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3. Modulability does not undermine the stimulus-driven nature
of attentional capture

by Giovanni Galfano™ and Massimo Turatto®
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In the following paragraphs, we will argue that although many studies
reviewed by Ruz and Lupiéfiez clearly show that atop-down modulation plays
an important role in determining the location to which attention will be
deployed, attentiona capture is stimulus-driven in nature. We agree with the
authors' claim that the endogenous component is much more relevant than was
hypothesised by early works in the field, but we will discuss data showing
that, under some critical conditions, it is possible to observe a purely stimulus-
driven attentional deployment, that is attentiona capture by an item
characterised as being a sdient singleton in a task-irrdevant feature
dimension.

Criteriafor defining a purely stimulus-driven attentional capture.

In our view (Turatto & Galfano, 2001; also see Yantis 1993), the
conditio sine quanon for defining a purely stimulus-driven attentiona capture
is that the investigated feature must be completely irrdlevant to the task a
hand. In order to rule out any top-down effects, there are two main criteria to
be met:

1) The target defining attribute(s) must be clearly and totdly
independent of and dissociated from the feature dimension of the irrdevant
singleton.

2) Inavisua search paradigm with multiple-items displays, participants
must perform the task at hand by means of a Feature Search Mode (FSM);
that is, their attentional set must be restricted to the target defining attribute(s).
Asreported by Ruz and Lupiéfiez, Bacon and Egeth (1994; also see Lamy &
Tsd, 1999) proposed a distinction that has proved to be very useful in
clarifying some apparently contradictory results emerged in the literature.
Specifically, they showed that results from previous studies taken as evidence
for stimulus-driven capture, were obtained under conditions where participants
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were dlowed (e.g., Theeuwes, 1992) or even coerced (Pashler, 1988) to
perform the experimental task by means of a Singleton Detection Mode
(SDM), a 'search for the discrepant element, whatever it is strategy. This
strategy implies that participants have a broad attentional set that not only
includes the target defining features, but also the singleton features. Under
such conditions, any result showing that the presence of the singleton item
affected performance cannot be said to show a purely stimulus-driven
phenomenon, since the adoption of an SDM makes the singleton reevant
somehow. One possibility to make an SDM ineffective and to force
participants to adopt an FSM is to use a very inefficient visud search task
(Wolfe, 1998) in which the target does not pop-out from the background,
which means that dl attentional resources must be focused on the target
defining attributes. Reformulated in the perceptual load hypothesis (Lavie,
1995) framework, this criterion would state that a red stimulus-driven
attentional capture might be said to occur under conditions of high perceptual
load only.

In the next paragraph we report evidence from studies whose

experimental conditions were as such as to fully conform to both the criteria
discussed above.

The peril of relying on null results: Evidence that attentional
captureis not always contingent.

Evidence have been discussed by Ruz and Lupiéfiez that would confirm
the view that not al visud properties are equaly effective in capturing
atention. We agree with this point as long as attentional capture is not
consdered as an 'dl-or-none phenomenon. We beieve that the generd
distinction of visua featuresin static and dynamic (see, eg., Folk, Remington,
& Johnston, 1992) has both atheoreticad and an empirical vaidity. In fact,
many studies have shown that atask-irrelevant onset singleton is able to attract
attention to itslocation (Y antis, 1998). As Ruz and L upiafiez have pointed out,
thefact that abrupt visua onsets receive a high attentiona priority might rely
on two different sub-properties characterising this kind of stimuli: an abrupt
luminance change and/or anew object status (Yantis & Hillstrom, 1994). The
relevant fact, in our opinion, is that whereas static discontinuities (stimuli that
vary along space) such as those produced by the manipulation of colour, form,
or luminance did not prove to capture attention automaticaly, dynamic
discontinuities (stimuli that vary along both space and time) such as abrupt
onsets do show a clear stimulus-driven attentiona capture (e.g., Jonides &
Yantis, 1988). This result by itself alows one to argue that employing the
classic display-size method to assess the phenomenon, a stimulus-driven
capture emerges only if the task irrelevant singletons are abrupt onsets. The
observed lack of evidence for stimulus-driven attentiona capture by datic
discontinuities, however, does not necessarily speak against the possibility that
sdient task-irrelevant singletons in the colour or shape feature dimensions
grab attention involuntarily. What Jonides and Yantis results say is smply
that abrupt onsets receive a stronger bottom-up attentiona priority (Yantis &
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Johnson, 1990), clearly detectable by the display-size method. This, by itsdlf,
does not rule out the possibility that by using a more sensitive method, a
stimulus-driven  attentional capture might emerge even for simuli
characterised as being irrelevant static singletons. In fact, any claim based on a
null result can say very little about the nature of the attentional capture
phenomenon.

