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Selective attention, visual awareness and the attentional blink
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Selective Attention 

In order to interact effectively with the visual environment, we need to 

distinguish the information that is relevant to our current goals from irrelevant 

information. The cognitive function that is referred to as selective attention enables the 

evaluation and prioritization of those objects or events that need to be reacted to, 

thereby helping to prevent response conflicts that might arise when different objects or 

events elicit different reactions at the same time. As such, the selective processing of 

perceptual information can be considered to provide an important safeguard against 

conflicts in our reactions to the environment. The intentional selection of objects on 

the basis of their relevance to current goals and needs has been referred to as top-

down, or endogenous control over attentional selection. However, attentional selection 

can also be controlled by signals from the environment. The latter bottom-up or 

exogenous control over attentional selection is important in that it allows us to respond 

reflexively to any unexpected event signaling something interesting, or, perhaps, 

threatening. Together, exogenous and endogenous attentional selection provide the 

means required to engage in mutual interactions with the environment, such that we 

can select from the environment the perceptual information we need to accomplish our 

goals, while on the other hand, the environment may also direct our attention towards 

unexpected stimuli such as suddenly appearing objects so we can rapidly evaluate 

whether they mean harm or good.  

One view of how attentional effects may be implemented at a 

neurophysiological level, is that selective processing of visual information occurs 

through modulation of the gains of neural signals coding for different visual inputs. In 

particular, the gains of signals carrying potentially relevant inputs may be amplified 

while neural responses to competing irrelevant inputs may be inhibited (Hillyard, 

Vogel & Luck, 1998). The amplification and inhibition of the neural processing of 

sensory inputs presumably occurs in so-called reentrant processing networks (Di 

Lollo, Enns & Rensink, 2000). These neural networks encompass pathways through 

which information is fed forward and fed back between different stages of processing. 

For example, such connections are thought to exist between brain areas involved in the 

identification of visual stimuli, and those involved in encoding the percepts of the 
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stimuli. In this case, reentrant processing is thought to involve the selective modulation 

of signals from lower sensory areas through feedback from higher processing areas 

involved in stimulus identification. This feedback is projected onto the lower 

processing areas as soon as the first, coarse inputs are fed forward from the lower onto 

the higher processing areas.  

Assuming that reentrant processing networks exist between different stages of 

information processing throughout the information processing system, it is conceivable 

that the focus of selective processing in each of these stages may be biased by means 

of feedback from higher processing areas. This enables the manifestation of attentional 

selectivity in different stages of information processing, ranging from early levels of 

visual analyses at which retinotopically organized neurons allow for edge detection, to 

levels at which we can decide between imagining ourselves on a Hawaiian beach and 

focusing our attention on the task at hand. However, while in the latter case the effects 

of selective attention are manifested in consciousness, and therefore available to 

introspection, the former case requires sophisticated experiments to show that there is 

a difference in the way attended shapes are processed as compared to unattended 

shapes. Thus, effects of selective attention can manifest themselves throughout 

different levels of processing, and different types of tasks are required to measure 

these effects.  

 

Limitations of Selective Attention 

Although selective attention provides us with the important faculty of 

exercising control over which percepts are processed preferentially, one might also 

argue that selective attention reflects a shortcoming of the mind. Ideally, we might 

wish to be able to execute the task at hand while our thoughts drift away to images of 

beaches and tropical forests without any loss of performance. Yet, this seems 

impossible, for we are able to elaborate consciously on only a single thought or 

percept at a time. As such, selective attention can be considered an emergent property 

of the limited capacity of the human mind for processing information. Indeed, there 

are also limitations in our capacity to attend to different visual inputs at the same time. 

These limitations can be defined in terms of the number of objects that can be attended 
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at the same time. This capacity of selective attention depends on the amount of 

information that needs to be extracted from the different objects in order to perform 

the task at hand. In particular, when scrutinous analysis of each of the objects is 

required because the object we need is difficult to distinguish from irrelevant objects, 

capacity limitations in selective attention are likely to limit performance. In this case, 

serial processing of the objects is required, with attention being switched from one 

object to the next after sufficient information has been acquired from each object.  

A common example of a task in which attention is likely to be deployed serially 

from one object to the next is search for an upright T presented in an array of rotated 

Ls. In this case, the similarity between the target and the distractors imposes the 

requirement to scrutinously analyze each object in order to determine whether it is a T 

or an L. In terms of the reentrant networks described earlier, such a difficult 

discrimination between highly similar items may require highly specific hypotheses 

regarding the exact combination of visual features that signify the presence of a T as 

opposed to a rotated L. In situations in which attention is switched from one object to 

the next, the time that is required for such a switch of attention is the second 

dimension along which limitations in attentional selection can be defined. In 

particular, this time course of object-based attentional switching indexes the amount of 

time required to acquire sufficient information from the object to reach a decision 

about its identity.  

 

Selective Attention and Visual Awareness 

The research to be discussed in the present thesis deals with the relationship 

between visual selective attention and visual awareness. By awareness I refer to what 

was described by William James (1890) as “the taking possession by the mind (p. 

403)”. It concerns the moment at which a particular subset of the information that is 

registered by the senses is consciously perceived. From this moment on, information 

present in the percept can manipulated. For example, we can identify the information 

necessary for the next step in solving a problem, or we may store the information in 

short-term memory so that we can use it later on. In this regard, awareness is closely 

coupled to working memory. In particular, because awareness enables the 
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manipulation of the information perceived, this aspect of visual perception is held to 

arise when perceived information is represented in working memory: the memory 

system that provides a workbench for perceived information by incorporating different 

information processing mechanisms. Moreover, working memory is also held to have 

close connections to sensory processing areas and long term memory, thereby allowing 

the integration and evaluation of our current perceptions with knowledge held in long 

term memory (Baddeley, 1997).  

 

Classical Views on Visual Attention and Awareness 

The relationship between attention and awareness was eloquently described by 

William James in 1890, who stated that attention involves “the taking possession by 

the mind, in clear and vivid form, of one out of what seem several simultaneously 

possible objects or trains of thought” (p. 403), and, that attention “implies withdrawal 

from some things in order to deal effectively with others” (p. 404). Whereas James 

was mostly concerned with the relationship between thought and “what” is perceived, 

Hermann von Helmholtz (1894) was more interested in the effects of attention in 

determining from where something is perceived (Van der Heijden, 1992). In particular, 

Helmholtz was the first to discover that the focus of attention could be moved 

intentionally from one location to the next while the eyes remained fixated on another 

location in the display. While viewing an array of letters printed on a sheet of paper, 

Helmholtz found that he could read letters from the region of the array he attended, 

whereas he could not as easily read other letters present near the fixation point of his 

eyes. Thus, attention was held to determine from which locations in the visual field 

reached awareness. These observations led Helmholtz to argue that attention is 

essential for visual perception, and that there is a limitation in the amount of 

information that can be attended at any one moment in time. 

