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Abstract
Visual masking is a psychophysical method commonly used to study visual information
processing. Visual masking can be used to study the time course of visual irdormati
processing, but one of the limitations of this method is its inability to sepmeateptual
level processing from decision level processing. This study demonsti@testbeptual
level processing can be separated from decision level processing by ugieg afse
alternative forced choice visual masking tasks. Priming of perceptulliéwenation is
demonstrated. This priming can not be explained by existing feed forward visual
information processing theories, but can be explained by the objects substitutidn mode

(Di Lollo et. al., 2000).



INTRODUCTION

The visual perception of a target object can be disrupted by the presentation of
another object. This is a phenomenon known as visual masking. There are two major
theoretical approaches used to explain visual masking. Traditional explarsagdrased
on a feed forward approach to visual information processing (Breitmeyer, 1984;
Kahneman, 1968; Turvey, 1973). The discovery of a new form of visual masking has
lead to the development of a new theoretical approach based on feedback processing of
visual information (Di Lollo, Enns, & Rensink, 2000). In Feed forward processing
theories, the mechanisms of visual masking rest exclusively within tlyestsages of
visual processing (Breitmeyer, 1984). Feed back processing theoriabelastmp down
component of visual processing that can produce visual masking based on interaction
between the object level representation of the target (i.e., the icon) and thdevalec
representation of the mask (Di Lollo et al., 2000). When a feedback approach to visua
information processing is adopted, a division between pre-iconic (i.e. earlysgirage
and post-iconic (i.e. late) processing is no longer appropriate. A better divisidwezbe
the processes that are involved in forming an object level visual represeataiidan
visual information and processes that occur after that visual representatioeinas be

formed.

Methods of Visual Masking
Visual masking is a common tool used to study visual information processing
because of the diversity and sensitivity of its measures. Visual maskamgunes

disruptions in visual information processing caused by specific changes in the



experimental design. Information about the time course as well as the magnitude
disruptions of visual information processing can be collected during a visuahigpaski
experiment, and relatively small changes in the experimental design cangmafueast
affects on these measures.

Most visual masking studies use a delayed onset paradigm. Individual triads begi
with the display of one of one stimulus — either a target object or a mask-efipe@
brief period of time, usually somewhere between 10ms to 50ms. The first oltjest is
turned off and the display remains blank for a varied period of time, after which the
second object is displayed. Following Kahneman (1968), when the target stimblkis is t
first object in the display sequence, the resulting disruption of the visual pencepthe
target is referred to as backward masking. When the target is the seconaehabject
display sequence, the resulting disruption of the visual perception of the sargfetrred
to as forward masking.

The degree to which the visual representation of the target object is disrupted is
referred to as the strength of the masking effect. The disruption of the vistephtpmn
of the target can be measured behaviorally using response accuracy scorageiy af
tasks. One common task is a target identification task. This task requirestittipgrd to
identify the form or contour of the target object (Bachmann, Luiga, & P&der, 260%; K
& Mathis, 2002). A common target identification task is to name a targetéettermber
(Enns, 2004). A target discrimination task is another common task. In a target
discrimination task participants are asked to report a particular aspectaifgiieobject
such as its color (Breitmeyer gen, & Chen, 2004; Breitmeyer, Rogiden, & Todd,

2007) or brightness (Bernstein, et al., 1973; Proctor, Nunn, & Pallos, 1983).



The temporal component in a delayed onset masking paradigm usually refers to
the stimulus onset asynchrony (SOA) between the target and the mask (Kahnem
1968). Time course of disruptions in visual perception in a delayed onset masking
paradigm can be measured by examining the strength of masking at the trar@us
points (i.e. SOAs).The strength of masking in a delayed onset paradigeciedby a
wide range of experimental parameters such as the relative brgbfrteés stimuli
(Fehrer & Smith, 1962), the degree of similarity between the contoure afdkking
object and the target object (Houlihan & Sekuler, 1968), and the requirements of the
experimental task (Kahneman, 1968). There are four major categoriesknfigres
defined by the relationship between the components of target and mask stirskingna
by light, masking by noise, masking by structure and metacontrast masking.

Masking by light refers to a reduction in the ability to detect a targetdidgiht
when it is masked by a second flash of light. In most masking by light sthdies t
intensity of a making flash of light is held constant while the intensity of thettlash
is systematically changed. The initial target flash is of low intgmasitl is gradually
increased across successive trials until the observer is able to detexgatscpr The
strength of masking is measured by the level of intensity of the targlettfiat is
required for the observer to detect its presence. The temporal patterrkofgrmslight
generally shows strongest masking at or very near a Oms SOA, with a gladiua in
masking with longer negative SOAs (i.e. forward masking) and little or no magking a
positive SOAs (Crawford, 1943; Matsumura, 1976; Sperling, 1965). While central (i.e.

cortical) processing cannot be ruled out as a mechanism for masking by ligignéral



findings implicate pre-cortical processing involving transient light amkl @@aptation as
the primary cause of this type of masking (Breitmeyer, 1984).

Masking by noise refers to masking caused by a masking object that is made up of
a field of random visual information (such as a field of randomly placed dots) that
spatially overlaps the target (Kinsbourn & Warrington, 1962). Masking by ndisg ais
target discrimination task shows low accuracy scores at Oms, as walywagpositive and
negative SOAs, with a fast rise in accuracy scores at later SOAsbourn &
Warrington, 1962).

Structure masking refers to masking caused by an object that is made up of
features that are similar to those of the target, such as using abegipletter that
spatially overlaps with a target alphabetic letter (Brietm&&anz, 1976). Structure
masking usually shows low accuracy scores at 0ms, and early positive angenegat
SOAs, with a slow rise at later SOAs (Turvey, 1973).

Metacontrast masking refers to masking caused by an object that is in close
spatial proximity to the target object but does not overlap the target (Bymt&desanz,
1976). Metacontrast masking shows a different temporal pattern than other forms of
masking. Metacontrast masking is usually relatively week at a OrAs &@ gradually
increases with longer positive SOAs. Strongest masking usually occuocsiatate
positive SOAs followed by a gradual decrease in masking at later SOAs.fSamard,

or paracontrast masking also occurs, but this is effect is usually muchrweake



Classical Theories of Visual Masking

In his review of visual masking research, Kahneman (1968) described two
complimentary classes of theories that were responsible for maskingatiedgheories
and interruption theories. Integration theories are based on interactionsrbgteee
features of the two stimuli before they enter the decision making (i.eaqaitase of
processing (Kinsbourne & Warrington, 1962). If two objects are displayed m clos
enough temporal succession, central processing mechanisms will not have bdgng w
with the visual information about the first object before the visual information dieut t
second object arrives. When this occurs, the final signal processed lepntrad c
mechanisms is a single fused, or integrated, object containing the visualatiéorm
about both the target and the mask objects. Because the integration of tweisbject
dependent on the two signals combining before the central processing mechanisms have
begun working with the first object, the time course of the stimulus presentation
determines if a target and mask will become integrated. The abilityke axdecision
about the target embedded in the combined target/mask object will depend ontie abili
to separate the features on the target form the features of the mask.litheoa®parate
the features of the two objects will depend on factors such as the spatial ovdnkap of t
features and the relative brightness of the two objects in the displayed.

Interruption theories are based on interactions between the stimuli aftéatreey
entered the central, decision making phase of processing separatedingSpe63;
Weisstein, 1966). In interruption theories, the central mechanisms have rebeived t
visual information about the first object and are processing that information &minmge

but have not finished when the visual information about the second object arrives. The



result is that the processing of the information about the first object is stopped, or
interrupted, by the arrival of the information about the second object. The rekalt is
the information about the first object is essentially erased from thekpricessing
system before a decision can be made.

Turvey (1973) expanded on the integration/interruption distinction reviewed by
Kahneman (1968). He described a division of visual processing mechanisms into two
categories based on the neurological organization of the visual system. PEeriphera
mechanisms include the retina, optic nerve and parts of the striate corteafeartd the
mechanisms that are responsible for transmitting the visual informatiortlieeye to
the brain. The central mechanisms are responsible for working with the itiforma
received from the peripheral system. In this model, integration and interrupasking
can occur within both the peripheral and central systems. The division of the visual
system into two categories is essentially the same concept descrikatifgman (1968)
except that the distinction between the type of masking, either integratioeroumion,
is not as important as where in the visual processing stream masking occurs.

Although heavily based on the neurological structures of the visual system, this
model is still an information processing model rather than a neurological .nodety
(1973) makes the qualification that the differences between peripheral andl centra
mechanisms were not very clear on the neural level, especially withini#te sartex.

The important contribution of this model is that it provides a comprehensive description
of visual information processing within the framework of the neural structuhe of t

visual system.



At the time that Turvey (1973) developed his model there was strong neurological
evidence to support parallel processing of the various components of visual information
in the visual system. Hubel & Wiesel (1962, 1965 & 1968) had found that the visual
systems of cats and monkeys contain individual neurons that are selectiviiyesems
different types of visual information and that this information is transmitted the eye
to the brain in parallel. Turvey (1973) proposed that the peripheral visual systdra c
described by a neural net model in which different “channels” transferatiffer
characteristics of information — such as the size, shape, brightness arationesftan
object or pieces of an object — in parallel to the central system. Theserditfeannels
transfer their information at different rates of speed, and the transfevithin any give
channel can change depending on the strength of the original signal frone tikeelger,
the activation within any channel does not end abruptly. Rather, the exc#etiorty
degrades at a certain rate, also depending of the strength of the signalofidgper she
original signal is, the longer it will take to degrade, and therefore the Itdmger
information will persist within that channel.

In a masking experiment, if the masking object follows a target objecioaltiea
short onset delay, the excitatory response within any give channel to theotgeget
may still be active when the excitatory response to the masking object bettiinstine
same channel. If this occurs, the two signals will interact with each dthey may sum
together, or integrate, so that the information delivered to the central mechdyismy
given channel is the combined signal of both objects. The result is the perception of a
single integrated object where the amount of information available vadirdkon the

relative strength of the two signals. Conversely, the signal form the naaskimply



overwrite the signal from the target with the result that only the informaltioat dhe
mask will be delivered to the central mechanisms.

The central system is responsible for making decisions about the information
delivered by the peripheral system. The different peripheral channelerdbkir
information to the central mechanisms at different times and the timestftakany
given channel to deliver its information to the central system also dependsstretiggh
of the original signal from the eye. However, the central system do&giidor all of
the information about an object to arrive before it begins processing. Rathiér, it w
process the peripheral information in a serial fashion, as it receives itffeomarious
channels. Central masking occurs when the central mechanisms have receivediand beg
processing some, but not all of the information about the target object when indormati
about the masking object arrives from the peripheral system. When this occurs, the
information about the target and the mask can either integrate in the sgatesh to
form one fused object, or the newer information about the mask object can interrupt and
replace the older information about the target object in the central system.

Turvey's (1973) division of the visual system into central and peripheral
mechanisms was the result of a series of experiments that measpmtessccuracies
in target identification tasks performed under a variety of viewing conditiThe
starting point for his study of visual information processing was the pesigetem.
There is a direct relationship between the brightness of a stimulus and itsrdukadim
stimulus presented with a long duration (that does not exceed a certain threshold
duration) is perceived of as having exactly the same brightness as thdisares

displayed at a higher luminance for a shorter duration. This relationship is known as



Bloch’s law. The implication of this summation of luminance over time is tiabi
signals of the same duration and intensity are both present in the same wahidmel
critical temporal window, the luminance of the two separate signals mayrbeesi
together to form one integrated signal (Eriksen & Collins, 1965). The summation of
luminance over time is presumed to occur within the peripheral system.

In order to investigate the role of the summation of information over time within
the peripheral system, the effects of peripheral mechanisms on responaeyascares
must first be separated from the effects of the central system mechamsesponse
accuracy scores. Turvey (1973) accomplished this by comparing the resnliskohg
under dichoptic, monoptic, and binocular viewing conditions. Binocular viewing
conditions refer to normal viewing conditions; that is, when the all of the stimuli are
presented to both eyes. A monoptic viewing condition occurs when both stimuli are
presented to only one eye. A dichoptic viewing condition occurs when the target is
presented to one eye and the mask is presented to the other eye.

Information about two objects presented under dichoptic viewing conditions
cannot directly interact because the information being transferredofiereye cannot
directly interact with the information transferred by the other eye timéaches the
central system. Therefore, if visual masking occurs when the stimuliegented under
dichoptic viewing conditions, the observed masking cannot be attributed entirely to
peripheral processing mechanisms. Information about two objects presented under
monoptic or binocular viewing conditions can directly interact within the peapber
central systems. If visual masking does not occur when the target and mpsésarged

under dichoptic viewing conditions, but does occur when the target and mask are
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presented under monoptic or binocular viewing conditions, then the visual disruption of
the target object caused by the presentation of the mask is likely due totioterghat

occur within the peripheral processing system rather than the centresgirag system.

If visual masking occurs when the target and mask are presented under dichuogtic a

as monoptic or binocular viewing conditions, then the visual disruption of the target
object caused by the presentation of the mask can be due to interactions thattbocur w
the peripheral or central processing system.

In experiments | - IX, Turvey (1973) examined the differences between the
effects of a noise mask and a structure mask under dichoptic and monoptic viewing
conditions. He found that a noise mask does not produce masking under dichoptic
viewing conditions but does produce masking under monoptic viewing conditions.
However, a pattern mask produces strong masking under dichoptic viewing conditions.
He also found that, as reported by Kinsbourne & Warrington (1962), masking by noise
was modulated by the brightness and duration of the mask relative to the target. This
finding is consistent with the luminance summation as described by Bloah’and is a
further indicator that masking by noise occurs primarily within the peripbgstem.
Structure masking, on the other hand, was mostly insensitive to the relativerdarati
brightness of the target compared to the mask. Instead, masking seemed ¢onbiaetbt
by the onset of the mask relative to the onset of the target (i.e. the SOA) fihtewes
are not consistent with peripheral processing mechanisms, so centralipgcess
mechanisms are likely contributing more to the disruption of the perception df targe

object.
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He concluded that noise masking was the result of interactions between the targe
signal and the mask signal within the peripheral processing system becaysie di
presentation of the stimuli did not produce masking and because masking observed under
monoptic presentation of the stimuli was sensitive to brightness and the duration of the
mask relative to the target. He also concluded that structure masking \sa# afre
interactions between the target signal and the mask signal within the peotedsing
mechanisms because masking was insensitive to the relative duration and $sightne
the target compared to the mask.

