, PL 85-867 Bydgoszcz, Poland; e-mail: iwonwern@priv7.onet.pl)

In masking experiments, a mask can block visual processing: the prime is not consciously
perceived, yet it can affect motor preparation. It is still unclear where the prime ^mask interac-
tion takes placeösome data indicate the role of V1, other suggest that prime information can
be processed as far as at TE (Bar and Biederman, 1998 Psychological Science 9 464 ^ 469. When
a single visual stimulus (eg a grating) is presented peripherally, observers can recognise its iden-
tity (eg orientation of grating), but, when it is flanked by other similar stimuli, its identification
is impossible (crowding effect). He et al (1996 Nature 383 334 ^ 337) have recently shown that
orientation of a crowded grating was processed at the level of V1. Is this processing sufficient for
priming? To answer this question, we performed two RT experiments. A grating masked by
similar or dissimilar flankers served as a prime followed by a non-masked grating. Participants
made fast responses to the orientation of the non-masked grating. No priming effect was found.
These results indicate that crowding not only can prevent the information about orientation
from being consciously perceived but also from being used to guide motor response.

* Integrating local and global features during form perception
R van der Zwan, A Brooks (School of Psychology, James Cook University, Cairns Campus,
PO Box 6811, QLD 4870, Australia; e-mail: Ricky.Vanderzwan@jcu.edu.au)

It seems probable that form perception arises from the operation of both local and global grouping
mechanisms. Glass patterns and bilaterally symmetrical dot patterns represent useful tools for
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examining such mechanisms: The perception of the coherent structure of such patterns requires
local grouping of elements into dipoles and the global grouping of those dipoles. It is difficult
to imagine that local grouping mechanisms for both are not located at the earliest stages of
visual cortical processing, and this raises the possibility that both types of pattern may utilise a
single type of local grouping process. Similarly, there may be a single global mechanism giving
rise to perceptions of both types of patterns. We tested these hypotheses by examining facilitatory
effects between both types of patterns. In a 2AFC task, subjects discriminated between random-
dot patterns and symmetrical Glass patterns and non-symmetrical Glass patterns. We observed
a hierarchy of facilitation that depended on whether subjects were discriminating symmetrical
from random patterns or Glass from random patterns. These findings are consistent with the
notion that a single local mechanism provides input for global grouping and provide some
evidence for a single mechanism giving rise to both types of global form.

* Irradiation and amblyopia
I Pacey, H Beaty, B Barrett, D Whitaker (Department of Optometry, University
of Bradford, Richmond Road, Bradford BD7 1DP, UK; e-mail: I.Pacey@bradford.ac.uk)

Irradiation is the phenomenon whereby highly illuminated areas appear larger than they physi-
cally are while adjoining dark areas appear correspondingly smaller in size. We have noted that
amblyopic subjects often report reduced irradiation effects when viewing sinusoidal gratings
with their affected eye. For three strabismic amblyopes and three normals, a 2AFC method of
constant stimuli was used to measure the point of subjective equality between the apparent width
of the light and dark bars of a 1 cycle degÿ1 grating across a range of contrasts. Stimuli differed
from true sinusoidal gratings, being generated by varying the width of the dark bars relative
to the light bars whilst maintaining a constant full cycle width and identical mean luminance. At
higher contrasts, irradiation is reduced (but not absent) in amblyopic eyes relative to fellow eyes
of amblyopes and normal controls. The irradiation effect diminished with decreasing contrast in
fellow eyes and normal controls but not in the amblyopic eyes. Differences between the amblyopic
and fellow eyes could not be explained by differences in grating visibility. These results suggest
differences in the neuronal contrast response function between amblyopic and fellow eyes.

* Spatial coherence does not affect contrast discrimination for multiple Gabor stimuli
T S Meese, R F Hessô, C B Williamsô (Neurosciences Research Institute, Aston University,
Aston Triangle, Birmingham, B4 7ET, UK; ôVision Research Unit, Department of
Ophthalmology, McGill University, 687 Pine Avenue West, H4-14, Montrëal, Quëbec
H3A 1A1, Canada; e-mail: t.s.meese@aston.ac.uk)

Gestalt grouping rules imply a process or mechanism for grouping together local features of an
object into a whole. One hypothesis is that contour-linking might be mediated by constrained
interactions between nearby spatial filter-elements. It is often assumed that these interactions
result in response modulation which disturbs a local contrast code. We addressed this possibility
by performing contrast discrimination experiments using two-dimensional arrays of multiple
Gabor patches arranged either (i) vertically, (ii) in circles (coherent conditions), or (iii) randomly
(incoherent condition), as well as for a single Gabor patch. In each condition, contrast incre-
ments were applied to either the entire test stimulus (experiment 1), or a single patch whose
position was either uncued (experiment 2) or cued (experiment 3). Performance was better for the
multiple-patch conditions than for the single-patch condition, but whether the multiple-patch
stimulus was coherent or not had no systematic affect on the results in any of the three experi-
ments. We conclude that constrained local interactions do not interfere with a local contrast
code, though they could be involved in: (a) a linking mechanism that does not interfere with
the local contrast code and/or (b) a figure ^ ground segmentation process not addressed by our
experiments.

* Velocity tuning of the contextual effect on collinear stationary moving Gabors
Y Lee, I Chen, I Lee (National Yang-Ming University, Center for General Education R108,
No.155, Sec. 2, Li-Nong Street, Taipei, Taiwan; e-mail: acrobat@antisocial.com)

It is easier to detect a static Gabor when it is embedded in a collinear triplet than when pre-
sented alone (eg Polat and Sagi, 1993 Vision Research 33 993 ^ 999). Such a contextual effect (CE)
might mediate contour integration (Field, Hayes, and Hess, 1993 Vision Research 33 173 ^ 193).
However, collinear triplets of iso-spatial-frequency Gabors only provide models for integrating
static lines on the frontoparallel plane. To integrate moving contours in a 3-D world, the image
velocity seen by each local filter must be taken into account. We investigated velocity tuning of
the CEs with stationary moving Gabors. The elevation of d 0 in the detection of a target with
flankers, as compared to that without, was taken as an index to the CEs. Several spatial-
frequency compositions of the triplet, each modeling a Gabor texture line on a particular slanted
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plan, were used. The results showed that: (i) the CE is stronger in dynamic than in static
stimulus configurations; and (ii) for all configurations, the strongest CEs occur at spatiotemporal
combinations supporting a coherent moving contour.

* Tilt aftereffect from first and second order gratings: a cue-invariant process in orientation coding
R Anderson, M A Georgesonô (School of Medicine, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK; and ô School of Psychology, University of Birmingham,
Edgbaston, Birmingham B15 2TT, UK; e-mail: r.anderson@bham.ac.uk)

At threshold, luminance-modulated (LM) and contrast-modulated (CM) gratings (in 2-D spatial
noise) appear to be detected by separate channels. We used the tilt aftereffect (TAE) to ask
whether the orientation of such gratings is also encoded separately or by a common mechanism
that pools information from both channels. Subjects adapted to LM and CM gratings that were
temporally interleaved (89 ms LM, 89 ms CM, etc) either at the same orientation (compound
condition) or opposite orientations (plaid condition). In other sessions, subjects adapted to single
LM or CM gratings interleaved with unmodulated noise. Test stimuli were LM or CM gratings.
Modulation depths were 86detection threshold for adapters, 46 and 86threshold for test
stimuli, and noise contrast was 45%. Initial adaptation was for 3 min, with 2 s top-up after each
300 ms test presentation. A staircase procedure estimated the apparent vertical, thus measuring
the TAE by nulling it. Single LM or CM adapters induced substantial TAEs on both LM and
CM test stimuli. This transfer between LM and CM implies some common processing. The
compound adapter gave TAEs that were near the sum of individual LM and CM effects, while
the plaid condition gave TAEs near zero. This summation and cancellation shows further that
LM and CM signals are combined in the TAE. The results are consistent with cue-invariant
coding of orientation, but could also be explained by separate coding channels with a common
adaptation mechanism.

* Expectancy effects are spatial-frequency tuned
P T Sowden, E Ozgen, P G Schynsô (Department of Psychology, University of Surrey,
Guildford GU2 7XH, UK; ôDepartment of Psychology, University of Glasgow,
58 Hillhead Road, Glasgow G12 8QB, Scotland, UK; e-mail: P.Sowden@surrey.ac.uk)

Selective attention to spatial scale may be one mechanism underlying task-dependent perception
of faces and scenes (eg Schyns and Oliva, 1999 Cognition 69 243 ^ 265). Consistent with task-
dependent spatial-scale selection, we previously found that when cueing leads observers to expect
a sinusoidal grating at one spatial frequency (SF), detection of gratings at an unexpected SF is
impaired (Sowden and Schyns, 2000 Perception 29 Supplement, 24). Here we explored the tuning
of these expectancy effects. First, observers' contrast thresholds to two `primary' frequencies
(0.5 and 8 cycles degÿ1) were estimated together with thresholds to `test' frequencies spaced
�0.25, �0.5, �1, and �2 octaves either side of each primary. Then, in intermixed cueing blocks,
we measured detection of gratings presented at the previously measured threshold values. Prior
to each trial, an auditory cue signalled the primary to be presented. The cues were valid 75% of
the time. On the remaining 25% of trials, one of the test frequencies for the signalled primary
was presented. Results revealed a tuning to the primary frequencies because detection of test
frequencies decreased as their distance from the primary increased. The SF tuning of these
expectancy effects implies that early monitoring of SF channels could explain task-dependent
scale selection.

* Visual extrapolation of curves and tangents
A Bertulis, A Bulatov, L Mickieneç (Department of Biology, Kaunas University of Medicine,
Mickevic iaus 9, LT 3000 Kaunas, Lithuania; e-mail: bertulis@kmu.lt)

The subjects adjusted the test spot into the endpoint of the required imaginary segment performing
two successive tasks: visual estimation of characteristics of curvature of the given segment, and
imaginary extension of the segment to a certain point within the stimulus. Two types of extensions
were tested: the continuation of the visible curved segment and the determination of the tangent
at the endpoint of the segment. The subjects produced inevitably two different trajectories while
observing the same visible segment of the same curve and made the invisible extension of the
curve less bent and the imaginary tangent more bent than the objective display would justify.
The accuracy of extrapolation might be characterised by the accidental errors (ranging from 1 to
15 min of arc), and by the systematic deviations (with the modulation of 0 ^ 40 min of arc).
The accuracy varied with alterations of the length of the visible (3 ^ 93 min of arc) and invisible
(6 ^ 35 min of arc) segments, and the curvature type of the stimulus: the centred and the shifted
circles, and the exponential spiral. The accuracy did not depend on the stimulus symmetry,
orientation, and position in the visual field. It also did not depend on the left or the right eye
performing the examinations.
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* Invariance of the psychometric function slope across the visual field, for contrast-
dependent character recognition
H Strasburger (Generation Research Project, Bad To« lz, Human Studies Center,
Ludwig-Maximilians-Universita« t Mu« nchen, Goethestrasse 31, D 80336 Munich, Germany;
e-mail: hans.strasburger@lrz.uni-muenchen.de)

The psychometric function for the recognition of singly presented digits as a function of stimulus
contrast was measured at 2 deg steps across the horizontal meridian, under monocular and
binocular viewing conditions. The ML-PEST staircase procedure (Harvey, 1997 Spatial Vision 11
121 ^ 128) was used in a 10-alternative forced-choice recognition paradigm to gather the data.
At each retinal position, a full range of stimulus sizes was examined; contrast data for a given
size/position condition were normalised to contrast threshold and the observer's response data
pooled across sizes to achieve independence of stimulus size. Slope estimation was by Harvey's
PsychoFit, a maximum-likelihood 2-parameter estimation method of psychometric function fitting.
To compare slope values across studies, the b 0 measure of maximum slope is proposed and con-
version rules to an assortment of other slope measures are provided (Strasburger, 2001Perception &
Psychophysics 63 in press). Both the Weibull and logistic functions provided excellent fits to
the observed data. The slopes of these functions at their point of inflection ranged from b 0 � 4:0
to 5.0 proportion-correct/log10 (unit contrast), for both monocular and binocular viewing and for
all loci in the visual field. A single psychometric function shape, centred around a threshold
value, therefore describes recognition performance at all retinal loci and binocularity. The
function slope is rather steep and about twice that reported for a number of detection tasks.

* Perceptual texture space improves consistency of computational features
F K Chua, H Long,W Leow (Department of Social Work and Psychology,
National University of Singapore, Kent Ridge Crescent, Singapore 119260, Singapore;
e-mail: fkchua@leonis.nus.edu.sg)

The features that underlie computer image-processing models may not correspond well to
perceptual features, ie perceptual consistency may be low. We evaluate the consistency of compu-
tational models for humans in the texture-perception domain. Sixty students freely sorted 60
texture images (from the Brodatz album and others). The matrix of similarities from these
data was subjected to multidimensional scaling and a 4-dimensional texture space was recovered.
It correlated well with other solutions where similar stimuli were used. The consistency of the
computational texture features with perceptual features was assessed by comparing the distances
in HTS with those measured with the use of computational texture features and similarity models.
The computational features included Tamura, Gabor, and MRSAR, and the similarity models
included Euclidean and Mahalanobis distance models, as well as the fuzzy feature contrast
(FFC) model (Santini and Jain, 1999 IEEE Transactions on Pattern Analysis and Machine Intelligence
21 871 ^ 883). In general, the consistency was quite low (0.055 r 5 0.4), with the highest correlation
found for the Gabor feature and the FFC model. Perceptual consistency of computational features
may be improved significantly by performing nonlinear regression (eg support vector machine
regression) of computational features to HTS.

* Can polarity be ignored in the visual processing of micropattern orientation and texture
segmentation?
P Morrill, D R T Keeble (Department of Optometry, University of Bradford,
Great Horton Road, Bradford BD7 1DP, UK; e-mail: p.morrill@bradford.ac.uk)

The role of polarity in micropattern orientation and texture segmentation was investigated. Three
experiments were conducted on four observers. In the first, orientation acuity thresholds were
measured for texture patches composed of either single or mixed polarity lines. Observers
assessed the global mean orientation of the texture patch relative to the vertical according to a
2AFC paradigm. The second experiment required observers to report the mean orientation of
either cued black or white lines, but this time in the presence of distractors of the opposite
polarity with a different mean orientation. PSE values were recorded as a function of the angular
offset of the distractors, which revealed the influence of distractors upon cued polarity orienta-
tion thresholds. In the third experiment, texture segmentation thresholds were measured for a
series of different texture patterns. Thresholds were in terms of criterion orientation difference
between texture regions sufficient to identify the axis of segmentation. Although it was clear that
information from each polarity could not be independently accessed, results suggested that the
visual system might possess mechanisms that process information from both opposite polarities
and introduce some form of global weighted averaging favouring an attended polarity.
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^ The statistics of natural scenes and their relation to theories of visual coding

D J Field (Uris Hall, Cornell University, Ithaca, NY 14850, USA; e-mail: djf3@cornell.edu)
Over the last decade an ecological approach has received new attention in the visual coding
literature. The approach assumes that an understanding of the properties of visual neurons
and visual behaviour can be attained through an understanding of the environment in which our
visual system evolved. Here, I look back over some of the significant findings from this literature.
Theories of colour vision, spatial vision, and motion have been influenced by this new approach.
The results also have implications for more general theories of coding. An attempt is made to
contrast theories of compact coding, sparse coding, and independent components analysis.