 

Empirical Support for the Role of Visual Attention in Awareness 

The early insights of James (1890) and von Helmholtz (1894) regarding the 

omnipotent role of attention in determining which thoughts or stimuli reach our 

awareness have recently found strong empirical support in studies of visual attention. 
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In particular, a recent trend in studies of visual attention is the development of tasks in 

which observers fail to notice or report visual stimuli because they are concurrently 

attending to other information. The occurrence of such functional blindness for 

unattended visual events has been referred to as the “dark side” of visual attention 

(Chun & Marois, 2002).  

Perhaps the most intuitively appealing examples of the dark side of visual 

attention are studies of sustained inattentional blindness in selective looking 

paradigms. The issue under investigation in these studies is determining whether 

people notice unexpected, salient visual events when they are concurrently performing 

an attentionally demanding task. For example, in one such study observers had to 

count the number of times people playing basketball passed the ball (Simons & 

Chabris, 1999). The attentional demand of the task was increased by having observers 

count only the passes between members of the team wearing white shirts, while 

ignoring passes amongst the members of another team wearing black shirts. Thus, 

observers were selectively looking for basketballs being passed among members of the 

white team. The crucial manipulation in this study was that after observers had been 

doing the task for approximately one minute, a man wearing a gorilla suit appeared 

and walked from one side of the screen to the other. After the video stopped, observers 

were asked to report the number of passes, following which they were asked if they 

had seen anything unusual while watching the video. The surprising result was that 

only 58% of the observers reported having seen the man in the gorilla suit. Thus, even 

though the man in the gorilla suit was clearly visible for several seconds, 42% of the 

observers did not notice his presence among the basketball players.  

The finding that people may fail to notice clearly visible events presented for 

periods of seconds while performing an attentionally demanding task has been referred 

to as sustained inattentional blindness (e.g., Mack & Rock, 1998). The role of 

attention in the failure to notice salient unexpected events was further explored in a 

more recent study in which the degree to which the unexpected event matched the 

perceptual characteristics of the items being attended was manipulated (Most, Simons, 

Scholl, Jimenez, Clifford & Chabris, 2001). In this study, Most et al. showed that 

when people track white dots moving together with black dots in order to count the 
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number of times the white dots bounce against the border of the display, they often 

failed to notice a dot that moves from one side of the screen to the other across a 

period of five seconds. Interestingly, however, whether or not observers detected this 

unexpected event was found to depend on the color of the dot. In particular, when this 

dot matched the color of the dots that the observers were instructed to monitor, 

detection performance was good, whereas dots that were presented in the color of the 

“ignored” dots were more often not noticed. This finding indicates that visual events 

that match the so-called attentional set (i.e., the description of items that are to be 

attended) of the observer are noticed, whereas events that do not belong to the target 

category may often not be noticed.  

As noted by Chun and Marois (2002), the occurrence of inattentional blindness 

may be an important causal factor in dreadful events that occur because of failures to 

notice events outside of the focus of attention in time to respond to them. In this 

regard, it is alarming to note that more recent work on sustained inattentional blindness 

has shown that when people are engaged in a conversation using a cellular phone, 

while concurrently performing a dot tracking task such as that used by Most et al., 

detection performance for the unexpected event may drop from 70% to 10% (Scholl, 

Noles, Pasheva & Sussman, 2003).  

 

Summary  

Studies of selective looking show that visual events that neither match the 

expectations nor the attentional set of the observer will often go unnoticed, in spite of 

the clear visibility and long duration of these events. Moreover, they have provided 

strong empirical support for three characteristics of visual attention as described by 

James (1890) and Von Helmholtz (1894). The first is that attention gives rise to 

selective perception, such that attended information is more likely to reach awareness 

than unattended information. Note that this view does not imply that all attended 

stimuli reach awareness (cf. Lamme, 2003); attentional selectivity can occur at 

different levels of visual information processing. Thus, it is possible that a stimulus 

that is processed preferentially (i.e., attended) at an early stage of visual analysis is not 

processed preferentially at a later stage that gives rise to overt identification of the 
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stimulus. A second characteristic of visual attention is that there appears to be a limit 

on the amount of information that can be attended, such that attending to one object or 

region of the visual field leaves other objects and regions unattended. Third, as 

demonstrated by Helmholtz (1894), we are able to exert a certain amount of control 

over the locations to which we direct our attention.  

 

Temporal Limitations in Attentional Selection: The Attentional Blink 

The attentional blink (Raymond, Shapiro & Arnell, 1992) refers to a temporal 

limitation in attentional selection that is reflected in an impaired ability to report the 

second of two visual targets presented in close temporal succession. Research on this 

phenomenon complements the striking demonstrations of inattentional blindness by 

providing insights into the functional architecture of the processes that mediate 

attentional selection and visual awareness. One characteristic of the AB that makes 

this phenomenon especially useful as a paradigm for exploring attentional limitations 

concerns the fact that the effect is resistant to training and experience (Braun, 1998). In 

contrast, in inattentional blindness studies, observers can only be fooled once, such 

that they always notice the unexpected event in the trial that follows the trial in which 

they were asked if they saw anything unusual. The popularity of the AB as the topic of 

studies of visual attention is reflected in the fact that the attentional blink has one of 

the fastest growing number of publications in the literature on visual attention.  

 

The Genesis of Research into the Attentional Blink 

The first study to describe the AB emerged from a sequence of studies that were 

aimed at investigating temporal limitations in observer’s ability to select and report 

visual items presented in rapid serial visual presentation (RSVP; Potter & Levy, 1969). 

In this paradigm, hereafter abbreviated as RSVP, a sequence of visual stimuli such as 

letters, words, or pictures of scenes is presented at a central position on the display 

(see Figure 1). Each item is typically presented for approximately 100 ms, yielding an 

RSVP rate of ten items per second. One advantage of this paradigm is that each item 

presented is masked by the following item in the stream, thereby preventing the 

persistence of items in iconic memory (e.g., Coltheart, 1980; Sperling, 1960). 
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Moreover, the RSVP paradigm resembles the temporal structure of visual information 

as we perceive it outside the laboratory. This is because our eyes typically only fixate a 

particular object for 200-300 ms before they rapidly move on to a next fixation 

position (Rayner, 1998). As such, the temporal structure of the visual information we 

perceive across time can be likened to a continuous sequence of snapshots, with each 

snapshot consisting of new information that is projected onto the eyes.  

 

Figure 1. Schematic of a rapid serial visual presentation (RSVP) sequence of digits that contains two  

letters. 

 

Early studies using RSVP were aimed at investigating to what extent people are 

able to understand and remember information from such rapid sequences of stimuli 

(e.g., Potter, 1975). In order to investigate the extent to which such brief “snapshots” 

of visual information can be identified, Potter had observers search RSVP sequences 

of pictures for a particular picture (i.e., target) that was either presented or described 

before presentation of the RSVP sequence. The results from this study showed that 

observers performed very well on this task. Notably, even when the RSVP rate was 

eight items per second, observers still detected the target on approximately 75% of the 

trials. Performance did not differ for pictures that had been presented or described, 

suggesting that each picture was identified within 125 ms. Interestingly, performance 

differed markedly in another experiment in which observers were given a recognition 

task for all pictures presented in the RSVP sequence (Potter & Levy, 1969). In this 
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task, recognition performance was approximately 10% correct when the RSVP rate 

was eight items per second. As described by Potter, this difference between detection 

and recognition performance implies that whereas all pictures in the RSVP stream may 

be rapidly identified within the brief period of time for which they are presented, they 

also appear to be overwritten and rapidly forgotten when there is not sufficient time to 

process the pictures further. In particular, Potter estimated that accurate recognition of 

RSVP pictures can be achieved when the items are presented for approximately 300 

ms, while a similar level of accuracy was observed in tasks that require the detection 

of a single target when the pictures are presented for only 125 ms.  