Thisidea has motivated many subsequent studies in pursuing stimulus-
driven attentional capture by datic discontinuities by employing different
stimulus arrays from those used by Jonides and Yarntis (eg., Folk & Annett,
1994; Todd & Kramer, 1994; Yantis & Egeth, 1999), and, more importantly,
different methodologies for assessing attentiona capture (e.g., Gibson &
Jiang, 1998). The null result relying on the lack of stimulus-driven attentional
capture by static discontinuities was replicated in dl the above cited studies.
However, recent evidence has been reported that jeopardises the clam that
dtatic discontinuities are not able to grab attention in a purely bottom-up
manner. Theeuwes and Burger (1998; also see Theeuwes, Atchley, & Kramer,
2000), using the method termed 'ldentity Intrusion’ based on the 'Additional
singleton’ paradigm (Simons, 2000), showed that, in a letter search task where
participants were to decide which of two possible targets was present in a
background of distractor letters, an irrdlevant singleton colour distractor that
was never the target affected performance producing a significant decrease in
RTswhen the singleton distractor identity was compatible with the target letter
compared to when the singleton distractor identity was incompatible with it.
Thisresult was taken as evidence that the irrdlevant colour singleton captured
atention in a stimulus-driven manner. This interpretation accounts for the
compatibility effect and is supported by two considerations. First, the colour
singleton was never the target. Second, the letter search task proved to engage
participants in an inefficient search (i.e, steep slopes in RTs plotted as a
function of display size). Thus, both criteria indicated above for defining a
stimulus-driven attentional capture are met. Moreover, the presence of a
compatibility effect rules out the possibility that the results are accountable in
terms of afiltering cost (Folk & Remington, 1998) rather than in terms of a
spatial shift of attention.

In amore recent paper, we (Turatto & Galfano, 2000) have shown that a
processing advantage for when the target appears a the singleton (an
irrelevant unique item in colour, form, or luminance) location can be observed
using a procedure we caled the 'Distance method'. Our method adopts the
logic of the 'lrrelevant feature search' paradigm (Simons, 2000), and has the
advantage of requiring asingle display sze, with a fixed number of elements.
In our study, participants were looking for the presence or absence of a
vertica line segment (the target) embedded among varioudly tilted distractor
segments. Line segments were presented inside shapes, whose features were
manipulated to create the irrdevant singleton (also see Theeuwes, 1992). The
target, when present, appeared at the singleton location in 1/n of target present
trials (where nis display-size). Participants were more accurate in finding the
target when it appeared insde the singleton element than when it appeared in
the more accurate of the non singleton locations. As target defining attributes
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forming participants attentional set concerned orientation (and not colour,
shape, or luminance), we clearly met the first criterion for defining a stimulus-
driven capture. The steep slopes observed in a smilar search task with no
singleton in which we varied display-size, ensured us that the task was very
resource-demanding (i.e., a non-efficient search) thus alowing for reasonably
ruling out the possibility that participants performed the task by means of an
SDM. In another paper (Turatto & Galfano, 2001) where colour was the only
investigated feature, we have replicated thisfinding witha T-L task (leading to
anon efficient search: Wolfe, 1998) and RTs as the main dependent variable.
Crucidly, we have included a no-singleton condition mixed with singleton
tridsin the same block, and we have observed that participants were faster in
finding the target when it was at the singleton location than the no-singleton
condition. Thisresult favours an interpretation in terms of spatial capture and
definitely rules out the possibility of explaining the singleton-advantage
pattern as afiltering cost (see Turatto & Galfano, 2001).