In experiments X — XIlI, Turvey (1973) investigated the role of peripheral
processing in pattern masking. He found that when the duration of both the target and the
mask was short, the visual masking produced by a pattern mask was senditve to t
brightness and the duration of the mask relative to the target when presented under
monoptic viewing conditions. Also, participants reported that the target appeared to be
distorted under these display conditions. However, at longer target durations the visual
masking produced by a pattern mask was not insensitive to the brightness and the
duration of the mask relative to the target. Further, the critical SOA (thexmimiSOA
at which the target could be accurately identified) for a structure mask undeptic
viewing conditions was the same as the critical SOA when the stimuli wesenped
under dichoptic viewing conditions. Finally, rather than reporting distortions inrthet ta
object, participants in these viewing conditions reported that they could see #te targ
clearly, but did not having enough time to identify the target. These results sdgperte

argument that there were two distinct mechanisms for visual maskingasee on
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interactions between information in the peripheral visual system and one based on
interactions between information in the central visual system.

In the last seven experiments Turvey’s (1973) further examined the differences
between central and peripheral processing mechanisms that are resgonsitsiual
masking. He argued that forward masking was generally the result digradip
processing (experiment XIV). He also observed that peripheral forwardngasés
stronger than peripheral backward masking (experiment XV) and more\setsiarget
duration (experiment XVI). Experiment XVIlI demonstrated that centraldot masking
was possible. Experiments XVIII and XIX demonstrated the independence of pariphe
and central masking by again showing that masking could still occur undenstences

in which masking should not be possible via peripheral system mechanisms.

Current Theories of Visual Masking

Feed-Forward Visual Processing Theories

Breitmeyer and Ganz (1976) introduced a new model of visual information
processing. Their model was a modification and expansion of the neural net based model
presented by Turvey (1973). The Breitmeyer and Ganz (1976) model has becorhe one o
the most well known models of visual information processing and represents a newer
class of models. Turvey’'s (1973) model of visual information processing was detign
consideration of the neural organization of the visual system. The new class & mode
takes the consideration of the neural organization of the visual system a step fur
They were specifically designed to be constrained by the neural zaganiof the visual

system rather than simply taking it into consideration.
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Generally, the new class of model describes inhibitory and excitateraations
between “channels” of visual information. A channel is simply a separatvipanent of
visual information and can include (but is not limited to) information such as brightness,
color orientation, or the retinotopic location of visual information. According tethes
models, when visual information is displayed to the eye, signals are genethtedhe
various channels of the visual system that represent the various components of the
displayed information. Visual masking is caused by interactions betwesiytias
associated with the display of the first object and the signals associtdtetdendisplay
of the second object. The signals can interact within a single shared visuagIcfiatra-
channel interactions) as well as between different visual channelsdfraenel
interactions).

Breitmeyer (1984) provides a review of some individual models (including his
own two-channel theory). These models are exclusively feed-forward in aatiire
generally involve some form of read-in to and read-out from an iconic store. Intra-
channel and inter-channel interactions occur prior to the formation of an icage im
(i.e., during the read-in stages), so visual masking is caused by procassimgnisms
that occur before the readout from the icon begins. Because masking can not cgcur onc
read-out from the icon begins, interruption of visual information processing at the
decision making stage is no longer required to explain the various masking effects
observed in delayed onset masking paradigms.

Turvey (1973) described the peripheral system as being responsible only for
transferring information from the eyes to the central system. In thisrreass of

theories, the peripheral mechanisms are not simply information transfermsecba
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Channels of visual information interact with each other within neural struchaeare
traditionally thought of as part of the peripheral transfer system (e.g.ieha la
geniculate nucleus) as well as cortical areas thought of as part of thé £gstem (e.g.,
cortical areas V1 and V2). Where as Turvey (1973) described interactioreehetw
channels of visual information, what makes the new class of theories diffetbat they
specify the mechanisms of the interactions between and within the visual channels.
The onset of any object with the visual field will cause both excitation and
inhibition within any given channel. It will also cause inhibition between orengiv
channel and other neighboring channels. Further, some channels carry information
through the visual system faster than other channels. The way in which the various
channels interact with each other is determined by the relative onsets ob thiejéats
(i.e. the SOA), whether the signals generated by the onsets of the two objaptstbec
same channel or neighboring visual channels, and weather the various sgjaats/a
at the same time. If an excitatory signal is active within any gilianreel when it
receives an inhibitory signal (either from the same channel or from a ch@sghboring
channel), then the excitatory signal will be reduced, or even completely sudpissse
the inhibitory signal. For example, if two identical lines with a very sspatial
separation are displayed to the eye at two different times, the onset ahdinsill
generate an excitatory and an inhibitory signal within a spatial location ¢h&hae
onset of the second line will generate an excitatory and inhibitory activaition &
spatial location channel that is a close neighbor to the spatial locatiorethamying
information about the first line. If the excitatory activation in the chacareying the

spatial location information about the first line is still active when gixexs the
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inhibitory signal from the neighboring spatial location channel — whichnergéd by
the onset of the second line — then the information about the spatial location of the first
line will be inhibited by the spatial location information about the second linereEé
would be that the spatial location information about the first line will nesatrthe
central system, so that the final visual perception may be of only one snegé the
spatial location occupied by the second line.

If the inhibitory signals generated by one object within a display does not interact
with, or does not completely inhibit the excitatory signal generated byhbe atject,
then an integration of the two signals may occur, which will result in the perception of
both objects. The signals associated with the display of two objects will natcinife
they are not within neighboring channels, or if the SOA of the display is not within a
optimal range. To return to the example above, suppose the two lines are displdnged on t
screen at an optimal SOA (i.e. the signals generated by the two objeespozally
overlapping), but have a very large spatial separation on the screen. Even though the
SOA is optimal, the inhibitory signal generated within the spatial lmcatannel by the
second line will be too far away from the spatial location channel cgrilyan
information about the first line to affect it. If this is the case, thenghtad location
information about both lines will reach the central system and it is likelyotthtlines
will be perceived.

On the other hand, say the two lines in our example are displayed with a small
spatial separation, but are displayed either at the same time, or aftel@geBOA. In
these cases the inhibitory and excitatory signals generated by theadribetsvo lines

will be active within neighboring spatial location channels, but they may not be attive
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the same times. The inhibitory signal generated within the spatiablocdiannel by the
onset of the second line will not temporally overlap with the excitatory sygmarated
within the spatial location channel by the onset of the first line. Agaimethdt will be
that the signals within the spatial location channels will not interetbath signals will

reach the central system resulting in the visual perception of two sepaeate |

Visual Masking and Feed-Forward Processing

Under feed-forward processing theories, interactions of inhibitory anctoxgit
signals within channels of visual information are responsible for the various &rm
visual masking. An important concept of the inter-channel and intra-chanmattidaas
described in most feed forward models is that the type of interaction (i.@xtexcor
inhibitory) and the strength of the interactions are time locked to the onsets obthe tw
objects. In most feed forward theories the inhibitory signal associatedheitnset of an
object is described as traveling faster than, or ahead of, the excitatatg $igt carry
more detailed information.

The visual information about two objects can only sum together if both of the
respective excitatory signals are still active within their chisna@d the inhibitory
component of the signal of one object does not temporally overlap with the excitatory
component of the other object. This will only occur with simultaneous onsets, or
relatively short SOAs because the two excitatory signalsnaitet through the visual
system at about the same rate. An example of masking via the integratiansigals
is masking by noise. If a noise mask is used in a visual masking experiment, and the

target and mask are presented either simultaneously, or with a short SOAetsgmals
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that have the strongest inhibitory effects (i.e., those associatethe@ibnsets of the two
objects) will not temporally over lap, but the signals that have strongertergigdfects
will overlap. Since the information about both objects will arrive at the cesyséém at
essentially the same time, both objects will be perceived as a single bbfbd.case,
identifying the target would be difficult, if not impossible, because the fsabfrthe
target will be embedded within the noise mask so that the target is “camouftggind”
mask. When two excitatory signals sum together in this way, it occurs duriegrtiie
stages of visual processing (i.e., before binocular combination, as argued by, Turve
1973).

As demonstrated by Turvey (1973), noise masking does not occur after binocular
combination. According to inhibitory based visual processing theories, thisasdgethe
channels that carry the information about the contours of the noise mask are not close
enough to the channels that carry the information about the contours of the target. In
dicoptic viewing conditions the target and the mask are presented to two seypesatoe
during the later stages visual processing (i.e. after binocular combinaovistal
system can treat them as two separate objects, even if they argadispith a short or
simultaneous SOA. If this is the case, then even if the mask spatiallyps/eith the
target, the information about the features of the target can still be sddanatehe
information about the features of the mask. However, this does not mean that the visual
channels stop interacting with each other after the binocular combination process

The integration of the information about two objects can occur after the binocular
combination process via the combination of contour information. An example of this is

masking by pattern. While channels of visual information can interact with gah ot
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prior to binocular combination, visual processing mechanisms at these stagemfuncti
primarily to transfer information from the eyes to the brain. Visual pratg#isat occurs
after binocular combination is more concerned with identifying and separating the
features of an object. In masking by pattern the features of the target anasthe m
become integrated during latter stages of visual processing becauseuites febthe
pattern mask are very similar to the features of the target, making tfiemltcio
separate.

One of the advantages of inhibitory based visual processing models over Turvey’s
(1973) model is that they address the mechanisms of metacontrast masking, which
Turvey (1973) did not explore. In metacontrast masking, the features of theatzulgbe
mask are very similar — they share the same orientation and arel\sghisd to each
other — but they do not spatially overlap. Because the features do not overlap, even if
signals of the two objects become integrated in the peripheral or centralsystem
target would still be identifiable because the features of the mask will nobltkge”
the features of the target. Turvey’'s (1973) model would describe metacomiisishg as
a case of interruption masking. However, certain aspects of metacontsastigmaake
interruption of processing a less viable explanation.

First, metacontrast masking has been shown to be sensitive to the relative
brightness of the target and mask (Fehrer, 1962). Turvey (1973) descrilbagptria
masking as insensitive to the relative brightness of the two stimuli. Alssintilarity of
the contours of the target and the mask should have little affect on interruption masking
in Turvey’s (1973) model because the arrival of information causes theuptten; not

the relative qualities of the information. However, metacontrast makksigpeen shown
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to be sensitive to the similarities in the features of the target retatthe mask (Hellige,
et al., 1979). These findings make it difficult for interruption alone to explain
metacontrast masking.

An inhibitory based visual processing model explains metacontrast maskimgy as t
result of the inhibition of the visual channels carrying the contour information about the
target by the visual channels carrying contour information about the masks Khiswn
as inter-channel inhibition. Metacontrast masking becomes progressregiges with
increases in the SOA, peaking out at some moderate SOA, and then decreasirey at long
SOAs. This temporal pattern reflects the temporal overlap of the exgitagnal
produced by the target object and the inhibitory signal produced by the masking object.
The magnitude of metacontrast masking depends on the strength of the inhipitaty s
generated by the mask relative to the strength of the excitatory sigreahtgsl by the
target. This can be changed by changing the spatial separation betweamdles of
the target and the mask, with larger separations producing weaker masking,(Kole
1962). If the spatial separation of the contours of the target and the maskhenedpart,
then the channels that carry the information associated with the two objédie wil
farther apart, leading to weaker inhibitory interaction between the visuatelsa

The relative strength of the inter-channel inhibitory interaction canbes
changed by changing the temporal separation between the target and theevaiske B
the excitatory signal caused by the onset of an object travels more slowlyhttineug
visual system than the inhibitory signal caused by the onset of an object, theantubiti
the target by the mask will only occur if the excitatory signal assatigith the target is

still active within a visual channel when the inhibitory signal associatdutietmask
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arrives. This temporal overlap is most likely to occur as intermediate SO&arkxt
SOAs the excitatory signal associated with the onset of the targek vestistrong, so
the inhibitory signal caused by the onset of the mask will not have a very strecigoeff
the excitatory target signal. As the excitatory portion of the targealsigavels through
the visual system it will slowly degrade, allowing the inhibitory portion of the&kmas
signal to have a stronger affect. At latter SOAS, the excitatoriopat the target signal
is more likely to have arrived at the central system before the inhibitaigmpof the
mask signal has “caught up.” Because the central system is immuneabmasking, no
masking will occur.

The retinal location of the target/mask display can also affect thaitnde of
metacontrast masking. If the stimuli are displayed outside of the fav@ager masking
is observed (Alpern, 1953; Merikle, 1980). This is due to the neural organization of the
retina. The sizes of the receptive fields in the eye are larger at retiaiabtacfarther
from the fovea. This causes the spatial resolution (i.e. the exact location of thegjontour
of the target and the mask to be less clear. Because the location of the coatmss ar
clear, the signals associated with the contours of the target and the maskethéely
to travel in neighboring channels, or even the same channel, leaving theoexsital
of the target more vulnerable to suppression by the inhibitory signal of the mask, or
integration of the two signals resulting in “camouflage,” as with structus&inga
Alternatively, the division of spatial attention may also modulate the spa@ut®n of
perafoveal information. By displaying information outside of the fovea spdteaition
can not immediately be deployed to the target spatial location. This nudtyimes

reduction in the spatial resolution of target information (Breitmeyer &n@amn, 2006).
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Criterion content, that is, the information about the target that a participant is
reporting, can affect the temporal pattern of metacontrast masking. Wgendetection
is used to measure metacontrast masking, masking occurs at early SOAkevtazget
energy is lower than the mask energy (Schiller & Smith, 1966). When brightrnegs rat
are used as a measure of masking, masking occurs at intermediateCRD7es (
Breitmeyer, & Melvin, 2003), similar to masking in a target discrimomatask (Enns &
Di Lollo, 1997). Different channels transmit their information at differetgs;aso it
follows that the time points at which different channels will be disrupted willndkepe
when the channels carrying a particular type of information interact. Tleeptmt that
different channels interact are reflected in the temporal pattern of grdgmmade based
on different criterion content. For instance, the channels that carry infornmateded to
make a detection judgment may transmit information at a faster rate,isbithtory
signal in the channels carrying the information about the mask will need talevére
excitatory signal in the channels carrying the information about the tangeguickly. If
the SOA is too long then the information about the target needed to make a detection
judgment will have arrived at the central system before the inhibitanglsggnerated by
the onset of the mask can overtake it.