Following Potter’s early work on detection and memory of RSVP pictures, the 

RSVP paradigm was adopted by Sperling and colleagues to study the dynamics of 

shifts of spatial attention (e.g., Reeves & Sperling, 1986; Sperling & Weichselgartner, 

1995). In these studies, Sperling et al. used a so-called “attention shift procedure” in 

which two RSVP streams were presented simultaneously, one to the left and one to the 

right of a central fixation point. One stream contained letters, whereas the other stream 

consisted of digits. The task for the observers was to attend to one stream (e.g., the 

letter stream) and to report as many items from the other stream after a particular letter 

(i.e., “cue”) had been presented in the attended stream. The results from this 

experiment showed that observers most often reported digits that were presented 

approximately 400 ms after presentation of the cue. This finding was proposed to 

reflect the time observers required to shift their attention from the stream containing 

the cue to the stream that contained the digits, thereby indexing the amount of time 

required to execute a spatial shift of attention from one location to the next.  

In a subsequent study, Weichselgartner and Sperling (1987) investigated 

whether a similar pattern of results would be obtained when observers are to report 

items from a single RSVP stream, thereby excluding spatial shifts of attention as the 

limiting factor in target report performance. Again, the task required observers to 

detect a particular specified cue, and to report the four items that followed this cue. 

Interestingly, the results from this experiment revealed that the items reported 

followed a bimodal distribution across time, such that observers often reported the 

item directly presented in direct succession to the cue, as well as other items appearing 
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approximately 400 ms after presentation of the cue. Thus, even when no spatial shift of 

attention was required from one RSVP stream to the next, observers often failed to 

report the items that occurred within 400 ms after presentation of the cue, except for 

the item that immediately followed the cue.  

A similar result was reported by Broadbent and Broadbent (1987), who showed 

that the delay in selection of items for report may occur because the ongoing 

processing of the cue interferes with the identification of items presented shortly after 

the cue. In particular, in the study by Broadbent and Broadbent, observers were to 

report only two target words (hereafter abbreviated as T1 and T2) from an RSVP 

stream of other, distractor, words. These two targets, hereafter referred to as T1 and 

T2, were designated either by a perceptual characteristic (e.g., by the presence of 

hyphens at either side of the two words, i.e., ‘-target-’ versus ‘distractor’), or by the 

category of the items (e.g., targets being exemplars of the semantic category 

“animals”). The temporal interval or stimulus onset asynchrony (SOA) separating the 

onsets of both targets was manipulated by varying the number of intervening distractor 

words. The results from a series of such experiments consistently showed that second 

target report was impaired when T2 was presented at SOAs of less than 600 ms. 

Interestingly, the magnitude of the impairment in second target report depended on 

whether or not T1 was correctly reported, such that the impairment was less 

pronounced when the T1 was not identified as compared to when it was. This finding 

provided a strong indication that the impairment in T2 report occurred because 

identification of T1 interfered with identification of T2. Moreover, consistent with the 

findings reported by Weichselgartner and Sperling (1987), this finding showed that the 

results reported by Reeves and Sperling (1986) could not be ascribed solely to 

limitations in spatial selective attention.  

Broadbent and Broadbent’s (1987) proposal that the impairment in T2 report 

occurred because the processing of the first target interfered with the identification of 

the second target inspired Raymond et al. (1992) to investigate whether a similar 

impairment could be observed if T2 was a precisely defined stimulus that had to be 

detected (i.e., a black “X”). An impairment in such a detection task, would suggest that 

the interference that T1 identification has on T2 affects the processing of T2 as early 
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as at the stage of stimulus recognition. In the same study, Raymond et al. investigated 

whether the occurrence of the impairment in T2 report depends on the processing 

requirements associated with T1.  

The results from the experiments by Raymond et al. (1992) showed that 

detection of a black X was markedly impaired when it was presented within 

approximately 500 ms of T1 (a white letter that had to be identified). Importantly, the 

results also showed that this impairment occurred only when observers were instructed 

to report T1, and not when they were instructed to ignore T1. These results led 

Raymond to term the impairment in T2 report an “attentional blink”, that is, a transient 

interruption of attentional processing that has the same effect as an eye-blink. In 

accounting for the finding that detecting a highly specified item was impaired during 

the attentional blink, Raymond et al. proposed that all processing of new information 

is temporally suppressed when the identification of T1 is interfered with by the 

following distractor. However, as discussed in the section on models of the attentional 

blink, Raymond et al. later abandoned this account for a different model because it 

failed to account for new findings. 

 

The Generality of the Attentional Blink 

 By showing that the identification of an RSVP target depletes attention to such 

an extent that there is blindness for subsequent targets, the early two-target RSVP 

studies captured the attention of many researchers interested in the relationship 

between attention and visual awareness. While many of the subsequent studies into the 

attentional blink were aimed at investigating the cause of this striking phenomenon, 

several other lines of research emerged that used the attentional blink paradigm as a 

tool for investigating the attentional demand of different types of tasks. In addition, 

other types of two-target paradigms were found to reveal results similar to those 

obtained with the RSVP paradigm. In the next section, I will discuss findings that 

reveal that the attentional blink is a robust finding that can be obtained in a variety of 

different tasks requiring responses to two target presented in close temporal 

succession. In addition, I will describe some of the main findings from spin-offs of the 

two-target RSVP paradigm.  
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 Attentional Dwell Time. Shortly after Raymond and colleagues (1992) showed 

that identification of an RSVP target impairs detection of a second target presented 

within 500 ms, a spin-off of the attentional blink paradigm was developed by Duncan 

and colleagues that was found to reveal very similar results (Duncan, Ward & Shapiro, 

1994; Ward, Duncan & Shapiro, 1996; Ward, Duncan & Shapiro, 1997). In this 

paradigm, hereafter referred to as the dwell time paradigm (Theeuwes, Godijn & Pratt, 

2004), the RSVP sequence is curtailed to contain only the two targets, and their masks. 

Typically, the two targets are presented at different locations in a display consisting of 

four possible target positions. Similar to the results of the early two-target RSVP 

studies, the results from studies using this paradigm consistently showed that T2 

identification was impaired when it was presented within 500 ms of T1. This finding 

was proposed to reflect attentional dwell time, that is the period of time during which 

attention dwells on T1, thereby leaving less attention available for T2.  

