
A visual target that is presented in a field of distractors 
is identified more quickly and more accurately when its 
location is singled out by a temporally leading spatial cue 
(Colegate, Hoffman, & Eriksen, 1973; Eriksen & Hoff-
man, 1972). It is commonly agreed that a spatial cue acts 
to orient attention to a specific location in the visual field, 
and that attention then enhances target identification (e.g., 
Wolfe, 2007; Wolfe, Cave, & Franzel, 1989). Whether the 
mechanisms underlying the processes of spatial selection 
and identity extraction function independently or inter-
act with one another has been investigated by Ghorashi, 
Di Lollo, and Klein (2007) and by Ghorashi, Enns, Klein, 
and Di Lollo (2009), who found the two factors to be sepa-
rable. The present experiments examined whether this sep-
arability also occurs when the processes that are involved in 
attentional orienting are goal directed rather than stimulus 
driven, as was the case in the earlier studies.

Ghorashi et al. (2007; Ghorashi, Enns, & Di Lollo, 2008) 
combined two experimental paradigms to influence spatial 
selection and identity extraction separately within the same 
experiment. Spatial selection was manipulated by the pres-
ence or absence of a spatial cue that was displayed directly 
before the target in a visual search array. Identity extraction 
was manipulated by means of the phenomenon known as 
the attentional blink (AB), which is an impairment in the 
identification accuracy of the second of two targets that 
are inserted in a stream of distractors that are displayed in 
rapid serial visual presentation (RSVP). This second-target 
deficit is obtained when the temporal lag between the two 
targets is less than approximately 500 msec (Raymond, 
Shapiro, & Arnell, 1992); thus, identity extraction is im-
paired when the lag is short but not when it is long.

Theories of the AB differ as to what specific mecha-
nisms mediate the loss of identification accuracy. Some 
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cause it was plausible to suppose that the cue (a briefly 
presented dot at the location of the upcoming target) and 
the target (a letter that was to be identified and discrimi-
nated from other letters) were processed along separate 
pathways. Inherent in this account is the prediction that 
the separation of location and identity processing will no 
longer be in evidence if the spatial cue requires process-
ing mechanisms that are also required for the processing 
of the target. This would be the case in an experiment in 
which the spatial cue itself requires identification, thus 
engaging the same ventral-stream mechanisms that are 
required for identification of the target. The present study 
was designed to test this prediction.

ExpErimEnt 1

Experiment 1 built on the experiments that were re-
ported by Ghorashi et al. (2007) and by Ghorashi et al. 
(2009). As in those experiments, spatial selection was 
manipulated by the presence or absence of a spatial cue, 
and identity extraction was manipulated by presenting the 
second target within the period of the AB, at short inter-
target lags, or beyond the AB. The major difference in the 
present experiment was that the spatial cue itself required 
identification.

The display consisted of an RSVP stream of distractors 
(black letters) containing two targets. The first target was 
a white letter to be identified; the second target was a T 
that was tilted left or right and inserted in a circular search 
array of 11 rotated Ls, all arranged as in a clock face. The 
spatial cue was a red number between 01 and 12 that was 
presented just above the central RSVP stream, shortly be-
fore the presentation of the second target. The observers 
were told that the second target would be located at the 
clock location that was indicated by the number cue.

Given that this task required identification of both the 
cue and the first target, it is plausible to assume that the two 
stimuli engaged processing mechanisms that were at least 
partly overlapping. In terms of the dual-pathway frame-
work outlined above, this means that both stimuli engaged 
ventral-pathway mechanisms. Using additive-factors 
logic, we would expect that stimuli that share common un-
derlying mechanisms would exhibit an  interactive—rather 
than additive—relationship. In practice, we expected the 
effectiveness of the number cue to be impaired at short in-
tertarget lags, when it must share processing mechanisms 
with the first target, but not at longer lags. Thus, instead 
of the independence that was reported by Ghorashi et al. 
(2009), we expected spatial cuing and the AB to exhibit an 
interactive relationship.

method
Observers. Twenty-nine undergraduate students at Simon Fraser 

University participated for course credit. All reported normal or 
corrected-to-normal vision.