Another important feature of most feed forward visual processing models is that
the iconic store serves as a barrier between perceptual level processirgad-in
mechanisms) and decision making processes (i.e. read-out mechanismsedisshat
in a feed forward visual processing model, the priming of perceptual legeniation is
not possible. Priming of masked information has been observed, but feed forward

processing models explain this effect as caused by the priming of iconicutead
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processes rather than perceptual level priming (Brietmeyer, 2007). Somedjedat
forward models (Ogmen, et al., 2003) as well as some newer visual information
processing models (Grossberg & Mingolla, 1985) have incorporated some forrd of fee
back component, but the iconic store remains a barrier that prevents priming of
perceptual level information. In contrast, a feed forward model does allolefor t

possibility of perceptual level priming.

Feedback Visual Processing Theories

The newest class of visual information processing theories is based orcieedba
processing within the visual system. The advantage of a feedback approach to visual
processing is that it can explain some of the more recent findings in visuahgnas
research that a strictly feed-forward approach finds difficult towatcfor. Enns & Di
Lollo (1997) demonstrated the possibility that higher level visual information can
influence lower level visual processing. The Enns & Di Lollo (1997) study showed that a
metacontrast mask, made up of features that should render it ineffective sidregma
object under feed forward visual processing theories, served as a powerfuhraask i
delayed onset paradigm when spatial attention was divided. The masking object in this
study was made up of four small dots arranged in a notional square patterantieat, f
but did not spatially overlap the target. Spatial attention was divided by randomly
displaying the objects in one three possible locations within a visual display.

There are two major reasons that four dot masking should not occur according to
feed forward theories. First, the feed forward mechanisms that causagra® only

effective if the two objects have at least some common features, such as cmiburs.
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The two objects in this study should not have enough features in common, so the
activation within any given channel caused by the onset of the mask objedtnvatul
interact with the activation caused by the onset of the target object withinsaay
channels, even if the target-mask SOA is optimal. Secondly, in feed forward shéorie
the excitation produced by the onset of a masking object within any visual clennel i
weak (e.g. the mask has limited contours, or has a low perceived luminance), then its
accompanying inhibitory signal will also be weak (Turvey, 1973; Breitmégs4). In

the Enns & Di Lollo (1997) study, the target objects were large, high congastdi

which should generate strong excitatory signals. According to feed forvwatelsnthe
inhibitory signal that would be generated by a four dot mask should be too weak to
suppress the stronger excitatory signal generated by the targeéstiteshould be that
even if the respective visual channels were close enough to interact with eachrather
the target-mask SOA was within an optimal range, the inhibitory signal in cisaianels
carrying the information about the mask should not be strong enough to suppress the
excitatory signal in the channel carrying the information about target.

Because spatial attention was the key factor in what Enns & Di Lollo (1997)
termed object substitution masking, feed-forward processing may be abjdaim ¢ixe
results of the Enns & Di Lollo (1997) without resorting to feed back processing. Stronger
metacontrast masking occurs in spatial locations outside of the fovea (Alpern,A953)
discussed above, this may be explained by a reduction in the spatial resolution of
perceptual level information when an object is presented in unattended parafoveal
locations. Reduced spatial resolution of both stimuli may allow the two objettar® s

enough features to allow for inter- and intra- channel interactions.
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However, in a follow up to Enns & Di Lollo (1997), Di Lollo, et al., (2000)
argued that the reduction of the spatial resolution opéhesptual level information
about the target caused by the division of spatial attention makes the targaatidn
more vulnerable to substitution by alpject level representation of the mask.

Di Lollo, et al., (2000) more closely examined the possible processing m&tha
for object substitution masking. The model of visual processing proposed by & ¢l
al., (2000) is based on reentrant neural connections within the visual system. anteentr
connection is a two way connection between two groups of neurons, or nodes, within a
neural network. When one node becomes active it sends information to a second node via
the ascending component of the connection. When this second node becomes active, it
sends information directly back to the first node via the descending component of the
connection. It is known that extensive reentrant neural connections exist throtighout
visual processing system (Felleman & Van Essen, 1991).

The object substitution model describes an iterative re-entrant procegsiam
that is divided into two major components (Di Lollo, et al., 2000). The first component is
a local loop system that is responsible for processing the perceptual levelahdn
about an object. The information within the local loop system is used to form initial
higher level (i.e. object level) representations. The second component is a global loop
system. This system is responsible for finding a higher level (i.e. objett pattern that
is consistent with the information in the local loop system, and then comparing the found
higher level pattern to the lower level information. The iterations within ttz loap
system occur very quickly, so the information about a displayed object is continuously

updated with new information form the eyes. However, the iterations in the global loop
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system are relatively slow. This means that if the display changesatmint between

the beginning and the end of any given global loop iteration, then there will be a
mismatch between the information in the local loop system and the higher |égah pat
match found by the global loop system when the comparison is made. If this mismatch
occurs then the higher level pattern match will be rejected and the sebuantinue

using only the new information.

In a masking paradigm, the initial object level pattern match will be based on the
information about the target (or the target/mask pair in the case of a common onset
masking paradigm). If the information in the display has changed when the campsris
made between the global loop and the local loop system, then the initial object level
representation of the target will be abandoned and replaced, or substituted by the object
level representation of the mask. The likelihood that a mismatch between thdagpba
information about the target and the local loop information about the target will occur
depends on the amount of information about the target remaining in the local loop
system. Figure 1 shows the basic components and structure of the object sarbstituti

model.
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Figure 1:

Information
Form the Eye

Input Layer

c P-area
Working High Level
Space Patterns

Schematic diagram of the Local and Global |oop systems. The local loop system includes the Input Layer,
the Working Space, and the P-area. The Global loop system includes the P-area and the High Level
Pattern area.

The Local Loop System

The local loop system described by Di Lollo, et al., (2000) involves
communication between local brain areas (i.e., between brain areas withirutile vis
cortex). During the local loop cycle, information from the eyes is placed nnttgpat
layer. The input layer is part of the primary visual cortex (V1) and functisrasshort
duration sensory memory store that is constantly updated as new informatiea fxom
the eye. It possesses a retinotopic organization and is made up of very septiNeec
fields. One way to understand the structure of the input layer is to compare its
organization to the organization of pixels on a computer monitor. Each receptive field is
analogues to a pixel on a computer monitor. Each pixel contains all of the visual
information that is present at that particular location. Because each pixgaiszed in
the correct location relative to other pixels, the pattern that the pixels farbeca
perceived as a whole picture rather than as a collection of unrelated detss®dwe
input layer is organized in a similar manner it contains the information about &ath pi

(i.e., receptive field) as well as the spatial relationship between eagptive field.
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However, each receptive field in the input layer is independent (i.e., the vedegtls
are not directly connected), so the input layer is not sensitive to pattern inéorma

In order to organize the input layer into patterns, the input layer sends its
information to the pattern, or P-area. Di Lollo, et al., (2000) describes the Rsapart
of the extra-striate cortex (possibly area V3 and V4, though the exact ceuedates
are not specified by the model) which consists of stored pattern informatioR-3iea
patterns that are activated are those that are consistent with the irdarimahe input
layer. P-area patterns are not necessarily whole, or complete pdtistead, they can be
thought of as conjunctions of features such as color, orientation, and spatial location
(Treisman & Gelade, 1980). For instance, if a red diamond is presented to (Régaye
2, a.) one P-area pattern associated with the diamond may simply consist @inaldiag
red line at a particular place in the visual field (Figure 2, b. & c.). This&pattern
does not contain higher level pattern information, so this red line may or may not be
connected to another red line (as in Figure 2, d.). All that is known is that there is a
diagonal red line at that location in the visual field. The initial P-arearpatthat are
activated may be unclear, or more than one P-area pattern may have hededadi
order to clarify these possible ambiguities, the activated P-areangateszd to be
compared to the information in the input layer. To accomplish this, the activated P-ar
pattern, or patterns are placed into a working space.

Like the input layer, the working space is part of the striate cortex, isibegan
retinotopically, and it contains small receptive fields. It is also coatly updated with
new information, except that it is updated with P-area patterns rather tihavisuial

information from the eye. P-area patterns have larger receptive freldg@ sensitive to
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the spatial relationships among the smaller receptive fields in the input légwever,

this sensitivity to patterns comes at the cost of spatial resolution. €aissnthat a direct
point by point comparison between P-area activations and input layer informatimn is
possible. In order to compare P-area patterns to input layer information, tba P-a
patterns are place into the working space. The working space now contains att@py of
P-area pattern, but the pattern is now in the form of a pixel like representatioarthze
directly compared with the information in the input layer. Each time new Rpattans

are activated and placed into the working space, the old working space information is
overwritten with the new P-area patterns.

After the P-area pattern is placed into the working space, the working space
information is combined with the information in the input layer. This combined
information is then sent back to the P-area. A new P-area pattern is dativatey this
second iteration and then placed back into the working space, where the old working
space information is overwritten. As long as the input layer information and thengyorki
space information are consistent at the comparison stage of each pigptmss) clearer
(i.e., less ambiguous) P-area patterns will be activated after eatloief his iterative
cycle will continue until a decision about the visual information is made.

If at some time during the iterative process the input layer is entpy a
comparison is made with the working space (i.e., the visual information is remoxed fr
the display), then the result of each comparison stage will be made up of only the
working space information. As long as the input layer remains empty, theviéergtie
will continue with only the working space information activating P-area patterns

However, without input layer information to reinforce the working space infoomati
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during the comparison stage, the information in the working space will begin to degrade
due to the addition of “noise” during the combination stage of subsequent iterations.
Alternatively, if the input layer information changes at some time during the
iterative process, as would occur in a masking experiment, then the input ldyer wil
contain information about the mask, but not the information about the target. When this
occurs, the working space information about the target would be combined with the input
layer information about only the mask. The exact mechanism of the combinatiemsstag
not specified by the object substitution model (Di Lollo, et al., 2000), but the information
within the input layer and the information within the working space can interangdur
this stage. The information about the mask in the input layer can interact with the
information about the target in the working space in such a way as to reduceithefcla
the target information. When new P-area patterns are activated by thisiednriput
layer/working space information, the P-area activations associatetheitarget will be
less clear because the information about the target after this combinaj@mvitde
less clear. This less clear P-area pattern is then placed into the waspkizey After each
iteration of the local loop system in which the target information is absent formptite
layer, but the mask information is present in the input layer, the P-area aratcas
and the subsequent working space information about the target will become progressivel
less clear.
The extent of the disruption of the target information caused by the mask
information within the local loop system will depend on the same stimulus pararaste

is described in the literature, such as the relative brightness of the gketuker &
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Smith, 1962), and the degree of similarity between the contours of the masking object
and the contours of the target object (Houlihan & Sekuler, 1968).

The target and the mask only interact at the combination stage of the local loop
cycle. If the mask is presented with at a short SOA and a relatively siatioa then the
mask information in the input layer will begin to interact with the target irdon in
the working space before the target information has degraded (i.e., thesigngétvill
still be relatively strong). This means that the information about thettaaly not be as
degraded as it would have been if the mask had been present at a lateleS@Agn
the target information had already been degraded due to the addition of noige). On t
other hand, if the mask is presented with at a long SOA, then a decision about the target
may have been made by the time the contours of the mask begin to affect the information
about the target during the combination stage, so these local loop interactionsevill ha
no effect on response accuracy scores.

If the metacontrast mask is presented at an optimal SOA, then the target will
already be degraded due to the addition of “noise” prior to the onset of the mask. This
means that the working space information about the target will be relatrealy, while
the input layer information about the mask will be strong. This leaves the information
about the target more vulnerable to interactions with the contours of the mask during the
combination stage. The result is that the contours of a metacontrast maskevdl ha
much stronger affect on the working space information about the target atlpimsa.

The mechanisms described in the local loop system in the object substitution
model produce the same patterns of masking described by feed-forward pigpcessi

mechanisms. This is because the combination stage in the object substitution model
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functions the same way as the time locked inhibitory mechanisms descrikestby f
forward models. However, the local loop processing described by the object swinstituti
model does not account for four dot masking. Four dot masking occurs within the global

loop system.

The Global Loop System

The second component to the object substitution model described by Di Lollo, et
al., (2000) is the global loop system. The global loop system involves communication
between the visual cortex and brain areas outside of the visual cortex. The fundi®n of t
global loop system is similar to that of the local loop system. The local loopnsyste
compares P-area patterns to input layer information. The global loop compares the
information in the local loop system to higher level pattern information storedeofs
the visual cortex. These higher level patterns are involved in making decisions about the
information in the local loop system.

When a new iterative cycle begins in response to new information, initiabP-are
patterns are activated and placed into the working space. These samg#ttarea are
also sent to the higher level pattern areas outside of the visual cortex in gt siténd
initial higher level patterns that are consistent with the P-area amtisafAs described
above, P-area patterns activated during the local loop system have rekanedly
receptive fields (Figure 2, b. & c.). The higher level patterns stored otitsidesual
cortex have larger receptive fields and are sensitive to these more cqaigrs
(Figure 2, d.), but the greater gain in sensitivity to patterns of visual infiorma

accompanied by a greater loss in spatial resolution.
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O N s

Information about a displayed stimulus, a,. contained in
the P-area, b. & c., and the higher level pattern area
stored outside of the visual cortex d.

The ascending component of the reentrant connection associated with the global
loop sends P-area information to the higher level pattern area in an attemgt to fi
matching high level patterns. When a match is found, the descending component of the
reentrant connection sends information back to the P-area in order to make a comparison
between the activated high level pattern and the information in the local loop sistem.
descending component also adjusts the size of the receptive fields of thesB-uata
the P-area activations become more sensitive to complex patterns and |¢is® sensi
smaller changes in the spatial resolution of the information in the working space.