There are several reasons why this finding is likely to reflect the same 

attentional limitation as that observed in RSVP tasks. To start, the results from the 

two-target RSVP experiments and the dwell time paradigms indicate that when T1 can 

be ignored because there is no task associated with it, and there is no overlap in the 

target defining features for T1 and T2, no impairment in T2 report is observed. This 

finding indicates that the impairment can be attributed to the attentional demand of T1 

identification (Duncan et al., 1994; Raymond et al., 1992). Second, the results from 

both paradigms show that the impairment in T2 report is markedly reduced when T1 is 

not masked (e.g., Moore, Egeth, Berglan & Luck, 1996; Raymond et al., 1992). A 

third reason is provided by the results of one of the research projects conducted for this 

doctoral thesis (see Chapter 4). In this experiment, the spatial separation between T1 

and T2 was found not to affect estimates of attentional dwell time, suggesting that 

attentional dwell time does not reflect spatial attention “dwelling” at the location of 

T1. Instead, attentional dwell time appears to reflect a temporal limitation in the minds 

ability to select and process different objects presented in rapid succession, with the 

consequence that the second object will often fail to be perceived well enough to be 

identified.  
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Detection of Pop-out Stimuli. Joseph, Chun and Nakayama (1997) investigated 

whether detecting a pop-out target in a visual search task would be affected by the 

attentional blink. In this experiment, the first target was a white letter presented in an 

RSVP sequence of black letters. The second target consisted of a circular array of 

twelve Gabor patches that was masked by a pattern mask. On half of the trials, eleven 

of the patches had the same orientation, and one patch, the oddball target, had a 

different orientation. Observers were to report the identity of the white letter and to 

indicate whether an oddball was present in the search display. In a pilot experiment, 

detection performance for this oddball was found to be independent of the number of 

distractor patches, suggesting that the oddball could be detected without the need for 

the serial deployment of attention across patches. Such pop-out effects have been 

interpreted as the pre-attentive segmentation of the distractors and the target, allowing 

for instant detection of the target. Yet, when this pop-out detection task was presented 

at different SOAs relative to T1 in the RSVP sequence, detection performance was 

found to be impaired across SOAs of 100 to 700 ms, indicating that it was subject to 

an attentional blink. This highly surprising result was accounted for by the assumption 

that all tasks, even such simple tasks as the detection of a pop-out target, require 

limited capacity processing resources. Because these resources are tied up in 

processing the first target, performance on any second task would be expected to show 

an impairment. Given that pop-out detection is widely believed to concern the least 

demanding task in the field of attention paradigms, the results reported by Joseph et al. 

provided an impressive illustration of the fact that attentional resources are temporarily 

depleted by the requirement to identify a target presented in RSVP.  

  

Cross Modal Attentional Blinks. Consistent with the view proposed by Joseph et 

al. (1997) that the attentional blink involves the depletion of limited capacity resources 

required to perform any task, several studies have found evidence indicating that 

combinations of auditory and visual tasks produce similar patterns of results. For 

example, Jolicoeur and Dell’Acqua (1998) showed that identification of a visual target 

in RSVP (a letter) slowed down reaction times to an auditory signal presented within 

600 ms of the visual target. Moreover, they also showed that this effect does not occur 
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when the visual target can be ignored, and that responses to the tone were slower at 

short SOAs when the visual target consisted of more than one letter. These findings 

were interpreted as indicating that storing the first target into short-term memory 

involves a central processing mechanism that has limited capacity for processing 

information. This processing mechanism is required both for memory consolidation 

and for response selection (e.g., Pashler, 1998). As a consequence, the ongoing 

consolidating of the first target will impose a delay in responses to second targets.  

 More evidence for a central, amodal, locus of the attentional blink effect was 

found in a later study by Jolicoeur (1999a, 1999b), in which he presented the visual 

RSVP target after the tone. Consistent with the notion of a central processing 

bottleneck, the results showed that when observers made a speeded response to the 

tone, report of the visual target was impaired when it was presented shortly after the 

tone. However, when observers ignored the tone, no impairment in report of the visual 

target was observed, indicating that the selection and execution of the response to the 

tone impaired the encoding of the visual target into short-term memory.  

 Although amodal attentional blinks have been observed with tasks in which 

speeded responses are to be made to the auditory target, it has proven to be much more 

difficult to find such amodal attentional blink effects in tasks in which the auditory 

target is a spoken letter that has to be identified. In these studies, two RSVP streams 

were presented concurrently, with one stream consisting of spoken letters or syllables, 

whereas the other stream contained visually presented letters. Two studies in which 

such a cross-modal RSVP procedure was used have failed to find evidence for cross-

modal attentional blinks, regardless of whether the auditory target was presented as the 

first or as the second target (Duncan, Martens & Ward, 1997; Potter, Chun, Banks & 

Muckenhoupt, 1998). However, as was shown by Arnell and Jolicoeur (1999), the 

failure to observe such cross-modal attentional blinks in combinations of auditory and 

visual identification tasks is likely to reflect the fact that the presentation durations of 

the auditory targets in these studies were simply too long. In particular, Arnell and 

Jolicoeur did find cross-modal attentional blinks, regardless of whether the auditory 

task was performed first or second, but only when the presentation duration of the 

auditory target was shorter than 135 ms. This result suggests that the reason why the 
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studies by Duncan et al. (1997) and Potter et al. (1998) failed to find evidence for 

cross-modal attentional blinks was because they used presentation durations of 150 

and 135 ms, respectively. In accounting for the effect of presentation duration on the 

occurrence of an attentional blink for auditory targets, Arnell and Jolicoeur proposed 

that it is likely that auditorily presented letters or syllables may be identified more 

rapidly than visually presented letters. As a consequence, higher presentation rates 

may be required for effective masking of auditory targets than of visual targets, 

leading to differences in results when a single, relatively slow rate of RSVP is used for 

both the auditory and the visual streams.  

 In addition to audio-visual attentional blinks, there have also been reports of 

attentional blinks in the domain of discriminating tactile targets. For example, it has 

been shown that the task of determining whether brief tactile stimulation was 

presented to either the middle or the index finger can produce an attentional blink 

effect (Hillstrom, Shapiro & Spence, 2002). Cross-modal attentional blinks have also 

been observed with combinations of visual and tactile targets (Soto-Faraco, Spence, 

Fairbank, Kingstone, Hillstrom & Shapiro, 2002). In this study, the visual task 

involved localization of the brief illumination of one of nine LEDs placed around a 

central fixation LED, with the target being masked by illumination of other LEDs. The 

tactile target consisted of the brief activation of one of four vibrators on a tactile 

stimulator that was masked by activation of all four vibrators. For both tasks, 

observers were to localize the stimulation. The results from this study showed that, 

regardless of the order of the two tasks, performance on the second task was impaired 

across SOAs of up to 500 ms. These findings provide further support for the notion 

that the attentional blink reflects a central processing bottleneck that impairs 

perception of the second of two targets presented within 500 ms, regardless of the 

modality in which the targets are presented.   

