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Abstract

The work reported in this chapter is concerned with a seamingly simple problem,
namely: how an oddone-out objed, a singe-feature target, is sgmented from a background d
homogeneous nortarget objeds when the target-defining dmension is not known in advance,
that is, when the aitical dimension varies from trial to trial, resulting in crossdimensiond
target uncertainty. Our work argues that, under such condtions, the target does nat simply ‘pop
out’ of thefield onthe basis of some exrly, pre-attentive, segmentation mecharism operatingin a
purely battom-up fashion. Rather, target segmentation involves an atentiond mecharism that
modifies the processng system by allocating a limited ‘seledion weight' to the \arious
dimensions that patentiall y define the target.

Cross-dimension Costsand I nter-trial Transtion Effectsin Singleton Feature Search

Visua seach for oddone-out fedure targets. It is well established that targets which
differ from distradtors in certain singe salient attributes, or features, can be rapidly discerned
irrespedive of the number of itemsin the display (the set size). Phenomenally, the target appeas
to ‘pop od’ of the display (popout effed). Visua feaures that suppat set size-independent
seach are generally assumed to beregistered in paallel adossthe visud field. Such feaures are
regarded as primitive image descriptors organised adong a set of feature dimensions (e.g., color
and aientation). A number of feaure dimensions have been shown to suppat pardld seach,
including: orientation, size, colour, stereo depth, and motion.

There ae various accourts of how salient feaure differencesin the field may be deteded.
Oneinfluential acmurt is Guided Seach (GS) (Cave & Wolfe, 1990 Wolfe, 1994. GS assimes
that the visual field is initially represented, in peralel, as a set of basic stimulus attributes in
different dimension-specific ‘modues’ (such as colour, orientation etc.). Each modue mmputes
saliency signals for dl stimulus locaions, indcaing the feaure cntrast between ore particular
item relative to the various other items represented within the same modue: The more dissmilar
an item is compared to the others, the greder its sliency. Maps of saliency signals are mmputed
in parale in all modues, and then these signals are summed orto a master map d activations.
The adivity on the master map gudes focal attention, the most adive locaion keing sampled
with priority. Focd attention gates the passage of information to higher stages of processng
(visual objed reagntion and resporse systems). Thus, any oddone-out feadure target will
generate astrong contrast signal within its own dmension. Even gven some varigbility due to
noise, the target's sliency signa on the master map shoud aways be larger than those of
distrador items, and attention shoud always be deployed first to its location.

However, our recent work demonstrates that battom-up models such as GS are, in a
crucia resped, incomplete & an acourt of singeton fedure seach —in particular, when the
dimension dEfining the target is uncetain (i.e., variable) on a tria. Dimensional uncertainty
prodwces a @st in dscerning the presence of a target (see &so Treisman, 1988, which is




inconsistent with the assumption that saliency signals from relevant dimensions are integrated by
the master map uritsin aparal el and equally weighted fashion.

Visual search for singeton feature targets across dimensions. We (Miiller, Heller &
Ziegler, 1995 have recently investigated search for singleton feature targets within and aacoss
stimulus dimensions. In an initial experiment, seach for three possble targets al defined
within the orientation dmension (left-tilted, horizontal, and right-tilted small grey bars) was
compared with search for three possble targets defined across three different - orientation,
colour and size - dimensions (aright-tilted grey small bar, a verticd black small bar or agrey
verticd large bar). The distractors in bah urcertainty conditions, intra- and crossdimension,
were the same: small grey verticd bars. There was also a no-uncertainty control condition in
which the target was always known to be asmall grey right-tilted bar among small grey
verticd bars. Observers were instructed to simply respond to the detedion d any
heterogeneity in the display, withou processng its ource ay further. According to batom-
up acourts, seach performance ough to be unaffeded by whether or nat observers can
predict the dimension and the feature value defining the target on a particular trial.