^ Using image statistics in material perception
E H Adelson, R Fleming, R Drorô (Department of Brain and Cognitive Sciences,
Massachusetts Institute of Technology, Cambridge, MA 02139, USA; ôArtificial Intelligence
Laboratory, Massachusetts Institute of Technology, Cambridge, MA 02139, USA;
e-mail: adelson@psyche.mit.edu)

A chrome-plated sphere reflects the world around it, and so its image is just a distorted picture
of its environment. Every time we see a chrome sphere in a different environment, the pixels
are entirely different. There is no template matching that could match one example to another.
Yet something is the same: they all have the `look' of chrome. What constitutes this look, and
how is it different from the look of matte gray or shiny black? Useful ideas may come from the
domain of texture appearance. Every sample of a texture (eg Gaussian white noise) is different
at the pixel level, and yet all the samples share a similar perceptual quality. Recent work shows
that statistics of intensity histograms, along with statistics of subband (eg wavelet) histograms,
are useful in estimating the perceptual similarities of textures. We have adapted this framework
to the problem of material perception.

Suppose we start with a photograph of a chrome-plated sphere. We find that we can modify
this image in ways that change its appearance. By compressing the intensity histogram down-
ward, we can make the sphere look like shiny black plastic. By blurring the image within the
sphere and compressing the intensity histogram up toward white, we can give the sphere an
appearance of sand-blasted metal. By further manipulations we can make the sphere look pearly.
These manipulations have direct effects on the statistics described above.

We have also designed a computer-vision algorithm that analyses the statistics of the pixel
intensities and of the wavelet coefficients. The algorithm does a good job of identifying reflec-
tance properties for both synthetic and real images of spheres. At a qualitative level, it responds
to the manipulation of the statistics in the same way that humans do. Therefore we suggest that
the statistics we are using may also be used by humans in judging the reflectance properties of
surfaces.

^ Adaptation, visual sensitivity, and the perception of blur
M AWebster, S M Webster (Department of Psychology/296, University of Nevada, Reno,
Reno, NV 89557, USA; e-mail: mwebster@unr.nevada.edu)

The perception of blur is a natural and important visual judgment. The degree of blur in the
retinal image varies widely in natural viewing because of changes in viewing conditions and
properties of the observer. We asked how the processes of adaptation adjust to changes in image
blur, and how these adjustments affect sensitivity to structure at different spatial scales in the
image. Adaptation to physically blurred (or sharpened) images causes a physically focused image
to appear too sharp (or blurred), so that the image that appears properly focused is moderately
blurred (or sharpened). These aftereffects imply dramatic compensatory changes in the sensitivity
to different spatial scales in the image. We explored whether these changes in perceived salience
at different scales reflect an actual increase in sensitivity to novel scales (which have low contrast
during adaptation) or merely a decreased sensitivity to the predominant image structure (which
has high contrast during adaptation). To test this, we embedded oriented structure at high or
low frequencies in the images, and then measured thresholds for discriminating orientation
before or after adaptation. Enhancements in discrimination suggest that adaptation improves
sensitivity to novel scales by highlighting their relative (rather than absolute) salience.
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^ Two unrelated natural scenes can be processed as fast as one
G A Rousselet, M Fabre-Thorpe, S J Thorpe (Centre de Recherche Cerveau et Cognition,
CNRS, Universitë Paul Sabatier, UMR 5549, Facultë de Mëdecine de Rangueil,
33 Route de Narbonne, F 31062 Toulouse Cedex, France; e-mail: guillau@cerco.ups-tlse.fr)

Human subjects can easily detect animals in photographs of natural scenes flashed for only
20 ms and event-related potentials (ERPs) show that the underlying neural processing can be
completed in 150 ms (Thorpe et al 1996 Nature 381 520 ^ 522). Using the same go/no-go para-
digm, we studied to what extent processing speed would be affected if subjects had to process
not one but two unrelated pictures at the same time. Blocks of 96 trials randomly mixed single
presentations of one image appearing at 3.6 deg to the left or right of a central fixation point
and dual presentations in which two images were presented simultaneously. Although accuracy
was somewhat higher on the one-picture trials than on the two-picture trials (87.8% versus
83.7% correct), neither the median RTs (391 ms versus 392 ms) nor the earliest RTs (260 ms
versus 255 ms) differed significantly between the two conditions. Furthermore, occipital ERPs to
targets and distractors diverged strongly at the same latency (around 150 ms) irrespective of the
trial condition. The fact that there is no temporal cost associated with simultaneous processing
of two separate images implies that, even this high level, visual categorisation task can be
performed in parallel and presumably without the need for directed visual attention.

^ Implications of a sensorimotor theory of vision for scene perception and colour sensation
J K O'Regan, J Clarkô, A Bompas (Laboratoire de Psychologie Expërimentale, CNRS,
Universitë Renë Descartes, 71 Avenue Edouard Vaillant, F 92774 Boulogne Billancourt,
France; ôCentre for Intelligent Machines, McGill University, 3480 University Street,
Montreal, Quebec H3A 2A7, Canada; e-mail: oregan@ext.jussieu.Fr)

Under a recent sensorimotor theory of vision (O'Regan and Noe« , 2001 Behavioral and Brain
Sciences, in press), no detailed internal representation of visual scenes need be stored in the
brain. All that need be stored is recipes that allow an observer to check that attended objects are
actually present. The phenomenon of change blindness was predicted by this view.

Another prediction of the sensorimotor theory concerns the sensation of colour. Because of
the drop-off in cone density with eccentricity, and because of differences in optical absorption,
colours are sampled differently in peripheral than in central vision. As a result, when the eye
moves, certain predictable eye-movement-contingent changes occur in sensory input. Under the
sensorimotor theory, we have the sensation of colour when we know that these particular
contingencies are currently applicable.

To test this idea we carried out an experiment where, using eye-movement monitoring, we
systematically changed the normal contingencies that define colour. In a habituation phase,
observers looked, for example, at a red patch on a computer display. Whenever they moved
their eyes off the patch, it tinged with blue. We report the extent to which observers' matches of
red in central and peripheral vision are modified by this manipulation.

VISUAL CORTEX
^ Macaque area MT responses during attentive tracking

R J A van Wezel, M L M Lankheet, J A Perge (Helmholtz Institute, Utrecht University,
Padualaan 8, NL 3584 CH Utrecht, The Netherlands; e-mail: r.j.a.vanwezel@bio.uu.nl)

We studied spatial properties of attentional modulation at the level of MT in alert behaving
monkeys performing an attentive tracking task with an ambiguous-motion stimulus. We presented
a counterphasing stimulus consisting of 266 green discs in a circle. Although no net motion
energy is present in the stimulus, attentive tracking of a dot along the circle causes a motion
percept. At the start of a trial one of the discs was coloured red (cued dot) and jumping step by
step from one position to the other along the circle. After a certain number of steps the red
colour disappeared and the cued dot also became green. The monkey was trained to follow by
attention the supposed location of the cued dot. After a random time interval the stimulus
stopped counterphasing and the monkey was taught to make an eye movement to the assumed
last position. We find that MT neurons are modulated by attention. This attentional modulation
is both dependent on the spatial location of the attended target and on the motion direction.
Attentional modulation is not found at the neuron's ipsilateral hemifield. These results suggest
that the global rotatory motion percept induced by the stimulus is not reflected at the level of MT.

^ Probing the sources of cross-orientation suppression in cat visual cortex with fast stimuli
S Durand, T C B Freeman, D C Kiper, M Carandini (Institute of Neuroinformatics,
Winterthurstrasse 190, CH 8057 Zurich, Switzerland; e-mail: severine@ini.unizh.ch)

The responses of neurons in the primary visual cortex to optimally oriented bars are reduced
by superimposing orthogonal bars. This cross-orientation suppression is commonly ascribed to
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intracortical feedback inhibition. Suppression, however, could also result from feedforward genicu-
late signals. To distinguish between these possibilities we asked whether stimuli that are too fast to
drive cortical cells (but can drive geniculate cells) can produce suppression. We recorded from
cells of the primary visual cortex of anaesthetised, paralysed cats while presenting superimposed
gratings drifting in the preferred orientation and in the orthogonal orientation. We measured
the frequency tuning of the cells with 50% contrast preferred gratings, and found that the high-
frequency cutoff (at half the maximal response) was 7.8 � 3.8 Hz (n � 36). We then added the
orthogonal grating and varied its frequency. We defined suppression as the difference between the
resulting responses and the sum of the responses to the preferred and orthogonal gratings alone.
At 20.1 � 7.7 Hz, the high-frequency cutoff of suppression was much higher than that of cortical
responses. With preferred gratings of lower contrast, even faster orthogonal gratings could cause
suppression. These results suggest that cross-orientation suppression does not originate from
cortical feedback, and is more likely to originate from feedforward geniculate signals.

^ Oscillations and rank-order coding
S J Thorpe, R VanRullenô, A Delorme½, J Gautrais (Centre de Recherche Cerveau
et Cognition, CNRS, Universitë Paul Sabatier, 133 route de Narbonne, F 31062 Toulouse,
France; ôDivision of Biology, Caltech, Pasadena, CA 91125, USA; ½ Computational
Neurobiology Laboratory, The Salk Institute, 10010 N Torrey Pines Road, La Jolla,
CA 92037, USA; e-mail: thorpe@cerco.ups-tlse.fr)

High-level object and scene categorisation can be achieved with only 10 ^ 20 ms of processing in
areas such as V1, meaning that few neurons will have time to emit more than one spike. One coding
scheme compatible with such severe temporal constraints is rank-order coding which uses the order
in which neurons fire to code saliency: early firing implies high saliency. Although the scheme
works well with flashed images, it is vulnerable to spurious stimulus-induced order effects caused,
for example, by moving stimuli. However, by using internally generated subthreshold oscillations,
order-based processing can be decoupled from sensory input. By progressively depolarising a
population of cells, those with the most effective inputs will tend to fire first, while less-well-
driven cells will fire later or not at all. Support for such a hypothesis comes from work by Fries
et al (2001 Nature Neuroscience 4 194 ^ 200) that demonstrated correlated latency shifting in
populations of cortical neurons. Here, we use large-scale simulations with SpikeNet to demon-
strate how such a strategy could be used to develop systems capable of fast and reliable object
recognition in dynamically changing situations. Using oscillations also allows several waves of
processing to be performed for the same input, thus increasing reliability.

LEARNING, MEMORY, AND READING
^ Visual memory for scenes persists over time but does not guide saccades

D Melcher (Department of Psychology, Rutgers University, 152 Frelinghuysen Road,
Piscataway, NJ 08854, USA; e-mail: melcher@ruccs.rutgers.edu)

A basic question in human vision is how information from separate glances is combined into a
coherent representation of the visual scene. In this study, the capacity and duration of scene
memory was examined in a task requiring subjects to use eye movements to scan a computer-
generated scene. Memory for objects in the scene was surprisingly good: it accumulated across
saccades and persisted over time. The number of objects recalled after a series of separate, brief
presentations was equivalent to performance after a single continuous trial of the same total
duration. Recall suffered when new objects were presented with previously viewed backgrounds,
suggesting that the background and the objects were joined in a visual representation of the
whole scene. When the objects in the scenes were replaced with words, there was little or no
memory persistence or influence of previously viewed backgrounds. These results show that the
capacity and persistence of visual memory across saccades is better than previously thought,
and quite different from verbal short-term memory. An analysis of eye-movement patterns
suggests that the excellent memory reflected in the recall reports was not used to guide target
selection.

^ The effect of a cluttered environment on statistical learning of simple shape-conjunctions
J Fiser, R N Aslin (Center for Visual Science, University of Rochester, Rochester,
NY 14627-0268, USA; e-mail: fiser@bcs.rochester.edu)

At ECVP 2000 we reported that subjects automatically learn conditional probability (CP) statistics
from the co-occurrence of shapes across multiple displays (2000 Perception 29 Supplement, 65).
Here we explore the extent to which this learning is affected by structures unrelated to the task-
relevant statistics in the displays. Shapes were grouped into six two-element base-pairs, each with a
specific spatial arrangement. During the learning phase, subjects passively viewed a series of
displays composed of a random arrangement of three base-pairs. The CP and joint probability (JP)
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of nonbase-pairs formed from any of the adjacent base-pairs (the clutter) were either homogeneously
distributed or sparsely clustered. During the test phase, subjects viewed two shape-pairs with
identical JP but different CP in a temporal 2AFC task and were asked to choose the more
familiar pair based on the learning phase. When the clutter had clustered CP and JP, subjects
selected the pairs with higher JP significantly more often (73% correct, p 5 0:002), but when
the clutter had homogeneously distributed CP and JP, performance on the same test dropped
to chance (57% correct, p 4 0:44). Thus, subjects can learn higher-order spatial statistics across
multiple displays better when the visual environment is structured than when it contains random
shape co-occurrences.

^ Learning motion discrimination without MT
Z Liu, H Lu, N Qianô (Department of Psychology, University of California at Los Angeles,
1285 Franz Hall, Box 951563, Los Angeles, CA 90095-1563, USA; ôCenter for Neurobiology
and Behavior, Columbia University, 722 West 168th Street, Annex 730, New York, NY 10032,
USA; e-mail: zili@psych.ucla.edu)

We studied perceptual learning of motion discrimination using stimuli that suppress MT. Two
random-dot motion stimuli were presented sequentially, each for 200 ms, with a 500 ms ISI.
Each stimulus consisted of 100 dot-pairs within a circular aperture; each pair oscillated in opposite
directions across each other with an amplitude of 0.3 deg of visual angle and a lifetime of 120 ms.
The stimuli were thereby locally balanced, and strongly suppressed MT activity. In each trial, the
motion axes of the two stimuli differed by 88. The subject judged whether this difference was
clockwise. No static stimulus frames provided any information about the motion axis. We achieved
this by positioning one pair next to another so that the four dots formed a parallelogram. The
two pairs were so positioned that the shortest separation was between dots in different pairs.
Therefore, the salient orientation defined by two closest dots was random. 20% of the dot-pairs
were noise, oscillating along random axes. We found that learning occurred (d 0 � 1:38 to 2.69).
However, when the task was harder (58), learning was impossible although the performance was
above chance (d 0 � 1:26, 15 sessions, 400 trials each). We conclude that MT is not critical for
learning motion discrimination, task difficulty is.
^ No extrafoveal crowding after size and contrast scaling of letters

D R Melmoth (Department of Optometry and Vision Science, Cardiff University, King
Edward VII Avenue, Cardiff CF10 3NB,Wales, UK; e-mail: melmothd@cardiff.ac.uk)

Spatial interaction of adjacent stimulus contours, ie crowding, reduces acuity in extrafoveal
vision. Rather than using high-contrast letters and measuring acuity to study the effect of crowd-
ing, we measured contrast sensitivity for letter recognition using flanking letters within 0 ^ 2 letter
spaces, combined with spatial scaling based on single letter recognition from a set of eight letters
at 0 ^ 10 deg eccentricity. Contrast sensitivity decreased with increasing eccentricity, reflecting
reduced extrafoveal efficiency in contrast utilisation. To maintain the criterion recognition rate
with increasing eccentricity, spatially scaled stimuli thus needed higher contrast. E2 is the retinal
eccentricity at which stimulus dimension must double in order to maintain the foveal perform-
ance level. Contrast scaling could be modelled with an E2 value of 20 deg. When contrast was
allowed to increase with eccentricity, performance at each retinal location was constant irrespec-
tive of flanking distance, ie the crowding effect was absent. The current results suggest that the
performance deficit called crowding could actually be due to an uncompensated decrease of
extrafoveal efficiency in contrast utilisation. However, our stimuli were relatively large, varying
from 2 deg in height at the fovea to 8.4 deg at 10 deg eccentricity. Hence, it would be interesting to
see if scaling of both size and contrast will remove the peripheral crowding effect irrespective of
foveal letter height.