  

Task Switching. Although Arnell and Jolicoeur (1999) showed that the 

occurrence of an attentional blink with targets presented in different modalities may 

depend on the presentation duration of the two targets, there is also a second reason 

why some studies do find evidence for cross-modal attentional blinks whereas other 
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studies fail to. In particular, when there is a task switch between the two targets 

presented in different modalities (e.g., identify the first visual target, detect the second 

auditory target, or vice versa), an attentional blink is likely to occur, whereas 

experiments in which the targets are drawn from the same category and require the 

same type of response typically do not show an attentional blink. The contribution of 

task switching costs to the occurrence of an impairment in performance on the second 

of two tasks is illustrated by the results of experiments reported by Potter et al. (1998). 

In these experiments, attentional blinks were observed for combinations of masked 

visual and auditory targets, but only when the tasks for these targets were different. In 

particular, when observer were to identify the first target (e.g., a spoken letter) and to 

detect the presence of a fully specified letter in the visual RSVP stream, an attentional 

blink occurred. However, when the second target was not fully specified and both 

targets required identification, no attentional blink occurred, indicating that it was the 

requirement to switch tasks between the two targets that produced the impairment on 

the second task.  

 

Summary 

 The attentional blink effect was discovered in studies in which rapid serial 

visual presentation was used to investigate the ability of people to select, identify, and 

remember visual stimuli presented in rapid succession. This paradigm was developed 

in order to mimick the temporal structure of visual information as it is registered by 

the eyes each time a new region of our environment is fixated. The attentional blink 

effect is an impairment in the response to the second of two targets presented within 

500 ms of each other. Following its discovery, many studies have varied the nature of 

these targets and their processing requirements. The results from these studies attest to 

the fact that the attentional blink reflects a general and robust limitation in information 

processing that occurs across a wide variety of tasks, including combinations of 

auditory, visual, and tactile tasks. In addition to using different types of targets and 

associated tasks, other studies have showed that similar findings can be obtained in 

paradigms which do not use RSVP. In particular, findings from experiments in which 
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only the two targets and their masks are presented indicate that an attentional blink 

also occurs when T1 and T2 are not presented in an RSVP sequence of distractors.   

 

The Visual Attentional Blink: Main Effects and Models 

Following its discovery in 1992 by Raymond et al., nearly two hundred studies 

have been published in which the characteristics of the attentional blink have been 

investigated. Whereas several of these studies involved generalizations of the 

attentional blink to different tasks and stimuli, many other studies were aimed at 

determining the nature of the processing limitation that underlies the visual attentional 

blink. In the following sections, I will discuss some of the main findings from studies 

investigating the attentional blink in tasks in which two visual targets are presented in 

RSVP. In these studies, insights into the functional architecture of visual processes that 

mediate conscious perception of the targets have been obtained by identifying the 

factors that decrease or increase the magnitude of the attentional blink effect.  

 

The Typical Visual Attentional Blink 

One aspect of the attentional blink that should be discussed in advance of 

discussing these effects concerns the typical attentional blink effect as it has been 

observed in hundreds of experiments (see Visser, Bischof & Di Lollo, 1999, for a 

review). The typical task in these experiments involves requiring observers to report 

two pre-specified targets from an RSVP sequence of other, distractor, items. In such 

two-target RSVP tasks, second target report performance across SOAs typically 

follows a U-shaped function (Chun & Potter, 1995; Potter et al., 1998; Visser et al., 

1999), with second target report performance decreasing from SOAs of 100 ms to 300 

ms, and then increasing up to SOAs of 500-700 ms where performance reaches an 

asymptotic, data-limited, level of accuracy (see Figure 2).  
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Figure 2. A typical attentional blink. The proportion correct report of a second target (T2) for trials 

on which the first target (T1) was correctly reported (T2|T1) is plotted as a function of the stimulus 

onset asynchrony between T1 and T2 (SOA). In this example, the 100 ms SOA corresponds to the Lag-

1 position. 

 

Empirical Hallmarks of the Visual Attentional Blink Effect 1: Lag-1 Sparing 

From the distribution of T2 report across SOAs it can be inferred that second 

target performance is often spared from interference of T1 processing when it is 

presented in direct succession to T1, that is, when it is presented at the “Lag-1” 

position (see Figure 2). This finding has accordingly been referred to as Lag-1 sparing 

(Potter et al., 1998). Although Lag-1 sparing has been observed in many tasks in 

which an attentional blink was observed (e.g., Visser et al., 1999), Visser et al. have 

provided compelling evidence that the cause of Lag-1 sparing is independent from that 

of the attentional blink effect. In particular, a meta-analysis of all attentional blink 

studies reported up to 1999 showed that factors that determine whether or not Lag-1 

sparing occurs do not determine the magnitude of the attentional blink effect. For 

example, the occurrence of Lag-1 sparing depends on whether or not the two targets 

are presented in the same spatial location, such that Lag-1 sparing is only observed for 

second targets presented at the same location as the first target. On the other hand, the 
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spatial separation between the two targets does not influence report of T2 at later lags 

(i.e., with one or more items intervening T1 and T2), thereby indicating that the cost of 

switching attention between two locations is restricted to situations in which T2 

directly succeeds T1 (e.g., Breitmeyer, Ehrenstein, Pritchard, Hiscock & Crisan, 1999; 

Peterson & Juola, 2000; Visser et al., 1999). I will return to Lag-1 sparing and how 

this phenomenon is accounted for after the following section in which some of the 

main empirical hallmarks of the attentional blink effect are discussed.  

 

Empirical Hallmarks of the Attentional Blink Effect 2: Masking and Priming  

One of the most robust findings in the literature on the attentional blink is the 

finding that the effect occurs only when both T1 and T2 are followed by masks 

(Brehaut, Enns & Di Lollo, 1999; Breitmeyer et al., 1999; Chun & Potter, 1995; 

Giesbrecht & Di Lollo, 1998; Grandison, Ghirardelli & Egeth, 1997; Marois, Chun & 

Gore, 2000; Seiffert & Di Lollo, 1997; Shapiro, Raymond & Arnell, 1994; Vogel & 

Luck, 2002). When the distractor to follow either T1 or T2 is removed from the RSVP 

stream, no attentional blink occurs. Moreover, there appears to be a direct relationship 

between factors that increase the effectiveness of masking and the observed magnitude 

of the attentional blink, such that stronger masks for T1 and T2 lead to larger 

attentional blinks (e.g., Marois et al., 2000). For example, Raymond et al. (1992) 

found that the magnitude of the attentional blink effect depends on the temporal 

separation between T1 and the item to follow T1, a factor known to determine the 

strength of masking of the first target (e.g., Enns & Di Lollo, 2000). In particular, 

Raymond et al. found that varying the duration of a blank interval inserted between T1 

and the item following T1 (i.e., T1’s mask) affected the magnitude of the attentional 

blink such that the magnitude of the effect increased as the duration of this interval 

was reduced. The typical interpretation of the finding that masking T1 is a prerequisite 

for the attentional blink is that masking slows the identification and consolidation of 

T1, thereby imposing sustained interference on the identification and consolidation of 

a subsequently presented T2 (e.g., Chun & Potter, 1995; Enns & Di Lollo, 2000; 

Marois et al., 2000; Potter, Staub, O’Connor, 2002).  
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Enns and Di Lollo (2000; see also, Breitmeyer, 1984) distinguish between two 

types of conflicts in target identification that may result from such backward masking. 