Ruz and Lupiafiez argue that our results may be interpreted as evidence
of an attentional misguidance effect (see Todd & Kramer, 1994) rather than as
evidence of stimulus-driven attentiona capture. The attentional misguidance
hypothesis applies to the 'lIrrelevant festure search’ paradigm and claims that
participants may decide to start the search from the singleton location, which
would act as a sort of landmark. In this view, any benefit shown by the
singleton would be the consequence of the adoption of a specific search
strategy, and therefore could be accounted for by invoking the involvement of
a top-down component. We do not agree with this interpretation of our data
on the basis of the fact that our experimental procedure fully met the criteria
for defining a purely stimulus-driven attentional capture. Moreover, in a more
recent paper (Turatto, Galfano, Gardini, & Mascetti, 2001), we have provided
evidence that rules out this alternative explanation of our previous data. In fact,
by comparing the sensitivity of the classic display-size method against that of
our distance method, we obtained evidence for stimulus-driven attentional
capture by colour in the distance method only, thus replicating the findings of
Jonides and Yantis (1988). This result not only shows that the display-size
method is less powerful than the distance method in detecting attentional
capture, but also rules out any dternative account of our previous findings
(Turatto & Galfano, 2000; 2001) in terms of attentional misguidance. In fact,
asthis hypothesis assumes that our participants strategically decided to begin
the search from the sdient item, one would have expected the attentional
capture pattern to emerge in both the display-size method and the distance
method. Because only the distance method was able to show evidence for
such phenomenon, we can safely assume that the singleton was effectively not
treated by participants as a landmark from which to start the visuad search
task. This means that no relevant top-down component affected the results,
and that stimulus-driven control was therefore present in isolation.

In arather different perspective from that of the typica paradigms used
in the attentional capture literature, Stolz (1996) hastested the widely accepted
implicit view that exogenous orienting represents an encapsulated system
impervious to high-level cognitive influence. According to Posner (eg.,
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Posner & Petersen, 1990), there are three operations involved in orienting of
atention: engage, move and disengage. In the terminology used by the
spotlight metaphor, the engage operation would correspond to attentional
capture. Stolz (1996, Experiments 2 and 5) used a variant of the classical
spatial cueing paradigm where she had a word a the fixation location and a
word acting as the non-informative cue for the target location. Participants
were required to perform a discrimination task on the target. The crucia
mani pul ation was that the cue was semantically related to the fixation word on
haf thetrials and unrelated to it in the other half. Besides the classic vdidity
effect, the results showed that the semantic relationship between the fixation
word and the cue impaired performance in invalid triadlsonly. This implies that
the semantic status of the cue influenced its ability to hold attention at the cued
location. The interference effect has been interpreted to take place at ether the
move or disengage stages and, crucidly, not a the engage stage, as no effect
of semantic relatedness was detected in vdid trids. In sum, this pattern of
results is consistent with the notion that, on valid trids, the cue captured
atention and that attentional capture is impervious to high-level influences
(see Pylyshyn, 1999 for a detailed discussion concerning the impenetrability
of perceptual processes determining where attention will be deployed).

Evidence supporting this position aso comes from the results of a
study by Theeuwes et a. (2000; also see Theeuwes & Godijn, 2001), who
were interested in investigating the time course of stimulus-driven and goal-
directed processes in controlling visud attention. By varying the SOA
between the onset of an irrdevant singleton and the onset of the target, these
researchers showed that top-down control is able to suppress stimulus-driven
capture only if participants are given enough time before target presentation
(also see Kim & Cave, 1999; 2001). Specificaly, their findings are consistent
with the notion that top-down control does not operate at the leve of early
visual processing and does not literally override bottom-up capture, but works
speeding up the operation of disengaging attention from the irrdevant
singleton location instead. This interpretation would also disentangle the
reason for why Folk et a. (1992) could not find evidence for stimulus-driven
capture either by a colour or an abrupt onset singleton using the spatial cueing
paradigm. In fact, in those experiments, the SOA between the onset of the
irrdlevant cue and the onset of the search display was 150 ms. As noted by
Theeuwes et al. (2000), by the time the search array was presented in the Folk
et a. study, participants may have been able to disengage spatial attention
from the location of the cue and to move the attentional focus over the location
of the target. This interpretation is aso consistent with the finding of a
stimulus-driven attentional capture in our previous studies (Turatto &
Galfano, 2000; 2001; Turatto et d., 2001), where a O-ms SOA between the
onset of the irrelevant singleton and the onset of the target was employed. It is
important to note that the study of Theeuwes et d. (2000; also see Kim &
Cave, 1999) is susceptible of an SDM criticism. In fact, the procedure
employed did not ensure that participants used an FSM to find the target,
since the target dways appeared inside a relevant shape singleton (as in
Theeuwes, 1992). However, the modulation of attentional capture shown along
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the different SOAs, dlows one to assume that the bottom-up activation
produced by the 'irrelevant’ colour singleton was stronger than the activation
of the top-down component produced by the template matching process.