Apparatus and Stimuli. Stimuli were displayed on an NEC 
Accu Sync 70-color monitor that was refreshed at 75 Hz and was 
controlled by an IBM-compatible microcomputer. The background 
was midgray, and it contained a black fixation cross that subtended 
0.5º of visual angle at the center of the screen. The stimuli in the cen-
tral RSVP stream consisted of black uppercase letters (distractors) 

invoke resource depletion (Duncan, Ward, & Shapiro, 
1994), others propose a bottleneck between the registra-
tion of the second target and its later consolidation (Chun 
& Potter, 1995; Jolicœur & Dell’Acqua, 1998), and still 
others posit a loss of input control (Di Lollo, Kawahara, 
Ghorashi, & Enns, 2005; Olivers, Van der Stigchel, & 
Hulleman, 2007). Regardless of the specific mechanism, 
however, all theories attempt to explain the loss of identi-
fication accuracy that is the hallmark of the AB, and they 
use it as the dependent measure of choice to assess the 
magnitude of the deficit. Notably, none of these theories 
invokes loss of spatial information as a factor in the AB 
deficit. On the basis of these commonalities among the 
theories, we used the AB deficit as a tool of convenience 
to index any impairment in the process of extracting the 
identity of the second target.

Additive-factors logic (Sternberg, 1969) was employed 
by Ghorashi et al. (2009) to examine the separability of 
spatial selection, as manipulated by spatial cuing, and 
identity extraction, as manipulated by the AB. They rea-
soned that if cuing and the AB exhibit an orthogonal (ad-
ditive) relationship, it would support the hypothesis that 
the underlying mechanisms are separable. If, on the other 
hand, cuing and the AB exhibit an interactive (multipli-
cative) relationship, the alternative hypothesis of inter-
dependence would be supported, suggesting that spatial 
selection and identity extraction share common mecha-
nisms. The results showed that the beneficial effect of the 
cue was the same when intertarget lag was short as when 
it was long. This means that the AB did not interfere with 
the processing of the spatial cue and, therefore, that the 
two processes were independent of one another.

Ghorashi et al. (2009) accounted for these findings by 
relating them to two major parallel pathways in primate 
vision: the dorsal and the ventral pathways. As well as 
being anatomically distinct, the two pathways are known 
to carry and process different types of information. Neu-
rons in the dorsal stream are insensitive to color but re-
spond readily to movement and low-contrast stimuli, 
attributes that make them suitable for processing spatial 
information. In contrast, neurons in the ventral stream are 
sensitive to color, have smaller receptive fields, and have 
slower conduction velocities, attributes that make them 
more suitable for processing the identity of objects. This 
functional specialization was first realized by Ungerleider 
and Mishkin (1982), who referred to the dorsal and the 
ventral pathways as the “where” and the “what” pathways, 
respectively.

According to Ghorashi et al. (2009), the separability 
of spatial selection and identity extraction can be mapped 
directly on the functional distinction between dorsal and 
ventral streams. Specifically, they suggested that spatial 
selection is carried out mainly along the dorsal pathway, 
and that target identification is carried out principally 
along the ventral pathway. Within this conceptual frame-
work, spatial selection and identity extraction are sepa-
rable because they are mediated by mechanisms that are 
anatomically and functionally distinct.

This dual-pathway approach provided a good account 
of the separability of location and identity processes, be-
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and 7, distractors continued to be presented throughout the intertar-
get lag. There were two blocks of trials. In the cue block, a spatial 
cue—a red number between 01 and 12 that was presented just above 
the central RSVP stream—was presented for 40 msec in the RSVP 
frame that preceded the search array; thus, the SOA between the 
cue and the target was 90 msec. When the second target appeared 
at lag 1, the cue was presented concurrently with the first target. 
The observers were told that the second target would be located at 
the clock location that was indicated by the number cue. The no-
cue block was the same as the cue block, except that the cue was 
not presented. The observers were instructed to take advantage of 
the spatial information that was provided by the cue. In brief, the 
design of Experiment 1 was a 2 (cue: present, absent) 3 3 (lag: 1, 
3, 7) within-subjects factorial.

The circular search was followed immediately by a 180-msec 
doughnut-shaped mask that completely covered the search array. 
Each pixel inside the mask was randomly colored black or white. 
The RSVP stream of distractors continued while the search array 
was displayed. Examples of the stimuli and the sequence of events 
on any given trial are illustrated in Figure 1. At the end of each trial, 
observers identified the first target by pressing the corresponding 
key on the keyboard, and then indicated whether the second target 
was tilted to the left or to the right by pressing the left or the right 
shift key.