The comparison stage is also adjusted so that more weight is given to the working
space information during the comparison stage. The global loop iterations aretbkmver
the fast loop iterations, so any changes in the input layer that occur afdstibeloop
cycle begins, but before the global loop cycle is complete can interferehevidibility to
completely process the information at the target location. For exampletatf ¢je¢ object
has moved, or it the eye has moved, then the target object will no longer be present at the
same location in retinotopic space. This would lead to a mismatch between the

information at the target location in the working space and the information atdkeé t
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location in the input layer. The mismatch between the input layer information and the
working space information during the comparison stage would lead to diffeegatlP
activations associated with the target object. A difference in the Painegtians

associated with the target would lead to a mismatch between the new Past@ast
associated with the target and the high level patterns activated during the priabals g
loop iteration. This mismatch would cause the global loop to abandon the original pattern
match before a decision can be made, and start over with the new P-areaastiVat
purpose of these adjustments is to add stability to the iterative process.

By adjusting the comparison stage so that the working space is more heavily
weighted, small or transient changes in the input layer information occurring ¢atter
iterations can be filtered out, leading to a greater stability in theaPaatations
associated with the target after each of these local loop iterations.iAgljing size of
the receptive fields of the P-area results in even more stability in tleerpattthe
information about the target because larger receptive fields are motéessdndarger
changes in the combined working space/input layer information (i.e. change®uethe
all pattern of the information), but less sensitive to smaller changes, sunhlas s
changes in the spatial locations of the contours of the target object. Thedterantrant
processing is a hill climbing process in which the visual system becomesssroghe
more sensitive to the pattern of visual information, and less sensitive to theafimedgr
spatial resolution of visual information. This gives the global loop systems mmaréot
find a stored, object level pattern that is consistent with a relatively stai#e level, P-
area patterns activated by the display of information at a targeblocand then

compare them in order to find the best match.
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Masking by Object Substitution

The global loop iterations are slower than the fast loop iterations, so any €hange
in the input layer that occur after any global loop iteration begins, but befoigddhal
loop iteration is complete, will result in a mismatch between the activajaddviel
pattern and the information in the local loop system. When this occurs, the activated high
level pattern is rejected and a new high level pattern is found. Object substitution
masking is the result of such a mismatch between higher level patterns antkleier
patterns. The initial high level pattern activated during a given global texation will
contain information about the target as long as the information about the target in the
local loop system is above a certain threshold relative to the mask. However, if the
information about the target in the local loop system has dropped below that threshold,
then the initial high level pattern containing information about the target widjbeted
and a new high level pattern will be found that contains only information about the mask.
Decisions about visual information are made based on these high level pattern matches
so if a confirmed high level pattern does not contain any information about the target,
then the target will be perceptually invisible. If a confirmed high levéépatioes
contain information about the target, but not enough information to make the decision
required by the task, then the target may be visible, but an accurate dedisoen wi
impossible.

Figure 3 shows a graphical example of object substitution masking during a
common onset paradigm. A target/mask pair is displayed at a random location on the

screen for a brief duration and then turned off (Figure 3, a & b). After the tatgetesl
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off, the mask remains on the screen. The information about the target within the working
space then begins to degrade due to the addition of noise, and possibly some interaction
with the mask information. At the same time, the global loop is attempting to fiiggth a hi
level pattern match that is consistent with the initial information about tpethavask

pair. However, by the time a high level match is found the information about the target
will have degraded, where as the information about the mask will still be Elgar€ 3,

c). This initial high level pattern will have contained information about the téfggire

3, e), but if the information about the target in the local loop system has degraded below
threshold then this initial high level pattern will no longer be consistent with the
information in the local loop system. This initial pattern will be rejected and/dnigh

level pattern will be found (Figure 3, d) that is consistent with the new infamiatithe

local loop system.

Figure 3:
Global Loop
Patterns
P-Area Pattern d.
C.
I ] ] ] |
a. b. m m e m I m

Example of object substitution masking. (a). is the target object.( b) isthe mask. (c) it the P-area activation
associated with the target mask pair with an optimal SOA (if a delayed onset paradigmis used) or an
optimal mask duration (if a simultaneous onset paradigmis used).( d) and (e) are the two possible high
level patterns associated with the target mask pair. If the target and the mask are processed as the same
object, then d. ismore consistent with c. than is e. because the P-area activations associated with the target
in c. are below threshold as compared to the mask. The result isthat high level pattern d. will be selected
and substituted for P-area pattern c. in conscious perception.
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It is important to note that object substitution masking is not dependant on the
onset or duration of the mask. All that is required for object substitution masking to occur
is that there is a mismatch between the local loop information and the global loop
information when the comparison between them is made. This can be achieved with the
delayed onset of a short duration four dot mask, as long as the mask is displayed before
the comparison between the global loop information and the local loop information is
made (Enns, 2004; Enns & Di Lollo, 1997).

It is also important to note that the Object Substitution is a general visual
information processing model and does not only occur when a four dot mask is used. If a
metacontrast mask is used the Object Substitution predicts the same outcome as i
normally observed in metacontrast masking. The contours of a metacontrast thask wi
interact with the contours of the target at the combination stage of théologalycle.

This interaction will cause an increase in the rate of degradation of gle¢ wathin the

working space which will leave to target more vulnerable to object substitutiskinga

Attention and Object Substitution:

Enns & Di Lollo (1997) and Di Lollo, et al., (2000) demonstrated that four dot
object substitution was modulated by spatial attention. Enns & Di Lollo (1997}edpor
that no masking was observed under focused attention conditions (i.e., when all stimuli
appeared in the center of the screen). Di Lollo, et al., (2000) reported that wheorattenti
was divided by randomly displaying a single target/mask pair at one of eigiitlpos
locations on the screen, only very weak masking was observed, meaning that simpl

spatial uncertainty was not enough to produce four dot object substitution masking.
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However, when the target set size was increased by displaying multipiblpaargets
on the screen to serve as distracters, with the to be reported target chioyctite four
dot mask, strong masking was observed. The strength of the masking effefte¢sesdre
by a drop in response accuracy scores) increased with the number of dptageets.
This increase in masking was greatly reduced or eliminated if a validlsps was
presented before the target display was turned on.

Di Lollo, et al., (2000) explained these findings as caused by a delay inlibe abi
to focus attentional resources on the correct target location. This delay, in vdodibD
et al., (2000) termed time to contact, results in a loss of spatial resolution of the
information at the target location if attention cannot be immediately edgkmgerder to
identify the target in a masking experiment, a participant must firstndieethe spatial
location of the target. This means the participant must first find the mask. Wheagke m
is found, spatial attention can then be shifted to the location of the target/mask pair. The
visual system must then determine which features at that spatial locabog bethe
target/mask pair and which belong to any other information with in the samelgerara
(i.e., any distracter targets). Once the target/mask pair has beeedsthet information
can be processed with the exclusion of all other information in the display. Thisrdela
the time to contact with the target location will lead to less clearliRitaaea activations
as well as an increase the time required to find a higher level pattern matuod tnget.
This means that the initial local loop information about the target will be less ated
will have had more time to degrade before a higher level pattern match can be found,
which will leave it more vulnerable to object substitution when the comparison iy final

made. Increasing the number of distracters in the display increasesdhetakes to
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separate the information at the target location form the other information irsptaydi

which effectively increases the time to contact with the target location.

Object level representation within the Object Substitution Model

In the global loop cycle of the object substitution model, a high level pattern is
selected based on the information within the local loop system. This high leveh patter
then confirmed by comparing it to the low level information. Another way of
understanding this process is to think of visual processing as a series of hggettes
A P-area activation during the local loop cycle is an hypothesis about the pattezn of
combined input layer/working space information within a very small area ofghalvi
field. A high level pattern selected during the global loop cycle can be thoughtiof a
perceptual hypothesis of the pattern of information within the local loop. Beeshigh
level pattern contains more complex pattern information than is contained in P-area
patterns, a high level pattern can be thought of as a hypothesis about the abgect at
selected location.

Object substitution masking is caused by a rejection of an object level paicept
hypothesis due to a mismatch with local loop information. One of the key requirements
for object substitution masking is that the original object level perceptual hggothe
about the information at the target location target must be of one single objeafmade
the target and the mask rather than two separate object level perceptualdegdttipe
target and the mask can be represented as two separate level percepthakbgpthen
object substitution masking is greatly reduced or eliminated. More &4 I&005)

conducted a study using a common onset four dot masking paradigm in which color and
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motion were used to separate the object level representation of theramgéid object
level representation of the mask. The results indicated that when the tatgeask
patterns can be clearly represented as two separate objects, rathemippatef the
same pattern or object — by changing either the color of one of the objects)awirg
one of the objects move independently of the other in the visual display — then the
strength of masking is greatly reduced.

However, even though object substitution masking is dependant on the selection
of object level patterns, this does not mean that these object level pattecategorical
in nature. Recent work has shown that the object level patterns responsible for objec
substitution masking are pre-categorical. Reiss (2006) examined E&REings of the
n400 signal recorded in response to masked semantically incongruent wosds. Rei
(2007) examined ERP recordings of the n170 signal recorded in response to masked
faces. In both of these studies, the ERP signal normally associated witketjarization
of the respective stimuli (i.e. semantic word meaning in the case of the n400, and
categorization of a face object as a face in the case of the n170) was suppreskea b
dot mask in a common onset masking paradigm. These findings indicate that the object

level patterns involved in object substitution masking are pre-categorical.

Priming of Perceptual Level Information

While the discovery of four dot common onset masking has produced a strong
argument for the existence of extensive feed back in visual information prac@3si
Lollo, et al., 2000), predominantly feed forward visual processing models cannotde rule

out. However, the barrier between perceptual level processing and decision level
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processing imposed by most current feed forward based theories is a Ifeutimge that

is not shared by a model that incorporates extensive feed back processirag e

Object Substitution model. If the barrier between perceptual level progessd

decision level processing can be breached, it would be difficult for current predominantly
feed forward processing models to account for the breach without resorting to the
incorporation of more extensive feed back components. The demonstration of priming of
perceptual level information that can not be explained by decision making @®cess
would be a breach in the barrier of the iconic store.

The hypotheses about the pattern of visual information that are being tested in the
object substitution model in both the local and global loop components are currently
described as being based only on new the visual information coming in from treg eyes
the start of a new trial (Di Lollo, et al., 2000). If this is the case, then thalvis
processing of stimuli displayed in one trial of a masking experiment awt ino effect
on the visual processing of stimuli displayed in following trials. HoweVéngi
processing of an object in a new trial can be influenced by perceptual hgsofbesed
during the processing of previously displayed objects, then previously displagall st
can affect the processing of new visual information.

In a typical masking experiment, participants are repeatedly prdseitheand
responding to the same set of target stimuli. During each trial a partierplaiorm a
high level perceptual hypothesis about the target presented in that thad.High level
perceptual hypothesis can remain available across multiple trials, tanbe thought
of as a long term perceptual hypothesis. This long term perceptual hypothgfis ma

able to affect the processing of new visual information. One way of affebeng t
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processing of the visual information in a new trial is by priming local looenpat(i.e.,
P-area patterns) that are consistent with the long term perceptual lsgsothieis can be
accomplished by using the descending component of the global loop system.
Alternatively, if a long term perceptual hypothesis is consistent with grgett

displayed in a new trial, then when the initial local loop information about the new target
reaches the high level pattern area it is more likely that the alremggdonigh level

pattern will be selected. This means that the high level pattern aréhe wibre

sensitive to the pattern if information in the local loop system if the local loop
information is consistent with a long term perceptual hypothesis. The rethat even
information about the target within the local loop is relatively the weak itstilillbe

enough to confirm a high level perceptual hypothesis that contains information about the
target. Some combination of these two mechanisms is also possible. Regardlash of w
system is being affected, the existence of a long term perceptual hypetbekl result

in the enhancement of the processing of new visual information that is consistettie

long term perceptual hypothesis.

The existence of priming can be confirmed by comparing the results of & visua
masking experiment in which a large number of long term perceptual hypotheses a
formed with the results of a visual masking experiment in which fewer lomg ter
perceptual hypotheses are formed. If long term perceptual hypothesesussad e
enhance the processing of new information via the priming of pattern information, then
increasing the number of primed patterns will likely lead to increased tiompéor
activation among the primed patterns. This would result in less effective entamtcof

the visual processing of new information when more long term perceptual hypotinese
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present. This loss of effectiveness will leave the target more vulneoadibgect

substitution masking, which would be reflected as a drop in response accuracy scores.
In the present study the number of long term perceptual hypotheses is

manipulated by changing the number of possible target identities that gopattitiay

see on any given trial. In one condition participants performed a two akerfated

choice (2AFC) task in which participants must choose between two possible target

identities. The task was to report the location of a missing corner of a diamond shaped

object. This is the same task and the same stimuli used by Enns & Di Lollo (1997). The

target in any given trial of the 2AFC response condition was missingtity leght

corner, and participants pressed a key on the keyboard that corresponded to the location

of the corner (i.e., there were two possible responses). Response accorasynsthis

task were compared to response accuracy scores of participants in aefouatist

forced choice (4AFC) task. The same stimuli were used in this 4AFC respongeoondi

except that the diamond object could be missing any one of its corners. The perceptual

level of information about the target was identical in both conditions, so it is unliely t

differences is the figural makeup of the target object would cause amgddés in the

processing of the target in any given trial of either condition. In other whelamount

and quality of perceptual level information about the target available fmi@®making

in any given trial of the 2AFC condition should be exactly the same as the amount and

quality of perceptual level information about the target available for decisiomgniaki

any given trial of the 4AFC condition. The only difference between the tyoomes

conditions was the number of possible long term perceptual hypotheses available
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However, increasing the number of possible choices that a participant can make
may affect cognitive mechanisms, such as response level processing Segiaaate
from perceptual and decision level processes but may also affect respanse\ac
scores. In order to account for the possible confound of response level processing as a
source of “masking” (i.e., a factor that may affect response accwams$, a third
response condition was implemented. In this response control (RC) condition the 4AFC
condition was essentially transformed into a 2AFC response task by a simple
manipulating of the task parameters. In the RC response condition the display was
exactly the same as in the 4AFC condition: participants were presented wiahfoone
possible diamonds. However, they only needed to make one of two possible responses: if
the top or left corner of the diamond was missing participants made one response, and if
the right or bottom corner was missing participants made another resporisgdpast
in this response condition will have formed the same number of long term perceptual
hypotheses as patrticipants in the 4AFC response condition, but will only have to make
the same number of responses as participants in the 2AFC response conditipanfferes
level processing is responsible for, or significantly contributing to thegbeelddrop in
response accuracy scores in the 4AFC response condition as compared to the 2AFC
response condition, then response accuracy scores in the RC response condition should
be closer to those in the 2AFC than those in the 4AFC response condition because the
number of response is the same in the RC and 2AFC conditions. If response level
processes are not significantly contributing to the predicted increaseskmman the

4AFC response condition, then response accuracy scores in the RC response condition
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will be closer to those in the 4AFC response condition because all other variablhes are t
same in the RC response condition as in they are in the 4AFC response condition.

