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The Perception lecture; Motion mechanisms | 1

MonNDAY
THE PEREPTION LECTURE

&  With colour in mind

A Cowey (Department of Experimental Psychology, University of Oxford,

South Parks Road, Oxford OX1 3UD, UK; fax: +44 1865 310 447;

e-mail: alan.cowey@psy.ox.ac.uk)
Focal brain damage can selectively impair colour naming, the use of colour words, short-term
memory for colours, and perhaps colour constancy. The focus of the effective lesions, as revealed
by structural magnetic resonance imaging (MRI), can now be correlated with extrastriate visual
areas as revealed by functional MRI. However, by far the most striking disorder of colour
processing caused by brain damage is cerebral achromatopsia, in which total loss of the perceptual
experience of hue follows destruction of ventro-medial cortex, centred on the collateral sulcus
and involving the rostral lingual and caudal fusiform gyri. Recent functional neuroimaging
experiments and behavioural experiments in monkeys indicate that cerebral achromatopsia follows
destruction of an area called V4 and V8 in the human brain and possibly analogous areas called
TEO and TE in monkeys. The simplest explanation for cerebral achromatopsia is that the lesion
destroys all extrastriate representation of the colour opponent, P, pathways, and that the puzzling
features of cerebral achromatopsia, such as the subject’s ability to detect chromatic boundaries
despite not perceiving the hues that create them, reflect the sensitivity to contours of the intact
broad-band and colour-blind M pathway. But recent studies of spectral sensitivity, detection of
coloured targets in random luminance masking, discrimination of the apparent direction of chro-
matic gratings, saccadic eye movements to coloured targets, and unimpaired motion slowing
with isoluminant chromatic gratings all suggest that in cerebral achromatopsia signals generated
by wavelength differences are still processed cortically. It is the experience of hue itself that has
been lost. Does this make cerebral achromatopsia like ‘colour blindsight’, as recently proposed?
Almost certainly not, because the achromatopsic subject is always aware of what he is discrim-
inating. The puzzle is why it is never coloured.

TUESDAY
ORAL PRESENTATIONS

MOTION MECHANISMS I
&  Motion processing: from elementary signals to global organisation
O Braddick (Department of Psychology, University College London, Gower Street,
'London WCIE 6BT, UK; fax: +44 171 380 7576; e-mail: ucjtsol@ucl.ac.uk)
Twenty years ago, the main focus of visual motion research was on the nature and limits of the
elementary motion-detecting mechanism(s). Newer work has been concerned with processes which
integrate elementary motion signals for a variety of perceptual and visuomotor purposes. Evidence
from primates, human neuropsychology, and functional imaging points to the role of extrastriate
areas in this integrative processing. I discuss a number of aspects of integrative motion processing,
including: (i) the detection of coherent global motion in the face of noise; (ii) the parsing of velocity
distributions in space, to yield moving objects and surfaces, including transparency; (iii) interactions
between local motions and between global motions in different directions; (iv) global motion
processing as a signature of the dorsal cortical stream.

¢  Computing motion in the presence of static pattern

A Johnston, P W McOwan, C P Benton (Department of Psychology, University College

London, Gower Street, London WCIE 6BT, UK; fax: +44 171 436 4276;

e-mail: a.johnston@ucl.ac.uk)
In natural scenes we are often faced with the problem of computing motion when moving and
static patterns are additively combined, as when viewing a scene through a smeared car window.
In general, in these instances of motion transparency, the perception of motion is little affected
by the presence of static pattern. However, most models of motion perception are seriously
compromised by the addition of static pattern. Subtraction between neurons tuned to opposite
directions of motion, as in the opponent-energy stage of the motion-energy model, should alleviate
the effects of superimposed static pattern but the contrast normalisation stage of this model is
sensitive to static pattern and thus the final computation can be compromised. Gradient methods
typically deliver the component of motion in the direction of the image gradient which may
well be dominated by the static pattern rather than the image motion. The inclusion of a band-
pass or high-pass temporal filter prior to motion analysis—another possible strategy—would reduce
sensitivity to slow movement. An approach to motion computation based on calculating the change
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in image luminance within an image region and the flow of luminance over the boundary of the
region in a specified temporal interval is described and generalised to deal with more complex
patterns. This method is found to be robust to the addition of static pattern.

€  Spatiotemporal effects and individual differences in motion induction

A Gorea, L Fyda (Laboratoire de Psychologic Expérimentale. Université René Descartes

et CNRS, 28 rue Serpente. F 75006 Paris. France: fax: +33 1 40 51 70 85:

e-mail: gorcaf@ext jussicu.fr)
Motion induction was assessed as a function of (i) the temporal delay between test and inducers
and (ii) the position of the latter relative to the directional axis of the test. ic displaced along or
orthogonal to it. Temporal delay (SOA) effects should reveal the temporal course of the excitatory’
inhibitory processes underlying motion induction. Dependence on the spatial relationship referred
to would bear on the (an)isotropy of the underlying motion receptive field (MRF).

Obscrvers had to specify the direction of a central quasi-counterphase harizontal grating
whose ambiguous direction could be biased by manipulating the contrast balance between its
two opposite-direction components while keeping their geometrical mean at 25 This balance
was monitored by an adaptive procedure set to converge on the 50", up down responses. Two
or four non-ambiguously drifting flankers (80"{ contrast) extended the test pattern vertically
(parallel flankers). horizontally (collincar flankers). or both (parallel 4 collincar). Test and flankers
were matched in spatial frequency (1 cycle deg™), speed (2 or 10 deg s7'). size (1 or 4 deg). and
duration (500 ms). SOA was varicd between —666 ms and +500 ms

Surprisingly, obscrvers split up into two groups showing either motion contrast. or motion
assimilation under most of the experimental conditions. Motion contrast decayed more rapidly for
positive than for ncgative SOAs implying weaker backward than forward inhibition from the
surround. Collinear and parallel configurations yielded equivalent effects. suggesting an isotropic
MRF; and about twice weaker than their combination. supporting the notion of a lincar MRF,
Motion contrast increased with speed but. curiously. did not change into assimilation for 1 deg stim-
ulus sizes. ‘Motion assimilation observers” behaved much less consistently suggesting the involvement
of fluctuating responsc strategies. Motion induction might not be a purely visual phenomenon

& Arcas within and beyond the visual cortex differentially activated by coherent visual motion

and dynamic noise

J M D O'Bricn. O J Braddick. T Hartley. J Atkinson. J Wattam-Bell. R Turner® (Visual

Development Unit. Department of Psychology, University College London. Gower Street.