However, athoughsearch was parallel in al condtions, the detedion d the mmmon
right-tilted target was 60 ms dower in the aossdimension condition relative to bah the intra-
dimension condtion and the cntrol condition - a mnsiderable RT cost in view of the fast
base RTs. That there was a RT cost only in the dossdimension condition, but not the intra-
dimension condtion, suggests that, to deted the presence of a target, observers had to
determine in which dmension a feaure diff erence was present: orientation, color, or size
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Figure 1. Mller et a. (1995, Experiment 1. Figure 1a. lllustration o possble target displaysin
the intra-dimension (upper displays) and cross-dimension search condtions (lower displays).
Figure 1b. Readiontimes (RT) to displays with aright-tilted arientation target (target present) as
afunction d set sizein the control, intra-dimension, and cross-dimension search condtions.

One further asped of crossdimension search performance is noteworthy: There was a
RT advantage for atarget onagiven tria if the previoustria contained atarget defined onthe
same, as compared to a different, dimension (dimension-spedfic inter-tria transition effed).

Dimension-specific inter-tria transtion effed. A further experiment (Found & Mdiller,
1996 Experiment 1) demonstrated that the inter-tria fadlitation is indeed dimension-spedfic
rather than feature-specific in neture. Displays in these experiments corntained, on pasitive trials,
one of four posshble targets: either aleft- or aright-tilted white bar (orientation target) or ared or
ablue verticd bar (colour target). If the inter-tria effed is dimension-spedfic, it shoud aways
be evident when the target dimension (e.g., colour) is repeaed onconseadtive trias irrespedive
of whether or nat the target fedure value (e.g., red) is repeded.




The results showed clea inter-tria fadlitation d 30 to 40 ms when conseadtive trids
cortained targets defined in the same dimension, relative to targets defined in dfferent
dimensions. This was the cae irrespedive of whether a target (on trial N) was precaled by a
feduraly identicd target (on tria N-1) or by a dimensiondly identicd, but feauraly non
identicd target. For example, there was a RT advantage for a red target preceded by either ared
or a blue target, relative to a precaling aientation target; but there was littl e (extra) advantage
for ared target preceled byared target, relative to a precaling due target.
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Figure 2. Found& Miller (1996, Experiment 1. Reaction times (RT) to a target on trial n
dependent on the dimensional and fedura identity of the target on tria n-1 (intertrial
transition: dD = different dimension; sDdF = same dimension, different feaure; sDsF =
same dimension, same fedure). Also presented is the intertrial fadlitation (ITF) for same-
dimension (sDdF, sDsF) targets relative to dfferent-dimension (dD) targets.

Dimensional Weighting

We (Muller et a., 1995 Found& Mdller, 1996 took the aossdimension cost and inter-
tria fadlitation olserved in ou experiments to argue for a dimension weighting account of
visua seach for feaure targets. Similar to GS, for afeaure target to generate fast parallel seach
requires that it rapidly attrads focd attention. Focd attention operates on a master map of
integrated (summed) dimension-spedfic saliency signds. However, unike GS, dimension
spedfic sdiency information is attentionally ‘weighted’ as it is transmitted to the master map o
adivations. Sufficient weight must be asgned to the target dimension for the target’'s sliency
signdl at the master map level to exceed the resporse threshdd. In the intra-dimension condtions
described above, the target dimension was aways known, and so weighted in advance,
permitting rapid seach. That is, weights may be asdgned acwrding to the known likelihood d a
target appeaing in a particular dimension. However, in the aossdimension conditions (withou
knowledge of the likely target dimension), the seach invalved a time-consuming weight-shifting
processto determine the target’s dimension and amplify its adivity at the master map level. The
weight pattern established in this process persists into the next tria, prodwcing a dimension+
spedfic RT advantage for atarget defined within the same dimension as the precealing target.