The time course information provided by visual masking experiments may
provide additional clues to the predicted differences in processing between ¢he thre
response conditions used here. A common onset paradigm is used in both experiments in
this study in order to better eliminate onset dependent inter- and intra- channel
interactions between the target and the mask, allowing for better intérlpetander the
object substitution model. Differences in decision level processing may ladee oy
examining differences in the time course of visual masking. Decreasestimécourse
of masking my reflect decreases in the time required for decision makihg i the
case then it may be possible to separate the time course of decision making form the
accuracy of decision making. The ability to separate the time course sibdeatiaking
from the accuracy of decision making is important because it may allow pexcepel
processing to be separated form decision level processing. By sepdratiimyet course
of decision making form the accuracy of decision making it may be possible tatsepa
perceptual level priming from decision level priming.

The final consideration when examining perceptual level priming in an object
substitution masking paradigm is the role of spatial attention. Spatial attembidulates
object substitution masking because in order to identify the target object,diraatibn
at the target location must first be separated form the information at othetr tar
locations. The same may be true of the priming of perceptual level informatien. T
visual cortex is organized retinotopically, so in order to prime local loop patternB-(

area patterns) it is likely that a spatial location must first be sel@ctorder for local
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loop priming to occur. If a spatial location is not known prior to the onset of the target
information, it may be impossible to prime local loop information. A common onset

masking paradigm was used in Experiment 2 in order to explore this possibility.

Methods Section
Experiment 1
Simuli and Apparatus

The stimuli were displayed on a Panasonic PanaSyncE110 color CRT monitor
with a 20” diagonal viewable image size. The vertical frequency was set to @b a1z
Matrox MGA-G200 AGB video adapter, resulting in a minimum stimuli displa tof
12 ms. The viewing distance was set to 60cm from the monitor by a chin rest. Screen
resolution was set to 1024 X 768. All three experiments were conducted in a darkened
room (the lights were turned off). Under darkened conditions, the stimuli weke blac
(0.00cd/n) displayed on a white background (62.04 cij/rauminance measurements
were taken using a Minolta LS-110 light meter.

The target stimulus (Fig. 4a) was a diamond with a size of .65 degrees of visual
angle (17 pixels) at the largest diameter (i.e., from the left corner tggtitecorner). The
missing corner was .078 degrees of visual angle (2 pixels inward) in size. Tletfour
mask (Fig. 4c.) was 1.03 degrees of visual angle (27 pixels) in size from tigit.

Each dot was a square, .078 degrees of visual angle (2 pixels inward) in size and was
separated from the target by .191 degrees of visual angle (5 pixels) fromets eldge.
The metacontrast mask (Fig. 1d.) was 1.109 degrees of visual angle (29 pixels) in

diameter and .191 degrees of visual angle (5 pixels) thick. The mask was sepanated f
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the target by 1 pixel. The fixation target (Fig. 1e.) consisted of two horidorga) each
2.752 degrees of visual angle (72 pixels) in height and .274 degrees of visual angle (7
pixels) wide. The lines were positioned at the center of the screen and skpurau@75
degrees of visual angle (104 pixels).

Participants made their responses using the number pad on a standard keyboard.
The keys were labeled according to the response condition. In the two alterorate f
choice condition the “4” key was labeled “left” (i.e. the left corner of thendind was
missing), and the “6” key was labeled “right.” In the four alternative footexice
condition the “8” key was labeled “top” and the “2” key was labeled “bottom.” For the
response control condition, the “7” key was labeled “RT,” meaning that eitheghteri
the top corner was missing. The “3” key was labeled “LB,” meaning that d¢hdeft or

the bottom corner was missing.

Figure 4:
a. Target Stimulus (Exp. 1) b. Target Stimulus (Exp. 2) c. Dot Mask
3 | |
] ]
d. Frame Mask e. Fixation

&

Simuli used in experiments 1 and 2.
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2 Alternative Forced Choice Response Condition
Participants

Twelve naive observers participated in the experiment. Participardsagerl8
to 21 (M = 19) and consisted of 7 males and 5 females. All participants had normal or
corrected to normal vision as determined by self report and three visual astsity te
including contrast sensitivity, near acuity, and far acuity measuresipants were
selected from the University of Kansas psychology research participatbbanmd
received class credit for their participation.
Procedure

After giving informed consent, visual acuity measures (described aboxe) we
collected from each participant. Participants were then brought intodhewhere the
experiment was conducted. The door was then closed and the lights turned off.
Participants’ eyes were allowed to adjust to the luminance conditions in the rdoen as
experiment instructions were given. Either the left corner or the righ¢icofithe target
stimuli was missing. The participants’ task was to indicate with a button pheds w
corner was missing in each trial. If unsure they were instructed to gvé#st guess.
Response choices were spatially mapped according to the missing cornér in eac
condition. Figure 2 shows the keyboard layout for all three response conditions. Each
participant was told that only the accuracy of their response was important taie tha

speed of their response was not important.
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Figure 5:
a. 2AFC condition b. 4AFC condition
7 8 9 7 top 9
left 5 right left 5 right
1 2 3 1 bottom 3

c. Response Control Condition

LT 8 9
4 5 6
1 2 RB

Figure 5 shows the spatial arrangement of the response keys used in a. the 2AFC response condition, b. the
4AFC response condition, and c. the RC response condition.

The experiment was broken into seven trial blocks. The first three trial blocks
consisted of practice trials and the last four blocks consisted of the expelimaista
During the first practice trial block, the target was presented alone intorfieniliarize
the participant with the experimental task. In all other trial blocks the ontet tdrget
was accompanied by the onset of either the four dot or metacontrast mask.

The first trial in each block was initiated when the participant made a spacebar
press on the keyboard when they were ready to begin the block. Each subsequent trial

was initiated when the participant made their response in the precedingaciaktrial
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began with a 250 ms wait period, during which the screen remained blank. The fixation
target was then displayed for 1000 ms followed by another 500 ms wait period during
which the screen remained blank. In the first practice trial block the tairgetist

(without a mask) was then displayed for 12 ms and then turned off. The participants then
made their responses. They were instructed to respond when they were readseand we
not prompted to make a response (the screen remained blank for the remainder of the
trial). The next trial did not begin until a response was made. During alltatidilocks

the masking appeared at the same time as the target. The target remaieescoeen

for 12ms and was turned off. The mask remained on the screen for an additional Oms (the
mask display terminated with the target), 24ms, 47ms, 106ms, 153ms, 200ms, or 247ms.
The stimuli always appeared at the center of the screen. Figure 6 reptbsdithe

course of a single trial in the first practice trial block (figure &ad all other trial blocks
(figure 6b.).

Figure 6:

a. Time Course of a Trial in the First Practice Block

|
| 4

I I I | I I
250ms 500ms 500ms 12ms Response

b. Time Course of a Trial in All Other Trial Blocks

|
| 4

I I I | I | I

250ms 500ms 500ms 12ms Mask Duration Response
Figure 5 shows the time course of the display in any given trial of a. thefirst practice block and b. all other
trial blocks (both practice and experimental blocks).
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The first trial block (target only) consisted of 20 randomized trials. The taaget
missing the left corner on exactly half (n = 10) of the trials and wasngits right
corner on the other half (n = 10) of the trials. The order of second and third trial blocks
was counter balanced by participant. For the first six participantsysheractice block
consisted of 28 trials during which the four dot mask was presented. Each mask duration
was presented an equal number of times (i.e. four times), as was the locdt®n of t
missing corner. The mask duration and the location of the missing corner were random
for each trial. The second practice block was identical to the first, excepteha
metacontrast mask was presented. For the last six participants, thentratianask was
presented in the first practice block and the four dot mask was presented in the second
practice. The order of the four experimental blocks was also counterbalgneelojdrct,
with both the four dot mask and the metacontrast mask appearing twice. The mask
duration and the location of the missing corner were again random for each trial, and
presented an equal number of times. Each of the four experimental blocks consisted of
252 trials. Participants were given a short break between each block. Holeyeavete
not allowed to leave the room and the lights remained off. Each experimental block took
approximately 15 to 20 min to perform and the entire experiment lasted approxithately
hr. This procedure resulted in 72 trials per mask duration, per mask type for each
participant (practice trials were not included in the analysis). Acropaitipants, each

mask type was presented 864 times at each mask duration.
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4 Alternative Forced Choice Condition
Participants

Twelve naive observers participated in this condition. Participants wef& age
27 (M =19) and consisted of 6 males and 6 females. All participants had normal or
corrected to normal vision as determined by self report and three visual astsity te
including contrast sensitivity, near acuity, and far acuity measuresipants were
selected from the University of Kansas psychology research participatbbanmd

received class credit for their participation.

Procedure

The procedure for the 4AFC response condition was exactly the same as 2AFC
response condition, except that the target was missing one of four corners imagach tr
During any trial, the target was missing either the left, right, top or battoner.
Participants again responded by pressing a button on the number pad that corresponded to

the missing corner.

Response Control Condition
Participants

12 naive observers participated in this condition. Participants were age 19 to 26
(M = 20) and consisted of 7 males and 4 females. All participants had normal or
corrected to normal vision as determined by self report and three visual astsity te

including contrast sensitivity, near acuity, and far acuity measuregipants were
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selected from the University of Kansas psychology research participatbbanmd

received class credit for their participation.

Procedure

The procedure for response control condition was exactly the same as for the
4AFC response condition, except that instead of pressing a button that corresponded to
the missing corner, they pressed one button (labeled “LT”) if the left or th@toprc
was missing and another button (labeled “RB”) if the right or the bottom coriser wa
missing. The “7” key on the number pad was used as the “LT” button. This placed it
halfway between “left” and “top” buttons used in the 4AFC condition. The “3” key on the
number pad was used as the “RB” button, which placed it halfway between “right” and
“bottom” buttons used in 4AFC condition. The procedure allowed the response choices to

be spatially mapped with regard to the response task.

Results
The data were analyzed using a 2 (mask type) X 7 (mask duration) X 3 (response
condition) Mixed Linier Model. All main effects and all interactions wegaidicant. For
Mask Duration: fg,198)= 180.55, p <.0001. For Mask Typgi £3y= 2065.90, p < .0001.
For Response Conditionpkz = 309.2, p <.0001. For Mask Duration X Mask Type:
F,198)= 67.57, p <.0001. For Mask Duration X Conditiop2 fegy= 10.92, p < .0001.
For Mask Type X Condition: 33 = 25.45, p < .0001. For Mask Duration X Mask Type

X Condition: F(]_zylgg): 2.33, pP= .0083.
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Post-hock tests for pair wise comparisons between cell means were pdrforme
using a Tukey’s adjustment procedure. Figure 7 shows the mean respamaeyacc
scores at each mask duration for each mask type in each response condition. For mask
durations of Oms there was no significant difference between the response cofwlitions
the dot mask or the metacontrast mask. For mask durations of 24ms and 47ms there was
no significant difference between the response conditions for the dot mask.Raslall
durations longer than 47ms, accuracy scores were significantly lower in the 4af
condition than in the 2afc condition for the dot mask. There were no significant
differences between the RC condition and the 2afc or the 4afc conditions aasiny m
durations in the three way interaction. This is likely due to ceiling effespecially in
the 2afc condition. However, post hock comparisons between the RC response conditions
and the 2AFC and the 4AFC response conditions were significant when collapsed across
mask duration with the 2AFC response condition showing the least masking, followed by
the RC response condition, with the 4AFC response condition showing the most masking.
This pattern of the differences in the magnitude of masking between the response
conditions when a four dot mask was used was a reflection of the pattern of the
differences in the magnitude of masking between the response conditions when a
metacontrast mask was used. It is difficult to draw conclusions about the & ipgibern
of response accuracy scores between the response conditions when the dot mask was
used.

For the metacontrast mask, accuracy scores in the 2afc condition were
significantly higher than those in both the RC and the 4afc condition for &l mas

durations longer then Oms. There was no significant difference between the R@oonditi
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and the 4afc condition for either the 24ms or 47ms mask durations. For all mask
durations longer than 47ms, response accuracies were significantlyrdiftarall

response conditions. The 2afc condition showed the highest accuracy scores, fojlowed b
the RC condition. The 4afc condition showed the lowest accuracy scores. For all

significant differences reported here, p < .01.

Figure 7:
Center Only Condition With Diamond Object

gafc, 4Yafc, and Response Control Comparison

Aoouracy

T T
0 24 4T 106 153 200 EqT

Mask Duration

Mask Type (2afc) Mask Type (4afc) Mask Type (Response Control)

g‘gg Dot EEE Dot gg:g Dot
Frame BH3 Frame Frame

Discussion
Four Dot Masking Under Focused Attention
There was a similar pattern in the magnitude of response accuracytstaresn
the response conditions for both the metacontrast mask and the four dot mask. Response
accuracy scores between the 2AFC and 4AFC were significantly differdmth mask
types with significantly lower response accuracy scores in the 4AFC condiiomt the

2AFC condition, and significantly lower response accuracy scores in the RC condition
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than in the 2AFC condition. Ceiling effects prevent a full analysis of the tempaeinpat
of masking in the four dot mask condition. A temporal difference between the 2AFC and
the 4AFC was observed, with significantly stronger masking in the 4AFC condition for
mask durations longer of 106ms or longer. This is similar to the drop in response
accuracy scores in the 4AFC condition compared to the RC condition for mask durations
longer than 106ms seen when the metacontrast mask was used, indicating that the
temporal pattern of masking between the response conditions may be similarfdéor the
dot mask condition and the metacontrast mask condition. However, because the temporal
pattern of masking in the RC response condition cannot be fully examined, this
possibility cannot be verified. Four dot object substitution masking has been shown to be
modulated by spatial attention (Di Lollo et al., 2000; Enns & Di Lollo, 1997), and
because Experiment 1 was conducted only under focused attention conditions, these
findings are not surprising.