First, the target and the mask may be integrated when they are presented at SOAs of 

less than 100 ms. This type of masking, referred to as integration masking, can be 

conceived as involving the addition of visual noise to the target representation that is 

formed at early levels of visual processing. A second type of masking concerns what 

has been referred to as interruption masking. This type of masking occurs when the 

presentation of the mask interrupts with the ongoing identification of the target. In this 

case, masking occurs at a post-perceptual level of representation where different 

objects compete for mechanisms involved in object-recognition. Consistent with the 

notion that interruption masking occurs relatively late in visual processing, this type of 

masking effect is most pronounced when the mask follows the target at an SOA of 

approximately 50-100 ms, whereas the interference from masking less pronounced at 

shorter and longer SOAs. Both types of masking cause an attentional blink when 

applied to T1 (Brehaut et al., 1999), suggesting that both types of masking impose a 

need for sustained processing of the target. However, when applied to T2, only 

interruption masking is found to result in the J- or U-shaped function of T2 report 

across SOA that is the empirical hallmark of the attentional blink. Integration masking 

does produce an impairment in target identification, but one that is constant across 

SOA. These findings indicate that the attentional blink is triggered by the difficulty of 

T1 identification, regardless of the type of mask used for T1, while the time course of 

T1 identification is reflected in T2 report only when interruption masking is applied to 

T2. 

A second robust finding in studies of the attentional blink is that stimuli that are 

presented during the attentional blink period activate semantic knowledge in long term 

memory even when are not identified (Chua, Goh & Hon, 2001; Chun & Potter, 1995; 

Luck, Vogel & Shapiro, 1996; Maki, Frigen & Paulson, 1997; Martens, Wolters & van 

Raamsdonk, 2002; Shapiro, Driver, Ward & Sorenson, 1997, Vogel, Luck & Shapiro, 

1998). The notion that ‘blinked’ items may be processed up to the level of 

identification is supported by the finding that both blinked second targets, as well as 

distractors presented during the attentional blink period have been found to prime the 
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processing of semantically related information. For example, Maki et al. (1997) 

showed that when there is a semantic relationship between one of the distractors 

presented during the attentional blink period and the following second target, report of 

the second target was enhanced. The notion that items presented in RSVP rapidly 

activate corresponding representations held in long-term memory is also supported by 

related findings obtained in the single-target RSVP studies that were described earlier 

(e.g., Potter, 1975; 1993). In particular, the results from these single-target RSVP 

studies show that observers are able to detect a single specified target (e.g., a harbor 

scene) presented in RSVP, thereby indicating that the meaning of RSVP items is 

rapidly activated within the short presentation duration of the items. This type of 

memory is referred as to very short-term conceptual memory (Potter, 1993).  

 

The Attention Gating Account of Lag-1 Sparing 

Several different models have been proposed to account for Lag-1 sparing and 

the attentional blink. In this section, I will describe two accounts of Lag-1 sparing. The 

first of these accounts has been referred to as the “attention gating” model (e.g. Reeves 

& Sperling, 1986; Shih, 2000; Sperling & Weichselgartner, 1995; Visser et al., 1999). 

In this attention gating account, Lag-1 sparing is considered a consequence of the 

operation of an attentional gating system that regulates the flow of information from 

perceptual levels of analysis to higher level processes involved in the identification 

and consolidation of the target. According to this view, an attentional gate is opened as 

soon as the target candidate is detected. The attentional gate is thought to close 

automatically within 100-200 ms of the opening of the gate (Chun & Potter, 1995; 

Reeves & Sperling, 1986; Visser et al., 1999). Because closure of the gate is sluggish 

as compared to the high rate of stimulus presentation typical in RSVP, a T2 that 

immediately follows T1 is assumed to gain entry into the same “attentional processing 

episode” as T1, thereby sparing it from the attentional blink (Sperling & 

Weichselgartner, 1995).  

Based on the outcomes of their meta-analytical review of the conditions under 

which Lag-1 sparing occurs, Visser et al. (1999) proposed that the concept of the 

attention gate can be equated with that of an input filter. The specifications of this 
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input filter are held to correspond to the target description, thereby allowing items that 

match the target description to gain access to processing mechanisms involved in 

identification and consolidation. This view is supported by the fact that Lag-1 sparing 

only occurs when there is some degree of similarity between T1 and T2. As Visser et 

al. concluded from their meta-analysis, “Lag-1 sparing occurs when the two targets 

belong to the same category, are presented in the same modality and in the same 

location, and the observer makes the same type of response to both of them” (p. 461).  

The Two-Stage Competition Account of Lag-1 Sparing  

 An alternative view of the basis for Lag-1 sparing was recently proposed by 

Potter, Staub and O’Connor (2002). Potter et al. investigated trade-offs in report of T1 

and T2, using SOAs that were shorter than those typically used in attentional blink 

experiments. By varying the SOA between T1 and T2 between 13 and 200 ms, Potter 

et al. were able to track the time course of the identification of both T1 and T2. The 

main result from this study was that when T2 was presented within 100 ms of T1, T2 

report performance was found to be better than that of T1, while at longer SOAs, T1 

report was more accurate than report of T2. This was reflected in the functions of T1 

and T2 report accuracy across SOAs, with T1 performance showing an increase across 

increasing SOAs, while T2 report performance decreased across increasing SOAs.  

 To account for these results, Potter et al. (2002) proposed a two-stage 

competition model of attentional selection and identification of items presented in 

RSVP. According to this model, a perceptual filter similar to the one proposed by 

Visser et al. (1999) determines which items reach a very short-term conceptual 

memory buffer (i.e., stage one; Chun & Potter, 1995; Potter, 1993). While retained 

briefly in this memory buffer, the items may compete for attention in order to become 

fully identified. The allocation of attention to items represented in this memory buffer 

is assumed to be initiated upon detection of visual features that designate the targets. 

The crucial assumption that enables this model to account for Lag-1 sparing is the idea 

that the allocation of attention to items held in stage one is inexact, thereby allowing 

all items present in stage one to engage in competition for the attentional response. As 

a consequence, a T2 that is presented very shortly after T1 (i.e., at SOAs of less than 

100 ms) will compete with T1 for the attentional response that was triggered upon 
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detection of T1 in stage one. Because it is likely that there is a delay between detection 

of T1 and the actual allocation of attention to items in stage one (e.g., Di Lollo et al., 

2000), a T2 that is presented very shortly after T1 will often have the benefit of the 

attentional response triggered by T1. However, when the SOA between T1 and T2 is 

longer, T1 will have the better chance of being attended and fully identified even 

before T2 gains entry to stage one, thereby resulting in the trade-off pattern between 

T1 and T2 report across SOAs. Thus, according to the two-stage competition model, 

Lag-1 sparing may arise when T2 arrives in stage one while T1 has not yet been fully 

identified, thereby engaging in competition for the attentional response that was 

triggered upon detection of T1. 