London WCIE 6BT, UK: ¥ Wellcome Department of Cognitive Neurology. Institute

of Neurology, University College London. 12 Queen Square. London WCIN 3BG. UK:

fax: +44 171 380 7576: e-mail: justin.o'brien‘ ucl ac uk)
Dectection of coherent motion vs noise is increasingly being used as a way of investigating global
motion processing. To localise the brain mechanisms involved in this performance. fMRI tech-
niques were used to compare brain activation during viewing of coherently moving random dots
with that during viewing spatially similar dynamic noise Rates of reversal of coherent motion and
coherent-motion velocities (5 vs 20 deg s7') were also compared Differences in local activation
between conditions were analysed by statistical parametric mapping

Greater activation by coherent motion compared to noise was found in arcas thought to be
human V5 and V3/V3A, but not in V1. In addition. there were foci of activation outside classically
visual arcas: decp in the superior temporal sulcus: deep in the intraparietal sulcus: and in the
region of corpus callosum/cingulate cortex. Thus. coherent-motion information. presumably
transmitted through the dorsal visual pathway, has distinctive effects over a wide range of brain
structures. The rate of motion reversal showed only weak effects in motion-sensitive areas
In two out of three subjects. VI was better activated by noise than by coherent motion,

possibly reflecting activation of neurons with a wider range of motion sclectivitics. This was at a
more anterior location in the comparison with the faster velocity. suggesting that 20 deg s™'
motion is beyond the velocity range of VI representation of central visual field
[Supported by MRC Grant G79 08 507 and the Wellcome Trust ]

&  What is noise for the motion system: a fMRI study
M O Scase, M A HorsfieldY, D J Wilcock§. W S S Karwatowski# (Department of Human
Communication, De Montfort University, Leicester LE7 9SU, UK: € Department of Medical
Physics, Leicester University. Leicester LEI 5SWW, UK: § Department of Radiology. Leicester
University, Leicester LE1 SWW, UK: # Department of Ophthalmology. Leicester Royal
Infirmary, Leicester LE1 SWW, UK: fax: +44 116 257 7708: e-mail- mscasc’e dmu ac.uk)
Random-dot kinematograms are popular stimuli in psychophysical research as a performance
mcasurc of visual motion sensitivity. Investigators have. however. defined in two main ways how
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‘random’ dots should move: dots might be moved in a random direction with a random displace-
ment—‘random position noise’, or in a random direction with a fixed displacement—‘random
walk noise’. Motion coherence thresholds measured with these noise types are similar (Scase et al,
1996 Vision Research 36 2579 —2586) although the stimuli appear different.

We assessed whether these noise types excited different brain regions revealed by functional
magnetic resonance imaging (fMRI). Stimuli consisted of blocks where subjects viewed a blank
screen for 16 s (‘off” condition) followed by 16 s of moving random dots (‘on’ condition). Separate
experimental runs were performed for random position noise and random walk noise. The display
subtended 11.3 deg by 8.9 deg; dot density was 8 dots deg™> and dot displacement for random walk
noise equivalent to 6.6 deg s~'. Haemodynamic brain changes were measured by fMRI techniques
on five subjects. Activation differences were analysed by times-series regression modelling. Random
position noise and random walk noise both activated occipital cortex. Direct comparison of the
two noise types with stimuli where the off condition was random position noise and the on
condition was random walk noise revealed greater extrastriate activation with random walk noise
(probably corresponding to human V5). We conclude that although motion-coherence thresholds
measured with these two noise types are similar, different brain areas are being activated.

HIGHER-ORDER MOTION
¢  Yirst-order, second-order, and third-order motion systems
G Sperling (Department of Cognitive Sciences and Psychobiology, University of California
at Irvine, Irvine, CA 92697, USA; fax: +1 949 824 2517; e-mail: sperling@uci.edy;
WWW: http: //www.socsci.uci.edu/HIPLab)
This focussed review of computational theories of the psychophysics of human motion-direction
discrimination begins in the 1980s with the introduction of Fourier, Reichardt, and motion-energy
models by Watson and Ahumada, van Santen and Sperling, Adelson and Bergen, and others for
what is now regarded as first-order motion.

Exceptions to first-order motion theories were noted by Braddick, Cavanagh, Derrington,
Koenderink, and many others. Chubb and Sperling (1988) used drift-balanced stimuli to derive a
formal theory to differentiate Fourier from non-Fourier motion phenomena (now called first-order
and second-order motion). Lu and Sperling (1995) proposed a functional architecture of motion
perception that further incorporated a third-order motion system.

All three motion systems receive an input that is a function of x, y, ¢, and all utilise a similar
motion-energy algorithm. The inputs are: for first-order, point-contrast (the deviation of point
luminance from mean luminance); for second-order, local feature density (the output of circularly
symmetric ‘texture grabbers’); for third-order, local salience (whether x, y, ¢ is figure or ground).

Besides the type of stimuli processed, characteristics that differentiate the systems are: temporal
cutoff frequency (first and second 10-12 Hz, third, 3—5 Hz), eye of origin (first and second are
monocular, third is indifferent to alternation of stimuli between eyes); and the selective effects of
brain lesions, gain-control, motion adaptation, attention (influences only third order), and which
nonmotion tasks interfere with motion perception.

A phase independence paradigm in which superimposed same-direction motion stimuli cancel
each other when they are processed in the same motion system is used to establish system
independence. Finally, successful resolutions of some challenges to the three-systems theory are
considered as well as its relation to the subsequent presentations.

¢  Direction-specific modification of first-order-motion-evoked optokinetic eye movement

by second-order motion

L R Harris, A T Smith" (Department of Psychology, York University, Toronto,

Ontario M3J 1P3, Canada; Y Department of Psychology, Royal Holloway College,

University of London, Egham TW20 0EX, UK; fax: +1 416 736 5814;

e-mail: harris@yorku.ca; WWW: http: //www.yorku.ca/dept/psych/people/faculty/harris/)
A previous study (Harris and Smith, 1992 Visual Neuroscience 9 565) has suggested that second-
order motion is ineffective at driving optokinetic nystagmus (OKN) when presented alone. We
recently reported (Harris and Smith, 1997, ARVO) that second-order motion can nonetheless
attenuate the optokinetic response to simultaneously presented first-order motion moving in the
opposite direction. Is this influence limited to attenuation or can OKN also be facilitated by
second-order motion?

Dynamic random noise was used as a carrier for first-order and second-order drifting gratings
(134 deg s7'; 0.25 cycle deg™'; 64 deg x 48 deg screen viewed at 28.5 cm). Second-order motion of a
grating was defined by modulation of the flicker frequency of noise pixels of constant contrast
(50%). Simultaneously a first-order, luminance-defined grating (13.4 deg s7!; variable contrast from
4% —50%) was moved in either the opposite, same, or orthogonal direction. Eye movements were
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recorded by video-oculography from seven subjects as they tried to maintain their gaze straight
ahcad. The gain (eye velocity/stimulus velocity) of first-order-motion-evoked OKN increased
with contrast, as expected. The presence of flicker-defined second-order motion in the opposite
direction attenuated this OKN to close to zero below a first-order contrast of 25% although
it had little effect at higher contrasts. When first-order and second-order motion were in the
samc dircction, there was an enhancement of the OKN response in the same range of first-order
contrasts. Orthogonal movement had no consistent effect. We conclude that although second-order
motion is incflective at evoking OKN it can modify the optokinetic response to simultancously
presented first-order motion.

€  Shape from lincar but not nonlinear motion

R F Hess, L Ziegler (McGill Vision Resecarch, Department of Ophthalmology, McGill

University, 687 Pinc Avenue West, H4-14, Montréal. Québec H3A 1A1, Canada:

fax: +1 514 843 1691; e-mail: rhess/@ bradman.vision.megill.ca)
Both motion and stercopsis are subserved by lincar as well as nonlinear (second-order) mecha-
nisms. We have recently argued that while nonlincar mechanisms can signal both signed and
unsigned local depth, they nonetheless make no contribution to shape-from-depth processing
[Zicgler and Hess, 1997 Investigative Ophthalmology & Visual Science 38(4) $906). Is the same
true for shape-from-motion?

We used a 2AFC paradigm where each trial consisted only of the motion (lincar or non-
lincar) of a random array of micropatterns. The screen location of each micropattern was as if
from a point on a fixed surface. shaped as a sinusoid in depth. Two frames simulated viewer
motion left and right. Observers had to detect monocularly orientation of the shape, either left
or right oblique. Local linear motion was obtained by the displacement of Gaussian blobs. Non-
lincar motion was achicved by either displacing only the contrast envelope of Gabor micropat-
terns or by also alternating their carrier frequency (x4) between frames. Judgments were made
over a wide range of simulated corrugation depths.