^ Crowding effects on word identification in developmental surface dyslexia
D Spinelli, M De Lucaô, A Judicaô, P Zoccolotti½ (IUSM, piazza Lauro de Bosis 15,
I 00194 Rome, Italy; ô IRCCS Fondazione Santa Lucia, via Ardeatina 306, I 00179 Rome,
Italy; ½ IRCCS Fondazione Santa Lucia, and Department of Psychology, University of Rome
`La Sapienza', via dei Marsi 78, I 00185 Rome, Italy; e-mail: dspinelli@iusm.it)

In German or Italian, the main characteristic of developmental surface dyslexia is reading slowness.
Crowding of the words in the text may have a detrimental effect on reading in dyslexia. We
investigated whether crowding modulates reading slowness. In experiment 1, we used a matching
task. Words were presented either in isolation or embedded in other words. The same task was
performed on strings of symbols instead of words. Vocal reaction times (RTs) were measured. In
experiment 2, vocal RTs to word reading were measured in two conditions putatively reducing
the effect of crowding: increasing inter-letter spacing and blurring. We found that dyslexics vocal
RTs were more sensitive to crowding than those of controls for both words and strings of symbols,
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indicating that differences arise at a pre-linguistic level. Moderate increase of inter-letter spacing
produced faster vocal RTs in dyslexics and no effect in controls. Moderate blur did not change
dyslexics' RTs, while normal readers became slower.

^ Submorphemic processing in visual recognition of Chinese characters: evidence from
repetition blindness for sub-character components
S Yeh, J Li (Department of Psychology, National Taiwan University, No. 1, Sec. 4, Roosevelt
Road, Taipei, Taiwan; e-mail: suling@ccms.ntu.edu.tw)

Chinese characters are different from alphabetic words in that each character consists of various
components combined into different structure and occupies a constant square-shaped space.
Such nature has led to the holistic-processing view, since it would seem more efficient to treat
each same-sized character as a unit for visual recognition. Here we present, instead, evidence
for an analytic-processing view by adopting the repetition blindness (RB) paradigm. RB refers to
the failure to detect the second occurrence of a repeated item in rapid serial visual presentation,
and it results from the failure to initiate two distinct episodic tokens from the same activated
type. In three experiments, we manipulated the relationship between the two critical characters
(identical, similar by sharing one component, different), presentation duration, configurational
structure (horizontal, vertical, L-shaped, P-shaped, and enclosed), component position (left,
right, top, or bottom), and component function (meaning-conveying radical or sound-conveying
phonetic). Both character RB and component RB were found, and, unlike in English where
word RB occurs even at the sacrifice of grammar, character structure constrains the occur-
rence of component RB. Furthermore, the component RB is position- and function-sensitive.
These results thus provide support for the model of submorphemic processing in Chinese-
character recognition.

MOTION AND COGNITION
^ Fast manual responses to visual perturbations

E Brenner, J Smeets (Department of Physiology, Erasmus University, Postbus 1738,
NL 3000 DR Rotterdam, The Netherlands; e-mail: brenner@fys.fgg.eur.nl)

If a target is displaced while we move our hand toward it, it takes less than 150 ms for our
movement to adjust to the new position. However, manual responses are only that fast under
certain conditions. Is it essential that the hand itself is moving to the target? When using tools
we often have to move our hand to a position that is some distance away from the target. This
is, for instance, the case when we use a computer mouse.

Subjects sat in front of a computer screen and moved the mouse to bring the cursor quickly
to a target. Once they reached the target, it disappeared and a new one appeared elsewhere. On
some trials, the target jumped soon after the hand started to move. On others, the cursor jumped.
Subjects responded quickly to both kinds of jumps. Thus, fast responses are also possible when the
visual target is physically displaced from the position toward which the hand is moving, and
even when the visual representation of the position of the hand is displaced. We conclude that
fast visual guidance can be driven by visual information about relative positions.

^ Temporal dynamics of neural responses to gratings and plaids in macaque area MT
N Majaj, M A Smith,W Bair, J A Movshon (Center for Neural Science, NewYork University,
4 Washington Place, Rm 809, New York, NY 10003, USA; e-mail: najib@cns.nyu.edu)

Component-direction-selective (CDS) cells in macaque MT respond to the movement of oriented
features, while pattern-direction-selective (PDS) cells combine information about different orien-
tations to compute the direction of movement of coherent patterns. Recently, Pack and Born
(2001 Nature 409 1040 ^ 1042) used texture stimuli composed of oriented line segments to show
that cells in MT can change their direction tuning during the first 200 ms after a stimulus starts
to move. For these perceptually ambiguous stimuli, cells first encode the local direction of
motion of the line segments; after 120 ms they become selective for the `true' direction of motion
of the pattern. We wondered if either CDS or PDS cells changed their behaviour similarly in
response to moving plaids.

We recorded from MT neurons in anesthetised, paralysed macaques, and measured their
directional selectivity for gratings and for plaids made by superimposing two gratings in a single
region of optimal size and position. The classification of cells as CDS or PDS is based on the
relative accuracy of two models that predict plaid-tuning data. We performed this analysis for
various time windows of the response. We found that cells of both types develop their character-
istic form of direction selectivity in the first 100 ^ 200 ms of response and maintain it throughout
the duration of the stimulus (up to 2000 ms). There is no response interval within which any
cell displayed a reliably different pattern of selectivity. We conclude that the results of Pack and
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Born are not due to differences in the time course of the computation of pattern and component
motion by MT cells.

^ Detection, discrimination, and summation of moving gratings in noise
W Simpson, H K Falkenberg, V Manahilov (Department of Vision Sciences,
Glasgow Caledonian University, Cowcaddens Road, Glasgow G4 0BA, Scotland, UK;
e-mail: wsi@gcal.ac.uk)

One piece of evidence for the existence of directionally selective mechanisms in human vision is
that the threshold contrast for detecting two superimposed gratings moving in opposite directions
is higher than might be predicted from simply summing the threshold contrasts of the component
gratings. Another interpretation of this result is that humans are using a cross-correlation mecha-
nism; even an ideal observer will show less than perfect summation when the cross-correlation
between the two moving components is low. We tested the model against results obtained in
four experiments: detection of an upward moving grating, detection of a downward moving
grating, discrimination of upward and downward moving gratings, and detection of the sum of
upward and downward moving gratings (flicker). The observer's d 0 for detection or discrimination
was measured as a function of the signal contrast for a fixed noise level at several speeds. We
found that in each case d 0 was a linear function of signal contrast, and that the slopes of the
detection, discrimination, and summation functions depended jointly on the cross-correlation
between the grating components. These results support the idea that human observers act as
inefficient cross-correlators in motion detection and discrimination.

^ Genericity, not junctions: Insights from moving crosses
J McDermott, E H Adelson, Y Weissô (Department of Brain and Cognitive Sciences,
Massachusetts Institute of Technology, NE20-444H, Cambridge, MA 02139, USA;
ôDepartment of Computer Science, University of California at Berkeley, Berkeley,
CA 94720, USA; e-mail: josh@gatsby.ucl.ac.uk)

Spurious motions are commonly produced at points of occlusion of moving objects. The visual
system must discount these motions; this seems to necessitate form information. To help charac-
terise the form analysis affecting the discounting process, we used stimuli based on a cross
moving within an occluding aperture. The two bars of the cross cohere or move separately
depending on the context; in accord with prior literature, coherence seems to be related to
occlusion. We explored the dependence of the discounting process on the junctions generated at
potential points of occlusion. In some cases, junction categories seemed to have a large effect
on whether a motion was discounted; in others they made little difference. For instance, coher-
ence depended strongly on whether the junctions formed at the cross intersection were Ls rather
than Ts, but was little affected by the category of the junctions at the cross endpoints. Further
experiments suggested that what matters is not junctions per se, but the relative genericity of a
display's various interpretations. While it may be possible to explain the results with interactions
between junctions, parsimony appears to favour an explanation in terms of the genericity of
layered surface interpretations, with no explicit reference to junctions.

^ Dynamics of the bistable perception of plaids reveal the mechanisms of motion
integration and segregation
J M Hupe, N Rubin (Center for Neural Science, New York University, 4 Washington Place,
New York, NY 10003, USA; e-mail: hupe@cns.nyu.edu)

With long observation time, the perception of a moving plaid alternates between a single coherent
pattern and two transparent gratings (Wallach, 1935 Psychologische Forschung 20 325 ^ 380;
English translation in 1996 Perception 25 1317 ^ 1367), ie between motion integration and segrega-
tion. Therefore plaids produce bistable percepts like other ambiguous displays (Necker cube,
figure ^ ground, binocular rivalry, etc). We asked observers to indicate the transparent percept by
holding down a mouse button. We measured the probability of both percepts and their average
duration, similarly to Levelt [1968 On Binocular Rivalry (The Hague, Paris: Mouton)] for binoc-
ular rivalry. Surprisingly, neither percept shows adaptation over time: The average durations of
transparent and coherent epochs are independent of their order in the alternation sequence. The
exception is the delay between the stimulus onset and the first report of transparency, which we
call RTtransp. RTtransp is highly correlated with the probability of coherence in later epochs,
validating RTtransp as an efficient and accurate dependent variable to study motion segregation
and integration (Hupe and Rubin, 2000 and 2001 ARVO; 2001 VSS; http://cns.nyu.edu/�hupe/).
The duration of the transparent and coherent percepts can vary independently of each other
with plaid parameter manipulations, thus allowing one to distinguish which factors affect each
percept and are therefore relevant for integration and segregation.
[JMH supported by Human Frontier Science Program LT0463/1999-B.]
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^ Perception of egocentric direction, perception of heading, and the perceptual control
of locomotion
S K Rushton (Cambridge Basic Research, Nissan Technical Center North America Inc.,
4 Cambridge Center, Cambridge, MA 02142, USA; e-mail: simon@cbr.com)

How do you visually guide yourself on foot to a target? Do you rely on (classic) optic flow-based
strategies, perceived egocentric direction (Rushton et al, 1998 Current Biology 8 1191 ^ 1194), or
a combination of both (Warren et al, 2001 Nature Neuroscience 4 213 ^ 216)? Questions central
to the current debate on this matter are: Does structure within the optic array or visual scene
influence perception of egocentric direction? Does the changing structure (optic flow) influence
perceived direction, perhaps by providing gaze movement information? Do the distortions
associated with optical prisms seriously impair observers' abilities to perceive their heading from
optic flow (and thus compromise studies that have relied on use of prisms)?

Experiments were conducted to try to provide answers to these questions. A locomotor
pointing task (turn to face a target as if you were about to walk directly towards it) and prisms
were used to explore the influence of optical structure. The influence of pure translational flow
was investigated with the same task, replacing the prisms with a see-through head-mounted dis-
play, a tracker that measured orientation of the head, and a virtual cylinder. The effect of optical
prisms on perception of heading was explored with the use of a standard heading judgment
task (courtesy of Lucia Vaina and Martin Kopcik). It was found that vision of a small room had
no significant effect (performance compared to results in a pitch-black room) on perception of
egocentric direction; the influence of an extended scene and far targets remains to be investi-
gated. Pure translational flow was found to have no appreciable influence on perception of
egocentric direction. Observers were able to judge heading to within a couple of degrees with
and without 20 dioptre prisms. The implications of these results and others for the competing
accounts of the perceptual control of locomotion are discussed.

SYMPOSIUM
ALHAZEN AND THE HISTORY OF OPTICS
" Alhazen's place in the history of visual science

I P Howard (Centre for Vision Research, Farquharson Building, York University, Toronto,
Ontario M3J 1P3, Canada; e-mail: ihoward@hpl.crestech.ca)

Alhazen's influence was largely limited to the perspectivist tradition of geometrical optics, which
can be traced from Euclid through Ptolemy to Alhazen and then, in Europe, through Bacon,
Vitello, and Peckhamöwith one branch leading to the development of perspective in art and the
other branch culminating in Kepler's optics and Aguilonius. But Alhazen's discoveries in visual
perception were ignored and had to be rediscovered in the 18th and 19th centuries.

" Alhazen's contribution to the Moon Illusion
H E Ross (Department of Psychology, University of Stirling, Stirling FK9 4LA, Scotland,
UK; e-mail: h.e.ross@stir.ac.uk)

Classical books on astronomy and optics often contained more than one explanation of the
Moon or Sun Illusion (the perceptual enlargement of celestial bodies near the horizon compared
to higher in the sky). Ptolemy (2nd century) mentioned refraction in his Almagest, and the
difficulty of looking upwards in his Optics. Cleomedes (ca early 3rd century) mentioned
both refraction and enlarged apparent distance in his Meteora. Early authors did not understand
refraction, and confused it with aerial perspective combined with size ^ distance invariance. Alhazen
(11th century) borrowed heavily from Ptolemy. However, he pointed out that refraction should
cause minification rather than magnification when looking from a thick to a thin atmosphere,
and gave an obscure explanation how atmospheric magnification might contribute to the celestial
illusion. He backed enlarged apparent distance as the main explanation for the illusion. He was
not original in this idea, but he was original in explaining why apparent distance varied for
different angles of elevation. Many previous authors believed in outgoing rays which reached out
to touch objects, and were sensitive to their own length; but Alhazen believed in incoming rays,
so distance was gauged by visual cues in the scene. Intervening objects make the horizon appear
far away, while empty space makes the sky appear like a flat plane which is nearer overhead
than in the distance. Celestial bodies appear to travel on the plane of the sky, and the observed
size scaling follows from size ^ distance invariance. Alhazen's apparent distance account of the
celestial illusion continues to be widely accepted, despite competition from other explanations.
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" Alhazen's `ground theory' of distance perception
H A Sedgwick (SUNY College of Optometry, 33 West 42nd Street, New York, NY 10036,
USA; e-mail: hsedgwick@sunyopt.edu)

Alhazen, in his Optics, argued that `̀ sight does not perceive the magnitudes of distances of visible
objects from itself unless these distances extend along a series of continuous bodies, and unless
sight perceives those bodies and their magnitudes'' [1989, A I Sabra (Ed. and Transl.) The Optics
of Ibn Al-Haytham (London: The Warburg Institute), p.155]. In support of this argument, he
gave examples and demonstrations that contrasted situations in which objects are seen resting on
a continuous ground, and the distance between them is correctly seen, with the situation in which
the view of the ground is obstructed, and the objects are misperceived as touching, or nearly so.
By the time of Descartes' Optics in 1637, Alhazen's theory of distance perception based on
contiguous bodies (or surfaces, as we might say now) had been replaced by a theory, based
on cues such as convergence and accommodation, of distance seen through empty, geometrised
space. Alhazen's explanation of distance perception was independently arrived at by J J Gibson
[1950 Perception of the Visual World (Boston, MA: Houghton Mifflin)] who called it the `ground
theory' of space perception.

" Alhazen. The roots of unconscious inference
P Cavanagh (Department of Psychology, Harvard University, 33 Kirkland Street, Cambridge,
MA 02138, USA; e-mail: patrick@wjh.harvard.edu)

Almost 1000 years ago Alhazen presented the first truly modern theory of perception. This
pioneering work was effectively lost until the English translation in 1989 of Alhazen's second
and third books on optics. In these he examined, among other things, colour mixture, colour
constancy, perceptual delay, pop-out versus scrutiny, induced motion, ambiguity of paint and
shadow, and monocular depth cues. His most striking insight is his supposition of unconscious
inference, preceding Helmholtz by almost nine centuries. Sabra has suggested that Alhazen was
forced to create this very modern theory because of an error. Alhazen mistakenly claimed that
no image was formed in the eye; consequently, the patterns that were sensed in the eye had to
be understood through judgment. This obliged him to propose that inference underlies many
aspects of perception and gave us the first modern theory of perception. But did Alhazen really
miss the image in the eye? The alternative: this image raised a more difficult problem for him
than no image at all.