Top-down Weighting of Dimensions

One further important question concerns the extent to which the weighting o dimensions
is, or can be, top-down cortrolled. There is psychophysicd evidence that, in smple singleton



feaure search tasks of the type described above, the target-defining dmension is determined
and weighted relatively automatically, withou invoving dHiberate (top-down) control
operations. For example, Miller, Krummenacher, and Heller (2001) found that, in cross
dimensional search, observers did na explicitly encode and retain the target-defining
dimension (or the target feature) on a given trial, and, even if they were required to doso by
the task, this did na ater the pattern of dimension-spedfic inter-trial effects. On the other
hand, there is evidence that observers can moduate the dimensional weight setting in a top-
down fashion in resporse to symbolic pre-cues indicaing the dimension within which the
target islikely to be defined onagiven trial. For example, Mdller et a. (1995 Experiment 3)
made one particular dimension the likely target-defining dmension throughout a block of
trials (p=.80), symbalicdly indicating this dimension to the observers at the start of the block
(blockwise dimension cueing). The result was that targets defined in the likely dimension
were deteded faster than targets in the unlikely dimensions. However, one problem with
interpreting this cueing effed in terms of top-down control of dimensional weighting is that,
by making ore dimension more likely to define atarget, targets actually appeaed more often
in the indicated dmension; that is, there was also a greaer likelihoodfor consecutive targets
to be defined in the aued (i.e., the same) dimension compared with targets in the unlikely
dimensions. Given that a target on trial n defined within the same dimension as the target on
trial n-1 benefits from the persistence of the dimensional weight setting from trial n-1 to tria
n, the aieing eff ects revealed in this experiment might simply reflect passve, stimulus-driven,
priming (see &so Maljkovic & Nakayama, 1994, rather than adive top-down control. To rule
out such passve priming effeds, it is necessry to demonstrate dimension cueing effeds
using trial-by-tria (rather than blockwise) cueing d the target-defining dmension.

We (Reimann, Milller, & Krummenadher, 2001 have recently condicted such a trial-
by-tria cueing study. Preaueing d the likely target-defining dmension ona given trial (by
the aue words “color” or “orientation”) produced RT benefits for valid-cue trials, on which
the target was defined in the aued dmension, and costs for invalid-cue trias, on which the
target was defined in an urcued dmension, relative to a neutral-cue cndtion (with the ae
word “neutral”). Furthermore, the dimension-spedfic inter-trial eff ects were reduced for valid
trials relative to neutral trials. Note that, even when a spedfic target feature (e.g., red) was
pre-cued to be likely, while other feaures in the same dimension (i.e., color: e.g., blue,
yellow) were unlikely, the aeing eff ects were dimension-spedfic in neture; that is, the were
benefits of the aueing even for unlikely fedures within the same dimension as the aed
feaures (while there were wsts only for feguresin a different dimension). This was the ase
even when an (uncued) feature within the dimension o the cued feature was extremely rare.
This pattern of results is consistent with the ideathat observers can use the alvance ase to set
themselves for (i.e., alocae atentional weight to) the likely target dimension. However, the
fad that there remained aresidua inter-trial transition effed even with valid preaues suggests
that top-down control processes canna completely overcome aitomatic priming processes.
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Figure 3. Reimann, Mller, & Krummenacher (2001), Experiment 1. Figure 3a. Readiontime
(RT) asafunction of cue validity, separately for color and aientation-defined targets. Figure
3b. RT as a function d intertria transition, separately for neutral and valid-cue trials
(intertrial transition: dD = different dimension; dDdF = same dimension, different fedure;
sDsF = same dimension, same fedure).

Taken together, these results suggest that dimension switching can orperate relatively
automaticdly, in a largely stimulus-driven manner, once the basic operating parameters are
set (e.g., between which dmensions switches must be carried ou). However, dimension
switching may also be top-down cortrolled when there is an advantage, or aneed, to doso.

Parallel or Serial Weighting of Dimensions?

Althoughthere is convergent evidence & to the existence of dimensiona weighting, how
does the weighting process adualy work: Does it operate in a parallel, continuos, fashion
aaossdimensions or in a seria, al-or-nore, fashion? Althoughsome theorists have advocaed
serial processng o dimensions (e.g., Treisman, 1988 Grosserg, et al., 1994, other evidence
such as the increzsed variability of observers RTs in crossdimension seach (Mdiller et d.,
1995 points towards parallel processng. The dimension-weighting accourt as sich makes no
prediction as to whether singleton feaure search across dimensions is sria in neture or
paralel, and, if the latter, whether a parallel-race model is true or a parallel-coadivation
model. Thus, the isaue of seria versus pardld processng d dimensions is an empirical one,
which hes recently been investigated by Krummenacher, Miller, and Heller (2001a) by
examining visual seach for singeton feaure targets redundantly defined in multiple
dimensions, more spedficdly, by adapting the redundant-target detedion peradigm (eg.,
Mordkoff, Yantis, & Egeth, 1990 Mordkdff & Yantis, 1993 to crossdimension seach,
permitting Mill er’s (1982 ‘racemode inequality’ (RMI) to be tested.