Shape perception was effortless (100% correct) between the well-defined limits of D, and
D, when defined by lincar motion. It was impossible. however, when defined by either type of
local nonlincar motion: performance levels were at chance across the entire range of depths.
Surface shape, defined either by disparity or by motion. is luminance-based. that is not sup-
ported by the nonlincar processing stream.

&  Dichoptically cancelled pattern-motion is visible
J A Solomon, M J Morgan (Department of Visual Science, Institute of Ophthalmology,
University College London, Bath Street, London EC1V 9EL, UK: fax: +44 171 608 6846;
e-mail: j.solomon(@ ucl.ac.uk: WWW: http://vision arc.nasa.gov/personnel/jsolomon)
A monocularly viewed figure composed of slashes (/) against a ground composed of back-slashes
(\) can be dichoptically cancelled by simultancously presenting a complementary figure composed
of back-slashes against a ground composed of slashes to the other eye. In brief displays both figure
and ground appear as Xs, yet the figure can be located [Kolb and Braun. 1995 Nature (London)
377 336-338; Morgan, Mason, and Solomon. 1997 Nature (London) 385 401-402]. Here we
report that monocularly viewed motion of a pattern defined by slashes and back-slashes is visible
even when dichoptically cancelled by a pattern of back-slashes and slashes in the other eye.
Thus the visual system can extract motion information between stages of oriented filtering and
binocular combination.

€  On the combination of local motion signals in motion-defined gratings

J M Zanker, T Worrall (Centre for Visual Sciences. RSBS. Australian National University.

PO Box 475, Canberra, ACT 2601, Australia: fax: +61 6 2 6249 3808;

e-mail: johanncs.zanke@anu.eduau: WWW: hitp://cvsanu.edu au/johannes/johannes html)
Gratings that arc defined by motion are powerful tools for investigating how local motion signals
arc combined in the human visual system, similar to luminance-defined gratings in the study
of spatial vision. To produce such gratings, local motion signals are usually generated by the
continuous displacement of randomly distributed dark and bright dots occurring with equal
probability, which leads to a broad spatial-frequency spectrum. We performed experiments with
sparse dot patterns, in which the lifetime of each dot. ie the duration of each individual trajectory
contributing to the motion-defined pattern, as well as the spatial-frequency content of the local
motion signals, can be controlled.

In our experiments, sets of randomly distributed dots moved in a vertical direction. The
speed of each dot was determined by a cosine function producing motion-defined sinusoidal
gratings, which could have a variable spatial-frequency orientation and direction of motion. The
dots moved along continuous trajectorics throughout the complete sequence. or were replaced
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after four frames (‘limited lifetime’). The subjects had to decide in a 2AFC paradigm whether
they saw horizontal or vertical gratings (orientation task), or whether a vertical grating was
moving to the right or to the left (direction discrimination). Our initial experiments indicate that
performance is decreased by reducing the number of frames, as well as by limiting dot lifetime.
When the dot density is increased, discrimination performance improves, without a clear shift
of spatial-frequency tuning. These results suggest that the integration of motion information
along the trajectory of an individual dot, as well as between dots, in space and in time, determines
the visibility of motion-defined gratings.

EYE MOVEMENTS AND MECHANISMS
&  Comparison of pupil responses in man and monkey
J L Barbur, PD R Gamlin¥], J A Harlow, G Wood, J E Wolf (Applied Vision Research Centre,
City University, 311 —321 Goswell Road, London EC1V 7DD, UK; ¥ Vision Science Research
Center, University of Alabama at Birmingham, AL 35294, USA; fax: +44 171 477 8355;
e-mail: johnb@city.ac.uk; WWW: http:/ /www.city.ac.uk/visionsciences/index.html)
Pupil responses to increments/decrements in light flux and to equivalent illusory stimuli perceived
to be brighter or dimmer than the surrounding background have been measured and compared in
six human subjects and two rhesus monkeys. The illusory stimuli (O’Brian—Cornsweet illusory
patterns) were generated by using boundary luminance gradients that do not cause an overall
increment/decrement in light flux. Differences between increments and decrements and the effect
of flash contrast and duration have also been investigated. For each stimulus condition we have
averaged 36 traces. The stimuli were uniform discs of 6-deg radius presented centred on the fovea
or peripheral annuli of mean radius 7 deg of equal light flux change.

The averaged pupil responses were then scaled for equal response amplitude and compared
for differences in response latency. The results show that for the level of light adaptdtion
employed, pupil response latencies remain independent of pupil constriction amplitude for all
contrasts and flash durations investigated. Similar responses were obtained for the rhesus monkeys,
but the corresponding pupil onset response latencies were found to be some 80 to 100 ms shorter
and the recovery from constriction was more rapid than equivalent human responses. Comparison
of pupil responses obtained for foveal and peripheral stimuli equated for light flux change show
identical response latencies and amplitudes. Pupil light-reflex responses were also absent when
illusory bright or dark discs were employed. The results suggest that when large, achromatic,
uniform flashes are employed, the principal parameter that drives the pupil light-reflex response
is the light-flux change.

&  Spatial localisation of double flashes during smooth-pursuit eye movement II:

Action-oriented response

R Nijhawan, S Shimojo (Computation and Neural Systems, California Institute

of Technology, 139-74, Pasadena, CA 91125, USA; fax: +1 626 844 4514;

e-mail: romi@percipi.cattech.edu; WWW: http:/neuro.caltech.edu)
Observers pursued a dot moving from left to right at 5.6 deg s™' while an LED first produced
a brief red flash and 400 ms later produced a second green flash. On separate trials observers
were asked to position their right index finger to the perceived location of either the first or the
second flash. Consistent with their perception (see part I), observers pointed to distinct locations
for the two flashes. Intriguingly, observers placed their finger on the same side of the LED, but
at a considerably greater distance from the LED for the first flash than for the second.

Since observers responded after the second flash, the elapsed time between the first flash
and the response was greater than that between the second flash and the response. To test
whether the elapsed time between the flash and response was critical, observers were presented
with only one flash and were asked to respond with their finger pointing either immediately
upon seeing the flash, or to wait till an audible click (50, 100, 200, or 400 ms after the flash) was
presented. As predicted, the later the click occurred, the larger was the separation between the
actual location of the flash and the finger position.

Recently, Nijhawan et al (1998 Cognitive Neuroscience Society Abstracts) reported that when
an LED attached to the observer’s invisible finger is flashed once, while the observer pursues a
moving dot, the flash appears shifted in the direction of pursuit relative to proprioceptive finger
position. We claim that this method produces a displacement of the flash that is an absolute
minimum as it is due to neural delays in the processing of the flash. Thus, these displacement
effects depend not only on the time that elapses before the flash is visible but also afterwards.
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€ A hybrid system for scene analysis with saccadic eye movements: learning of feature relations
K Schilt, E Umkehrer, S Beinlich, C Zetzsche, H Deubel ¥, E Poppel (Institut fiir Medizinische
Psychologie, Ludwig-Maximilians-Universitit Miinchen, Goethestrasse 31, D 80336
Miinchen, Germany; § Institut fiir Psychologie, Ludwig-Maximilians-Universitit Miinchen,
Leopoldstrasse 13, D 80802 Miinchen, Germany; fax: +49 89 5996 615;
e-mail: kerstin@imp.med.uni-muenchen.de)
We propose a model for a higher-level cognitive stage of scene analysis with saccadic eye move-
ments. This mode! is embedded in a research project, in which a complete sensorimotor system
for saccadic eye movements is investigated. The suggested model is derived from a combination
of a knowledge-based approach with a preprocessing stage which is based on the behaviour of
linear and nonlinear neurons in the visual cortex.

