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Abstract

Explicit perception requires attentional modulation of the stimulus signals, whether in motion
or not. As the covert attentional process is relatively slow in comparison with specific
encoding of the stimulus signals then certain dissociation between objective stimulus position
and subjective representation of this position can be evidenced at the onset of stimulation.
Several psychophysical phenomena support this notion. Yet the spatial perceived dissociation
does not have an invariant value; with accumulating sensory input this value gradually
diminishes. We therefore infer acceleration of signal processing for explicit perception right
after the first instances of input signals from the stimulation. Perceptual acceleration is
hypothesised to be a consequence of covert-attentional modulation of the following sensory
signals by the attentional process that was initiated by the onset of a stimulus-event under
consideration. As the very first signals do not have local precedence then both they may be
absent from explicit perception and lag behind the processing of later arriving signals in
terms of the speed with which respective explicit representation is established.

An increasing body of evidence suppats the nation that explicit perception requires
participation d attentional mechanisms in signa processing (Crick, 1984 He, Cavanagh,
Intriligator, 1996 Logahetis, Leopdd, Sheinberg, 1996 Simons, Levin, 1997 Enns,
DiLoallo, 2000 Rensink, 200Q Simons, 200Q Simons, Francoreri, Reimer, 200Q Driver et
a., 2002, Schall, 2001; Most et a., 200J). In addition to guerantedng that stimuli become
perceved at al, attentional modulation can also determine which way explicit perception
emerges out of invariant physicd stimulation in perceptually multistable displays (Sekuler,
Ball, 1977; Cavanagh, 1992 Stelmach, Herdman, McNeil, 1994 Yantis, Gibson, 1994
Sekuler, 1995 Chun, Cavanagh, 1997 von Griinau, Bertone, Pakneshan, 1998. Specific
processing d sensory signals at the stage of corticd encoding is faster than the process of
covert direded attention that is evoked by the onset of a stimulus event (compare Purpura,
197Q Scheibel, 1981; Rolls, Toveg 1994; Tovee Rolls, 1994 Bachmann, 1984 1999 and
Eriksen, Collins, 1969 Nakayama, Madkeben, 189 Ched, Lyon, Gottlob, 1994. It takes
time for the dtentional mecdhanism to maximise its fadlitative moduating effect on spedfic
encoding processes. When puting the above premises together we arrive & the conclusion
that the spatiotemporal properties of explicit perception shoud be different between the
condtions where the signals of a stimulus-event have been just onset and the condtions
where these signals have been acaimulating aready for some time. In what follows let me
present some phenomena of motion perception observed at the onset of visua events
comprising d spatia trandation d stimuli and suggest an explanation for the experimental



phenomenodlogy which is based oninteradion d the faster encoding and slower attentional
moduating mechanisms.

Motion phenomena involving obj ective-subjective dissociation

Frohlich effed. When a moving dojed appeas from behind a nortransparent ocduder, its
first explicitly visible positionis shifted away from the objedive pasition it first appeaed in
the diredion o motion (Frohlich, 1923; Misseler, Aschersleben, 1998). This effed can be
explained by the fad that the process of attentional moduation o the spedfic stimulus
signals that carry information abou its Patia position takes some time to become df ective
and therefore, at the moment when the moduating signals of the attentional mechanism arrive
at the corticd sites of the encoding reurones, the dharaderistics of spatial position o the
stimulus have danged, indicating an advanced position in space. As a @nsequence, the
stimulus is first percaved at an advanced pasition from the location at the elge of the
ocduder from where the signals were first input into the processing system. This explanation
can be valid onthe acourt of poa spatia resolution d the dtentional system. Empiricd
evidence from psychophysicd research as well as neuroscientific data on the size of the
receotive fields of nonspedfic thalamic neurons that participate in dreded corticd adivation
support this requirement (Steinman, Steinman, Lehmkuhle, 1995 Bachmann et al., 1999
Brooks, Jung, 1973; Gouras, Padmos — cited according to Bridgeman, 1980.

Tandem effect. When two spatially separated oljeds move througha horizontal window in
the horizontal diredion in close succession, however without being simultaneously exposed
within the window (i.e., the inter-object distanceis larger than the width of the window), then
observers nevertheless perceive apair of objeds in the window, given ogima spatia and
temporal parameters of stimulation; this ©-cdled Tandem Effed implies compression d the
inter-object distance in explicit perception (Kolbert, Misseler, 1981 unpubished thesis,
Musseler, Neumann, 1992. According to the attentional explanation the secondy appeaing
object benefits from the attentional process that was initiated by the first appeaing ojed and
consequently its explicit perception becomes relatively accderated. As aresult, the visibility-
related moduation d the specific traceof the first objed is temporaly associated with the
faster-performed moduation d the spedfic signals of the second oljed and the objects
become percaved simultaneously in the window.

The line-motion effed. When the stroboscopic display consists of a small dot (or disc, or
square) as the first stimulus, followed by a simultaneously displayed line & the second
stimulus (the imagery extension d the line aossing the first stimulus), then the line-motion
illusion can be aeaed (Hikosaka, Miyauchi, Shimojo, 1993 1996 Shimojo et a., 1997).
Given optimal stimulus onset asynchronies (SOAS), observers experience illusory motion
from the locus of first stimulus alongthe line towards its far end. We can hypahesise that the
process of attentional moduation that was evoked by the appearance of the first stimulus is
temporally delayed and aso invalves a spatiotemporal gradient. The moduating signals in
time become gplied to progressively more spatialy advanced signals representing the line-
stimulus information. As aresult, diredly visible motion alongthe line is experienced.