The importance of saliency in visual behaviour.

Further contributions attesting the relevance of saliency and bottom-up
processes in human behaviour have been provided from other research fields,
such as neurophysiology or psychophysics. For example, Constantinidis and
Steinmetz (2001) recorded activity from single neurons in area 7a of the
Posterior Parietal Cortex, known to play a crucia role in orienting of spatial
attention and observed that, in a spatial multiple-stimulus display version of
the match-to-sample task, responses to salient odd-coloured targets were
enhanced. Clearly, this result does not represent evidence for a stimulus-
driven capture by colour, as colour was the target defining attribute. However,
the pattern emerged testifies the importance of saliency in controlling visua
processing. The relevance of sdiency has aso emerged in a series of
psychophysical studies conducted by Nothdurft (e.g., 1993; 2000a; 2000b).
For example, Nothdurft (2000a) showed that performance in responding to a
singleton target was significantly enhanced when the target was a singleton in
two feature dimensions compared to when it was a singleton in only one
feature. Asin the case of the Constantinidis and Steinmetz (2001) study, this
result is no way evidence for stimulus-driven capture, but shows that saliency
per se relevantly affects visual performance. Evidence that bottom-up
processes are important in visual processing has also been provided both in
conjunction searches (Sobel & Cave, in press) and in the context of a recently
discovered phenomenon strongly related to the attentional capture research
field, that is Change Blindness (Simons, 2000). This latter effect refers to the
observation that repeated changes between scenes often go unnoticed for a
surprisingly long time (see, eg., Turatto, Angrilli, Mazza, Umilta, & Driver,
2002). In particular, Scholl (2000) has reported evidence that salient items,
even when they are uncorrelated with the loci of change, show a dramatic
decrease in change blindness. This pattern of results has been interpreted as
evidence that the salient elements (late-onset items and colour singletons)
captured attention in a stimulus-driven fashion therefore producing an
attenuated change blindness effect.

Finadly, many computational models of visua attention make the clear
prediction that a sdient, although task-irrelevant singleton, would draw
attention on its location (e.g., Cave, 1999; Cave & Wolfe, 1990; Itti & Koch,
2000; Koch & Ullman, 1985; Li, 2002; Niebur & Koch, 1998; Parkhurst,
Law, & Niebur, 2002; Wolfe, 1994). The recent evidence showing purely
stimulus-driven attentional capture give a critica empirica support to these
models.
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Conclusion

In sum, we do not put into question the fact that endogenous factors
play a crucia role in determining attentional control. Our view is rather that,
saliency is also relevant and if early studies were unable to show a purely
stimulus-driven capture of attention by doatic discontinuities (i.e,
discontinuities in feature dimensions whose ecological priority is less
prominent than that of abrupt visud onsets, Yantis & Johnson, 1990), this
does not mean that the bottom-up component plays no role in controlling the
deployment of visud attention. In this commentary, based on previous
proposals (e.g., Yantis, 1993; Bacon & Egeth, 1994), we have suggested some
criteria to investigate stimulus-driven attentional control in isolation. As a
matter of fact, evidence from our and other labs (e.g., Turatto & Galfano,
2000; 2001; Turatto et a., 2001; Kim & Cave, 2001; Scholl, 2000; Theeuwes
& Burger, 1998) has appeared in the literature that shows that stimulus-driven
attentional capture by static singletons does indeed take place. We emphasise
that this growing evidence has been collected by carefully conforming to both
the criteria discussed above.

The null effect reported by previous studies is attributable either to the
low sengtivity of the employed experimenta paradigms (e.g., Jonides &
Y antis, 1988) or to the adoption of the inappropriate temporal parameters (e.g.,
Folk et d., 1992), whereas the debate concerning the earlier evidence for the
phenomenon (see e.g., Bacon & Egeth, 1994; Lamy & Tsd, 1999; Pashler,
1988; Theeuwes, 1992) raised from the difficulty in studying the bottom-up
component in isolation.
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