In contrast to the common view in ‘computational vision’, the knowledge representation is
determined not only by afferent image features, but also by the motor action, ie by the eye
movements. The elementary unit of representation corresponds to a single eye movement, and is
defined by the presaccadic image feature, the postsaccadic feature, and its relative position to
the former one measured on a qualitative scale. Each individual eye movement thus provides a
certain degree of evidence for the present scene.

The resulting scene-analysis system is able to learn links between eye movements and scenes,
builds up knowledge about already analysed scenes, and calculates in each step the eye movement
which has to be made in order to reach a maximum of information about the scene. The information
gain is calculated with a parallel strategy which is suitable for adaptive reasoning. The output
of the system is a fixation sequence and a hypothesis about the scene. The results of our system
are compared with results of psychophysical experiments on saccadic eye movements.

[Supported by a grant of the DFG - SFB Sensomotorik 462, project Poppel/Schill])

@  Gaze accuracy, under natural conditions, declines as the clarity of vision improves

R M Steinman, T I Forofonova, § Bogacz, J Epelboim® (Department of Psychology,

University of Maryland, College Park, MD 20742-4411, USA; ¢ Center for the Study

of Language and Information, Stanford University, Stanford, CA 94304-4115, USA;

fax: +1 301 314 9566; e-mail: steinman@ brissun.umd.edu)
We explored the domain first visited by Epelboim et al (1995 Vision Research 35 3401 - 3422; 1997
Vision Research 37 2597-2607) in which gaze was measured under natural conditions with the
Maryland Revolving Field Monitor. Its goal was to determine how the clarity of vision affects
manipulations requiring considerable visuomotor skill.

The gaze of an unrestrained subject, RMS (one of the authors), who at 70+ years of age no
longer accommodates to ncarby objects, was recorded with exceptional accuracy as he tapped 4
LEDs with a 1.5 cm long by 2 mm diameter rod cemented to a thimble worn on his index
finger. This tapping task was hard. Its difficulty was varied by tapping: (a) with uncorrected vision,
leaving vision fused, but blurred; (b) with contact lenses, permitting clear vision very ncar the
eyes (10-20 cm), or relatively far, but within arms’ reach (25-50 cm). The ‘near’ contacts made
RMS a myope. He brought his eyes very near the targets as he tapped. The ‘far’ targets afforded
clear vision within arms’ reach. Mean cyclopean gaze accuracy was 3 deg without optical correc-
tion, 4 deg with ‘far’, and 6 deg with ‘ncar’ contacts. Correcting vision facilitated performance:
dwell times before taps fell from 2.25t0 1.9 s.

Secing better makes hard-tapping easier but gaze less accurate. So, gaze-accuracy is adjusted
to match task demands, no better. These sensible, but unexpected, findings are under study in a
second presbyope and in a young myope wearing contacts preventing clear vision beyond 20cm.

&  Influence of occlusion and depth cues in saccadic localisation

D Vishwanath, E Kowler, J Feldman (Department of Psychology, Rutgers University,

New Brunswick, NJ 08903, USA; fax: +1 908 445 2263; e-mail: dhanraj@ruccs.rutgers.edu)
The perceptual system can infer the layout and shape of surfaces in 3-D from cues in the
monocular image. Does the oculomotor system have access to a representation of these perceptually
inferred surfaces?

In a series of experiments we studied the effect of occlusion and perspective cues on the
saccadic localisation of simple shapes. Targets were triangles, quadrilaterals, and simple curvilincar
shapes. Subjects tried to saccade to the perceptually inferred shape behind an occluder. Saccades
directed to a full, unoccluded triangle landed near the centre of gravity. Saccades directed to the
inferred triangle behind the occluder landed near the centre of the visible fragment, even though
perceptually it appcared as a full triangle behind occluders. Contour completion cues were
more effective: saccades to curvilinear blob fragments separated by occluders landed necar the
centre of the completed blob. Landing positions for quadrilaterals were biased to the centre of
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gravity of the surface inferred in depth. We conclude that the saccadic system is sensitive to
some but not all cues that recover surface structure. The visual representations that guide saccades
may be more sophisticated than often assumed, but not identical to perceptual representation.

CONTRAST DETECTION AND ADAPTATION
&  Template learning model predicts effects of fixed versus random noise in visual signal detection
B L Beard, A J Ahumada Jr (NASA Ames Research Center, Mail Stop 262-2, Moffett Field,
CA 94035, USA; fax: +1 650 604 1327; e-mail: tlbeard@mail.arc.nasa.gov;
WWW: http: //vision.arc.nasa.gov/ ~tina)
In two-interval forced-choice detection, using the same (Twin) noise sample in both intervals,
but changing it on each trial, elevates thresholds compared to always using the same (Fixed)
noise sample (Beard and Ahumada, 1997 Optical Society of America Annual Meeting, Technical
Digest Series 11). Our image discrimination models (Ahumada and Beard, 1997 Journal of the
Optical Society of America A 14 2471-2476) do not predict this difference. Watson et al (1997
SPIE Proceedings 3016 1—11) refer to this difference as ‘entropy’ masking, relating it to the degree
to which the mask is unknown. We present a template learning model similar to that used for
auditory signal recognition (Jakowatz et al, 1961, in Information Theory Ed. C Cherry). On each
trial, the observer correlates templates with the signals to determine the response and updates the
templates with the signals. In addition to internal sensory noise, the model includes memory/
decision noise (McIlhagga and Pisikkdnen, 1997 Perception 26 Supplement, 3). The model predicts
the difference between Fixed and Twin noise conditions and the additional threshold elevation that
results from using a new random sample for every stimulus.

&  Contrast detection and positional coding of collinear lines
B Dresp, B BreitmeyerY, C Bonnet (LPS, EP 618 du CNRS, Université Louis Pasteur,

10 rue Goethe, F 67000 Strasbourg, France; § Department of Psychology, Rice University,
Houston, TX 77251-1892, USA; fax: +33 3 88 35 82 46; e-mail: bee@currif.u-strasbg.fr)
Various psychophysical studies have shown that the contrast detection of line targets is facilitated
by spatially separated, collinear, suprathreshold inducing lines or edges. This particular case of
detection facilitation is now referred to as ‘spatial facilitation’ (Yu and Levi, 1997 Vision Research
37 3117 —3127; Wehrhahn and Dresp, 1998 Vision Research 38 423 —428). It is still unclear whether
the visual mechanisms underlying spatial facilitation with collinear stimuli are connected to those
underlying the visual coding of the relative spatial position of the target line with regard to the

inducing line.

We approached this question in psychophysical experiments with human observers measuring
@) the effect of the lateral separation of a line target and two collinear inducing lines on spatial
facilitation, and (ii) the positional threshold at which a lateral displacement (to the left or to
the right) of one of two inducing lines is detected. The length of the line stimuli, their spatial
separation, and the exposure duration (30 ms) were identical in the two tasks.

The results show that spatial facilitation disappears at a lateral separation between target
and inducers that corresponds exactly to the spatial position where a lateral displacement
between the two inducing lines is detected. The finding suggests that spatially induced detection
facilitation and positional acuity have common underlying mechanisms. The extent to which these
mechanisms may involve long-range interactions between cortical detectors is discussed.