POSTER SESSION
EYE MOVEMENTS
* A mechanism of saccadic eye movements

V A Filin (Moscow Centre `Videoecology', 200 Tverskaya b. 12/7, 103009 Moscow, Russia;
e-mail: videoecology@greenland.ru)

The concept of saccade automaticity was formulated by me in 1987 on the basis of a complex
study of saccadic eye movements in norm and in pathology (Filin V A and Filina T F, 1989
Zhurnal Vyssheiï Nervnoiï Deyatel'nosti 39 603 ^ 608). Saccade automaticity is responsible for a
definite rhythm of saccadic movements when a subject is awake, with the presence and absence
of visual objects, in adults and newborn infants, in REM sleep, and in blind subjects. A pattern of
saccade automaticity is conditioned by the activity of the central nervous system and ensures its
optimal mode. Unfortunately many researchers make a mistake by considering the mechanism
of beginning of a separate saccade to be a determinate process with usual back connection.
Many efforts are wasted in the search of a stimulus starting a saccade up. Internal and external
factors modulate parameters of saccade automaticity. The most striking demonstration of saccade
automaticity is the existence of saccades in all examined people independently of their age, state
of health, and state of the eyes. Most intervals are in the range of 0.2 ^ 0.6 s. Subjects with
normal eyesight and with weak vision, blind subjects, patients with strabismus and with brain
pathology (410 patients) had this so-called operating mode of saccade automaticity. Furthermore,
the curves of distribution of intervals between saccades were similar under different conditions
of eye movement recording: when a subject is fixing a real and a virtual dot in the darkness,
when a newborn infant or adult person is asleep, when one is looking at a picture. All the curves
had one maximum in the range of 0.2 ^ 0.6 s. Microsaccades and macrosaccades, nystagmus,
and REM are all special cases of saccade automaticity. The concept of saccade automaticity
gives us an opportunity to change radically the idea about saccadic eye-movement mechanism;
it compels us to revise critically a number of generally accepted theses. The concept of saccade
automaticity allowed us to create a new scientific disciplineövideoecology [Filin V A, 1998 Video-
ecology (Moscow: MC, in English)].
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* Microsaccades reflect covert attention shifts
Z M Hafed, J Clark (Center for Intelligent Machines, McGill University, 3480 University
Street, Montrëal, Quëbec H3A 2A7, Canada; e-mail: zhafed@cim.mcgill.ca)

We present evidence that microsaccades reflect covert attention shifts. Subjects fixated on a
central point (FP) and shifted attention to one of four peripheral points (PP) (with eccentricities
between 4 and 8 deg) using a cue halfway between the FP and PP. After a random number of
cue jumps, the PP that was last cued showed a brief colour flash. Subjects were instructed
to maintain fixation and discriminate the colour of the flash (yellow/green). Microsaccades
(51 deg) were observed in roughly a quarter of the trials. These often occurred in pairs of
opposing movements (couplets or square-wave jerks). The leading edges of most couplets
occurred approximately 250 ms after cue onset and were predominantly in the cue direction.
We hypothesise that couplets arise from an attention shift to the cued PP followed by a shift
back to the FP. Unpaired microsaccades were generally in the direction of the cue for short
latencies; otherwise, they were in the opposite direction. This suggests that unpaired microsaccades
are leading/lagging edges of couplets for which the other edges are successfully suppressed.
We propose that attention shifts always result in the generation of saccades unless suppressed by
fixation activity. Microsaccades result when this suppression is incomplete.

* Integration of eye-position information in localisation judgments in right and left hemispheres
E V Bobrova, T R Moshonkina, E A Vershinina (Pavlov Institute of Physiology,
Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia;
e-mail: bobrova@pavlov.infran.ru)

We investigated the influence of eye position in orbit (central or shifted 30 deg to the right) on
vernier acuity in the right and left visual hemifields. Stimuli were presented at 10 deg to the left
or right from fixation for 50 ms. We found that vernier acuity measured in the left hemifield
does not depend on eye position, but the changes of performance occur in the right hemifield.
Analysis of the shape of the psychometric functions shows that its variance is significantly higher
in deviated eye position for the stimulus presented in the right hemifield. Neurophysiological
data (Andersen and Mountcastle, 1983 Journal of Neuroscience 3 532 ^ 548) demonstrated that the
variance of neuronal visual responses is higher when the eye is shifted from its central position.
We presume that the differences of vernier acuity and its variances for different eye positions in
the right hemifield are connected with the activity of such neurons in the left hemisphere. The
more uniform performance in the left hemifield probably reflects another type of integration of
visual and eye-position signals in the right brain hemisphere.
[Supported by Russian Foundation for Basic Research Grant 01-04-49498.]

* The application of eye-point-of-gaze for assessment of situational awareness
C Neary (Advanced Technology Centre ^ Sowerby, BAE Systems, PO Box 5, FPC 267,
Bristol BS34 7QW, UK; e-mail: catherine.neary@src.bae.co.uk)

The loss of situational awareness (SA) is often cited as a contributing factor in aviation incidents
and accidents. Visual displays play a prominent role in the cockpit, and visual processing is one
of the more important determinants of human effectiveness and information gathering. Eye
movements, especially eye-point-of-gaze (EPOG) and scanning patterns, can potentially reveal
fundamental aspects of attention allocation of pilots and ultimately crew effectiveness. I present a
summary of the 5th Framework collaborative project `̀ Visual INTeration and Human Effective-
ness in the Cockpit'' (VINTHEC IIösupported by the CEC) and describe research undertaken
to develop a methodology to assess SA based on EPOG. In particular, the concept of SA is
discussed and the results of a study to evaluate and validate the EPOG methodology with addi-
tional physiological measures such as heart rate and heart rate variability in combination with
performance and subjective parameters are presented.

* Comparison of cortical activity and oculomotor performance in the gap and step paradigms
J Oë zyurt, P DeSouza, P Westô, R Rutschmann, M W Greenlee (Carl-von-Ossietzky-
Universita« t Oldenburg, Ammerla« nder Heerstrasse 114-118, A 6, D 26111 Oldenburg,
Germany; ôCambridge Research Systems, 80 Riverside Estate, Sir Thomas Longley Road,
Rochester ME2 4BH, UK; e-mail: jale.oezyurt@uni-oldenburg.de)

Functional magnetic resonance imaging (fMRI) was used to compare the neural correlates of
visually guided saccades in the step and gap paradigms. During task performance, saccadic eye
movements were recorded with the MR-Eyetracker (Cambridge Research Systems; Kimmig et al,
1999 Experimental Brain Research 126 443 ^ 449). Subjects viewed stimuli that were projected
onto a screen attached to the front of the MR scanner (Siemens Vision� 1.5 T). We used block-
design fMRI with alternating blocks of step, rest, and gap trials. The scanner triggered each trial
that consisted of a period of central fixation, followed by fixation stimulus offset and peripheral
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target onset (either 8 deg to the left or to the right of centre). In the step paradigm, fixation
offset and target onset were contiguous in time; in the gap paradigm, fixation offset occurred
200 ms prior to target onset. Subjects were instructed to saccade toward the target. Distributions
of SRTs were unimodal in the step and bimodal in the gap paradigm, the latter exhibiting
a substantial portion of express saccades (SRT 5 120 ms). Whole-brain, echo-planar imaging
(32 3 mm slices, 64664 voxels, TE 60 ms, TR � 5 s) was repeated 180 times and the image series
was analysed using BrainTools and SPM99. The results indicate significant task-related activity
in striate and extrastriate cortex, the frontal eye fields, the supplementary motor area, parietal
cortex, the angular gyrus, the frontal operculum, and right prefrontal area 10.

LEARNING AND MEMORY
* How consequences of physical principles influence mental representation: representational

momentum and related types of displacement
T L Hubbard (Department of Psychology, Texas Christian University, TCU Box 298920,
Fort Worth, TX 76129, USA; e-mail: t.hubbard@tcu.edu)

The remembered position of a previously observed target is usually displaced away from the
actual previous position of that target, and this displacement is often consistent with the oper-
ation of invariant physical principles (eg, momentum, gravity, friction) on the represented object.
It is proposed that this displacement reflects an automatic extrapolation resulting from second-
order isomorphism between phenomenological aspects of environmentally invariant physical
principles and the functional architecture of mental representation. The role of environmentally
invariant physical principles in displacement leads to convergence of representationalist and
Gibsonian perspectives and extends views regarding the spatiotemporal coherence of mental
representation. Displacement offers a bridge between when a target is initially sensed and when
an immediate response from the organism would reach that target, and so functions as a type
of `representational reflex arc'. The automatic extrapolation based on environmentally invariant
physical principles creates a default representation that may be modified by the presence and
behaviour of nontarget context and by observers' knowledge and expectations. Some possible
roles of displacement in a variety of perceptual and cognitive domains such as na|« ve physics,
perception of causality, structural dynamics and the perception of shape, art and aesthetics,
boundary extension, the flash-lag effect, and mental imagery are discussed.

* Temporal adaptation with a variable delay
D W Cunningham, H H Bu« lthoff (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: douglas.cunningham@tuebingen.mpg.de)

The consequences of an action almost always occur immediately. Delaying the consequences
of an action (eg by delaying visual feedback) drastically impairs performance on a wide range of
tasks. A few minutes of exposure to a delay can, however, induce sensorimotor temporal adapta-
tion. Here we ask whether a stable delay is necessary for temporal adaptation. Specifically, we
examined performance in a driving simulator (where subjects could control the direction but
not the speed of travel). The delay was on average 250 ms, but fluctuated rapidly (36 Hz) and
randomly between 50 and 450 ms. Overall, subjects were able to learn to drive a virtual car with a
variable delay. In one experiment, we found that the adapted state also improved performance on
untrained streets (generalisation). In a second experiment, performance with immediate feedback
was measured both before and after delay training. We found a strong negative aftereffect (approx-
imately 50% drop in performance from pre- to post-test).While some behavioural strategies (eg slow
gradual changes in steering wheel angle) might mitigate the impact of a variable delay, these
strategies do not totally eliminate the variability, particular for fast speeds and sharp corners.

* Does induced categorical perception of novel, real-world, complex stimuli result from
perceptual learning?
S E Adamson, P T Sowden (Department of Psychology, University of Surrey, Guildford
GU2 5XH, UK; e-mail: s.adamson@surrey.ac.uk)

Categorical perception can be demonstrated by enhanced inter-category discrimination of items
that are equally spaced along physical continua (eg colour categories and wavelength). Previously
we reported that categorical perception can be induced with complex, novel, real-world stimuli:
images of cervical cells (Adamson and Sowden, 2000 Perception 29 Supplement, 91). However,
observers made these categorisations on just a single systematic dimension of variation. Here we
investigate whether categorical perception effects are induced when category membership is not
due to a single systematic image variation, but is truly multidimensional. In experiment 1, stimulus
sets comprised images of normal and abnormal cervical cells representing natural categories,
unfamiliar to adults. Results showed post-categorisation training increases in within-category
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similarity and between-category dissimilarity. Nevertheless, we could not be confident whether
these effects resulted from perceptual change or cognitive strategies, such as stimulus labelling.
To resolve this issue, in experiment 2, in addition to similarity judgments, we used same ^ differ-
ent judgments of physical identity on morphed images of cervical cells varying systematically on
all attributes. By comparing pre-training and post-training within-category and between-category
measures and by making additional comparisons to a neutral uncategorised stimulus, we
can distinguish between cognitive versus perceptual-learning-based accounts of these categorical
perception effects.

* Modulation by a stereo context in learning shape discrimination from motion cue
Q C Vuong, F Domini (Department of Cognitive and Linguistic Sciences, Brown University,
190 Thayer Street, Providence, RI 02912, USA; e-mail: Quoc Vuong@brown.edu)

The present study has a twofold purpose: to see whether observers can learn to discriminate curved
shapes specified by motion, and to see how their performance is influenced by uninformative
contextual stereo information. The stimulus was a random-dot display depicting an oscillating
planar or curved surface whose central circular region was modulated to produce a quadratic
surface that could depict either a `saddle' or a `hill'. The surrounding region was defined by motion
and stereo cues. In contrast, the central region only provided motion information since stereo
correspondence between dots on the two monocular images was not possible in that region.
Consequently, stereo information only provided a context to the motion-specified shape. Moreover,
motion information was identical in all contexts. Through feedback trials, observers learned to
discriminate between the two shapes in a given stereo context. Following learning, observers
were tested in the learned context and a new context. The results indicate that shape discrimination
can improve through learning, and that contextual information can modulate task performance.
* Specificity of transfer in the part ^ whole perception

I Ludwig,W Pieperô (Department of Psychology, Phillips University Marburg,
Gutenbergstrasse 18, D 35032 Marburg, Germany; ôDepartment of Psychology,
Justus Liebig University Giessen, Otto-Behaghel-Strasse 10, D 35394 Giessen, Germany;
e-mail: ludwigi@mailer.uni-marburg.de)

Our earlier studies showed effects of practice and of transfer in the detection of parts in wholes.
In the present experiment, we varied the detection tasks to examine the specifity of this transfer.
Stimuli were pairs of whole and part figures divided into three groups. In one group, the figures
consisted of straight lines; in the second group, of curved lines; and in the third group, of points.
Half of the pairs were positive, the other half negative items (ie the part was actually contained
in the whole or not, respectively). The experiment consisted of three sessions. In session 1, only
one group of items was presented. Session 2 contained this and another group. In session 3, all
items were presented. The stimuli were successively shown on a monitor. Twenty-four subjects
decided whether or not the whole contained the part and responded by pressing a button.
Response latencies and error rates were recorded. In accordance with earlier results, we found a
beneficial effect of practice. The occurrence and the extent of transfer depended on the order of
the item groups in the sessions. Results are discussed with respect to possible components of the
practice effect and their transferability to similar tasks.

* Organisation of the perception process in the brain is similar to the cellular structure
of the living organism
V L Vvedensky (Kurchatov Institute, Kurchatov place 1, 123182 Moscow, Russia;
e-mail: vvedensky@imp.kiae.ru)

Performance of human perception is described as an activity of multiple identical symbolic memory
networks. This approach is based on the idea that perception is an adaptation to the external
input, similar to the process of multicellular organism formation in response to environmental
conditions. The environmental input is decomposed into a configuration of images stored in
individual attractor networks, similar to an assembly of cells of different type, though with the
same genetic memory, which constitute an organism. Short-term storage capacity of this system
is determined by the number of memory networks and their interconnection structure. The
configuration of these networks is able to evolve according to an internal law, supporting imagi-
nation process in the absence of inputöthis corresponds to a metamorphosis of living organisms.
The set of symbolic memory networks is reproduced during each nocturnal sleep, passing the stage
of a single surviving network. Fractional memory networks (analogues of the gametes) are an
indispensable stage of the daily perception cycle. During perception session they serve as novelty
detectors and are responsible for hemispheric functional asymmetry. Multiple symbolic memory
approach brings together seemingly unrelated properties of the brain, such as sleep, short-term
memory capacity, hemispheric asymmetry, and up to the issue of consciousness.
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* Doors. The experiment
S Vogt, S Magnussen (Department of Psychology, University of Oslo, POB 1094 Blindern,
N 0317 Oslo, Norway; e-mail: s.e.vogt@psykologi.uio.no)

Studies of visual memory for natural scenes indicate virtually limitless capacity for recognising
previously viewed material. In a series of three experiments, long-term memory for pictures
that were `naturalistic', `naturalistic but heavily edited', and `abstract' was investigated in a 2AFC
paradigm, retaining the pictorial content across pictures and manipulations. In the first experi-
ment, photographs of doors in unedited form were presented to subjects in a learning trial,
followed by test trials at intervals of Ã~Ä hour, 1 day, 2 days, and 1 week. In experiment 2, the same
pictures were used, albeit heavily edited to exclude all extraneous features such as people, cars,
vegetation, signs, etc. In experiment 3, the edited pictures were pixellated by a factor of 40. Results
indicate that long-term memory performance for this type of material is strongly dependent on
the number of different cues available, with subjects performing at chance levels for the abstract
pixellated pictures.