 

A Comparison of the Models of Lag-1 Sparing 

The main difference between the two-stage competition (Potter et al., 2002) and 

attention gating models of Lag-1 sparing (e.g., Reeves & Sperling, 1986; Shih, 2000; 

Sperling & Weichselgartner, 1995; Visser et al., 1999) is that the latter model assumes 

that T1 detection triggers a ballistic attentional gate that provides entry to visual 

awareness, whereas the two-stage competition model holds that T2 may engage in a 

competition for attention with T1 even before either one of these items is transferred to 

visual awareness. A second difference between these models is that they provide 

different reasons for why T1 and T2 are often both accurately reported when T2 is 

presented at Lag 1. In particular, the attention gating model holds that when T1 and T2 

can be processed in a single attentional processing episode which is constricted in time 

by the opening and closing of an attentional gate upon detection of T1, both targets 

will be transferred to the next processing stage together. On the other hand, the two 

stage-competition model does not allow for two targets to be transferred from stage 

one to a next stage (i.e., stage two) together, because it assumes that the item that is 

identified first in stage one will be the one that gains access to stage two. Instead, the 

two-stage competition model accounts for the high level of T1 and T2 report accuracy 

at Lag 1 by assuming that, when the RSVP items are presented for a relatively long 

duration such as the 100 ms per item presentation duration typically used in attentional 

blink experiments, the first target may already have been processed to such an extent 
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that it can be retained briefly in Stage 1. As a consequence, the time required to switch 

of attention from T1 to T2 does not necessarily occur at the expense of forgetting T1.  

 

Models of the Attentional Blink Effect 1: Capacity Limitations of Visual Short-term 

Memory 

 In order to account for the attentional blink effect, Raymond et al. (1992) 

initially proposed the inhibition model. According to this model, the processing of new 

visual information is suppressed when the identification of T1 is interfered with by the 

presentation of the following distractor. This inhibition of visual processing was 

assumed to occur in order to prevent misbinding of the identity of the item to follow 

T1 with the target defining feature of T1 (e.g., its color), leading to misreports.  The 

main findings that led Raymond et al. to propose this model were the finding that an 

attentional blink occurred even when the task for T2 concerned detecting the presence 

of a fully specified letter (i.e., an “X”), and the finding that replacing the distractor 

following T1 with a blank interval markedly reduced the magnitude and duration of 

the attentional blink.  

 In later studies, Raymond and colleagues (Raymond, Shapiro & Arnell, 1995; 

Shapiro et al., 1994) abandoned the inhibition model when they found that an 

attentional blink also occurred when an unnamable item was presented in direct 

succession to T1. In this case, there is no danger of target report errors because of 

misbinding between the target defining feature and the distractor to follow this target. 

Based on this result, Shapiro et al. concluded that the temporary inhibition of the 

processing of items presented in succession to T1 could not account for the occurrence 

of the attentional blink. Instead, Raymond et al. (1995; Shapiro et al., 1994) proposed 

the so-called interference model. According to this model, each item in the RSVP 

sequence is matched against a target template (e.g., Duncan & Humphreys, 1989). 

Depending on its match to this template, an RSVP item may gain access to visual 

short-term memory, where it receives weightings that strengthen its representation, and 

make it accessible to retrieval. Importantly, the assignment of weightings occurs on the 

basis of an item’s match to the target template, but also on the basis of the temporal 

proximity of the item to either of the targets. The latter assumption allows for the 
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possibility that items that directly precede or succeed T1 and T2 are also assigned 

weightings in visual working memory. 

In order to account for failures to report second targets presented during the 

attentional blink, Raymond et al. proposed that the amount of weighting that can be 

assigned to items in visual working memory is limited, and that the weight that is 

assigned to an item degrades with the passage of time. As a consequence, the amount 

of weighting available for creating a retrievable memory representation of T2 in visual 

working memory depends on the amount of time elapsed since T1 presentation. If this 

interval is short, it is likely that most available weight is still assigned to T1 and items 

presented in close temporal proximity to T1, thereby leaving less weighting available 

for T2 than is the case at longer intervals, hence causing the SOA-dependent 

impairment in T2 report. Thus, according to the interference model, the attentional 

blink reflects a failure to retrieve T2 from memory that occurs because T2 did not 

receive sufficient weighting to allow it to be distinguished from other items 

represented in visual working memory.  

Evidence in favor of the view that failures to report T2 arise because of 

competition between T2 and other similarly weighted items in visual working memory 

at the time of retrieval can be found in a study reported by Isaak, Shapiro and Martin 

(1999). In one of the experiments reported in this study, the first target was designated 

by the fact that it was the only white item in the RSVP sequence. The second target 

was a specified letter for which observers had to indicate whether or not it was 

presented in the RSVP stream. The crucial manipulation to test the interference 

account of the attentional blink was that the number of letters in the distractor stream 

was varied between 2 and 5, with the remaining distractors being nameless shapes 

composed of the features of the letters being used. The results from this experiment 

confirmed that the magnitude of the attentional blink depends on the number of 

distractors drawn from the same category as the targets, such that the magnitude of the 

attentional blink effect increased as the number of letter distractors in the stream 

increased. Thus, consistent with the retrieval-based explanation of the attentional blink 

proposed by Raymond et al. (1994), a larger attentional blink effect was observed 

when more items competed for representation in visual working memory.  
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Models of the Attentional Blink Effect 2: Bottleneck Models 

 An alternative to the interference model of the attentional blink can be found in 

the so-called bottleneck models. The main difference between the bottleneck models 

and the interference model proposed by Raymond et al. (1995; Shapiro et al., 1994) is 

that whereas the interference model holds that all items presented in RSVP may gain 

access to visual working memory in a more or less retrievable form, the bottleneck 

models hold that the processes required for storing information in visual working 

memory are unavailable for T2 while they are engaged in processing T1 (Chun & 

Potter, 1995; Giesbrecht & Di Lollo, 1998; Jolicoeur & Dell’Acqua, 1998; Vogel et 

al., 1998). Thus, the main claim of the bottleneck models of the attentional blink (e.g., 

Chun & Potter, 1995; Jolicoeur & Dell’Acqua, 1998; Giesbrecht & Di Lollo, 1998) is 

that they ascribe the failure to report T2s presented shortly after T1 to a failure in 

consolidating T2 into visual working memory.  

According to the two-stage model proposed by Chun and Potter (1995), the 

process of consolidating information is the second of two processing stages that are 

required in order to report visual targets presented in RSVP. During the first stage of 

processing, referred to as stage one, the RSVP items are briefly retained in a very-short 

term memory store. While retained in this store, the items are assumed to rapidly 

activate corresponding representations held in long-term memory (e.g., Potter, 1993; 

1998), leading to the identification of these items. After identification, the items can be 

selected for stage-two processing on the basis of their match to the target descriptions 

(e.g., Duncan & Humphreys, 1989; Raymond et al., 1995). Stage-two processing 

involves the consolidation of the selected item into visual working memory. 

Consolidation allows for the items to be recalled and reported at the end of the trial. It 

is necessary for report because the duration for which items can be retained in stage 

one is limited. The loss of item representations in stage one is likely to occur because 

of masking (i.e., overwriting of the item by the following items in the RSVP sequence) 

or because of decay.  