&  The effect of photon noise on increment detection thresholds

A J Reeves, S Wu (Department of Psychology, Northeastern University,

360 Huntington Avenue, Boston, MA 02115, USA; fax: +1 617 373 8714,

e-mail: reeves@neu.edu; WWW: http: //www.psych.neu.edu/ ~Reeves)
The theory that increment thresholds in vision are elevated by the randomness of photons generated
by the adaptation field (‘photon noise’) was advanced by Krauskopf and Reeves (1980 Vision
Research 20 193 -196) and by Reeves, Wu, and Schirillo (1998 Vision Research 38 691—702). This
theory, which is supported indirectly by studies of retinal-ganglion-cell discharge variability in
cats (Troy and Robson, 1969 Visual Neuroscience 9 535—553), was elaborated in the present study
to include photon noise from the test. Noise from the 200 ms, 1.3 deg test was minimal in the
standard increment detection task (control), but was appreciable in a grating perception task.
Field noise was varied by varying field intensity from 0 to 4 log td. Thresholds were measured
on the steady adapting field and 0.2 s after the start of dark adaptation. We conclude that
() visual gain is inverse with the square-root of field intensity, (i) thresholds are otherwise
limited by noise from the field and the test, and (iii) the drop in threshold at the start of dark
adaptation can be explained by the abolition of photon noise from the field, without having to
assume any recovery in visual gain during this short period at all.
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4  Contrast adaptation and visual search for colour
M A Webster, G Malkoc, V E Raker (Department of Psychology, University of Nevada. Reno,
NV 89557, USA; fax: +1 702 784 1126; e-mail: mwebster@ scs.unr.edu)
Contrast adaptation strongly affects colour perception by reducing sensitivity to the ambicnt
stimulus, yet the functional consequences of these sensitivity changes are poorly understood.

We examined the role of contrast adaptation in a naturalistic ‘foraging’ task designed to
mimic the problem of finding a fruit among foliage. A circular 0.5-deg target was presented
against a dense background of ellipses. The luminances and chromaticities of the ellipses were
chosen from a single colour—luminance axis (eg bright red to dark green), or were drawn from
empirical colour distributions measured for natural outdoor scenes (which typically show a strong
bias along specific colour - luminance axes). The targets included a wide range of contrasts and
colour —luminance directions. Reaction times were measured for detecting the location of the
target, which was presented at random positions to the left or right. Adaptation effects were
assessed by comparing search times before and/or after subjects viewed successive random sam-
ples of the background distribution or a distribution that varied along a colour - luminance axis
orthogonal to the background distribution. Search times varied from high values for targets
within the distribution (where they are detected by a serial search for form) to asymptotically
low values for targets far removed from the distribution (where targets pop out). For targets
yielding intermediate reaction times, adaptation to the appropriate (background) axis facilitates
search, while adaptation to the inappropriate (orthogonal) background impedes search. Contrast
adaptation may therefore function to increase the salience of novel stimuli by partially discounting
the ambient background.

¢  Differences in perceived contrast in patterns with identical Fourier amplitude spectra

C P Benton, A Johnston (Department of Psychology, University College London.

Gower Street, London WCIE 6BT, UK: fax: +44 171 436 4276; e-mail: c.bentonf@ ucl.ac.uk)
It has been proposed that perceived contrast is dependent upon the output of bandpass-filtering
operations. If this model is correct then two patterns with identical Fourier amplitude spectra
should have the same perccived contrast. We tested whether this was the case by using noise
patterns consisting of luminance levels that were not symmetrically distributed around mean
luminance (/). Such patterns can have identical expected amplitude spectra but may differ widely
in their luminance distributions. Our top-biased noise patterns contained luminance levels of
I; + 2x and [, — x (where x is positive). The probability of each luminance level occurring was
adjusted so that thc mecan luminance was /. For our bottom-biased patterns. the sign of x was
reversed. Subjects matched the contrast of two patches of noise. a standard noise patch and a
test noise patch. The standard patch consisted of either top-biased or bottom-biased noise and
had a root mean square contrast (Cpps) of 0.6, 0.5, or 0.4. The test patch contained unbiased
binary noise (evenly distributed around mean tuminance). For the test patch, matching Cyyys was
determined by an adaptive method of constants procedure. The two patches were presented
adjacent to onc another. Each patch was 5.89 deg x 5.89 deg square. noise check size was
276 min of arc, and I, was 374 cd m™2. Our results showed that the bottom-biased noise
appcarcd to have a higher contrast than the top-biased noise. These data may be successfully
modelled by proposing a nonlinearity prior to bandpass lincar filtering.

FACE PERCEPTION
4  From perception to recognition of faces: the missing link

V Bruce (Department of Psychology, University of Stirling. Stirling FK9 4L.A, UK;

e-mail: vicki.bruce@ stir.ac.uk)
In this talk I bricfly describe the evolution over the past twenty years of a theoretical framework
for understanding human face recognition. T argue that for the majority of this period our under-
standing of the cognitive processes of face recognition was in advance of our understanding of
face perception. Recently there has been a rapid increase in understanding of perceptual processing
of faces, and the similaritics and differences between perception of faces and other visual objects.
However, the link between accounts of face perception and those of face recognition is still relatively
weak. Recent modelling work by Mike Burton, Peter Hancock. and myself (Burton. Bruce, and
Hancock “From pixels to people: a mode! of familiar face recognition” Cognitive Science in press)
has explored the marriage of a principal components analysis ‘front end’ for representing face
patterns with an interactive activation and competition ‘back end’, with promising results. However,
there remain many unsolved problems, including the intriguing and forensically important one of
the difference between the perception and representation of unfamiliar and familiar faces.
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&  Configural encoding of facial expression

A J Calder, AW Young¥, J Keane (MRC Applied Psychology Unit, 15 Chaucer Road,

Cambridge CB2 2EF, England; § Department of Psychology, University of York,

Heslington, York YO1 5DD, UK fax: +44 1223 359 062;

e-mail: andy.calder@mrc-apu.cam.ac.uk;

WWW: http: //www.mrc-apu.cam.ac.uk/personal/andy.calder/)
Composite facial expressions were prepared by aligning the top half of one expression (eg anger)
with the bottom half of another (eg happiness) posed by the same model. As a control condition
noncomposite images were used; these were identical to the composites except that the top and
bottom segments were misaligned horizontally. When asked to identify the expression shown in
the top (or bottom) segments of these images, subjects’ response times (RTs) were significantly
slower for the composite condition. This result parallels the composite effect for facial identity
shown by Young, Hellawell, and Hay (1987 Perception 16 747-1759), and is consistent with the idea
that facial expressions are processed configurally (or holistically). In experiment 2, we showed that
the same composite effect is found when the two face halves are different models posing different
expressions, but not when if they are different models posing the same expression. In experi-
ment 3 subjects were presented with composite faces in which expression, identity, or both were
incongruent across the two face halves. When the subjects were asked to identify the person
shown in the bottom half of these images, their RTs were significantly slower when the incon-
gruent attribute was identity. However, when the subjects were instructed to identify the expression
shown in the same half, their RTs were significantly slower when expression was incongruent
across the two halves. Furthermore, ‘there was no further cost in RTs if the unattended attribute
(eg expression in the identity task) was also incongruent across both halves. These results suggest
that configural information relevant to facial-identity and facial-expression encoding is perceptually
different.

&  Near-bilateral symmetry impedes symmetry discrimination
Z Liu, B S Tjanq (NEC Research Institute, 4 Independence Way, Princeton, NJ 08540,
USA; § Max-Planck-Institut fiir biologische Kybernetik, Spemannstrasse 38,
D 72076 Tiibingen, Germany; fax: +1 609 951 2482; e-mail: zliu@research.nj.nec.com;
WWW: http://www.neci.nj.nec.com/homepages/zliu.htm1)
Bilateral symmetry is a salient object property. Will perceived bilateral symmetry impede our
ability to discriminate shapes that are slightly asymmetric? Faces are naturally suitable to address
this question, since they are asymmetric in varying degrees but largely symmetric in frontal
views. We used 3-D scans of real faces to construct natural-looking synthetic faces with varying
degrees of asymmetry. Two images of a synthetic frontal-view face were displayed side by side.
The subjects decided which one was more symmetric.