* Organisation of visual working memory: spatial and non-spatial information processing
in monkeys with bilateral prefrontal and parietal cortical lesions
K N Dudkin, I V Chueva, F N Makarov (Pavlov Institute of Physiology, Russian Academy of
Sciences, nab. Makarova 6, 199034 St Petersburg, Russia; e-mail: cognition@pavlov.infran.ru)

We studied the characteristics of visual working memory in a delayed (0 ^ 8 s) discrimination
task on four groups of rhesus monkeys. The cortical structures removed bilaterally were parietal
cortex area 7 in monkeys of the first group, prefrontal cortex sulcus principalis in monkeys of
the second group, and both these structures in animals of the third group. The remaining animals
served as unoperated controls. The monkeys were trained to discriminate stimuli (16 pairs) with
different types of visual information (figures of various shape, size, colour, orientation, various
spatial relationships between components of objects). The results obtained demonstrate that the
duration of information storage markedly decreases (by a factor of 2 ^ 3) in the monkeys of all
groups after bilateral lesions for delayed discrimination of spatial relationship features, and various
object-related information. These changes of memory characteristics were accompanied by an
increase in motor reaction time. From the above evidence of working memory deficit for spatial
and non-spatial information after these bilateral lesions we suggest that these parietal and pre-
frontal areas integrate spatial and object information processing by providing the mechanisms
of working memory.
[Supported by Russian Foundation for Basic Research Grant 99-04-49645.]

* Extracellular dopamine concentration during a visual working memory task in the `prefrontal
cortex' of pigeons: an in vivo microdialysis study
D Karakuyu, O Gu« ntu« rku« n, B Diekamp (Faculty of Psychology, Ruhr University Bochum,
Universita« tsstrasse 150, D 44780 Bochum, Germany;
e-mail: Dilek.Karakuyu@ruhr-uni-bochum.de)

Working memory serves as short-term storage and allows manipulation of information to accom-
plish complex cognitive tasks. Working memory functions depend on the dorsolateral prefrontal
cortex (PFC) and proper function of the dopamine system. Previous studies suggest that working
memory functions are accompanied by elevations of dopamine concentration. There is
good evidence that the pigeon neostriatum caudolaterale (NCL) is functionally equivalent to the
mammalian PFC.

Working memory in pigeons can be assessed in a delayed matching-to-sample task (DMTS).
In a DMTS task, a colour stimulus is presented, followed by a delay, during which the stimulus
is absent. After this retention interval, two test colour stimuli are presented. The animal must
first maintain and then choose the matching stimulus in order to receive the reward.

We have measured the levels of dopamine in the NCL of freely moving pigeons performing
a visual DMTS task. Experimental task and control tasks require similar motor and motivational
activity but differ in their demands on working memory. Therefore the differences in dopaminergic
activation cannot be due to different motor or motivational requirements. We present preliminary
results, which suggest that visual working memory in the pigeons involves similar mechanisms to
those demonstrated in other species.

* Effect of motion acceleration on the representational displacement for real and sampled
motion
A Poljansek (Department of Psychology, University of Ljubljana, Askerceva 2,
SI 1000 Ljubljana, Slovenia; e-mail: anja.poljansek@ff.uni-lj.si)

Representations of visual stimuli in motion are dynamic and change after the stimulus offset.
One of many factors that influence the distortion of memory for the final position of the target
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is target acceleration. In the present study, representational displacements for continuous and
sampled motion were compared in different experimental conditions. A large black square was
either traversing long distance in the picture plane or was moving in depth. Perceptually nega-
tive, zero, and positive constant accelerations with equal mean velocity were used. For motion
in the picture plane, positive and negative acceleration resulted in the largest and the smallest
forward memory displacement, respectively, and the effect of acceleration was significantly stron-
ger for real than for sampled motion. For motion in depth, backward displacement occurred,
and the interaction between the type of motion and acceleration was significant again. The
results show that representational displacement could indicate to what extent complex motion
characteristics, such as acceleration, are extracted from the two different types of motion.

* Does representational momentum reflect a distortion of the length or the endpoint
of a trajectory?
T L Hubbard, M A Motes (Department of Psychology, Texas Christian University,
TCU Box 298920, Fort Worth, TX 76129, USA; e-mail: t.hubbard@tcu.edu)

Memory for the final position of a moving target is often displaced forward (in the direction of
target motion), and this is called `representational momentum' (for review, see Hubbard, 1995
Psychonomic Bulletin and Review 2 322 ^ 338). Theories of representational momentum suggest
the displacement results from forward distortion of memory for the final position. Alternatively,
representational momentum may reflect forward distortion of memory for the entire trajectory,
and this possibility is consistent with the Fro« hlich effect (for review, see Mu« sseler and
Aschersleben, 1998 Perception & Psychophysics 60 683 ^ 695). In experiments 1 and 2, observers
viewed a moving target, and after the target vanished, observers indicated its initial or final
position. In experiment 1, observers received an auditory cue after the target vanished which
instructed them to indicate either the initial or final position; in experiment 2, one group indicated
initial position and a second group indicated final position. In both experiments 1 and 2, memory
for final position was displaced forward (consistent with representational momentum), but
memory for initial position was displaced backward (inconsistent with the Fro« hlich effect).
Thus, the remembered trajectory was longer than the actual trajectory, and so representational
momentum does not result from forward distortion of memory for the entire trajectory.

* Memory for atypical and typical objects
F N Newell, M Peskin, H H Bu« lthoffô, V Blanz½ (Department of Psychology,
Trinity College, University of Dublin, Dublin 2, Ireland; ôMax Planck Institute
for Biological Cybernetics, Spemannstrasse 38, D 72076 Tu« bingen, Germany;
½ Institut fu« r Informatik, University of Freiburg, Georges-Ko« hler Arlee 52,
D 79110 Freiburg, Germany; e-mail: fiona.newell@tcd.ie)

It is often found that faces which are rated as being distinctive are more memorable than faces
rated as being typical. We used unfamiliar exemplars from a familiar class as stimuliöie carsö
to test if distinctiveness effects generalise to different object classes. We created a `shape space'
with thirty original car images by producing morphs between each original car and an average
car of the set. Our stimulus set consisted of three different morph images between each original
car and the average, each at a distance of 30%, 60%, and 90% from the average. We predicted
that car morphs which were further away from the average (ie 90% morphs) would be rated as
more distinctive than car morphs which were closer to the average (ie 30% morphs). We found
a monotonic increase in distinctiveness ratings to images which were a greater distance from
average. Our second prediction was that car morphs which were further from the average would
be more memorable than those nearer to the average. We conducted an old/new recognition
test and found that car images were more memorable the further away the morph was from
the average. A further study revealed that memorability was dependent on the distance from the
average of the set, and not any other image within the set. Our results support a `shape space'
model of object representation where object locations are determined by the degree of inter-
item similarity.

* Activity in MT neurons during a memory-for-visual-motion task
J A Droll, J Bisleyô, T Pasternak (Department of Neurobiology and Anatomy, University
of Rochester, Box 603, 601 Elmwood Avenue, Rochester, NY 14642, USA; ôLaboratory
of Sensorimotor Research, National Eye Institute, NIH, Bethesda, MD 20892, USA;
e-mail: jdroll@bcs.rochester.edu)

Cortical area MT is known to play an important role in the processing of information about
stimulus direction. Recent lesion and microstimulation studies from our laboratory suggest that
this area may also play a role in the temporary storage of this information. We examined the
behaviour of MT neurons during the performance in a memory-for-motion task, and found that
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more than half of these neurons were active during the memory period of the task. In most of
those neurons the activity was transient, lasting 100 ^ 300 ms, and occurred during the first half
of the 1500 ms delay. The maximal firing rates of this activity were strongly correlated with the
maximal response of the neuron to the preferred direction. In some neurons, the activity was
present following only the preferred or the null direction. However, in many neurons the delay
activity did not differ during the retention of the preferred and null directions. In these neurons,
delay activity occurred at slightly different times and this difference could be the source of
information about stimulus direction. These observations suggest that MT neurons may contribute
to memory for visual motion.
[Supported by EY11749, T32 EY067125, EY07125.]

LOW VISION
* A pair of on-centre and off-centre filters derived from the first absolute central moment

M Demi (CNR Institute of Clinical Physiology, via G Moruzzi 1, I 56214 Pisa, Italy;
e-mail: demi@ifc.pi.cnr.it)

The first absolute central moment can be divided into two complementary filters: the positive
deviation ep and the negative deviation en. Both ep and en can be used separately to enhance
edges, lines, line endings, corners, and junctions in images of the real world. Moreover, a ridge
map similar to the ridge map provided by the magnitude of a standard GoG filter is obtained
by subtracting the output of en from the output of ep. The sum of the two outputs instead gives
rise to the same map which is obtained by convolving the image with a standard DoG filter.
Furthermore, when generalised, ep and en give rise to a class of nonlinear filters and the recov-
ered edge information can be usefully combined to obtain information that would not be
obtained by varying the parameters of the original filters. The architectures of ep and en and
their responses to luminous stimuli recall the separation of the ganglion cells into on-centre
and off-centre cells. Finally, the mass centres bi of ep and en can be also defined, and the edges
present in the images can be easily localised by iteratively computing bi.

* Computerised test for identification of colour thresholds
V Viliunas, R Lukauskieneç ô, A Svegzda (Faculty of Philosophy, Vilnius University,
Didlaukio 47, LT 2057 Vilnius, Lithuania; ôNeurosurgical Center, Kaunas Medical
University Clinic, Eiveniu 2, LT 3007 Kaunas, Lithuania; e-mail: vilius.viliunas@ff.vu.lt)

A computerised test for identification of colour thresholds has been created. During the test, the
observers are shown a computer-generated stimulus. The stimulus consists of a line surrounded by a
grey background 2 deg in diameter. The line colour saturation is varied by increasing or decreasing
its red, green, or blue phosphor luminance starting from the initial grey of the background. The
brightness of the grey background is increased or decreased from its initial brightness towards
the brightness of the line. Simultaneously the orientation of the line is randomly varied between
horizontal and vertical. The observers are asked to judge the orientation of the line. The saturation
threshold is established when the observer is not able to accurately detect the orientation. The results
of this test were compared with the Farnsworth ^Munsell (FM) 100-Hue test results. In individuals
with severe acquired colour vision deficiency the blue ^ yellow deficiency usually accompanies the
red ^ green deficiency, therefore the FM 100-Hue test results are difficult to interpret [Plant, 1991
Inherited and Acquired Colour Vision Deficiencies (London: Macmillan) pp 173 ^ 198]. In such cases
the test for identification of colour thresholds is preferable to the FM 100-Hue test as it allows
estimation of all deficiency types separately.

* Component perimetry and cortically caused visual defects
K Spang, H Hildebrandtô, G Schwendemannô, M Fahle (Department of Human
Neurobiology, University of Bremen, Argonnenstrasse 3, D 28211 Bremen, Germany;
ôNeurological Clinic, ZKH Bremen Ost, Zu« rcherstrasse 40, D 28325 Bremen, Germany;
e-mail: kspang@uni-bremen.de)

Blind regions in the visual field are often not subjectively experienced by the patients, and, if
caused by cortical infarctions, may concern only some submodalities of vision such as colour or
motion perception. We used a new method, component perimetry, to screen the visual fields of
forty patients suffering from visual defects caused by cortical lesions, 90% of whom subjectively
experienced their field defects when looking at the stimuli of component perimetry. These stimuli
consisted of dynamic black ^white or isoluminant red ^ green visual noise or else of rotating
Landolt rings, or checkerboards defined by stereodepth, line orientation, or motion direction.
Patients tended to perceive their scotomata as smaller than they were when tested by means of
Goldmann perimetry. Several patients experienced larger defects with some types of stimuli
than with others, indicating a preferential involvement of colour or motion processing in parts of
their visual fields. The results indicate that component perimetry may not only be a means to
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screen patients for visual field defects but also a means to detect patients suffering from selective
defects of different submodalities of vision. We correlate the functional defects with structural
defects as detected by imaging methods.

* Visual impairment in far periphery with Vigabatrin: visual, attentional, or recognition
deficit?
M V Boucart, M Fabre-Thorpe, C Arndt, P Derambure (CNRS, CHRU Lille,
Dëpartement d'Ophthalmologie, Hoª pital Roger Salengro, F 59037 Lille, France;
e-mail: m-boucart@chru-lille.fr)

Vigabatrin is an anti-epileptic medication that slows GABA degradation. Patients complain of
being unaware of objects appearing in their far periphery, though ophthalmological examinations
show no visual field defect. We investigated whether the reported impairment results from a
visual, attentional, or implicit object-recognition deficit. Visual performance was tested at 30 and
60 deg of eccentricity in four different tasks: a simple RT task for the detection of a 5 deg visual
angle target (task 1), a spatial pre-cueing paradigm (task 2), an animal/non-animal categorisation
task (task 3), and a priming task involving object categorisation (task 4). Three groups were
compared: normal subjects and epileptic patients with or without Vigabatrin. Task 1 showed only
a tendency toward longer RTs at 60 deg eccentricity under Vigabatrin. Task 2 showed no significant
differences between the three groups. In contrast, Vigabatrin led to clear impairments in task 3 at
30 deg eccentricity that was even more pronounced at 60 deg. In task 4, both normals and
patients without Vigabatrin displayed perceptual but no semantic priming at 60 deg eccentricity
but this priming effect was not seen with Vigabatrin, suggesting that even implicit recognition is
impaired. Given that visual detection and attention are essentially spared under Vigabatrin, the
data suggest that deficits involve high-level visual processes.

NATURAL IMAGES
* Higher-order statistics and the coloured structure of natural scenes

T A Yates, M G A Thomson, S M Wuergerô, S Westland, R J Partridge (Colour and
Imaging Institute, University of Derby, Kingsway House, Kingsway, Derby DE22 3HL,
UK; ôMacKay Institute of Communication and Neuroscience, Keele University, Keele
ST5 5BG, UK; e-mail: t.a.yates@derby.ac.uk)

Statistical consistencies in the spatiochromatic structure of the visual environment are probably
crucial to the efficiency of inter-scene discriminations by biological or machine visual systems.
In addition, a number of studies have highlighted the importance of Fourier-phase information in
forming perceptually complete visual representations of natural-scene structure (Oppenheim and
Lim, 1981 Proceedings of the IEEE 69 529 ^ 541). Taken together, these considerations suggest that
those higher-order statistical (HOS) measures which depend on spatial-frequency phase as well as
amplitude might provide a useful framework for representing inter-scene differences (Thomson,
2001 Physical Review Letters 86 2901 ^ 2904). The present study uses this framework to analyse
the spatiochromatic properties of coloured natural scenes. Using a new library of spatially and
colorimetrically calibrated hyperspectral natural images, we demonstrate how the relative impor-
tance of phase and amplitude depends on both spatial frequency and wavelength. The visual effects
of these demonstrations are interpreted in terms of an HOS-based image-difference metric, and
the results help explain the different spatial sensitivities of the colour-coding cells in the human
visual system.