Four dot masking under divided spatial attention is more closely examined in
Experiment 2. However, the mechanisms for masking are the same regardiess of t
mask type used. The only difference in the visual processing of the targeawhe
metacontrast mask is used, as opposed to a four dot mask, is the amount of degradation of
the target information in the local loop system caused by the addition ofucont
interactions between the two stimuli when a metacontrast mask is used. Tmeebec
evident when the differences in the temporal pattern of masking between the three

response conditions using a metacontrast mask are examined.
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Magnitude of Metacontrast Masking

For the metacontrast masking conditions, significant differences in the magnitude
as well as the temporal pattern of masking were observed. The temporal pattern of
masking in the 2AFC and 4AFC conditions was the same, while magnitude of masking
observed in the 4AFC condition was much stronger than the magnitude of masking
observed in the 2AFC condition. This magnitude difference can be explained in the
context of the object substitution model by the priming of local loop information by long
term perceptual hypotheses.

During the iterative processing of a target object in the first trial cdisking
experiment a high level pattern will be activated by the lower level irtom
associated with the target (Di Lollo et al.; 2000). This high level pattern czailled a
perceptual hypothesis because, while it may be consistent with lowkpddten
information, it may not be an accurate representation of that information (i.e careatc
high level pattern may have been activated by mistake). This problem is addrgss
comparing the hypothesized high level pattern to the lower level informatithe. liigh
level perceptual hypothesis is confirmed, it may persist through the next, or even
subsequent trial begins. If this occurs, then this perceptual hypothesis can beednside
to be a long term perceptual hypothesis.

Masking in the 2AFC Response Condition. after a participant performed repeated
trials of the 2AFC response condition in the current study, two separate long term
perceptual hypotheses about the target object were formed. One long teeptyagrc
hypothesis was a high level pattern consistent with a diamond with its right corne

missing. The second long term perceptual hypothesis was a high level patteregbnsist
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with a diamond with its left corner missing. Local loop pattern informatienRarea
patterns) that were consistent with these long term perceptual hypotlezsdben
primed via the descending component of the global loop. These primed P-area patterns
were more easily activated by new visual information that was consistemeétof the
long term perceptual hypotheses. This means that the initial P-area patteations
associated with the target were stronger than they would have been if there\warg
term perceptual hypotheses priming P-area patterns. Stronger iratieh Pattern
activations led to more complete, or less ambiguous, pattern information baied pla
into the working space during the first iteration. Further, primed P-areansatéenained
more sensitive to consistent lower level information throughout the entireviéecsitle.
This means that even after the target has been turned off, the remaining woakiag s
information about the target more easily activated the primed P-areapalteing
subsequent iterations.

Di Lollo et, al., (2000) attributed the decay of working space information about
the target after the target was removed form the display to the addition @fnoisg the
combination stage of the local loop. The contours of the metacontrast mask used in this
experiment had the additional affect of further disrupting the working spacenatfon
about the target during each combination stage, which led to a faster degradtteon of
clarity of working space information about the target over successiveateyati
However, because P-area patterns were more sensitive to the working spatatiomor
about the target, the target information did not degrade as quickly over successive
iterations. Because P-area pattern activations associated with theviarg@rimed, the

information about the target within the local loop system was more likely to be above
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threshold when the global loop information arrived for comparison. This meant that a
high level pattern that contains information about the target is more likely to be
confirmed, leaving the target less vulnerable to object substitution.

Masking in the 4AFC Response Condition. These same priming mechanisms were
active for participants in the 4AFC response condition. However, because thefeuver
possible targets in the target set in the 4AFC response condition, four long term
perceptual hypotheses were formed. Each of these perceptual hypothesdspama
patterns. Because there were more primed P-area patterns, there wasmpetion
for activation among the primed P-area patterns, which led to weakeriaotviatr any
one primed P-area pattern over another. This led to less clear P-area patteyptaoed
into the working space after any given iteration, which resulted in the fagtaddéon
of the information about the target over successive iterations. This increasgdalisof
the local loop information about the target in the 4AFC response condition as compared
to the 2AFC condition led to an increased likelihood that a high level perceptual
hypothesis containing information about the target will be disconfirmed when it is
compared to the local loop information, thus leading to stronger object substitution
masking. This increased competition among primed patterns led to a reduction in
response accuracy scored in the 4AFC response condition as compared to the 2AFC
response condition.

A feed forward processing theory can explain the difference in the mdgraot
masking by cognitive processes that occur after the formation of an icon, geatin
priming of perceptual level information may not be necessary in order torexpai

discrepancy in the response accuracy scores between the 2AFC and the pbREeres
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conditions. However, a comparison of the magnitude and temporal pattern of masking
between the RC response condition and the other two response conditions indicates that
decision making processes and response level processes can not account for the
difference in the response accuracy scores between the 2AFC and 4AFC response

conditions.

Temporal Pattern of Masking: Decision Making

Response accuracy scores in the 2AFC condition are significantly higher than in
the 4AFC condition for all mask durations, indicating that more information about the
target was available when a decision about the target was made in anyigluaritte
2AFC condition than was available when a decision about the target was made in any
given trial in the 4AFC condition. However, the temporal pattern of masking was the
same in the 2AFC and 4AFC response conditions. This indicates that, while the priming
of P-area patterns affected the clarity of P-area pattern activatitims time that a
decision about the target was made, priming did not affect the time require tohatake
decision. Interestingly, the temporal pattern of masking the RC resparmdida@owas
different from the temporal pattern observed in the 2AFC and 4AFC response conditions,
while the magnitude of masking in the RC response conditions was exactly thasam
the magnitude of masking observed in the 4AFC response condition.

For mask durations of Oms to 47ms, response accuracy scores in the RC response
condition are exactly the same as those in the 4AFC response condition. This indicates
that for Oms, 24ms, and 47ms mask durations, the same amount of information was

available about the target when a decision about the target was made in anyaiioén tr
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both response conditions. This is consistent with the priming of local loop information.
The number of possible target objects that could be displayed in any giveneriar@et

set size) was identical for both the RC and 4AFC response conditions, so the number of
long term perceptual hypotheses formed during the experiment was the sante in bot
response conditions. This means that the same number of competing P-area patéerns w
primed in both response conditions, so same amount of disruption of the target
information occurred during any given trial of both response conditions, which in turn
means that the same amount information about the target was available wheioa deci
about the target was made in any given trial of both response conditions.

The masking levels off at shorter mask durations in the RC condition as compared
to both the 2AFC and the 4AFC. In order to explain this difference in the temporal
pattern of masking, it is helpful to more closely examining what information $simzce
mechanisms that response accuracy scores are actually measuringaiagan
allows decision making processes and response level processes to be separated f
perceptual level processes, and indicates that the pattern of response amaresy
observed in experiment 1 can only be adequately explained by the priming of yercept
level information.

The magnitude of a response accuracy score in a visual masking experimen
reflects the amount of information available about the target at the timee dieatsion
about that target is made. If it takes longer to make a decision about a targetlodjec
this greater delay will allow the perceptual level information about the tardether
decay before a decision is made. This will leave the information about the target m

vulnerable to masking, which results in lower response accuracy scores.
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The magnitude of a response accuracy score can be thought of as a snap shot of
visual information at the time that a decision is made. For example, a decisionhabout t
target in any given trial of the 4AFC response condition is made at exazgame time,
regardless of the duration of the mask. If that time point is 118ms after teewaigy
turned on (i.e. the duration of the target/mask pair [12ms], plus the mask duration
[106ms])), then the response accuracy score will reflect a snapshot of theatindarm
available about the target 118ms after it was displayed.

In the metacontrast mask condition in experiment 1, the contours of the mask
interacted with the contours of the target during each combination stage so thegehe
information degraded more quickly as compared to the use of a four dot mask. If, for
example, the metacontrast mask was only present for 24ms, then it will have amly a fe
iterations in which to interact with the target. After the mask is turned offitbemation
about the mask will no longer interact with information about the target and the
information about both objects will decay at the same rate. In this case, the soépshot
the target at 118ms will reflect relatively little degradation of the mé&dion about the
target as compared to the information about the mask. However, if the mask was present
for the full 118ms (or longer), then the information about the mask will have many more
iterations in which to interact with the information about the target, meanindnéhat t
snapshot taken at 118ms will reflect much more degradation of the information &vailabl
about the target relative to the information available about the mask. Furthaol atexgr
of the target information caused by mask durations longer than 118ms will not be

reflected in the snapshot because the picture has already been taken.
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In terms of the snap shot metaphor given above, the temporal pattern of response
accuracy scores in a visual masking experiment can reveal when the pictta&emaas
well as the quality of the picture. In other words, it is possible to observe whersiamle
about the target was made as well as the accuracy of the decision. Witmtimslj the
difference in the temporal pattern of masking is relatively independent ofageitude
of masking. In terms of the present study, the same amount of information about the
target was available at any given time in the RC response condition as corogheed t
4AFC response condition in, but the decision about the identity of the target was made
faster (i.e. the snapshot was taken sooner) in the RC than in the 4AFC condition. Mask
durations longer than 47ms in the RC condition caused the same amount of degradation
of the target information as mask duration longer than 47ms did in the 4AFC condition,
but because a decision about the target was already made, this continuedidagraidat

the target information was not reflected in the accuracy scores.

Feed Forward Processing Theories

A predominantly feed forward visual information processing theory can explai
either the difference in the temporal pattern of masking, or the diffenenice i
magnitude of masking between the three response conditions implemented in experime
1, but it can not explain both. A feed forward model of visual processing does not allow a
stimulus displayed in a previous trial to effect the visual processingtiohalss
displayed in a new trial. In other words, if two stimuli share exactly the tsahees
across all stimulus dimensions (i.e. size, orientation, brightness, etc.), Hutly &xe

same amount of information will be available about both stimuli in the iconic store. In
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experiment 1 there was no difference in the feature level information aboatgbeih

any given trial of any of the three response conditions. This means thairilee ic
information available about the target for decision making should be exacthniecrs

any given trial of any of the three response conditions. A feed forward prug@sodel

does allow for previously displayed information to affect decision making or respons
level processing after the icon is formed. However, decision making and respohse leve
processing would affect either the time course of masking or the magnitudekaignas

but not both.

According to a feed forward model, if the decision can be made faster in one
response condition than it can in another other (e.g. due to a larger number of possible
conclusions), then the icon will have less time to degrade before the decision is made,
leading to higher response accuracy scores in that condition. This may explain the
difference in the magnitude of response accuracy scores between the 2ARE and t
4AFC condition, but it does not explain the difference in the temporal pattern of masking
in the RC response condition as compared to the 2AFC and 4AFC response conditions. A
faster decision should be observed as a change on the temporal pattern of masg&ihg as
as the magnitude of masking (as observed in the RC response condition), so masking
should level out earlier in the 2AFC response condition as compared to the 4AFC
response condition. In other words, the temporal pattern of masking in the 2AFC
response condition should look more like temporal pattern of masking observed in the
RC response condition. Instead, a shift in the temporal pattern of masking is observed
only in the RC condition. If faster decision making does explain the differaribe i

magnitude of masking between the 2AFC and 4AFC response conditions under a feed
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forward processing model, then there is no mechanism left to explain the shift in the
temporal pattern of masking observed in the RC response condition.

A feed forward processing theory can explain the shift in the temporairpatte
masking observed in the RC response conditions through faster decision making.
However, if faster decision making leads to a shift in the temporal course ohmaski
under a feed forward processing model, then there is no mechanism left to explain the
difference in the magnitude of masking observed between the 2AFC and 4A66ses

conditions.

Speed of Decision Making

The speed of decision making does not appear to be related to the number of
possible conclusions that can be made about the target. The set of possible targets in an
give trial in the RC response condition was the same as set of possible targgtgive a
trial in the 4AFC response condition. The same number of decisions can be reached about
the target in any given trial of both conditions, so the difference in the temporsé ajur
masking observed in the RC response condition must be related to some other processing
mechanism. The number of possible response also appears to be independent of the speed
of decision making. The number of possible responses to the target in the RC response
condition was the same as the number of possible responses to the target in the 2AFC
response condition. The temporal pattern of masking was different between these tw
response conditions, indicating that the difference in the temporal pattern ohghaski
observed in the RC response condition must be related to some other processing

mechanism. Further, there were fewer possible responses in the 2AFC responsscondi
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as compared to the 4AFC response condition. If fewer possible responses lead to faste
decision making, then this difference should be reflected as a difference imgueae
pattern of masking between these two response conditions.

It is likely that changes in the speed of decision making reflect changes in
decision making processes. Because the speed of decision making decisranwaaki
the same in both the 2AFC and the 4AFC response conditions was the same, it is likely
that the same decision making processes were being used by participants in both
conditions. Because a feed forward processing theory would predict that the amount of
information about the target available in iconic memory at and given timelweuhe
same in both the 2AFC and 4AFC response conditions, and because participants were
likely using the same decision making processes in both response conditions, tba decisi
made about the target in either response condition should be equally as accuratg, meanin
that there should be no difference in the response accuracy scores betweerothese tw
response condition. Masking levels off earlier in the RC response condition as compared
to the other two response conditions because a change in decision making processes in
the RC response allowed for faster decision making. However, this change iordecis
making did not lead to a more accurate decision. The magnitude of the responseg/accurac
scores in the RC condition was the same as those in the 4AFC condition, indicating that
the same amount of information was available about the target in both conditions when a
decision was made. If a change in decision making leads to faster decisions,rbatenot
accurate decisions, then there is no mechanism to explain the difference imgtiiel dea
of masking in the 2AFC response condition as compared to the 4AFC response condition

using a predominantly feed forward approach to visual information processing.
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Experiment 2
Simuli and Apparatus

The same apparatus was used in experiment 2 as were used in experiment 1. The
four dot mask was the same as was used in experiment 1. A Pilot study revilbd that t
diamond stimulus used in experiment 1 yielded base line performance (i.e. response
accuracy scores at a 0Oms SOA) in the 2AFC response condition that was near chanc
when spatial attention was divided, so a different target stimulus was usedigehe ta
stimulus used in experiment 2 was a “C” object (figure 4b.), similar to the sngedus
use by Di Lollo, et al., (2000). The target had the same radius (measuretthiéavater
edge) as the target in experiment 1 and the size of the gap was one half the thaeius of
target. The thickness of the target was approximately 0.1146 degrees of nigadBa
pixels). For all three response conditions the center of the target, as wsfldisteacter
targets, were positioned 3 degrees of visual angle from the center of the Stiee
targets, when present, were exactly the same as the actual taggetteatthe location
of the gap was random for each target objects displayed. The fixation target i

experiment 2 was a small plus sign “+” displayed at the center of the screen.