The effect of overtaking. In a recent experiment (Bachmann, Oja, unpublished) we have
utilised the display which was used earlier to study the flash-lag effect (Bachmann, Kalev,
1997). A reference stimulus, a vertical bar, translates continuously across the display screen
along the horizontal path of motion. Another vertical bar (a replica of the reference stimulus)
transdlates within a virtual window, the size of which is considerably smaller than the extent of
motion of the reference stimulus. Otherwise the speed and direction of movement of the
aperture line is identical to those of the reference line. Observers can adjust horizontal spatial
separation of both lines, including adjustments that let the lines appear perceptually collinear
at a prespecified location. With suitable speeds of motion and diameters of the window it is
possible to find perceptual experience of overtaking: the aperture line that is initidly (at the
point of appearance) lagging behind the reference line in space appears to gradually catch up
with the reference line and move past it. Actualy, the lines are spaced invariantly in physical
space, with aperture line dlightly advanced in space from the position of collinearity. This
illusion can be explained similarly to the explanations given to the above phenomena. The
slow modulation process which is necessary for explicit representation becomes relatively
faster, the later the moment when the signals of the moving stimuli are sampled. This results
in visible acceleration of the movement of the aperture line along the path of motion. With
continuously moving reference line at its more advanced spatial locations the modulation
process has been already prepared by the temporally preceding samples of specific signas
and the visual latency is the shortest possible. With aperture line that flashes only briefly and
has just appeared (to disappear again), the time it takes for modulation to arrive at the specific
encoding sites is relatively slow because there has not been a precedence of the local signals
that would have prepared attentional modulation ahead in time. Thus, initialy, the perceived
position of the aperture line lags behind the perceived position of the reference line, the
signals of which have aready been modulated. The more time has passed from the moment of
appearance of the aperture line, the higher the probability that the attentional mechanism has
already taken its effect (having been evoked by the first instant of stimulus appearance). This
means that the longer the aperture line has been in the view, the faster is the processing of its
signas up to visible representation and, therefore, what is directly experienced is the on-line
acceleration of motion of the aperture line. The exact form of the probability distribution for
the time constant of completion of the attentional function remains to be ascertained in future
research. At present and for the convenience one may use anormal distribution.

Flash-lag effect. If a visual (reference-) object is continuously moving in a given direction
and another object (a target) is briefly flashed at a certain point of the trgjectory of motion,
then the target seems to lag behind the moving object, athough they are physicaly aigned
(Hecht, 1924; Nijhawan, 1994). The explanation for this effect is equivalent to the
explanations suggested before. Let us suppose that a moving stimulus can be interpreted as a
fast succession of an infinite number of different stimuli that are sampled by the visual system
as if the replicas of the same stimulus. The spatial positions of exposure of these replicas are
adjacent to each other and successive in time. One can regard each preceding instance of the
stimulus replica as the input that had chance to initiate attentional modulation; the more there
are the preceding replicas, the higher the probability that the impact of modulator has been
maximised aready. Thus with a stimulus in motion, the sampling of its specific signas
becomes accelerated from the first moment of appearance of the stimulus event, until the
speed of explicit perception becomes stabilised at a speed that is higher than the speed with



which signals reach explicit representation initialy, after their initial onset. This gate of
affairs defines the flash-lag effed — the goparent displacement of the cntinuowsly moving
object ahead of the flashed oljed.

Generality of initial perceptual accderation and “inner psychophysics’

We have reated the conclusion that the attentional acourt may help to explain a variety of
perceptual phenomena involving motion and that the relative sowness of attentional
moduation — which can be compensated by the precealence of spatially adjacent stimulation
over its following successors when stimulation is temporally extended — can creae perceptual
dissociations at the onset of stimulation. It also follows that explicit perception undargoes
initia accleration after the very first moment the inpu signals from a visual event are
presented. When the aceleration stage is over, the speed of perception becomes gabilised.
We have shown recantly that the initial accderation d perception cannd be restricted to the
phenomena that are related to motion processing. Similar accéeration with similar time
epochs can be observed aso if the replicas of the stimulus event are exposed with “zero-
motion”, i.e. if they are spatialy invariant (Bachmann, Poder, 2001). However, the
explanation dfered here can survive motionlessiess of the stimulus sgnds: for the
attentional moduator there is no dfference in general whether the stimulation replicas are
spatialy translated to adjacent positions in spaceor whether they invalve “zero-trandation”,
i.e., are overlapping. The present attentional acurt is reminiscent of the orienting reflex
phenomenon (Sokdov, 1963 where the signals that have arrived ealier moduate processng
of the signals that are input later; the norspecific attentional effeds follow the specific
analysis performed perhaps implicitly before establishing explicit representation. At the level
of neural implementation it has been shown that the pertentional retouch model (Bachmann,
1984 1994, 1999 assuming that norspecific thalamic moduation days the role of attentional
moduator, can well acourt for all of the phenomena described. The present acwunt
therefore follows earlier diredions put forward by Fechner (1832). He suggested that what
has to be developed is the so-cdled “inner psychophysics’ where the explicit perceptua
phenomena receve their explanations as grounced on the knowledge of how neuronal
mechanisms of perception and attention work in the spedfic condtions that lead to one or
another experienced phenomenon
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