* Rotating spiral pattern as an attractor of human visual attention
T Bando (Department of Knowledge Engineering and Computer Sciences, Doshisha
University, Kyotanabe, Kyoto 610-0321, Japan; e-mail: tbando@mail.doshisha.ac.jp)

In designs of various cultures and periods we can find many spiral patterns that remind us of
patterns in nature. It seems that the reason why there are so many spiral patterns in our designs
is that spiral patterns catch human attention. Some of the spiral patterns in nature are accom-
panied by motion of elements, like whirlpools and whirlwinds. Rotating spiral patterns seem to
attract more attention than stationary ones, inducing illusion of centrifugal or centripetal motion.
In order to show how attractive some kinds of rotating spiral patterns are and to analyse how
they lead our attention, eye movement was recorded by an eye camera under apposition of two
rotating spiral patterns or of a rotating spiral pattern and a rotating non-spiral control pattern.
In the case of the apposition of the rotating spiral texture and the rotating original texture,
some rotating original texture attracted a field of fixation significantly greater than the rotating
spiral texture, in contrast to stationary images. Centripetal motion illusion induced by clockwise
rotation of a right-handed spiral pattern or by counterclockwise rotation of a left-handed spiral
pattern attracted a field of fixation significantly greater than centrifugal motion illusion induced
by opposite combination of rotation and patterns.
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* Edge sharpness, object sizes, and image power spectra
G S Barbieri-Hesse, M G A Thomson (Colour and Imaging Institute, University of Derby,
Kingsway House East, Kingsway, Derby DE22 3HL, UK; e-mail: G.Barbieri@derby.ac.uk)

Although the ecological validity of natural images has made them an attractive tool for vision
research, the structural complexity of these images can present difficulties for both computational
and psychophysical work: it is often difficult to isolate simple scene parameters that can be
linked to computational models or used as stimulus parameters in experiments. A possible solu-
tion to these problems lies in the use of semisynthetic scenes, scenes which share some of the
key statistical properties of natural images yet can be simply parameterised in a low-dimensional
space. We have developed a theoretical framework for a class of generative scene models related
to the dead-leaves model studied in the random-sets literature. Our instantiation of the model
produces images with power-law power spectra yet whose object-size distribution and local
edge sharpness may be specified independently. Preliminary results from our computational and
psychophysical work indicate that (a) object occlusion is not a prerequisite for power-law spectra;
(b) both object-size distribution and edge sharpness contribute to power-spectral falloff
(which implies that global power-spectral falloff cannot be used to detect scene blur); (c) our
semisynthetic scenes share many of the higher-order statistical properties of natural scenes.

* Comparison of image decomposition techniques: results from psychophysics and computation
K J Nielsen, G Rainer, N K Logothetis (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: kristina.nielsen@tuebingen.mpg.de)

Our visual environment is highly structured, generating complex statistical dependencies in
natural scenes. In the framework of information theory, these dependencies of input variables
generate redundancy in the input. Removing the redundancies would lead to the construction of
an efficient code for natural scenes. A number of computational algorithms have been developed
that are based on the assumption of redundancy reduction. Four of these algorithms were used
here that are often discussed in the context of natural-scene statistics. These algorithms were
principal component analysis, independent component analysis, sparsenet, and non-negative-
matrix factorisation. Each of the algorithms decomposes the natural scenes into basis features
or functions. The input can then be reconstructed again by a linear combination of these basis
functions. Usually, the performance of these decomposition algorithms is evaluated by calculating
analytically defined measures, eg the reconstruction error between the original and the recon-
structed image or the redundancy reduction achieved with the decomposition. Here, in addition
to the calculation of reconstruction errors, we tested the algorithms in three psychophysical
experiments. In each of the experiments, subjects had to match reconstructed images to their
originals in a delayed match-to-sample paradigm. The performance of subjects in this task
depends on the ability of the algorithms to preserve the information present in the original
scenes. The three experiments tested different properties of the algorithms. The first experiment
was concerned with the dependence of the psychophysical performance on the number of basis
functions used in the reconstruction. Since each of the algorithms derives its basis functions by
applying a statistical criterion to a set of training images, it is an important question how general
these basis functions are. This was tested in the second experiment. Finally, the third experiment
assessed the robustness of the algorithms against noise added in the reconstruction process.
This evaluation of decomposition algorithms in a more natural context provides new insights
that can extend the computational results. It also helps to clarify which statistical criteria are of
importance in natural vision as opposed to purely computational purposes.

* Visual symmetry and subjective contour in the Ayasofya of Istanbul
F Halper (Department of Psychology, Essex County College, 303 University Avenue,
Newark, NJ 07102, USA; e-mail: FredHalper@home.com)

An elegant way of creating visual symmetry from nature is called matchbooking. One splits and
unfolds material which has an inherent pattern of vein or grain, such as marble or wood. The
result is a new perceptual entity; a shape with bilateral symmetry, such as we see on the back
of a typical violin. The 6th century Ayasofya of the Emperor Justinian was built as a church,
later used as a mosque, and is currently a museum. Covering its walls are some of the finest and
oldest examples of unfolded panels of colourful veined marble. Examination of these revetments
and sheathings reveals several patterns achieved by (i) multiple pairs of single unfoldings,
(ii) twin booking, (iii) triple booking (four slabs) rotated about a pivot, and (iv) up to eleven
alternately unfolded sequential slabs producing a wall of waved continuity. A most unusual
revetment perceptually involves the use of a block of Proconnesian cippolino marble whose
white and gray veins were shifted slightly as a result of tectonic stresses in its geological past.
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Observers presented with these displays report Gestalt groupings such as good continuation,
symmetry, subjective contour (of the Kennedy type), and reversals of occlusion.

* Occlusions contribute to scaling in natural images
R M Balboa, C W Tyler, N M Grzywacz (Smith-Kettlewell Eye Research Institute,
2318 Fillmore Street, San Francisco, CA 94115-1813, USA; e-mail: rbalboa@ski.org)

Spatial power spectra from natural images fall approximately as the square of spatial frequency,
a property also called scale invariance (scaling). Various theories for visual receptive fields
consider scale invariance key. Two hypotheses have been advanced in the literature why natural
images obey scale invariance. The first is that these images have luminance edges, whose spectra
fall as frequency squared. The second is that scale invariance follows from natural images being
essentially a collage of independent, constant-intensity regions, whose sizes follow a power-law
distribution. Recently, an argument by example was made against the first hypothesis. Here we
refute that example and show that the first hypothesis is consistent with the scaling under a
wide variety of distributions of sizes. There are two reasons for this. First, for every frequency,
the log ^ log slope of the rotationally averaged power spectrum of an image is the weighted
mean of the log ^ log slopes from the image's independent regions formed by objects occluding
one another. Second, the log ^ log slopes of the spectrum envelope for a constant-intensity region
are 0 and ÿ3 for frequencies corresponding to periods much larger and much smaller than the
region's size, respectively. Therefore, it is not surprising that natural images have log ^ log slopes
between ÿ1:5 and ÿ3, with a mean near ÿ2.
* Fourier statistics of fruit in foliageöa match with human contrast sensitivity?

C A Pärraga, T Tros̈ciankoô, D J Tolhurst½ (Department of Experimental Psychology,
University of Bristol, 8 Woodland Road, Bristol BS8 1TN, UK; ô School of Cognitive
and Computer Sciences, University of Sussex, Brighton BN1 9QH, UK; ½Department
of Physiology, University of Cambridge, Downing Street, Cambridge CB2 3EG, UK;
e-mail: pscap@bris.ac.uk)

The human visual system encodes luminance as a Fourier band-pass function and chrominance
as a low-pass function. It is tempting to think that this imbalance reflects a property of the
natural world. However, it has been found that there is no such difference between the Fourier
luminance and chrominance spectra of a wide variety of natural scenes. If a main task of the
chromatic channels is to encode information about fruit in foliage, we asked whether the Fourier
properties of such scenes are different from the set of images analysed earlier. We therefore
obtained 91 digital images of fruit, and other scenes, using a custom-calibrated digital camera.
We analysed these scenes to obtain their luminance and red ^ green chrominance spectra. The
results indicate that scenes containing fruit and foliage have power spectra which are more in
keeping with human contrast sensitivity. Chrominance images of these scenes have steeper spectral
slopes than luminance images. This is particularly the case when the red fruit occupies more
than 10% of the total area of the image, corresponding to relatively close-up viewing. These
results suggest that the spatio-chromatic properties of human vision optimise the neural represen-
tation of scenes containing fruit and leaves.

PERCEPTION AND ACTION
* Driving effects of retinal-flow properties associated with eccentric gaze

W O Readinger, A Chatziastros, D W Cunningham, H H Bu« lthoff (Max Planck Institute
for Biological Cybernetics, Spemannstrasse 38, D 72076 Tu« bingen, Germany;
e-mail: wil@kyb.tuebingen.mpg.de)

There has been growing evidence expressing the computational (and perhaps practical) difficulty
of recovering heading from retinal flow when the observer is looking away from his path. Despite
this, it is generally accepted that retinal-flow information plays a significant role in the control
of locomotion. The experiments reported here attempt to address one meaningful behavioural
consequence associated with this situation. Specifically, we consider eccentric gaze and its effects
on automobile steering. In three conditions, we measured drivers' steering performance on a
straight road, located in a textured ground plane, and presented in a 180 deg field-of-view projection
theatre. Consistent with earlier findings, at eccentricities from 15 to 45 deg away from heading
direction, subjects' lateral position on the road tended significantly towards their direction of
gaze ( p 5 0.001), but eccentricities of as little as 5 deg from heading direction also significantly
affected position on the road surface ( p 5 0.01). Furthermore, this effect was found to scale
based on small (�5 deg) changes in gaze-movement angle, but not with speed of travel through
the environment. We propose, therefore, a model of steering performance in such situations
resulting from characteristics of the retinal flow immediately surrounding the point of fixation.
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* Arm, head, and eye movement while driving through an irregular flow field
A Chatziastros, H H Bu« lthoff (Max Planck Institute for Biological Cybernetics,
Spemannstrasse 38, D 72076 Tu« bingen, Germany; e-mail: astros@kyb.tuebingen.mpg.de)

It is assumed that the location of the edges of the road in the field of view provide the principal
visual cues for driver's steering control. However, we have shown that when the optic-flow field
of the environment is perturbed by superimposing a second (irrelevant) optic-flow field simulat-
ing drifting snow across the street, the drivers exhibit systematic changes in steering. Specifically,
they tend to steer in a direction opposite the visual motion of the irrelevant flow field (Chatziastros
et al, 2000 Perception 29 Supplement, 118). In a new series of experiments, we investigated the
interdependence of gaze direction and head orientation with this steering behaviour. In a driving
simulation, the position within a straight lane had to be controlled, while drifting snow created
a second focus of expansion at �308 horizontally. A cross correlation between gaze direction
and steering wheel movements shows that gaze preceded the steering movement by 0.5 s. Systematic
changes in horizontal head and gaze orientation occurred mainly during the first 6 s after the onset
of lateral snow drift, but not during later periods, although the lateral deviation on the road
persisted. We conclude that eye and head position are associated with the early phase of the
steering response, and that other factors have to be considered to account for the maintenance
of an offset position. These findings are discussed in terms of induced motion and shifts in
heading direction and apparent straight-ahead.

* Perceptual distance between cars on actual roads and motorways
L Sugano (Takachiho University, No 19-1, 2-chome, Omiya, Suginami-ku, Tokyo 168-8508,
Japan; e-mail: sugano@takachiho.ac.jp)

How does the driver perceive the distance to the preceding car in a dynamic environment
(ie driving on actual roads or motorways)? The purpose of this study was to investigate how
drivers perceive the distance between cars on a real road (without optical flow) and on a motor-
way (with optical flow). In experiment 1, approaching slowly a stationary preceding car, the
subjects (in the passenger seat) were required to estimate the distance from their own car to this
preceding, stationary car on an actual road. Three types of modes of estimation were: (1) safe
distance (sufficient to avoid a crash), (2) normal distance (ordinary driving distance on a motor-
way), (3) unsafe distance (unable to stop safely). In experiment 2, the same subjects estimated
the distance on a motorway (at 80 and 100 km hÿ1 in two steps) as in experiment 1. Perceptual
distance of each mode was measured with a Minolta measuring camera. The experiment was
performed with seven subjects (two novices, three experienced, and two older drivers). Evidence
suggested that every subject in every mode underestimated the distance. The older drivers, more
than any other subjects, especially underestimated the safe distance mode (experiment 1). When
travel speed was increased to 100 km hÿ1 (experiment 2), the older subjects produced a greater
underestimation of distance than at the 80 km hÿ1 speed. Thus, the older drivers underestimated
the distance to a greater degree than novices or experienced drivers.

* Failure of dichoptic prism adaptation
M J Morgan (Applied Vision Research Centre, The City University, Northampton Square,
London EC1V 0HB, UK; e-mail: m.morgan@city.ac.uk)

Geometrical optical differences between the two eyes would seem a priori to be a prime target
for sensory recalibration. I tried to adapt the left and right eye concurrently to opposite prismatic
displacements. The observer made a rapid, ballistic pointing movement to a small target appear-
ing on a CRT. Unknown to the observer, the target was sometimes presented to the left eye,
sometimes to the right: never binocularly. This was done by a set of stereo goggles switching in
synchrony with the monitor. The left eye was covered by a base-left prism (2-D) and the right eye by
a base-right prism, causing opposite reaching errors to the target by the right hand. Reaching
accuracy was measured laboriously from a video recording. Reaching errors failed to adapt over
many sessions. Within each session, binomial runs of presentations to the same eye led to rapid
adaptation, but this caused an exaggerated error in the first trial with the other eye. I conclude that
dichoptic prism adaptation is slow or nonexistent. Other attempts to adapt the two eyes differently
in an orientation-classification task also failed. Like attentional motion tracking (Solomon and
Morgan 1999 Vision Research 39 2293 ^ 2297) but unlike texture-boundary formation (Morgan,
Mason, and Solomon, 1997 Nature 385 401 ^ 402) geometrical recalibration seems to take place
in regions of the brain where the inputs from the two eyes are indistinguishable.
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* Visual change-blindness extends to grip aperture
P T Sowden, B De Bruyn (Department of Psychology, University of Surrey, Guildford
GU2 7XH, UK; e-mail: P.Sowden@surrey.ac.uk)

Change-blindness experiments indicate that humans do not construct an exhaustive representation
of the immediate visual world. Studies suggesting a dichotomy between vision for perception
and vision for action further question the completeness of visual analysis. Here we report an
experiment, using the change-blindness paradigm, that challenges the view of a simple dissocia-
tion between perception and action. We asked eleven observers to make open-loop reaching
movements as if they were picking up a bar stimulus presented on an adjacent computer screen.
By means of a `flicker' paradigm, bars were presented in sequential pairs that could change in
length by 1 cm. Observers were asked to indicate after each presentation of a stimulus pair
whether or not they had detected a change and to execute a reaching movement for each stim-
ulus. When observers detected physical stimulus change, the average modulation of final grip
aperture to each stimulus pair was 1.1 cm greater than when the observer did not report the
stimulus change. For the latter change-blindness trials the modulation was not significantly differ-
ent from zero. Thus, our results indicate that motor responses are modulated only when the
physical stimulus change is perceived.

READING
* The role of inner contrast in perceptual quality in video-display-unit tasks

B M O'Donell, E M Colombo (Departamento de Luminotecnia, Luz y Visiön,
Facultad de Ciencias Exactas y Tecnolog|̈a, Universidad Nacional de Tucuma© n,
Av. Independencia 1800, CP 4000, Tucuma© n, Argentina;
e-mail: bodonell@herrera.unt.edu.ar)

The purpose of this work was to define contrast that best relates to perceptual quality in video-
display-unit (VDU) achromatic tasks. We recorded visual performance (VP), visual comfort
(VC), and contrast adjustment, taking into account resolution modes (4806640 and 76861024
pixels), polarities (positive and negative), and background luminances (5, 41, and 91 cd mÿ2).
VP and VC were found to vary as a function of inner contrast as predicted by a compression
curve (explained variance for VC between 87% and 97%, and for VP between 58% and 86%).
The observers adjusted character luminance to a level considered by them to provide an optimum
contrast value using inner contrast criteria. VP and VC results were better for the 4806640 pixel
resolution mode than for the 76861024 pixel one. We conclude that inner contrast is a signif-
icant variable in determining the perceptual quality in a VDU task. This is understandable,
considering that the inner contrast involves not only the differences of luminance but also
sharpness, size, and form of the detail inside the character.