Procedure

The procedures used in experiment 2 were exactly the same as those used in
experiment 1, except for the changes in described below. The same three response
conditions — 2AFC, 4AFC and RC — used in experiment 2 were used in experiment 1,

with each participant performing only one of the three response conditions. Patsicipa
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in each response condition responded according to the location of the gap in the target
object exactly as described in experiment 1. The target and mask duratierssedhe
same as those used in experiment 1.

Only the four dot mask was used in experiment 2. Each response condition was
again divided into four blocks of trials. In the T1 trial block, a single target masiwasir
displayed at one of eight random locations on the screen. In the T2 trial blockgete t
mask pair was displayed at one of eight random locations and a second distraater targ
was displayed randomly in one of the seven remaining locations on the screen. In the T4
trial block, the target mask pair appeared in one of eight random locations and three
distracter targets appeared at three of the remaining random locatidres T t
condition, the target mask pair appeared at one of eight random locations while a
distracter target appeared in all seven of the remaining locations.

Each experiment began with 28 practice trials in which a single unmasketd targe
appeared in one of eight random locations. Each participant then performed a 28 trial
practice block of the T1 display condition in order become familiar with the taskand t
display procedures. They then performed the T1 experimental block. After this firs
experimental block participants were given a short break, as was done bétgveen t
experimental blocks in experiment 1. The order of the presentation the remaining blocks
were then counterbalanced by participant with a practice block immediateldang
each of the experimental blocks. Breaks were given between experimenka, bl
following the same procedures used in experiment 2, but no break was given between the
practice blocks and the experimental blocks. The practice blocks consistedials2®tr

each block. The experimental block consisted of 280 trials in each block. In each of the
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experimental blocks the target appeared five times in each of the eighdriedat each

of the seven mask durations. The location of the gap was random for every trial. Each
participant contributed 40 trials at each mask duration in each response conditi®s. Ac
all participants 720 trials per mask duration for each response condition were inoluded i

the analysis.

Participants

18 participants participated in each of the response conditions. In the 4AFC
condition participants were age 18 to 21 (M = 19.39) and consisted of 7 males and 11
females. In the 2AFC condition participants were age 18 to 20 (M = 18.76) andexbnsist
of 8 males and 10 females. In the RC condition participants were age 18 to 21 (M =
18.78) and consisted of 11 males and 7 females.

All participants had normal or corrected to normal vision as determined by self
report and three visual acuity tests including contrast sensitivity, ceigy and far
acuity measures. Participants were selected from the UniversityneBKg@sychology

research participation pool and received class credit for their parieipati

Results
The data was analyzed using a 4 (number of distracters) X 7 (mask duration) X 3
(response condition) Mixed Linier Model. All main effects and all interacticere
significant. For Mask Duration: o6 = 284.07, p <.0001. For number of distracter
targets: f1,153y= 1104.03, p <.0001. For Response Conditigns:f= 312.41, p <

.0001. For mask duration X Number of distractess drg)= 30.59, p < .0001. For mask
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duration X condition: fr2,306= 10.16, p <.0001. For number of distracters X condition:
Fe,153= 17.85, p < .0001. For Mask Duration X Mask Type X Conditi@#;dfs)= 1.43,
p =.0494.

Post-hock tests for pair wise comparisons between cell means were pdrforme
using a Tukey’s adjustment procedure. Figure 8 shows the mean responaeyascoire
for participants in each response condition, at each mask duration. Figure 8ahghows t
response accuracy in the T1 display condition. Figure 8b shows the response accuracy in
the T2 display condition. Figure 8c shows the response accuracy in the T4 display

condition. Figure 8d shows the response accuracy in the T8 display condition.

T1 condition
Using response accuracy for the Oms mask duration as a baseline for comparis
no significant masking was observed in any response conditions for the T1 display

condition.

T2 condition

Significant masking was observed in the 4AFC and the RC response condition for
mask durations of 106ms and longer (p < .05), and marginally significant masking was
seen the 2AFC condition. The p-value for the adjusted difference of the leastisquare
means of the response accuracy scores between the Oms mask duration and the 153ms
mask duration in the 2AFC response condition was p = .0607. Accuracy was significantly

higher in the 2AFC response conditions compared to the 4AFC response condition for all
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mask durations of 106ms and longer (P < .05). Accuracy was significantly higher in the
RC response condition compared to the 4AFC response condition for mask durations of
200ms (P =.0269) and 247ms (P < .0001). There was no significant in difference
accuracy between the 2AFC response condition and the RC response condition for any

mask durations.

T4 condition

Significant masking was seen in all response conditions in the T4 display
condition for mask durations of 47ms and longer (P < .05). There was no significant
difference in accuracy between the 2AFC and RC conditions for any mask duration.
Accuracy was significantly higher in the 2AFC response condition compared to the
4AFC response condition for mask durations of 106ms and longer (P < .05). Accuracy
was significantly higher in the RC response condition compared to the 4AFC response
condition for mask durations of 106ms, 200ms, and 247ms (P < .05). For a mask duration
of 153ms, accuracy in the RC condition was only marginally higher compared to the
4AFC condition (P = .0749).

In experiment 1 there were two independent display conditions, each divided into
two experimental blocks. In experiment 2 there were four independent expatiment
blocks, but each participant performed about the same number of trials in each
experimental block as a participant in experiment 1. This means that a patticipa
experiment 2 only performed about half the number of trial in any given display
condition as a participant in experiment 1. More participants were used in each response

condition in experiment 2, but this still resulted in fewer observations per ced imal
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analysis. This led to less power in the analysis of the data in experiment 2pas e
experiment 1. This reduction of power likely prevented the comparison between the RC
response condition and the 4AFC response condition at the 153ms mask duration from

reaching significance.

T8 condition

Significant masking was seen in the 2AFC and 4AFC response conditions for
mask durations of 106ms and longer (P < .05). Significant masking was seen in the RC
response condition for mask durations of 47ms and longer@®01). Accuracy in the
was significantly higher in the 2AFC condition compared to the 4AFC condition for all
mask durations (P < .05) except the 24ms mask duration (P = .6294). There was no
significant difference in accuracy between the RC and the 2AFC responseocioir
any mask duration. Masking in the RC response condition was significantly higher
compared to the 4AFC response condition for mask durations of 106ms and lornger (P

.0001).
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c. T4 Display Condition
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Discussion

Object substitution masking is known to be modulated by spatial attention (Di
Lollo, et al., 2000). The purpose of experiment 2 was to determine if the primiog affe
observed in experiment 1 are also modulated by spatial attention. The same three
response conditions used in experiment 1 were implemented in experiment 2. Because
different target stimuli were used in experiment 2, the results of exper2 can not be
directly compared to those in experiment 1. However, the pattern of masking (i.e. the
differences in the magnitude and temporal patterns of masking betwebrethe t
response conditions) observed in experiment 2 can be compared to the pattern of masking
observed in experiment 1.

The pattern of masking observed in experiment 2 is different than the pattern of
masking observed in experiment 1. In experiment 1 the magnitude of the response
accuracy scores in the RC response condition were the same as those in the 4AFC
response condition, with response accuracy scores in the 2AFC response condition being
significantly higher. This indicated that more information about the targeavasble
when a decision about the target was made in the 2AFC response conditions than in the
other two conditions, and that about the same amount of information about the target was
available when a decision about the target was made in the RC response condit®n as wa
available when a decision about the target was made in the 4AFC response condition.
These results indicated that priming of local loop information allowed more iniorma
about the target to be available for decision making in the 2AFC response condition.

In experiment 2 the relationship between the magnitude of the response accuracy

scores between the RC response condition and the other two response conditions were
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reversed as compared to what was observed in experiment 1. The magnitude of the
response accuracy scores were the same in the 2AFC and RC response conditions, and
where higher that those in the 4AFC response condition. This indicates that about the
same amount of information about the target was available when a decision about the
target was made in the 2AFC response condition as was availadtea decision about

the target was made in the RC response condition. If a long term perceptual $igpothe
was priming P-area activations, then the magnitude of the response accuorasyirsthe

RC response condition should have been lower that those observed in the 2AFC response
condition. The absence of a difference in the response accuracy scores betvREn t

and 2AFC response conditions indicated that the priming of local loop information
observed in experiment 1 was absent from experiment 2. These results indicétetha
object substitution masking, priming of local loop information is modulated be spatial

attention.

P-area Priming Under Divided Spatial Attention

The object substitution model describes P-area patterns as being retingtopicall
organized (Di Lollo, et al., 2000). That is, any given P-area activation is specifne
particular location with in the visual field. P-area patterns have smafitreedéelds,
meaning that a particular P-area pattern will not be activated unlesdatraation in the
input layer is at the corresponding location within the visual field.

Object level pattern information has even larger receptive fields, so thatribe sa
object level pattern can be activated by P-area pattern activations lmgaitralmost any

retinotopic location. In other words a diamond displayed on the right side of a fixation
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target will activate the same object level pattern as a diamond displayed eft sidel of
a fixation target. However, in order of an object level pattern to prime P-@reatians,
the specific retinotopic location of the-to-be-primed P-area patternsfinstste selected.
If a specific retinotopic location is not selected, then all P-area pathextnarée consistent
with the object level pattern will be primed at all retinotopic locations. Thisdvasiult
in extensive overlap of primed P-area patterns at any given retinotogdiotpaahich
would eliminate any benefit that priming P-area patterns may have on tlesgnacof
new visual information.

In experiment 1 the spatial location of the target object was always known prior to
its display, so the correct P-area patterns could be primed at the cetirestopic
location. However, in experiment 2 the spatial location of the target was never known
prior to the display of the target. This makes the priming of P-area pattehnescattect

retinotopic location impossible.

Response Accuracy Under Divided Spatial Attention

The four display conditions in experiment 2 where designed to divide spatial
attention by an amount proportionate to the number of distracter targets prekent in t
display. In order to identify the target in the display a participant nmasidentify the
spatial location of the to-be-reported target. In order to locate the t@bede® target in
the any of the display conditions in experiment 2, except for the T1 display, @paitic
must first identify the spatial location the mask. In order to locate the mazskicpant
must process all of the elements in the display until the information at thelteajéin

can be identified as being different form the information at all other locatidhe i
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display. Because there is no information at any other location of the displeeyTA t
condition, the information at the target location does not have to be separated form any
other information in the display, so it requires relatively little time toteotze target
information. However, if there is more than one target on the screen, the information at
all spatial locations at which any object is displayed must be processed to thbatoint
the participant can separate the target location form the information at thephal
locations in the display. Increasing the number of distracter targetsdisgiiay
increases the time required to locate and begin processing the informatiorhabout t
target with the exclusion of all other information in the display (i.e. the time taapnt

The relationship between the number of distracters in the display and the amount
of information about the target that is available when a decision about the targeeis m
is reflected in the response accuracy scores in the four display conditionsrahexpe
2. Response accuracy scores in all three response conditions fall as the number of
distracter targets in the display increase, and the pattern of maskinthrealiesponse
conditions are stable across all four display conditions. However, unlike the result
observed in experiment 1, no difference in the temporal pattern of masking between a
of the response conditions was observed in experiment 2. This indicates that dividing
spatial attention affected the amount of information that was available thiedarget

when a decision was made, but not how long it took to make the decision.

Decision Making Under Divided Spatial Attention
Lower response accuracy scores in the 4AFC response condition compared to

those in the other two conditions indicate the final decision about the target in the 4AFC
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response condition was less accurate than the final decision about the targetherthe
two response conditions. Because the magnitude of the response accuracy doeres in t
RC condition did not match those in the 4AFC condition, even thought the physical
display was the same, it appears that the amount of information available abatgehe t
was not the determining factor of the accuracy of the final decision aboutgbe fdris
means that the discrepancy in the magnitude of the response accurachetvoees the
2AFC and 4AFC response conditions are also likely not explained by a difference in the
amount of information available about the target. The only remaining explanation
involves the way in which decisions were being made about the information available
about the target.

The exact decision criteria used by participants in any of the responsecrendit
in either experiment in this study is impossible to determine, but a comparisaebetw
the pattern of masking observed in experiment 2 with the pattern of masking observed in
experiment 1 may offer some clues about the response criteria used. In expirime
response accuracy scores in the RC condition leveled off at shorter mask durations
compared to the other two response conditions. One possible reason that participants in
the RC condition of experiment 1 could make faster decisions about the target isythat the
were making decisions based on less complete pattern information, whitgppats in
the other response conditions waited until more complete pattern information became
available.

As more complete pattern information about a target object becomes available
with continued processing, different strategies can be used to make decisionk@bout t

object depending of the amount of information needed to make the decision. In
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experiment 2, the experimental task in each of the response conditions was tthiocate
gap in the target. The experimental task in experiment 1 was functionally lequivide

only information needed to make a decision about the location of the gap in experiment 2
is the information about the location of the gap relative to the other possible locdtions
the gap. The rest of the information about the target is irrelevant. In the 2AFC gespons
condition the top and bottom portion of the target could be eliminated as possible
locations of the gap. This could allow a participant in this condition to simply divide the
target in half. If the gap was located in one half of the target, then it could mothse

other half. If the gap was not located in one half of the target then it must bel liocate

the other half. In other words participants in the 2AFC response condition only need the
information at one location in order to make an accurate decision. Even if the pattern
level information about the target was unclear or incomplete a decision coube still

made because only the pattern of information about one half of the target was needed i
order to make an accurate decision.

Participants in the 4AFC condition however, had to compare the information at
one location to the information at three other locations. This means that none of the four
locations could be eliminated as a possible location of the gap unless the information
about at least three locations was available. This means that if the object leve
information about the target was unclear, or incomplete, then an accurate ddmsibn a
the location of the gap was much more difficult.