Discrimination sensitivity increased with the average degree of asymmetry of the two faces,
when their difference was kept constant (p < 0.0001, » = 16). This suggests that perceived sym-
metry impedes symmetry discrimination when asymmetry is introduced by interpolating between
an asymmetric natural face and the bilaterally symmetric face of the same person (as opposed
to adding uncorrelated random dots to a symmetric dot pattern). This result held for both
upright and inverted faces, suggesting that it is not due to a familiarity effect. Nor is the result
due to any artifact of the scale of asymmetry in the interpolation dimension. This is because
the asymmetry distortion we used produces a linear displacement of feature points in 3-D space;
and in the image space, the Euclidean distance of pixel values between the left and right halves
of a face was found to decrease with the increasing degree of asymmetry of the test faces. We
conclude that symmetry perception impedes symmetry discrimination.

&  Principal component analysis of expression sequences :

P Miller, M Burton (Department of Psychology, University of Glasgow, 56 Hillhead Street,

Glasgow GI12 8RT, UK; fax: +44 141 339 8389; e-mail: pmiller@psy.gla.ac.uk)
Facial expressions may be considered as time series in the space of the image, with the image
describing a trajectory as the face moves from neutral to fully expressing. This trajectory lies in
a low-dimensional subspace of the image, and may be characterised with data reduction techniques,
such as the principal components analysis (PCA). In this work, PCA is performed on a set of
images of a number of subjects producing different facial expressions. Such an analysis ignores
the temporal information in the sequence, considering the image population to be an unordered set.
However, temporal information is implicit in the statistics of the set, as neighbouring frames are
likely to be highly correlated.

In this experiment, PCA was performed separately on image sequences for each subject.

The time sequence of the image, as coded in PC space, shows a characteristic trajectory. The first
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component appears to mix a neutral face with varying amounts of a fully expressing face. The
second component contributes solely to the transition from neutral to expressing. correcting for
inaccuracies which would result from a simple lincar interpolation between a neutral and an
expressing face. This result is shown to be robust across subjects, ie different faces appear to
undergo similar transformations in expression sequences.

¢ When Dr Jekyll turns into Mr Hyde: Categorising and percelving faces in scale space

P G Schyns, A Olivay (Department of Psychology, University of Glasgow,

56 Hillhead Street, Glasgow G12 8QB, UK: ¢ Laboratoire des Images et des Signaux,

Institut National Polytechnique de Grenoble, F 38031 Grenoble, France:

fax: +44 141 339 8889; e-mail: philippe@ psy.gla.ac.uk)
Face categorisation presents an interesting example of object expertise. Unlike expertise with
other object classes which only affect limited numbers of people. faces transmit a wealth of social
signals that we must all understand fast and accurately to achieve competent social interactions
with our peers. ‘

We examined the perceptual underpinnings of face categorisations. In particular, we investi-
gated how various face categorisations (gender, expressive or not, which expression, and identity)
use spatial-scale information. Stimuli were counterbalanced face hybrids which combined either
a man or a woman with a particular expression at a coarse spatial scale with a face of the
opposite gender with a different expression at a fine spatial scale.

Experiment 1 was designed to test whether the scale bias that arose in the process of resolving
a first categorisation (expressive or not vs which expression) transferred to a second. initially
unbiased categorisation (gender). In experiment 2 we applied such transfer of a bias to the situation
in which subjects initially learned the identity of faces—arguably the most prominent categorisa-
tion—bcfore resolving another categorisation (gender, expressive or not, and which expression). The
outcome revealed that the scale bias of identity transferred to all the other tasks, overriding the
spontancous biases that occur when faces are unknown. Thus. a succession of categorisations
induces a perceptual set which changes the scale perception and categorisation of subscquent
stimuli. Such spatial-scale set effect has important implications for classical issues. ranging from
feedback loops in early vision to the early vs late models of selective attention.

NATURAL IMAGES
¢  Secing and studying natural images

D J Tolhurst (Department of Physiology, University of Cambridge, Downing Street,

Cambridge CB2 3EG, UK; fax: +44 1223 333 840; e-mail: djt12@ cam.ac.uk:

WWW: http: //www.physiol.cam.ac.uk)
For several decades, vision researchers have attempted to dissect the visual system (both psycho-
physically and neurophysiologically) with stylised and precisely controlled stimuli such as lines,
edges, and gratings. It is now appropriate to use the wealth of information gained with such
stimuli to understand why the visual system is organised in the way that it is, and how its
neuronal or channel constituents contribute to the task of secing in the real world. It is a tenet of
much research nowadays that the visual system must have evolved or have adapted neonatally
to optimise its ability to code the spatiotemporal or chromatic information found in the real
world rather than in the laboratory.

The simplest empirical approach to studying the vision of natural images is to measure how
well neurons in experimental animals respond to them. asking whether these TeSpONses arc con-
sistent with the ncuron’s responses to lines and gratings. and whether the responses have any
interesting statistical form that might suggest why evolution has favoured the spatiotemporal
response properties of this type of neuron. Another approach is to characterise the higher-order
statistics of natural images computationally, asking whether the known response propertics of
single neurons or channels suit them to extracting the characteristic statistical features of natural
images. Lastly, psychophysical experiments can be performed with complex visual stimuli whose
statistics are changed to be more or less natural, asking whether the overall behaviour of the
visual system really is best for stimuli with natural statistics.

¢ Adaptation effects at suprathreshold contrasts: spatial sensitivity and image statistics
N Brady (Department of Psychology. University of Manchester, Oxford Road. Manchester
M13 9PL, UK; fax: +44 161 275 2598; e-mail: brady @fs3.psy.man.ac.uk)
To examine the effects of contrast adaptation on the spatial sensitivity of the visual system I used
adapting patterns which vary in their spatial structurc. Natural scenes have a characteristic
structure, described by a power spectrum which falls as 1/f? such that contrast encrgy is approx-
imately constant at different scales. Cortical coding of contrast appears to be matched to this
property of the environment, ensuring a scale-invariant response to image contrast. Accordingly,
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it is expected that the effects of adaptation to the images we typically encounter will be similar
across spatial scale.

Observers adapted to broadband noise patterns whose spectra were similar to, or much
steeper or flatter than, those typically reported for natural scenes. After adaptation, they
matched the contrast of a grating in their unadapted field to an identical grating in their adapted
field. Matches were made for six frequencies (0.5 to 16 cycles deg™') at three suprathreshold
contrasts. Adaptation effects vary with the spectral slope of the adapting stimuli. Decreases in
perceived contrast are greatest at high frequencies after adapting to flat spectrum noise; this
bias is reversed when the adapting spectrum is much steeper than 1/f. By comparison, the effects
are more evenly distributed across frequency after adaptation to 1/f noise patterns. These results
support the proposal that contrast coding is matched to the spatial structure of natural scenes.
They are discussed in light of recent reports that contrast adaptation may be an additional
mechanism which equalises the visual response to contrast across spatial scale.

&  Inferential reliability of contour-grouping cues in natural images

J H Elder, R M Goldberg¥ (Centre for Vision Research, Department of Psychology,

York University, 4700 Keele Street, North York, Ontario M3J 1P3, Canada; 9 Centre for

Vision Research, Department of Computer Science, York University, 4700 Keele Street,

North York, ON M3J 1P3, Canada; fax: +1 416 736 5814; e-mail: jelder@yorku.ca;

WWW: http: //www.yorku.ca/faculty/academic/jelder/)
Numerous studies have attempted to measure the relative strength of visual grouping cues. However,
little is known about the statistical utility of these various cues for natural images. In this study,
we empirically derive posterior probability functions for cues to contour grouping in natural
images, and then use these functions to compute the inferential reliability of each of these cues in
terms of ROC curves. We consider three cues: proximity, good continuation, and brightness
similarity.