* Natural variability in position coding predicts performance on lexical decision
K Pammer, P Cornelissen (Department of Psychology, University of Newcastle upon Tyne,
Ridley Building, Newcastle upon Tyne NE1 7RU, UK; e-mail: kristen.pammer@ncl.ac.uk)

In order to investigate the relationship between reading and letter position coding, an unselected
sample of fifty adults was tested to relate their performance on word recognition with a task
that simulates position coding in word recognition. Experiment 1 demonstrated that the position-
coding task predicts performance on lexical decision; this is separate and in addition to the
contribution of visual attention. Experiment 2 demonstrated that item identification and location
were important in explaining word recognition. Furthermore, the results were not due to sensitivity
to visual-temporal factors, or eye movements. Results are discussed in terms of the ecological
validity of these results in a reading situation, as well as clinical implications in dyslexia.

* Sensitivity to the spatial-frequency-doubling illusion as an index of M(y)-cell dysfunction
in dyslexia
K Pammer (Department of Psychology, University of Newcastle upon Tyne, Ridley
Building, Newcastle upon Tyne NE1 7RU, UK; e-mail: kristen.pammer@ncl.ac.uk)

The spatial-frequency-doubling illusion is believed to be mediated by a specific subclass of
magnocellular cells, the M(y) cells. The contribution of M(y)-cell activity, within a magnocellular-
dysfunction framework in dyslexia, is currently unknown. In the current study, the sensitivity
of normal and dyslexic readers to the spatial-frequency-doubling illusion was measured. Sensitiv-
ity to coherent motion and a visual acuity task were also measured. Dyslexic readers were found
to be less sensitive to the spatial-frequency-doubling illusion across all retinal locations, com-
pared to normal readers. Dyslexic readers also demonstrated a significant decrease in sensitivity
compared to their standardised age cohort. Similarly, dyslexic readers were also less sensitive to
coherent motion compared to normal readers. Furthermore, these findings are not due to differ-
ences in test endurance, or eye-movement control. Sensitivity to the spatial-frequency-doubling
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illusion was also positively correlated with reading lag and coherent motion. The results provide
good support for a magno deficit in dyslexia that has its origins at a retinal level with impair-
ment inöat least partiallyöM(y)-cell activity.

* Repetition blindness for radical: the main cause of the inhibitory orthographic priming
effect in Chinese-character recognition
S Yeh, J Li (Department of Psychology, National Taiwan University, No. 1, Sec. 4,
Roosevelt Road, Taipei, Taiwan; e-mail: suling@ccms.ntu.edu.tw)

It has been shown that the configurational structure of Chinese characters is critical to
graphemic similarity judgment in sorting and visual search. However, besides structure, the overall
visual similarity of characters can also be determined by the degree of overlap of their constituent
components. When character structure and sub-character radical were manipulated in a 2 (struc-
ture: same/different) by 2 (radical: same/different) factorial design (experiment 1), an inhibitory
orthographic priming effect was found. Such inhibition was strongest when the prime ^ target
pair shared the same structure and one repeated radical, and the repeated radical was often
omitted, ie a repetition blindness for radical. The inhibitory priming effect disappeared when no
repeated radical existed between the prime ^ target pairs in an identification task (experiment 2)
and a naming task (experiment 3). The effect of structure thus seemed to manifest itself only
through common component in the prime ^ target pair in experiment 1. We conclude that the
blindness to the repeated component in the prime ^ target pair is the cause of the inhibitory
orthographic priming effect in Chinese-character recognition.

* Eye movements in reading words and pseudo-words in developmental dyslexia
M De Luca, M Borrelli, A Judica, D Spinelliô, P Zoccolotti½ (Neuropsychology Unit,
IRCCS Fondazione Santa Lucia, via Ardeatina 306, I 00179 Rome, Italy; ô Istituto
Universitario di Scienze Motorie, piazza Lauro de Bosis 15, I 00194 Rome, Italy; ½ IRCCS
Fondazione Santa Lucia and Department of Psychology, Universita© degli Studi di Roma
`La Sapienza', via dei Marsi 78, I 00185 Rome, Italy; e-mail: m.deluca@hsantalucia.it)

Eye movements of Italian dyslexics show numerous and small saccades in reading, suggesting
the use of sequential grapheme ^ phoneme conversion instead of direct visual procedure (used by
good readers). To test this, we compared performance of dyslexics in reading words and pseudo-
words.We recorded eye movements during reading lists of short and long words and pseudo-words
in twelve subjects with developmental dyslexia and ten age-matched controls.

Controls read words through few saccades, with variable amplitude as a function of the
word length. In dyslexics, the number of saccades increased with stimulus length for both words
and pseudo-words; saccade amplitudes were small and constant. The performance of dyslexics
in reading words mimicked that of controls in reading pseudo-words, where no lexical entry is
available, and sequential grapheme ^ phoneme conversion is forced. Eye-movement pattern is
consistent with the cognitive description of reading disorder in dyslexia, indicating the prevalent
use of sequential procedure in reading.

* The effects of window size and letter spacing on reading rate
F Florer, M Stefani, A Coxô (Department of Psychology, Marymount Manhattan College,
221 East 71st Street, New York, NY 10021, USA; ôDepartment of Psychology, Fairfield
University, North Benson Road, Fairfield, CT 06430, USA; e-mail: flf@river.org)

Reading rates were obtained for subjects who viewed text in areas from 2 to 6 M spaces wide
(the width of a capital letter `M'), while the size of their viewing window was being varied. The
number of visible letters was also varied by varying between-letter spacing. Subjects read quickly
or carefully, or at a normal pace. For normal or fast reading, reading rate was found to increase
in proportion to window size. For a constant window size, reading rate fell in inverse proportion
to letter spacing. For careful reading, rates were constrained by the number of visible letters;
eg, if two letters were visible, then subjects read almost as quickly when the letters were spaced
close together (in a 2M window) as when the letters were spaced far apart (in a 6M window).
When subjects were instructed to read quickly, reading rate was more affected by the prox-
imity of letters than by the number of visible letters; eg, subjects read about two times more
quickly when letters were spaced close together in a 2M window than when they were spaced
farther apart in a 6M window. The nature of the task at hand varied the constraints on the
visual span.
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RETINA AND CORTEX
* Dichoptic evoked potentials using multiple frequency-doubling-illusion stimuli

R Ruseckaite, T Maddess (Centre for Visual Sciences, RSBS, ANU, Canberra, ACT 0200,
Australia; e-mail: ruseckaite@rsbs.anu.edu.au)

We recently published a method for diagnosis of glaucoma referred to as multiregion frequency-
doubling pattern-electroretinogram or MFP (Maddess et al, 2000 Investigative Ophthalmology &
Visual Science 41 3818 ^ 3826). Recording evoked potentials has practical advantages in the clinic
compared to ERGs. In particular VEPs provide the possibility of recording simultaneously from
the two eyes with the same recording apparatus and electrodes. Such simultaneous recording
would lend statistical power to comparisons between the two eyes of a subject. At the same
time there is the prospect of deleterious effects upon recorded potentials due to rivalrous dichop-
tic stimuli. We therefore sought to investigate these issues with a VEP version of MFP. The visual
stimuli were divided into quadrants and each quadrant into an inner and an outer portion.
Each region contained a sinusoidal grating pattern. Separate images were present to each eye via
a liquid crystal shutter on alternate video frames. The contrast of each of the resultant sixteen
grating stimuli was modulated sinusoidally with incommensurate frequencies ranging from 15.45
to 21.51 Hz. Grating orientation was either 08 or 908 for each eye and the spatial frequencies of
inner regions was either 0.1, 0.2, or 0.4 cycle degÿ1. Outer regions had half the spatial frequency
of the inner. The spatial and temporal frequencies of the stimuli meant that they displayed the
frequency-doubling illusion. Binocular, and left and right eye masked conditions were also
tested in the randomised block of trials. Recordings from our repeats of each 47.5 s stimulus
were taken in two sittings. Generalised regression was used to pick out various simultaneous
effects from the averaged complex Fourier coefficients of the second harmonics. Responses in the
region of 100 to 400 nV per region were recorded. In agreement with monocular PERG studies
(Bedford et al, 1987 Australian and New Zealand Journal of Ophthalmology 25 91 ^ 93), temporal
visual field (TVF) locations exhibited strong frequency-dependent response components
(9:06� 1:38 nV Hzÿ1). Different effects for the maximum and minimum spatial frequency within
TVF regions were also found. Inner visual field regions exhibited a frequency-dependent compo-
nent of 1:05� 0:33 nV Hzÿ1. Similar spatial frequencies or orientations presented dichoptically
produced a slight reduction in response (ÿ10:4� 34:19 nV). Curiously, superior and inferior
portions of the inner visual fields exhibited opposite additive effects of binocular stimulation of
ÿ18:01� 6:87 and 24:67� 6:94 nV respectively. We conclude that the effects of binocular presen-
tation were quite small. The largest suppressive effects were seen when the dichoptic stimuli in a
given field location were similar in orientation or spatial frequency and particularly in the superior
central visual field. Temporal and inner visual field regions showed strong frequency-dependent
effects. A dichoptic VEP version of MFP seems feasible.

* Is internal noise increased in the visual system of the patients with multiple sclerosis?
S V Muravyova, N N Krasilnikovô, Y E Shelepin, A A Deshkovich½ (Pavlov Institute
of Physiology, Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg,
Russia, ôDepartment of Television and Transmitting Systems, St Petersburg State
University of Aerospace Instrumentation, 67 Bolshaya Morskaya, 190000 St Petersburg,
Russia; ½Military Medical Academy, Akad. Lebedeva 6, 199034 St Petersburg, Russia;
e-mail: mlana@freemail.ru)

We measured the visual internal noise of patients with multiple sclerosis (MS) by electrophysio-
logical and psychophysical methods. Twenty normal adult subjects and twenty patients with early
manifestations of MS (5 ^ 7 years of disease) participated in electrophysiological experiments
(the ages of normal subjects and patients ranged from 18 to 45 years). We recorded the pattern-
reversal visual evoked potentials (VEPs) to checkerboard patterns with different contrasts on
uniform background or on noise background. For normal subjects, additive external noise
decreased latencies of the main components of VEP to the stimulus with all contrasts we used,
which ranged from 0.01 to 0.64. The patients' latencies of all components decreased only for
contrasts 0.08 ^ 0.16 if noise background was added. Contrast increase above this range decreased
the influence of external noise on the latency. The additive external noise decreased the VEP
amplitude for normal subjects in the contrast range 0.01 ^ 0.64, and for patients in the contrast
range 0.08 ^ 0.16. In psychophysical measurements of contrast sensitivity we calculate the equiv-
alent internal noise for both normal observers and patients. By means of our model of matched
filtering in the visual system (Krasilnikov et al 1999 Journal of Optical Technology 66 5 ^ 14) it is
possible to calculate the internal noise of each patient.
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* Neocortical areas underlying shape and colour discriminations as assessed by fMRI
R Weerda, J P Thomasô, J I Vallines, M W Greenlee (Department of Cognitive
Neuropsychology, Carl-von-Ossietzky-Universita« t Oldenburg, Ammerla« nder Heerstrasse 114,
D 26111 Oldenburg, Germany; ôDepartment of Psychology, University of California
at Los Angeles, 405 Hilgard Avenue, Box 951563, Los Angeles, CA 90095-1563, USA;
e-mail: riklef.weerda@mail.uni-oldenburg.de)

We examined with fMRI (1.5 T Siemens Vision�) the role of selective attention on neocortical
activation patterns evoked by stimuli that differed in colour or shape. The stimuli consisted of
an oval of fixed height, which differed from an implicit standard either in colour or in width.
The subjects' task was to determine which alternative (two per dimension) was presented. Three
experimental conditions were conducted: certainty-colour, certainty-shape, uncertainty. In all
conditions only one dimension changed from trial to trial. In the certainty conditions, subjects
knew along which dimension the stimuli would vary; while in the uncertainty condition, they
did not know this, so that both dimensions had to be monitored. Since the differences from the
standard were small in all conditions (yielding d 0 values around 2.0), the same areas should be
activated by these conditions. The results of statistical parametric mapping (SPM99) indicate
that the relative level of activation depends on the attended dimension: colour-related areas
(in fusiform gyrus) responded more in the certainty-colour condition, shape related areas (in the
lateral occipital region) more in the certainty-shape condition. An intermediate level of activation
was found in these same areas for the uncertainty condition.

* Neural bases of the perception of 3-D structure-from-motion: insights from event-related
fMRI and attention modulation
A-L Paradis, J Droulezô, V Cornilleau-Përe© sô, J B Poline½ (IFR49, Centre MEG/EEGö
Hoª pital Pitië-Salpeª trie© re, 47 bd de l'Hoª pital, F 75651 Paris Cedex 13, France;
ô Laboratoire de Physiologie de la Perception et de l'Action, CNRSöColle© ge de France,
11 place Marcelin Berthelot, F 75005 Paris, France; ½UNAF/SHFJ/CEAöIFR49,
4 place de Gënëral Leclerc, F 91401 Orsay Cedex, France;
e-mail: Anne-Lise.Paradis@chups.jussieu.fr)

In a previous study, fMRI was used to investigate the cortical areas activated during the passive
viewing of a 3-D structure defined through motion parallax only. As motion parallax provides
visual information about shape and motion, we attempted to disentangle the respective influences
of 3-D motion and 3-D form on the observed activity, by using event-related fMRI and attention
modulation. Stimuli consisted of a dot-array pattern representing a 3-D surface oscillating in
depth. Across the experiment, the shape of the surface, its direction of oscillation, and the
repartition of dot colour were changing in a pseudo-random way. Subjects were instructed to
detect alternately the different types of transition events. The BOLD response was then analysed
depending on the type of transition that was viewed, or attended, by subjects. Overall, the attention
to 3-D motion highlighted dorsal areas only, whereas the attention to 3-D shape also elicited
activity in ventral areas. Moreover, the event-related analysis revealed areas that responded to
specific interactions between the viewed transitions and the task performed by subjects. In
conclusion, attention and transition events exert a strong modulation of the BOLD activity and
reveal differential response in areas that were confounded in passive viewing experiments.

* Electrophysiological and immunocytochemical characterisation of GABA receptors
in the retina of frog and turtle
L A Vitanova, H Wa« ssleô, P Kupenova, E Popova, S Haverkampô (Department of
Physiology, Medical University, G Sofiisky Street 1, BG 1431 Sofia, Bulgaria; ôMax Planck
Institute for Brain Research, Deutschordenstrasse 46, D 60528 Frankfurt, Germany;
e-mail: Vitanova@medfac.acad.bg)

The significance of the inhibitory processes for all visual functions is well established. At the
level of the retina, GABA is the main inhibitory neurotransmitter exerting its effects through
three distinct classes of receptors: the ionotropic GABAa and GABAc, and the metabotropic
GABAb receptor. The distribution of the GABAa and GABAc receptors in the frog and turtle
retina was studied immunocytochemically. The receptors were preferentially located in the inner
plexiform layer. The labels were punctate, indicating a synaptic clustering of the receptors.
Distinct, but weaker label was also shown in the outer plexiform layer. The GABAa and GABAc
mediated effects were studied by recording electroretinograms (ERGs) and applying specific
antagonists. Bicuculline, the GABAa receptor antagonist, produced a significant increase of the
ERG amplitude. Picrotoxin, when co-applied with saturating doses of bicuculline, caused a further
increase accompanied by a delay in the time course of the ERG. These picrotoxin effects were

114 Poster session: Retina and cortex



due to blocking of GABAc receptors. The putative GABAc receptor antagonist imidazole-4-acidic
acid (I4AA) failed to antagonise the GABAc receptor mediated inhibition and, in contrast,
appeared to be rather an agonist of the GABA receptors.