The experiment instructions of in the RC response condition in experiment 2 may
have allowed those participants to make decisions about the target in a viawy\sayi

to participants in the 2AFC response condition in experiment 2. Only two possible
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responses were required in the RC response condition. This means that the exawct locati
of the gap relative to all four possible locations may not be necessary. As \si#depos

for participants in the 2AFC response condition, participants in the RC response
condition may have been able to divide the target in half and simply report which half of
the target contained the gape. The distinction between a gap located at the top portion or
the left portion of the target is not required to make an accurate decision about the targe
Participants only needed to know that the gap was located somewhere in that half of the
target. Once the presence or absence of the feature in one half of the targbtished{

an accurate decision can be made. This decision strategy is likely to proohece m
accurate responses compared to those in the 4AFC condition, which would explain why
response accuracy scores in the RC response condition were higher that these in t
4AFC response condition. However, when used in the RC response condition this
decision making strategy is likely more prone to errors as compared enteesgrategy

if used in the 2AFC response condition, which may account for the consistently (but not
significantly) lower response accuracy scores in the RC conditions as eohpéne

2AFC condition. One possible source of error is that a participant in the RC response
condition is likely to divide the target so that one half encompasses the top and left
portions of the target and the other half encompasses the right and bottom portions of the
target. However, if an error is made in dividing the target and the gap isdotat

example, at the bottom of the target, then it is possible for a participant to atigorre
identify the gap as being located in the top right half of the target rather thieottibe

left half, which would lead to an incorrect response.
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It is interesting that participants were able to use decision makinggsésto
improve response accuracy scores in experiment 2, but not in experiment 1. Tée answ
to this discrepancy likely lies in a difference in the decision criteria uspdrbeipants
in the two experiments. A decision about a target object is based on an object level
representation of the target, but and object level representation does not have to be
categorical, or even complete. In other words we don’t need to know exactly what an
object is, or if it is different form any other possible objects in order to matarcer
decisions about the object. However, an experimental task may bias a partowzadst
using more complete pattern information about a target object for decision makimg. T
is likely a likely scenario in the 2AFC and 4AFC response conditions in experiment 1.
The experimental task in these two conditions implies that the task is to iderdithen
report the identity of the target. However, the experimental task in the p@&hses
condition allows for less precise decision criteria. Here, participants dwmwmetto report
the identity of the target. They only need to report the orientation of the targel, whi
may not require as much information if they shift their decision criteriy &wm more
complete pattern information and towards the use of less complete information. This
would allow participants in the RC condition to make decision earlier. Howevendseca
of the presence of effective priming of P-area pattern information, lesmation about
the target was available at any point in processing in the RC response calition
compared to the 2AFC response condition. Instead, the amount of information available
about the target in the RC response condition was the same as the amount of information

available about the target in the 4AFC response condition, so the accuracy mdlthe fi
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decision was the same in both response conditions. Only the time course of decision
making was different.

The temporal pattern of masking was the same for all three response conditions in
the experiment 2. This indicates that participants in this experiment wegethsisame
decision making criteria in all three response conditions in this experimentb3éreca
of priming means that same amount of information was available for decision naaking
any given time in all three response conditions. It is impossible to knowyekaguil
much information was available for decision making (i.e. how complete the pattern
information was at the time of decision making) in experiment 2 as compared to
experiment 1 because dividing spatial attention may slow down the processling of a
levels of pattern information. However, decision criteria can be separateddsponse
criteria.

To return to the snapshot metaphor, decision criteria will determine when the
picture is taken. The amount of information about the target contained in the picture is
determined by local loop processing factors (e.g. the amount of P-area primiumta
of interaction between the features of the target and the features of #heetngs
Response criteria will determine the accuracy of the decision, dependingamdtaet
of information available in the picture. The response criteria describetditegies used
to make a response about the information in the picture. Changes in a participant’s
response criteria can allow for accurate decision making, even if lesgicleas
complete pattern information is available due to changes in decision criteri@rithe t
decision criteria is used because it refers to the perceptual level decalerabout the

target information (i.e. the activated high level pattern information). Theresponse
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criteria is used because it refers to the strategies used to make a résaadsen the
information available.

The difference between the temporal pattern of masking seen in experiment 1 are
caused by changes in the decision criteria used by participants in thegoGse
condition as compared to participants in the other two response conditions. The
difference in the magnitude of masking between the 2AFC can 4AFC responseoosnditi
was due to the priming of local loop information, which led to a clearer “snapshbg of t
information about the target at any given point in processing. The difference in the
magnitude of masking the 4AFC response condition compared to the other two response
conditions was observed in experiment 2 because changes in response doiezch al
participants in the RC response condition to make more accurate decisions than
participants in the 4AFC response condition. No difference in the temporahpztter
masking between the response conditions was observed because the same decision
criteria was used in all three response conditions, and only changes in dedisin cr

will affect the temporal pattern of masking.

Conclusion
The purpose of experiment 1 was to determine if a long term perceptual
hypothesis about a target object can affect lower level visual processingof target.
The results of experiment 1 confirm that it is possible for higher level pattermation
activated by the display of a particular stimulus (i.e. a long term pertéypathesis) to

prime lower level pattern information that is consistent with the previoustyaged
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stimulus. This was demonstrated by comparing response accuracy scorgisipapts
in two different conditions.

In one condition, the 2AFC condition, lower level patterns consistent with two
perceptual separate long term perceptual hypotheses were primedcdmé cendition,
the 4AFC condition, lower level patterns consistent with four separate long term
perceptual hypotheses were primed. The increased number of long termyagrcept
hypotheses in the 4AFC condition, as compared to the 2AFC condition, led to an increase
in the number of primed lower level patterns. This in turn led to more competition for
activation among the primed local loop information in the 4AFC condition when a new
target was displayed. This competition led to a reduction in the amount of information
available about the target when a decision about the target was made. This reduction in
the amount of information available about the target was observed as a redudteon in t
accuracy of the decision about the target in the 4AFC condition as compared to the 2AFC
condition.

Experiment 1 also addressed the role of decision making in visual information
processing. It appears that the amount of time needed to make a decision imddtbym
the decision criteria set by the individual participant prior to the displaytinalus.
The time course of decision making is reflected by the point at which maskihgdéve
(i.e. the mask duration after which response accuracy scores no longer drop).rigee cha
in the experimental task in the RC response condition as compared to the 4AFC and
2AFC response conditions seemed to change the decision criteria set byitimaptst
in experiment 1 so that they could make decisions faster. This is observed digean ea

level off of masking in the RC condition as compared to the 4AFC and 2AFC response
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conditions. However, because the accuracy scores in the RC condition wengtégactl
same as the accuracy scores in the 4AFC condition, in which the physical diaplay
identical, it seems that the speed of the decision about the target did not affect the
accuracy of the decision.

Experiment 2 was conducted to explore how the lower level priming mechanisms
observed in experiment 1 function when spatial attention is divided. The results of
experiment 2 also allow or further exploration of decision making in a visual masking
experiment.

The results of experiment 2 indicate that the priming of lower level pattern
information does not occur, or is ineffective when spatial attention is divided. In this
experiment response accuracy scores in the RC look more like more like the 2AFC
condition than the 4AFC condition. This is the reverse of the relationship between the
response conditions observed in experiment 1. At first glance, this may appear to
contradict the results of experiment 1, but with further consideration this finding is not
particularly surprising. Lower level patterns are retinotopically megal. In order for a
high level pattern to prime a corresponding low level pattern, it must prime tleetcorr
pattern at the correct retinotopic location. Under focused attention viewing condisons
occurred in experiment 1, the location of the next target is always known, so the correct
lower level patterns can be primed at the correct retinotopic location. However, i
experiment 2 the spatial location of the target is never known in advance, so the correct
pattern at the correct retinotopic location can not be primed.

The reversal of the relationship between response accuracy in the RC and the

other two response conditions in experiment 2 revealed some further information about



86

the mechanisms of the decision making processes. Because the temporal pattern of
masking was the same in all three response conditions, it appears that pastigpdnt

the same decision criteria in these two conditions. The magnitude of responaeyaccur
scores in the 2AFC and RC response conditions were higher than those in the 4AFC
condition because participants were able to use response criteria to iticecaseuracy

of their response in the RC and 2AFC response conditions, even though the amount of

information about the target was the same in all three response conditions.



87

References
Alpern, M. (1953). Metacontraslournal of the Optical Society of America, 43, 648—657.

Bachmann, T., Luiga, | & Pdder, E. (2005). Variations in backward masking with
different masking stimuli: I. Local interaction versus attentionalcswi
Perception. 34, 131-137.

Bernstein, I. H., Proctor, J. D., Proctor, R. W., & Schurman, D. L. (1973). Metacontrast
and brightness discriminatioRerception & Psychophysics, 14, 293-297.

Breitmeyer, B. G. (1984) Visual masking: An integrative approach. New York: @xfor
University Press.

Breitmeyer, B. G., Ogumen, H. (2006) Visual masking: Time Slices Through Conscious
and Unconscious Vision. New York: Oxford University Press.

Breitmeyer, B. G. & Ganz, L. (1976). Implications of sustained and transiemels&or
theories of visual pattern masking, saccadic suppression, and information
processingPsychological Review, 83, 1-36.

Breitmeyer, B. G., @men, H., & Chen, J. (2004). Unconscious priming by color and
form: Different processes and levealnsciousness & Cognition, 13, 138-157.

Breitmeyer, B. G., Ro, T., &nen, H., & Todd, S (2007). Unconscious, stimulus-
dependent priming and conscious, percept-dependent priming with chromatic
stimuli. Perception & Psychophysics, 69, 550-557.

Crawford, B. H. (1947). Visual adaptation in relation to brief conditioning stimuli.
Proceedings of the Royal Society of London. Series B, Biological Sciences, 134,
283-302.

Di Lollo, V., Enns, J. T., & Rensink, R. A. (2000). Competition for consciousness among
visual events: The psychophysics of reentrant visual processesal of
Experimental Psychology: General, 129, 481-507.

Enns, J. T., & Di Lollo, V. (1997). Object-substitution: A new form of masking in
unattended visual locationBsychological Science, 8, 135-139.

Enns, J. T. (2004). Object substitution and its relation to other forms of visual masking.
Vision Research, 44, 1321-1331.

Eriksen, C. W. & Collins, J. F. (1965). Reinterpretation of one form of backward and
forward masking in visual perceptiajournal of Experimental Psychology, 70,
343-351



88

Felleman, D. J. & Van Essen, D. C. (1991). Distributed hierarchical processing aterim
visual cortexCerebral Cortex, 1, 1-47.

Fehrer, E., Smith, E. (1962). Effect of luminance ratio on maskiergeptual and Motor
ills, 14, 243-253.

Grossberg, S. & Mingolla, E. (1985). Neural Dynamics of Form Perception: Boundry
Completion, lllusory Figures, and Neon Color Spreadisgchological Review
92, 173-211.

Hellige, J, Walsh, D., Lawrence, V. W., & Prasse, M. (1979) Figural relationsleqeff
and mechanisms of visual maskidgurnal of Experimental Psychology: Human
Perception and Performance, 5, 88-100.

Houlihan, K. & Sekuler, R. W. (1968). Contour Interactions in Visual MasKkimgnal
of Experimental Psychology, 77, 281-285

Hubel D. H. & Wiesel T. N. (1962). Receptive fields, binocular interactions and
functional architecture in the cat’s visual cortdournal of Physiology, 160, 106—
154.

Hubel D. H. & Wiesel T. N. (1965). Receptive fields and functional architecture in
nonstriate areas (18 and 19) of the daiirnal of Neurophysiology, 28, 229—-289.

Hubel D. H. & Wiesel T. N. (1968). Receptive fields and functional architecture of
monkey striate cortexthe Journal of Physiology, 1, 215-243.

Kahan, T. & Mathis, K. (2002). Gestalt grouping and common onset maidrogption
& Psychophysics, 64, 1248—-12549.

Kahneman, D. (1968). Methods, findings and theories in studies of visual masking.
Psychological Bulletin, 70, 404—-425.

Kinsbourn, M. & Warrington, E. (1962). The effect of an after-coming random pattern on
the perception of brief visual stimuQuarterly Journal of Experimental
Psychology, 14, 223-234.

Kolers, P. A. (1962). Intensity and contour effects in visual maskisgpn Research, 2,
277-294.

Matsumura, M. (1976). Visual masking by luminance increments and decremestit effe
of rise time and decay tim&ohoku Psychologica Folia, 36, 104-114.



89

Merikle, P. M. (1980). Selective metacontr&nadian Journal of Psychology, 34, 196—
199.

Moore, C. M. & Lleras, A. (2005). On the Role of Object Representations in Substituti
Masking.Journal of Experimental Psychology: Human Perception and
Performance, 31, 1171-1180.

Ogmen, H., Breitmeyer, B. & Melvin, R. (2003). The what and where in visual masking.
Vision Research, 12, 1337-1350.

Proctor, R. W., Nunn, M. B. & Pallos, 1. (1983). The influence of metacontrast masking
on detection and spatial-choice judgments: an apparent distinction between
automatic and attentive response mechanidousnal of Experimental
Psychology: Human Perception and Performance, 9, 278-287.

Reiss, J. E. & Hoffman, J. E. (2006). Object Substitution Masking Interferes With
Semantic Processing Evidence From Event-Related PoteRsgitiol ogical
Science, 17, 1015-1020.

Reiss, J. E. & Hoffman, J. E. (2007). Disruption of early face recognition processes by
object substitution maskinyisual Cognition, 15, 789—-798.

Schiller, P. H. & Smith, M. C. (1966). Detection in metacontstrnal of
Experimental Psychology, 77, 32-39.

Sperling, G. (1963). A model for visual memory tastsman Factors, 5, 19-31.

Sperling, G. (1965). Temporal and spatial visual masking. I. Making by impulsesflashe
Journal of the Optical Society of America, 55, 541-559.

Treisman, A. M. & Gelade, G. (1980). A feature-integration theory of visuatiatten
Cognitive Psychology, 12, 97-136.

Turvey, M. T. (1973). On peripheral and central processing in vision: Inferencearirom
information-processing analysis of masking with patterned stifPsychol ogical
Review 80, 1-52.

Weisstein, N. (1966). Backwards masking and models of perceptual procéssingl
of Experimental Psychology, 72, 232—-240.