Normally in redunchnt-target seach, there can be one or two targets in the display (on
present trials). Seria search models predict a redundancy gain such that mean RTs soud be
faster when there ae two targets than when there is only one, smply becaise one of two targets
has a higher chance of being encourtered ealy in the seacch than asinge target. However, when
the entire distributions of RTs are andyzed, a form of redundincy gain may be reveded that is
inconsistent with any strictly serial model. Miller (1982 demonstrated that al models that
asume that eat target produces an independent, separate adivation must satisfy the following
RMI: P(RT<t/T:&T,) < P(RT<t/T;) + P(RT<t/T,), wheret is the time since display onset and T,
and T, aretargets 1 and 2. Importantly, thisinequality entail s that the fastest RTs to displays with
redundant targets be no faster than RTs to dsplays with singe targets; however, fast RTs may



ocaur more often with redundant targets. Violations of thisinequality congtitute evidence ajainst
serid processng, andin favor of paralel-coadive processng.

Applied to crossdimension seach, Krummenadher et a. (2001, Experiment 1) varied
the number of dimensions in which asingle target was defined (instead of varying the number of
targets in a display), for example: color only or orientation orly (singly defined targets, eg.: a
red target or a 45°-tilted target), or color and aientation smultaneously (redunchntly defined
target: e.g.: ared 45°-tilted target). They could then examine, by testing for violations of the
RMI, whether only ore dimension (dimension-spedfic sdiency signd) a atime ca adivate a
resporse-relevant representation, or whether there is coadivation from multi ple dimensions.

— Figure 4. Krummenacher, Miiller, & Heller (200J),
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Krummenacher et a. foundthat nat only were RTs to redundantly defined targets on
average faster than RTs to singy defined targets, but aso that the fastest RTs to redundantly
defined targets were faster than the fastest RTs to singly defined targets, violating the RMI. The
seawnd finding constitutes grong evidence in favor of dimension-spedfic sdiency signals
coadivating, or being integrated by, a @mmon resporse-relevant (output) unit. The implication
is that crossdimension seach for singleton fedure targets does indeed proced in paralel in
multi ple dimensions (e.g., Mordkoff & Yantis, 1993 Milller et a., 1995), rather than serially,
in orly ore dimension at atime (e.g., Groserg et a., 1994 Treisman, 1988.

Krummenacher, Muller, and Heller (2001 went on to show that there is no evidence of
coadivation when there ae dua (redundant) sadliency signals, at separate locations, defined
within the same dimension (e.g., a red and a blue wlor target), consistent with Mordkoff and
Yantis (1993. Furthermore, when there ae dua (redundant) signas defined in dfferent
dimensions (e.g., ared color target and a 45°-tilted arientation target), evidencefor co-adivation
is found oy when the two signals are spatialy adjacent, and even in this case the evidence
tends to be wedker compared to when there is a singe target redundantly defined on two
dimension (e.g., ared 45-tilted orientation target), that is, with two saliency signdls at the same
locaion. This pattern of effeds suggests that there is sgnal integration orly for saiency signals
from separate dimensions, and the integration is satidly spedfic. This is consistent with the
dimensionweighting acount, acording to which sdiency signals from multiple dimensions
can combine to raise the adivation of the master map urit signaling the presence and location
of the target above the value achieved by asingle dimensional saliency signal.

L ocus of Dimension Weighting: Perceptual or Response-related?