The dependent measure in this experiment was the critical exposure 
duration (DURc) for which the second target needed to be displayed 
in order to achieve 80% accuracy. The exposure duration of the cir-
cular search array containing the second target was varied dynami-
cally by a threshold-tracking staircase procedure called  parameter 

and a white uppercase letter (the first target), all subtending 0.6º 
vertically. The search array containing the second target consisted 
of 11 randomly rotated Ls and one tilted T (the target). The letters in 
the search array subtended 0.5º vertically. The T was tilted 45º either 
to the left or to the right. The stimuli in the search array were spaced 
regularly around an imaginary clock face of 2.5º radius, centered at 
fixation. The spatial cue was a red two-digit number between 01 and 
12, subtending 0.5º vertically, that was chosen randomly on each 
trial. The number cue was presented in the same frame as the dis-
tractor item that preceded the second target in the RSVP stream, 
and it was positioned directly above the distractor item (1º center-
to-center).

procedure. All displays were viewed from a distance of approxi-
mately 60 cm. At the beginning of each trial, the fixation cross was 
presented in the center of the screen. Observers initiated each trial 
by pressing the space bar, at which point the fixation cross disap-
peared and the RSVP sequence began after a random delay of 400–
800 msec. The distractors (black letters) in the RSVP stream were 
drawn randomly, without replacement, from the English alphabet, 
except Q. Each letter was displayed for 40 msec and was separated 
from the next letter by an interstimulus interval (ISI) of 50 msec, 
during which the screen was blank. This resulted in a stimulus onset 
asynchrony (SOA) of 90 msec between successive items. The first 
target was preceded in the RSVP stream by between 5 and 10 dis-
tractors, at random.

The search array containing the second target was presented at 
one of three intertarget lags: lag 1 (in the frame directly following 
the first target), lag 3 (in the third frame after the first target), or 
lag 7 (in the seventh frame following the first target). At lags 3 

Figure 1. Sequence of events on each trial in Experiment 1. On this trial, the second target was cued.
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In contrast, no such impairment in the processing of the 
spatial cue was in evidence in the experiments of Ghorashi 
et al. (2009). This was because the cue (a dot demarcat-
ing the location of the second target) did not need to be 
identified. Without the need for identification, the cue did 
not engage the same mechanisms as did the first target   
(a letter to be identified) and was, therefore, processed 
along a different (dorsal) pathway.

A further issue arises regarding the impairment of 
cuing during the AB in the present experiment. Utilizing 
the information that was provided by the cue involved at 
least two sequential steps. The first was to identify the 
number cue; the second was to redirect focal attention to 
the clock location that had been indicated by the cue. The 
reduced effectiveness of the cue during the AB (Figure 2), 
therefore, could have arisen at either or both of these steps. 
Experiment 2 was designed to determine the source of 
interference. This was done by eliminating the first step 
(cue identification) but maintaining the second step (redi-
rection of focal attention).

ExpErimEnt 2

In Experiment 2, the number cue that was used in Ex-
periment 1 was replaced with a small dot that was pre-
sented at the clock location opposite the location of the 
target in the search array. This eliminated the requirement 
to identify the cue, but it maintained the requirement to 
redirect focal attention to the target’s location.1

 estimation by sequential testing (PEST; Taylor & Creelman, 1967). 
PEST reduced the exposure duration when the observer’s response 
accuracy exceeded the criterial level, and it increased the exposure 
duration when accuracy was too low. A Wald (1947) sequential 
likelihood-ratio test determined whether the event proportion that 
had been yielded by the immediately preceding run of responses was 
greater than or less than 80%. The Wald routine was called only on 
trials in which the first target had been identified correctly.