* Neurobiological correlates of motion coherence and transparency: A comparison of VEP
and fMRI results
R Kleiser, C S Konen, M Niedeggen, P Stoerig (Heinrich-Heine-Universita« t Du« sseldorf,
D 40225 Du« sseldorf, Germany; e-mail: kleiser@uni-duesseldorf.de)

Motion is analysed in different stages of the visual cortical system, which include the early
visual cortex (V1/V2) where local information is extracted, as well as extrastriate cortical areas
(eg V3/V5) which are engaged in the analysis of global characteristics. We examined the electro-
physiological and hemodynamic correlates of different global motion percepts. In a random-dot
kinematogram (RDK) a sequence of uncorrelated motion was released either by coherent (100%
pixels upwards), or by transparent (50% pixels upwards, 50% pixels leftwards) motion. The visually
evoked potentials (VEPs) recorded in ten subjects were characterised by a negative peak at 200 ms.
Its amplitude was significantly attenuated by transparent as compared to coherent motion. Our
fMRI findings (six subjects) were in contrast to this result because we saw more activity in the
transparent than in the coherent motion condition. This difference in activation was obtained
both in early (V1/V2) and in extrastriate (V3, V5, VIP, PO) cortical areas. Comparing the VEP
and fMRI data, we consider the extent to which the different methodological approaches account
for the discrepancy in the results.

* The fine structure of interhemispheric connections in areas 17, 18 of the cat
S V Alexeenko, S N Toporova, F N Makarov (Pavlov Institute of Physiology, Russian
Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia;
e-mail: sveta@va.usr.pu.ru)

Linking of the two visual hemifields needed for 3-D visual space reconstruction from flat cortical
representations relies on the callosal connections. Using the horseradish peroxidase microionto-
phoretic injection technique we have studied the callosal connections of single cortical columns
in areas 17, 18 of the cat. 3-D reconstruction of retrogradely labelled cell regions in both hemi-
spheres was performed. In the callosal recipient zone of both areas we found columns (i) not
receiving callosal inputs, (ii) receiving callosal inputs from cells that are in retinotopic corre-
spondence. Intrinsic connections of both types of columns extended up to 5 ^ 6 mm. In area 17,
labelled cells were mainly arranged in two parallel rows running approximately perpendicular to
the 17/18 border. Analysis of labelling in lateral geniculate nucleus laminae has led us to the
conclusion that type 1 columns are driven preferentially from the contralateral eye, and type 2
columns from the ipsilateral eye. However, only type 2 columns were found in 17/18 transition
zone, and they were driven preferentially by the contralateral eye. Thus, the linking of two hemi-
spheres is eye-specific. The scheme of callosal connectivity in areas 17 and 18 is presented.
[Supported by Russian Foundation for Basic Research Grant 00-04-49289.]

* Neuronal connections between area 19 and areas 17, 18 in the cat
S N Toporova, S V Alexeenko, F N Makarov (Pavlov Institute of Physiology,
Russian Academy of Sciences, nab. Makarova 6, 199034 St Petersburg, Russia;
e-mail: sveta@va.usr.pu.ru)

In the cat, callosal connections in areas 17, 18 link loci that are in retinotopic correspondence
in both hemispheres (Olavarria, 1996 Journal of Comparative Neurology 366 643 ^ 655; Alexeenko
et al, 2001 Perception 30 this Supplement). We tried to find out whether the same connectivity
rule is valid for connections between these areas and area 19. Using microiontophoretic injections
of horseradish peroxidase into single cortical columns (diameter of injection site 5250 mm) of
area 19 we investigated the distribution of retrogradely labelled cells in areas 17 and 18. Labelled
cell regions in areas 17, 18 of the same hemisphere were in retinotopic correspondence with
intrinsic labelled cell region of area 19. Labelling in the opposite hemisphere was found in
transition zone of areas 17/18 and near the border of areas 19/21. Since part of ipsilateral visual
hemifield is represented in the 17/18 transition zone, we conclude that interhemispheric connections
of area 19 with areas 17, 18 are in retinotopic correspondence also. Furthermore, we postulate
the existence of a transition zone between areas 19 and 21 (similar to the 17/18 transition zone).
[Supported by Russian Foundation for Basic Research Grant 00-04-49289.]
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* MT/MST responses to moving chromoluminant gratings
I Riecansky, A Thieleô, K P Hoffmann (Department of Zoology and Neurobiology, Ruhr
University Bochum, Universita« tstrasse 150, D 44780 Bochum, Germany; ôDepartment of
Psychology, University of Newcastle upon Tyne, Ridley Building, Claremont Place,
Newcastle upon Tyne NE1 7RU, UK; e-mail: iriec@neurobiologie.ruhr-uni-bochum.de)

As the question of chromatic input to the areas involved in motion processing has not yet been
satisfactorily answered, we recorded cell activity in areas MT/MST of three anaesthetised paralysed
macaque monkeys in response to moving chromoluminant sine-wave gratings. We modulated
from grey towards one of eight directions defined in the Derrington ^Krauskopf ^ Lennie colour
space. The chromatic contrast had a constant amplitude while the luminance modulation was
varied. In agreement with previous reports, the amount of luminance contrast greatly affected
the responses of cells in MT/MST. The response minima occurred close to photometric isolumi-
nance. Overall, we found no preference for particular directions of chromatic modulation, with
no indication for a difference in inputs from cones sensitive to long, middle, and short wave-
lengths. A psychophysical speed-matching task performed by human subjects did not reveal a
relationship that was consistent with our physiological data.We are currently investigating another
set of psychophysical tests as well as the velocity of eye movements elicited by these stimuli.

* Pathways in the analysis of biological motion: computational model and fMRI results
M A Giese, L M Vainaô (Center for Biological and Computational Learning,
Massachusetts Institute of Technology and Honda R&D Americas, 45 Carleton Street,
E25-206, Cambridge, MA 02139, USA; ôBrain and Vision Research Laboratory,
Department of Biomedical Engineering, Boston University, 44 Cummington Street,
Room 315, Boston, MA 02215, USA, and Harvard Medical School; e-mail: giese@mit.edu)

Biological motion stimuli contain motion and form information, and our previous studies of
neurological patients indicated that both pathways are involved in the processing of this type
of motion. But how do the ventral and the dorsal pathway interact during the recognition of
biological motion? We approach this question by combining fMRI experiments with computa-
tional modeling. We demonstrate that an explanatory hierarchical model for the recognition of
complex movements reproduces the activity distributions that are found in the human visual
cortex for tasks involving the discrimination of biological motion in kinetic point-light displays
portraying a human walker translating across an aperture subtending 10 deg in diameter. We
found that biological motion discrimination (walker or no walker) selectively activates cortical
areas in the temporal lobe (BA22 and BA38), the human homologue to the superior polysensory
area (STP) and the functional region named KO, showed previously to be specifically activated
on the discrimination of kinetically defined discontinuities. In addition, activation was also found
in common with activity produced by a control task, where subjects viewed the same kinetic
point-light displays but were only required to discriminate the direction of the ensemble of dots.
The two tasks activated the MT� and areas in the posterior parietal lobe, as well as portions of the
lingual gyrus. We have shown previously (Vaina et al, 1998 Proceedings of the National Academy of
Sciences of the USA 95 12657 ^ 12662) that these areas are also activated in optic flow stimuli.

The model consists of two hierarchical pathways with neural detectors that coarsely approx-
imate the response properties of neurons in the ventral and dorsal pathway. We tested the model
with the same stimuli that were also used in the fMRI experiments and calculated the average
activation in the different simulated cortical areas. Our comparisons between experimentally
measured and simulated activities show that both pathways are involved in the perception of
biological motion, and that a fusion of complex form and motion information occurs most likely
at the level of area STS. We interpret our results as evidence for a learning-based representation
of biological motion.
[LMV was supported by EY-2RO1-07861-10A2. MAG is supported by the Deutsche Volkswagen
Stiftung.]

VISUAL DEVELOPMENT
* Categorical similarity may affect colour pop-out in infants after all

A C Franklin, I R Davies (Department of Psychology, University of Surrey, Guildford
GU2 7XH, Surrey, UK; e-mail: A.Franklin@surrey.ac.uk)

Gerhardstein, Renner, and Rovee-Collier, 1999 British Journal of Developmental Psychology 17
403 ^ 420) reported an investigation of pop-out in infant visual search with targets differing in
colour from the distractors. They varied the perceptual distance between target and distractors
and their categorical relationship. Targets were either in the same category as distractors or in a
different category. At 4 months, infants showed increased pop-out as perceptual distance increased
but there was no categorical effect. Here we argue that their stimuli were not adequate to address
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these issues. Use of incandescent light rather than the normal illuminant C differentially affected the
perceptual differences among their stimuli, and there may have been an unintended category
boundary present in an intended within-category pair. These faults in the stimuli can account for
their results. They were aware of the possible consequences of using incandescent light and ran
a preliminary study on adults comparing category membership and perceived similarity among
their stimuli under incandescent light and illuminant C. The illuminant had no effect. We repli-
cated and extended their adult study and found there were effects of the illuminant and there
was also evidence consistent with the unintended boundary. Reasons for the discrepant results
are discussed and the requirements for a valid investigation outlined.

* Time-course of maturation of the magnocellular and parvocellular streams over the first
year of life as evidenced by visual evoked potentials (VEPs)
B Hammarrenger, S Lippë, M Royô, J Orquinô, J Guillemot, F Lepore (Department of
Psychology and Neuropsychology, University of Montrëasl, CP 6128, Succursale Centre-Ville,
Montrëal, Quëbec H3C 3J7, Canada; ôDepartment of Ophthalmology, Ste-Justine Hospital,
University of Montrëal, 3175 Coª te Sainte-Catherine, Montrëal, Quëbec H3T 1C5, Canada;
e-mail: hammarrb@magellan.umontreal.ca)

The aim of this study was to investigate the time-course of maturation of the magnocellular
and parvocellular pathways over the first year of life. We manipulated the contrast and spatial
frequency (SF) of phase-reversing sine-wave gratings, and recorded VEPs in 0 ^ 12 month-old
infants. This method permitted the dissociation of magnocellular and parvocellular pathways in
adults (Hammarrenger et al, 1999 ARVO). Peak-to-baseline amplitudes of components N1 and
P1 were analysed. At low SF (0.5 cycles degÿ1), P1 displayed a rapid gain in amplitude during the
first 4 months at each contrast, after which it levelled off. Conversely, N1 appeared after the first
4 ^ 5 months, and increased with age and contrast. At higher SFs (2.5 cycles degÿ1), P1 was
present at 3 ^ 4 months even at the lowest contrast, increased in amplitude with contrast, and
became asymptotic at the highest contrasts. As for N1, it was nearly absent at the lowest contrasts
until the end of the first year and showed only a robust response after 4 months at the highest
contrasts. The P1 component, with its high contrast sensitivity, probably reflects the response of
magnocellular cells, whereas N1, with its lower contrast sensitivity and optimal response at higher
SFs, the parvocellular activity. Therefore, our findings support studies suggesting that magnocellular
responses appear earlier and develop faster than parvocellular responses.

* Contour integration deficit in children suffering from Williams syndrome
I Koväcs, L Agnesô, A Fehër, M Racsmäny½, C Plëh½ (Laboratory of Vision Research,
Rutgers University, 152 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA;
ôLoränd Eo« tvo« s University, Egyetem-tër 1 ^ 3, POB 109, H 1364 Budapest V, Hungary;
½ Albert Szent-Gyo« rgyi Medical University, Dom tër 10, H 6720 Szeged, Hungary;
e-mail: ikovacs@cyclops.rutgers.edu)

Williams syndrome (WMS) is a developmental disorder where a relatively small genetic deletion
seems to result in severely impaired visual abilities. Behavioural studies mostly involve neuropsy-
chological tests of higher visual functions, and reveal, eg, a dissociation between spatial cognition
(impaired) and face processing (preserved). Gross anatomical studies reveal more pronounced
cortical volumetric reductions in parietal as compared to temporal areas indicating a dorsal/ventral
dichotomy behind the behavioural dissociation. However, the most severe volumetric changes are
found in the occipital lobe (Reiss et al, 2000 Journal of Cognitive Neuroscience 12 S65 ^ S73).
Occipital involvement is indicated also by cytoarchitectonic measurements: while most cortical
areas appear relatively normal, signs of abnormal neural connectivity have recently been discovered
in area 17 (Galaburda and Bellugi, 2000 Journal of Cognitive Neuroscience 12 S74 ^ S88). These
anatomical findings seem to call for studies addressing early levels of visual processing in WMS.

We studied early visual cortical processing in WMS by employing a contour-integration
task. The task involves the detection of a path of high-contrast Gabor signals embedded in a
random background of Gabor signals, and it is believed to be mediated by relatively low-level,
long-range spatial interactions. Typically developing children show an extended developmental
period in their ability to integrate orientation information across the visual field in this task
(Koväcs et al, 1999 Proceedings of the National Academy of Sciences of the USA 96 12204 ^ 12209).
WMS subjects in our study lag behind typical age-norms, and never reach typical adult performance
levels. This result supports the possibility of abnormal long-range spatial interactions and neural
connectivity in WMS visual cortex. The correlation between anatomical and behavioural data
in this case opens up a new dimension in the understanding of the neuroperceptual profile in
WMS; and it predicts that WMS subjects will encounter difficulties in tasks involving long-range
interactions and contextual integration.
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* Visual recognition in the structure of infant abilities
T B Riazanova, E Sergienko (Institute of Psychology, Russian Academy of Sciences,
129366 Moscow, Russia; e-mail: riazanova@psychol.ras.ru)

The question we tried to resolve was: when in ontogeny visual recognition (VR) is based on
visuospatial codes, and when it becomes linked with verbal processing? We used the data of a
longitudinal study with twenty infants aged 24 ^ 42 months tested every 6 months by Bayley
Scales of Infant Development (BSID-II). We analysed the test data in detail, grouping the tasks
by 12 subscales and extracting partial indexes which reflected different lines in development,
including VR. A typical VR task could be recognition of target picture among a set of different
pictures. Factor analysis showed complex changes in the composition of subscale indexes within
factor structures at these age-points. The most interesting were at 30 ^ 36 months. At 30 months,
VR index is linked in one factor with spatial extrapolation, at 36 months it forms a complex
factor with visuomotor coordinations, extrapolation, speech, and counting. At the age of
42 months we see only speech linked with VR, while other subscales become located within
different separate factors. So, our results imply that at the age of 30 months visual recognition is
based predominantly on visuospatial codes, while from the age of 36 months verbal processing
begins to play a significant role in this kind of tasks.
[Supported by Russian Foundation for Humanitarian Sciences Grant N99-06-00051, and Russian
Foundation for Basic Research Grant N99-06-80082.]

* Convergence of orientation cues in children's line copying
S K Boyles, A Davis, B De Bruyn (Department of Psychology, University of Surrey, Guildford
GU2 7XH, UK; e-mail: s.boyles@surrey.ac.uk�

Physiological and psychophysical findings suggest that cue-specific analyses of orientation sub-
sequently converge and that this convergence supports cue generalisation. For example, Berkley,
De Bruyn, and Orban (1994 Vision Research 34 209 ^ 216) showed that the tilt aftereffect transfers
between real, illusory, and motion contours. Here we report results of experiments that measure the
perpendicular bias in children's drawings. This bias refers to children's tendency to perpendicularise
the orientation of a copied line (testline) when another line (baseline), differing 458 in orientation,
is attached to it. We measured this performance error for three types of baseline: (i) luminance-
defined, (ii) illusory-defined (spatially shifting the two halves of a set of concentric circles), and
(iii) texture-defined (local line elements along the baseline orientation were orientated horizontally
whilst all other local line elements were tilted vertically). Children (age 4 ^ 6 years) were asked to
copy the luminance-defined testlines. When no baseline is present, children copy single testlines
within a few degrees either side. However, when the luminance baseline is attached, the testlines are
perpendicularised and this generalises, although to a lesser extent because of differences in contour
saliency, across orientation cues. The present experiments demonstrate orientation cue-invariance
for a functionally relevant task.
[Supported by ESRC Grant R000 238499.]
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