Althoughthe nation d dimension weighting as such is ‘agnastic’ with resped to the lo-
cus of dimensional-uncertainty and redundancy effeds, Miller and his colleagues (e.g., Ml er et
al., 1999 interpreted these dfects as arising at a perceptua stage of processng. This interpreta-
tion hes receantly been challenged by Cohen and Magen (1999 who argued that these dfeds



refled resporse stage processes. Acoording to their ‘resporse-based’ ac@unt, the various dimen-
siona processng modues (e.g., color, motion, orientation etc.) possess gparate resporse selec
tion mechanisms. Effeds of dimensiona uncetainty in singleton fedure seach can then be
explained by assuming that: “an intradimensional [search] task [target-defining dmension fixed]
requires the use of a singe resporse seledion mechanism. By contrast, crossdimensiond tasks
[target-defining dmension variable] require the use of multi ple resporse seledion mecanisms’
(Cohen & Magen, 1999 p. 292. Smilarly, dimension-spedfic intertria fadlitation in cross
dimension seach can ke explained by asaiming that the relevant resporse selection mechanism
is primed by repeaed targets within the same dimension (irrespedive of whether the target
fedureisrepeaed o nat). A smilar acourt could be derived for detedion RTsto dmensionally
redunchnt targets violating the RMI: Redundant targets adivate separate dimension-spedfic
resporse seledion mechanisms which, in turn, drive a ©@mmon resporse output stage in a
parall el-coactive manrer.

Thereis psychophysicd evidencefor the perceptua account, in particular, the demon-
stration by Krummenacher et a. (2001b) that saliency signal integration is gatialy spedfic
(see dove). This finding would require response-based accounts to assume dimension-spe-
cific response selection mechanisms for ead locaion in the field, which would make them
indistingushable from the perceptual acount. Further evidence is provided by Reimann,
Schroger, Miller, and Krummenacher’s (2001) analysis of event-related brain potentials
(ERPS) in visual search for dimensionally reduncdant singleton feature targets. Reimann et al.
found that, initialy, redundant targets were processed separately, similar to the ‘strongest
adivated’ dimension at frontal and, respedively, occdpital eledrode sites. ERP evidence for
integration (i.e., violations of the alditivity of the ERP eff ects expected onseparate-adivation
models) emerged 210 ms after display onset, but 150160 kefore overt responding, at both
frontal and accipital sites. Reimann et al. took this to suggest that the integration accurs at a
relatively early stage of (perceptual) processng: overall-saliency computation.

However, these findings do nd tell what isadually ‘weighted’ attentionally in dmen-
sion weighting: the computation o dimension-spedfic saliency signals within the respective
visual input modues, or the transfer of dimension-spedfic saliency signals to the integration
stage. That is, does dimensiona weighting influence (e.g., enhance) early saliency signa
computation a (e.g., amplify) the subsequent signal transfer? Evidence in favor of the former
is provided by a recent functional magnetic resonance imaging (fMRI) study d singeton
feaure seach (Pollmann, Weidrer, Miller, & von Cramon, 2000, which examined event-
related activation changes accompanying changes in the target-defining dmension aaoss
trials, spedficdly, changes from color to motion and \ice versa. Changes in the target-
defining dmension (but not changes in the target feature within a constant dimension) led to
increased adivation in a fronto-posterior network consisting o left frontopdar cortex (BA
10) and inferior frontal gyri, high-level visual processng areasin parietal cortex and temporal
cortex, and dasal occpital visua areas. When attention was dhifted to a new target-defining
dimension, adivation increased in the visual areas involved in the processng feaures of this
dimension. Pollmann et a. hypahesized that frontopdar cortex is involved in controlling
attentional weight shifting and that inferior frontal gyri and high-level parietal and temporal
areas mediate dtentional weighting via feedbadk to extrastriate visual areas that processthe
feaures of the new target dimension.

In summary, the functional-imaging evidence suggests that dimension weighting is
mediated by frontal-lobe medchanisms and involves the moduation d neuronal adivity in
extrastriate visual areas Pecialized in the processng of feaures of the respective dimensions.
The latter is consistent with the view that dimension weighting is perceptua in nature,
influencing (enhancing) the mmputation d dimension-spedfic saliency signals.
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