In each of the cue and no-cue blocks, there were three indepen-
dent but intermixed PEST runs, one for each lag. The PEST end run 
consisted of 16 trials after three reversals in the direction of adjust-
ment of exposure duration had been recorded. The final DURc score 
was the mean exposure duration of the search array over the last 
16 trials of a given lag. DURc thus represented the duration of the 
mask-free interval that was necessary to achieve the criterial level of 
second-target accuracy, separately for each observer. This procedure 
was adopted in order to avoid the 100% ceiling constraints that are 
imposed by the response scale when identification accuracy is used 
as the dependent measure.

results and Discussion
The mean percentages of correct responses for the first 

target, averaged over lags, were 88.5% and 95.2% for the 
cue and no-cue conditions, respectively. The mean DURc 
values for the second target at each lag are illustrated in 
Figure 2. An ANOVA that was performed on the data in 
Figure 2 had two within-subjects factors: cue (present, 
absent) and lag (1, 3, 7). The analysis revealed signifi-
cant effects of cue [F(1,28) 5 26.36, p , .001] and lag 
[F(2,56) 5 16.78, p , .001]. The interaction effect was 
also significant [F(2,56) 5 4.54, p 5 .015].

Although it avoids ceiling effects, the PEST proce-
dure is open to possible floor effects. A floor effect could 
occur if the exposure duration of the second target is de-
creased to the irreducible minimum of one refresh frame 
(13.3 msec). This was never the case in the present ex-
periment, in which the lowest individual DURc that was 
recorded in any of the six conditions was 190 msec.

As can be seen in Figure 2, much shorter exposure 
durations were required when the location of the second 
target was cued. Also, a significant AB deficit was in ev-
idence, with the values of DURc decreasing as lag was 
increased. The important consideration for the objective 
of the pres ent study, however, is that the advantage that 
was conferred by the spatial cue was significantly smaller 
when the intertarget lag was short than when it was long. 
On the tenets of additive-factors logic, this suggests that 
the number cue and the letter target engaged common pro-
cessing mechanisms.

This pattern of results is consistent with predictions 
from the dual-pathway framework that was outlined 
above. Given that both the number cue and the letter tar-
get required identification, it is plausible to assume that 
the two stimuli engaged common processing mechanisms 
within the ventral stream. Identification of the cue was 
then impaired at the shorter lags, when the necessary pro-
cessing mechanisms were engaged in identifying the first 
target. The resulting delay in the processing of the identity 
of the cue caused a corresponding delay in the deploy-
ment of focal attention to the location of the second target. 
A longer DURc was then required in order to escape the 
trailing mask.
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Figure 2. results of Experiment 1. Bars represent one stan-
dard error of the mean. t2, second target. the number cue was 
colored red.



endoGenous CuinG and the aB    1237

The main objective of Experiment 2 was to decide 
whether the reduced effectiveness of the cue at the shorter 
lags in Experiment 1 (Figure 2) arose from interference 
with the process of identifying the number cue or from in-
terference with the redeployment of focal attention to the 
location that was denoted by the cue. The results strongly 
suggest that the interference arose not from the require-
ment to redeploy focal attention, which was common to 
both experiments, but from the requirement to identify the 
spatial cue, which was unique to Experiment 1.

The finding that the values of DURc were invariant with 
intertarget lag (Figure 3) strongly suggests that attention 
could be redeployed without additional cost, even while 
the system was busy processing the first target. On the 
tenets of additive-factors logic, this suggests that atten-
tional redeployment and target identification are mediated 
by separate mechanisms that enable the two processes to 
be performed concurrently. From the perspective of the 
dual-pathway hypothesis, these results are consistent with 
the proposition that the cue and the target were processed 
along the dorsal and ventral pathways, respectively.

One additional aspect of the present results deserves 
comment. In neither Experiment 1 nor Experiment 2 was 
there any evidence of lag-1 sparing, which is a paradoxi-
cal absence or attenuation of the AB deficit when the sec-
ond target is presented directly after the first, in the RSVP 
position known as “lag 1.” As was reported in a review of 
the literature (Visser, Bischof, & Di Lollo, 1999), lag-1 
 sparing does not occur when the second target is presented 
in a different (and unattended; see Jefferies, Ghorashi, 
Kawahara, & Di Lollo, 2007) spatial location relative to 
the first target. In addition, the magnitude of lag-1 spar-
ing tends to be attenuated when the two targets involve 
different tasks. Both of these conditions applied in Experi-
ments 1 and 2, with consequent absence of lag-1 sparing.