To estimate the statistics of the image contours perceived by humans in natural images, we
employ a new image editing tool called ICE (Interactive Contour Editing—Elder and Goldberg,
1998, CVPR). This tool allows observers to rapidly trace the contours they perceive in a given
image. ICE then automatically represents these contours as a sequence of local curve tangents
with properties of position, orientation, brightness, and contrast. The statistics of these human-
selected contours are used to compute likelihood functions for each cue, given two successive
tangents on a curve. These functions are found to be highly kurtotic. Random selection of curve
tangent pairs allows computation of the likelihood functions given two tangents which should
not be grouped. Prior terms are also computed from the human data. A signal estimation
analysis reveals that, for contour grouping, proximity is by far the most powerful cue, followed
by good continuation and brightness similarity (polarity reversal occurring with probability
p =0.18). These three cues are roughly independent, and combine effectively to provide more
powerful evidence for contour grouping than any single cue used in isolation.

&  Higher-order redundancies of natural scenes and their relation to biological vision

G Krieger, C Zetzsche (Institut fiir Medizinische Psychologie, Ludwig-Maximilians-

Universitat Miinchen, Goethestrasse 31, D 80336 Miinchen, Germany;

fax: +49 89 5996 615; e-mail: krieger@imp.med.uni-muenchen.de)
A number of recent studies have emphasised the importance of investigating the statistical properties
of our natural environment in order to obtain a better understanding of neural information
processing and behavioural control. In order to quantify the redundancies in natural images,
most approaches have made use only of first-order and second-order statistics, where the latter
evaluate the correlations between pairs of pixels (autocorrelation functions). It can be shown,
however, that second-order statistics are completely blind to locally oriented image features, and
are therefore inappropriate for explaining the emergence of oriented receptive fields, which are a
common property of the cells in the primary visual cortex.

In order to overcome these limitations inherent in the second-order approach, we have inves-
tigated the bispectra and trispectra of natural images. Our statistical analysis reveals strong
dependences between frequency components that are aligned to each other with respect to orienta-
tion. We argue that this higher-order redundancy can provide an explanation for the advantages of
linear orientation-selective filter decompositions over isotropic schemes. However, a full exploita-
tion of these higher-order dependences requires nonlinear processing, for which we propose
i2-D-operators, which are selective to intrinsically two-dimensional (i2-D) image features. These
operators respond only to curved image features such as corners and junctions and show a close
resemblance to end-stopped or hypercomplex cells. Based on the Volterra - Wiener series expan-
sion of nonlinear systems we have developed a generic class of such i2-D-selective operators.
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We argue that these operators can be seen to decorrelate the statistics of natural images in a
higher-order sense, thus providing an efficient representation of visual information with reduced
dependences between the individual units.

[Supported by SFB 462 Sensomotorik/Project BS]

¢  Luminance and contrast adaptation to time series of natural intensities

L Poot, J H van Hateren, H P Snippe (Department of Neurobiophysics, University

of Groningen, Nijenborgh 4, NL 9747 AG Groningen, The Netherlands:

fax: +31 50 363 4740; e-mail: poot@bcn.rug.nl: WWW: http: //hlab.phys rug.nl)
Natural time series of intensities have power spectra behaving approximately as 1/f (f = temporal
frequency), and average rms contrast for 1-s segments of 045 (van Hateren. 1997 Vision Research
37 3407 -3416). We compared adaptation to | min of a natural time series with adaptation to
the series raised to various powers (0-2). providing a wide range of rms contrasts. Avcrage
luminance was kept constant. As a test stimulus we used a small circular patch (20 min of arc),
superimposed on the spatially homogencous adaptation stimulus (6 deg). The test was presented
during 1s, at various moments in the time serics. Test intensity during the presentation period
was a fixed fraction ¢, of the adaptation intensity. We measured the detection threshold by
presenting a range of fractions, c¢,, to each of which the observer responded by assigning one of
five visibility ratings.

Threshold ¢, for the natural time series (0.084 + 0.004) is only slightly higher than for a
constant luminance level (0.069 + 0.002). Thresholds increased approximately lincarly with stim-
ulus contrast. In order to test whether this threshold elevation is caused by the increase in
contrast or in slow luminance variations we tested adaptation stimuli with specific propertics: a
bipolar pulse series and a 10-ms-segment-shuffled time series, which have negligible slow luminance
variations, and a low-pass-filtered time series. which has diminished contrast but still contains
large luminance steps. Thresholds were found to depend solely on stimutus contrast; luminance
adaptation is not a limiting factor for this experiment. Threshold increase with contrast appears
to be consistent with contrast sensitivity of the parvocellular pathway.

CROSS-MODAL INTERACTIONS
&  Alignment of auditory and visual space perception

W H Ehrenstein, J Lewald ¥ (Institut fiir Arbcitsphysiologie, Ardeystrasse 67,

D 44139 Dortmund. Germany; ¢ Kognitions- und Umweltpsychologie. Ruhr-Universitit,

D 44780 Bochum, Germany; fax: +49 231 1084 401;

e-mail: ehrenst@arb-phys.uni-dortmund.de; WWW: http: //www.psych.ox.ac.uk/ecvp98.htm)
A primary function of auditory localisation is to direct the gaze toward the source of sound.
Accurate performance requires that the coordinates of auditory and visual space be in close align-
ment. This alignment was investigated by using a method of laser pointing toward acoustic targets
combined with various tasks of visual fixation. Subjects, fixating either a target LED or a laser spot
projccted on a screen in a dark. anechoic room, directed a laser beam toward the sound (1 -3 kH>
bandpass-filtered noise; 70 dB SPL, 10 s) which was produced by one of nine loudspeakers, located
behind an acoustically transparent screen. in different positions between 22 deg to the left and right.

The eccentricity of acoustic targets was gencrally overestimated (up to 10.4 deg) with only a

slight influence of gaze direction. However, when the sound source was straight ahead. eccentric
gaze had a substantial influence in that laser pointings deviated (by up to 5.6 deg) from sound
dircction toward the side to which the gaze was directed. The results suggest interactive effects
of four distinct factors: (i) overestimation of sound eccentricity, (ii) effect of eye position on
auditory localisation, (iii) effect of retinal eccentricity on visual localisation. (iv) extrarctinal effect
of eye position on visual localisation. The psychophysicat findings correspond to neurophysiological
data on brain maps of auditory space that are in approximate. but not perfect. spatial alignment
with visual maps (eg Jay and Sparks, 1987 Journal of Neurophysiology 87 35— 55).

&  Size discrimination of scen and grasped objects and the effect of presentation time

M O Ernst, H H Biilthoff, H A H C van Veen (Max-Planck-Institut fir biologische

Kybernetik, Spemannstrasse 38, D 72076 Tiibingen, Germany; fax: +49 7071 601 616;

e-mail: marc.ernst@tucbingen.mpg.de. hendrik-jan.veen@ tuebingen. mpg.de:

WWW: http: //www.kyb.tuebingen.mpg.de/bu html)
We investigated visuo —motor integration in grasping by studying haptic, visual. and cross-modal
size discrimination. Qur main interest concerned the effect of presentation time on discrimination
performance and the differences between intramodal and cross-modal thresholds.