GEnErAl DiScuSSiOn

Earlier work has shown that the processes of spatial 
selection and identity extraction are separable (Ghorashi 
et al., 2009). A dual-pathway account of this separability 
was proposed in Ghorashi et al. (2009) on the assumption 
that the cue and the target were processed along separate 
visual pathways. The spatial cue (a dot denoting the loca-
tion of the target within a search array) was said to be 
processed along the dorsal pathway, whereas the target 
(a letter to be identified) was said to be processed along 
the ventral pathway. The principal objective of the present 
study was to examine some implications of this account. 
On the well-supported assumption that stimulus identifi-
cation is carried out along the ventral pathway (Unger-
leider & Mishkin, 1982), the dual-pathway account would 
predict that independence will no longer be in evidence if 
both the cue and the target need to be identified.

This prediction was supported in Experiment 1, in 
which the spatial cue consisted of a number that, once 
identified, denoted the location of the target within a 
circular search array. The effectiveness of the cue was 
impaired when it was presented while the hypothesized 
ventral-stream mechanisms were engaged in identifying a 

method
Observers. Twenty-two undergraduate students at Simon Fraser 

University participated for course credit. None had participated in Ex-
periment 1, and all reported normal or corrected-to-normal vision.

Apparatus, Stimuli, and procedure. These were the same as in 
Experiment 1, except for the spatial cue. Instead of being a number 
cue, the cue consisted of a small white dot that was presented in 
the clock location opposite the target in the search array. Observers 
were told that the target would always appear at the location opposite 
the cue.

results
The mean percentages of correct responses for the first 

target, averaged over lags, were 92.7% and 94.3% for the 
cue and no-cue conditions, respectively. The mean DURc 
values for the second target at each lag are illustrated in 
Figure 3. An ANOVA that was performed on the data in 
Figure 3 had two within-subjects factors: cue (present, 
absent) and lag (1, 3, 7). The analysis revealed signifi-
cant effects of cue [F(1,21) 5 15.24, p 5 .001] and lag 
[F(2,42) 5 11.06, p , .001]. The interaction effect was 
not significant (F , 1). The lowest individual DURc that 
was recorded in any of the six conditions was 77 msec, 
consistent with the absence of a floor effect.

As was the case in Experiment 1, much shorter expo-
sure durations were required when the location of the sec-
ond target was cued. Also, a significant AB deficit was 
in evidence, with the values of DURc decreasing as in-
tertarget lag was increased. In contrast to the outcome of 
Experiment 1, however, the advantage that was conferred 
by the spatial cue was invariant with intertarget lag.
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Figure 3. results of Experiment 2. Bars represent one standard 
error of the mean. t2, second target.
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of the upcoming second target (a letter to be identified). 
Accuracy of second-target identification was higher in 
the cued than in the uncued condition. Importantly, the 
benefit that was conferred by the cue was invariant with 
intertarget lag. Zhang et al. interpreted this result to indi-
cate that endogenous cuing is unimpaired during the AB. 
In support of the claim that arrow cues control attention 
endogenously, Zhang et al. reported that arrow cues, when 
uninformative, could be ignored; however, this claim is 
disputed. A substantial body of evidence strongly sug-
gests that arrow cues exert attentional control exogenously 
(Hommel, Pratt, Colzato, & Godijn, 2001; Ristic, Friesen, 
& Kingstone, 2002; Stevens, West, Al-Aidroos, Weger, 
& Pratt, 2008). This issue is obviously in need of further 
investigation.

At any rate, if arrow cues are regarded as exerting en-
dogenous control, Zhang et al.’s (2008) findings would 
be inconsistent with the outcome of the present Experi-
ment 1, in which endogenous cuing was shown to be im-
paired during the AB. This inconsistency can be resolved 
by invoking one of two assumptions. The first assump-
tion is that arrow cues may be processed along the dorsal 
pathway if they are spatial indicators. This could arise 
from innate visual biases or through the acquisition of 
overlearned visual habits. The second assumption is that 
attention may be controlled in a goal-directed manner, 
not only for the nonspatial attentional functions that are 
governed by the ventral pathway, but also for the spa-
tial functions that are subserved by the dorsal pathway. 
Evidence supporting this assumption can be found in the 
literature on masked priming (Cressman, Franks, Enns, 
& Chua, 2007; Vorberg, Mattler, Heinecke, Schmidt, & 
Schwarzbach, 2003), which indicates that although an 
arrow followed by a metacontrast mask may not result in 
conscious perception (a ventral process), it can nonethe-
less contribute to a substantial degree of motor priming 
(dorsal process).