The experiments were conducted in a virtual environment in which two force-feedback

devices (PHANToM ™) provided haptic information to the thumb and the index finger. Stereo-
scopically rendered objects were used for the visual presentation. In a two-interval forced-choice
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paradigm subjects had to determine which interval contained the larger object (we used cubes in
all cases). Depending on condition, subjects either saw or felt each cube for a specified time. Feeling
a cube required subjects to perform a two-finger grasp. The intramodal tasks were repeated with an
appropriate mask between the two presentations; in these runs haptic masking consisted of
randomly disturbing the finger span by the force-feedback devices. Intramodal thresholds (£4%
visual—visual; 7% haptic—haptic) were significantly smaller than cross-modal thresholds
(£13% visual - haptic; +14% haptic—visual). Gradually decreasing the presentation time in the
intramodal conditions to less than 50 ms increased the thresholds monotonically, but signifi-
cantly less so for the visual-visual condition (from +4% to :£6%) than for the haptic —haptic
condition (from £7% to £20%). We found no significant effect of masking on these thresholds.

Visuo ~motor adaptation studies have shown that the coordinate transformation from vision
to touch exhibits a considerable amount of plasticity. We hypothesise that the continuous recali-
bration of this transformation during the experiment constitutes the reason for the inflated
cross-modal thresholds. Furthermore, we conclude that acquiring precise size information is
much slower in the haptic modality than it is in vision.

&  The consistency of letter—colour pairings in three cases of synaesthesia
S K Rushton, M M B Corley (Department of Psychology, University of Edinburgh,
7 George Square, Edinburgh EH8 9JZ, UK fax: +44 131 650 3461,
e-mail: Simon.Rushton@ed.ac.uk; WWW-: http://www.psy.ed.ac.uk/staff/skr/)
“Grey, powdery like tailor’s chalk, but a bit more dusty” (subject LF, describing the letter V).

Synaesthesia is the term used to describe percepts in one modality induced by stimuli in
another modality, for instance the perception of a colour when hearing a sound. The occurrence
of synaesthetic experience is well documented [Cytowic, 1989 Synesthesia (Berlin: Springer)] but
to date, attempts to quantify the experience do not rule out a language-based mapping; for
example, Baron-Cohen et al (1987 Perception 16 761 -767) asked subjects to give the names of
colours associated with words.

Motivated by this issue, we conducted a non-linguistic experiment to investigate the precision
of observers in identifying colour-space coordinates associated with textual stimuli. Three self-
nominated synaesthetes took part in the study, presented in each case with a stimulus set consisting
of typed letters of the alphabet and numerical digits, and a response set of colour chips. Colour
chips were matched to stimuli by the subjects, who then returned and repeated the process a
week later. In this way we were able to (a) gain a quantifiable measure of synaesthetic response
and (b) establish its consistency.

The results show a remarkably consistent pattern of pairings for each subject [mean test/
retest distance in Munsell colour space: 5.19 (LF); 2.13 (CC); 3.85 (LB)].

We also present evidence from one subject (LF) showing consistency not only in elicited
hue but in an associated texture perception, extending the approach taken here to the more
complex phenomenology of synaesthesia.

& Does attention affect crossmodal visuotactile temporal order judgments?

C Spence, D I Shoreq, R M Klein{ (Department of Experimental Psychology,

University of Oxford, South Parks Road, Oxford OX1 3UD, UK, fax: +44 1865 310 447;

e-mail: charles.spence@psy.ox.ac.uk; 9 Department of Psychology, Life Sciences Centre,

Dalhousie University, Halifax, Nova Scotia B3H 4J1, Canada; fax: +1 902 494 6585)
Participants were presented with pairs of stimuli, one either side of fixation, and were required
to make unspeeded (left vs right) temporal order judgments (TOJs) about which stimulus was
perceived first. Four equiprobable stimulus combinations were used in the first experiment
(VV—visual stimuli on left and right; VT—visual on left and tactile on right; TT; and TV) and
participants were instructed to divide their attention equally between vision and touch. On cross-
modal trials, the onset of the visual stimulus had to occur approximately 50 ms before that of
the tactile stimulus in order for the two to be perceived as simultaneous. In experiment 2 all
VV trials were replaced by TT trials (ie 50% TT, 25% VT, and 25% TV trials) and participants
were instructed to attend to touch. Visual stimuli now had to occur more than 100 ms before
the tactile stimuli for perceptual simultaneity to be achieved. In experiment 3 (50% VYV, 25% VT,
and 25% TV trials) participants were instructed to attend to vision, and perceptual simultaneity
now coincided with objective simultaneity. By contrast, performance for intramodal VV and TT
pairs was unaffected by our attentional manipulations. These results suggest that attending to a
modality does not improve temporal resolution within that modality per se, but instead simply
speeds up the processing of all stimuli in the modality relative to stimulus processing in other
modalities.
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€  Mapping visual images into musical space

J R Cronly-Dillon, K C Persaud ¥ (Department of Optometry and Visual Science,

UMIST, PO Box 88, Manchester M60 1QD, UK ; 9 Department of Instrumentation

and Analytical Science, UMIST, PO Box 88, Manchester M60 1QD, UK;

fax: +44 161 200 3877; e-mail: MICICD @ fs).op.umist.ac.uk)
A musical score is a graph that displays the relative distribution of musical notes as a function of
time. Extending this simple observation we have developed a system that translates “visual images’
into distinctive musical forms, enabling normal blindfolded (and blind) subjects to auditorily
discriminate different visual displays: (i) forms and contours, (i) simple figure ground,
(iii) regular textures, (iv) letters of the alphabet, (v) simple words and phrases, etc, displayed on a
monitor and transformed into corresponding patterns of sound. Using this approach we have
transformed some well-known visual illusions (Miiller-Lyer and Ponzo illusions) into corresponding
musical patterns without loss (of the auditory equivalent) of the visual illusory effect. In addition,
subjects are also able to discriminate and identify different visual dynamic forms from their
characteristic ‘musical signatures’, eg a walking man, a galloping horse. the flapping wings of a
bird in flight, etc. Apart from its potential use as a sensory aid to the blind, the research promises
to have profound implications for our understanding of perception and the nature of mind.

READING
¢ Elicited sequential presentation vs RSVP and CCTV in low vision reading

A Arditi, K Lee, B Rosenthal, K E Higgins, L Liu (Arlene R Gordon Research Institute

of The Lighthouse Inc., 111 East 59th Street, New York. NY 10022, USA:

fax: +1 212 751 9667; e-mail: aries@ play lighthouse.org)
People with severe low vision typically can read only with large letter sizes achievable on computer
screens, or on closed-circuit television video magnifier reading aids (CCTVs). Even with magni-
fied text, reading rates arc usually substantially slower than those of normally sighted readers.
A computer text presentation mode that has shown promise in enhancing low-vision reading
performance is rapid serial visual presentation (RSVP). At ARVO 1998, we reported a variant
of RSVP called elicited sequential presentation (ESP) that produces faster reading rates than
RSVP for low vision. With ESP, the reader elicits presentation of single words via a button press,
allowing him/her to control presentation rate on a word by word basis.

In the present study, we compared maximum reading speeds using the three methods in
twelve subjects with low vision who were customary CCTV users but previously unexposed to
RSVP and ESP. Text was Sth grade level, and presented with the same font (TrucType Arial) in
all conditions at the subject’s preferred font size or magnification. Reading speed for RSVP was
determined by increasing or decreasing speed in coarse (20%) or fine (10%) steps until errors
were made, while for ESP and CCTV, subjects were instructed simply to read as fast as possible
without error. While ESP and CCTV yiclded essentially the same speeds (78 - 79 words min~',
geometric averages), reading was on average 31%-32% faster with them than