Under either of these assumptions, the evidence for in-
dependence between cuing and the AB that was reported 
by Zhang et al. (2008) can be explained on the grounds 
that the arrow cue and the first target (a letter) were pro-
cessed along separate pathways. From this perspective, 
Zhang et al.’s experiment was homologous to the pres-
ent Experiment 2. Both experiments included elements of 
endogenous attentional control in that the focus of atten-
tion was redirected from the location of the cue to a new 
location. Notably, both experiments yielded evidence of 
independent processing. We suggest that both results can 
be explained in the same way—namely, that the spatial 
cue was processed along the dorsal stream and the first 
target was processed along the ventral stream.

Zhang et al.’s (2008) conclusion that endogenous cuing 
is not impaired during the AB is also at odds with re-
sults that were reported in an electrophysiological study 
by Dell’Acqua, Sessa, Jolicœur, and Robitaille (2006), 
who concluded that endogenous control of spatial atten-
tion is impaired during the AB. The dependent measure in 
Dell’Acqua et al.’s study was the amplitude of the N2pc 
(an enhancement of the posterior N2 wave at electrode 
sites that are contralateral to the target). The displays con-

letter target. Experiment 2 tested whether that impairment 
was attributable to interference with the process of cue 
identification, or with the process of redeploying atten-
tion to the location that was indicated by the cue. This was 
done by replacing the number cue with a dot cue that was 
presented at a location opposite that of the target in the cir-
cular array. This eliminated the need for cue identification 
but maintained the requirement to redeploy the attentional 
focus. The results strongly suggest that identification and 
attentional reorienting are independent processes, thus 
implicating cue identification as the source of impairment 
in Experiment 1.2

The present results have direct implications for models 
in which two sources of attentional control have been jux-
taposed: voluntary (goal directed; e.g., Folk, Remington, 
& Johnston, 1992) and automatic (involuntary, stimulus 
driven; e.g., Theeuwes, 1992, 1993). A common require-
ment in Experiments 1 and 2 was to redeploy the focus of 
attention to a new location. In this sense, both experiments 
required some degree of goal-directed voluntary atten-
tional control. Despite this commonality, the outcomes of 
the two experiments differed fundamentally. It is likely that 
other factors, notably the requirement for cue identifica-
tion, played a role. The pattern of results in Experiments 1 
and 2 strongly suggests that the critical determinant of 
independence between cuing and the AB was not whether 
the control of attention was voluntary or automatic, but 
whether or not the cue needed to be identified in order to 
redeploy the focus of attention.

From the perspective of the dual-pathway model that 
has been advocated here, this means that cuing and the 
AB show evidence of interdependence only when the cue 
and the first target are processed along the same pathway. 
On this account, the evidence for interdependence that 
was obtained in Experiment 1 stems from the idea that 
both stimuli engaged common identification mechanisms 
along the ventral pathway. In contrast, in Experiment 2 the 
cue engaged dorsal-stream but not ventral-stream mech-
anisms, thus avoiding overlap with ventral-stream mecha-
nisms that were engaged in identifying the first target, and 
yielding evidence for independence.

A strong version of the dual-stream model would predict 
that interdependence need not be limited to ventral-stream 
processing: It should also be in evidence if both the cue 
and the target engage common processing mechanisms 
along the dorsal pathway. A possible problem in testing 
this hypothesis might arise, however, when one considers 
the high rates of processing in the dorsal stream. Namely, 
processing of the first target might be completed before 
the onset of the cue, thus obviating any evidence of inter-
dependence. Addressing this issue, however, is beyond the 
scope of the present study.

comparison With related Studies
The relationship between spatial cuing and the AB has 

been investigated by Zhang, Shao, Nieuwenstein, and 
Zhou (2008), who set out to determine whether endog-
enous (goal-directed) attentional control is impaired dur-
ing the AB. The cue was an arrow that was presented in 
the center of the screen and that pointed to the location 
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from the idea that spatial selection and identity extraction 
are mediated by distinct underlying mechanisms.
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Are spatial selection and identity extraction separable 
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