 The general conception of stage-two processing is that this process concerns a 

serial, single channel process that is severely limited in its capacity for processing 

information (e.g., Chun & Potter, 1995; Giesbrecht & Di Lollo, 1998; Jolicoeur & 
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Dell’Acqua, 1998; Vogel et al., 1998). As a consequence, T2 cannot access stage two 

while T1 occupies this processing stage and therefore T2 needs to be retained in stage 

one while T1 is being processed in stage two. This increases the chance that T2 will be 

“forgotten”, either because of masking or because of decay, before it can gain access 

to stage two. As such, the two stage model holds that the duration of the impairment in 

T2 report reflects the time course of T1 consolidation.  

 Evidence in favor of the two stage model is abundant. For example, several 

studies that have investigated the degree to which items presented during the 

attentional blink are processed indicate that these items activate semantic 

representations in long term memory. This is indicated by the finding that blinked 

second targets may prime the processing of semantically related information. In 

addition, the distinction between identification and consolidation is strongly supported 

by findings from electrophysiological studies of the attentional blink. The main result 

from these studies is that the P300 event related potential, which is held to index 

“working memory updating,” is suppressed for targets presented during the blink, 

whereas the N400 component, which is assumed to index semantic analyses of 

perceived information, is not (e.g., Vogel et al., 1998). Another prediction from the 

two stage model is that the duration and magnitude of the attentional blink should 

reflect the difficulty of identification and consolidation of T1. Evidence consistent 

with this prediction has been found in studies in which the strength of T1’s mask was 

varied (e.g., Marois et al., 2000; Seiffert & Di Lollo, 1997). In particular, the results 

from these studies showed that stronger masks led to larger attentional blinks.  

 

Comparison of the Models of the Attentional Blink 

 Given that there is evidence in favor of both the interference model and the 

bottleneck models of the attentional blink, it seems that both models account for a 

percentage of the errors that people make in reporting T2. This has led to the 

development of several so-called hybrid models in which assumptions from both the 

interference model and the two stage model are combined (e.g., Shapiro, Arnell & 

Raymond, 1997; Vogel et al., 1998). However, given the evidence in favor of the view 

that errors in T2 report occur because it does not gain access to working memory 
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(Vogel et al., 1998), and that the difficulty of T1 processing determines the magnitude 

of the attentional blink (i.e., two findings that are more consistent with the two-stage 

model than with the interference model), the available evidence seems most consistent 

with the notion of a processing bottleneck at the stage of consolidating information 

into working memory. 

 

Summary 

 A typical attentional blink is evidenced by an increase T2 report accuracy 

across T1-T2 SOAs such that T2 report is found to be impaired when it is presented at 

SOAs of 200-500 ms. When T2 matches the target specification for T1, excluding the 

requirement to switch attentional sets between T1 and T2, T2 report is found to be 

relatively accurate when T2 directly succeeds T1 (i.e., at Lag 1). The finding of spared 

T2 performance at Lag 1 (i.e., lag-1 sparing) has been accounted for both in terms of 

temporal chunking of consecutive items so that they enter short-term memory together, 

as well as in terms of competition between T1 and T2 at the stage of identification. 

The impairment in T2 report occurs only when T2 is masked by a following item in 

the RSVP stream. As to the cause of the attentional blink, all extant models hold that it 

reflects the transient depletion of attentional processing capacity by the task of 

identifying a masked visual target. The effect of this attentional blink is a failure to 

report second targets presented within 500 ms of a first masked target. The 

interpretation of this impairment in T2 report is that the processing of T1 interferes 

with processes required for storing T2 in memory in a retrievable form. Although the 

targets may fail to reach working memory, second targets do appear to activate 

semantic information, as is evidenced by the finding that blinked targets prime the 

processing of related information. 

 

Outline and Aims of the Research 

 In the present thesis, I report the findings from four research projects. Each of 

these studies addressed specific hypotheses regarding the nature of the impairment in 

T2 report. The implicit goal in all these projects was an attempt to find factors that 

prevent the enhance the report of second targets presented during the attentional blink 
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triggered by the identification of a masked first target. In other words, what makes T2 

survive the attentional blink? By investigating the influence of factors known to 

facilitate attentional selection of visual targets on the occurrence of an attentional 

blink, I tried to provide new insights into the exact nature of the processing limitation 

that causes the attentional blink. The search for factors that prevent the occurrence of 

an attentional blink was also motivated by the fact that more than a decade of research 

into the attentional blink has provided only one demonstration in which virtually no 

impairment was observed for report of the second of two masked visual targets
1
. This 

was a study by Shapiro and colleagues (Shapiro, Caldwell & Sorenson, 1997) in which 

it was found that observers had no difficulty in recognizing their own name when it 

was presented as T2, whereas other names could not be reported when presented as 

T2.  

In the first two studies of the present thesis, I investigated whether the 

occurrence of an attentional blink can be prevented by precuing the second target. The 

first of these studies investigated different types of precues in the RSVP paradigm, 

whereas the second study investigated the same issue using the so-called dwell time 

paradigm, in which only the two targets and their masks are presented at different 

locations and SOAs. The third project investigated whether the attentional blink found 

in studies using the dwell time paradigm can be prevented when the second target is 

presented at the same location as the first, thereby investigating the contribution of 

spatial shifts of attention to the occurrence of an impairment in second target report. 

The last project investigated whether the contents of working memory bias the 

allocation of attention to corresponding items. In particular, this project investigated 

whether holding items in working memory enhances report of these items when they 

are presented as targets in RSVP.  

 

Projects 1 and 2: Testing a New Model of the Attentional Blink 

As described above, all extant models of the attentional blink assume that this 

effect occurs either because of some sort of capacity limitation, or because of a 

                                                 

1 It should be noted that the attentional blink is not an all-or-none effect. Report of second targets is often 

accurate on 50-70% of the trials in which T2 is presented at SOAs at which an attentional blink is likely to occur.  
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processing bottleneck. Although these models account for many findings reported in 

studies of the attentional blink, there is one set of results that poses problems for both 

types of model. This set of results concerns the findings from studies in which the type 

of errors made in report of T2 were investigated (Chun, 1997; Isaak et al., 1999). In 

these experiments, the targets are defined by a visual feature, such as the color of an 

outline frame surrounding the items, or the color of the items themselves, and not by 

category. This enables the investigation of which items are reported when people make 

an error in T2 report. The results from two such studies consistently show that when 

people make an error in reporting a T2 that was presented shortly after T1 (i.e., during 

the attentional blink), people most often reported the item to follow this target. For 

example, Isaak et al. showed that when T2 is presented at an SOA of 180 ms, 33% of 

the errors were reports of the item that followed T2.  

The interesting aspect of the predominance of posttarget intrusions in T2 report 

is that it implies that observers are often reporting items that directly follow T2, in 

spite of the fact that these items are presented well within the 500 ms duration of the 

attentional blink effect. One interpretation of this result that is related to Potter et al.'s 

(2002) two-stage competition model is that, during the attentional blink, the 

competition for attention in stage one is biased towards items occurring after the item 

that triggered the allocation of attention to the target. I refer to this account as the 

delayed attentional engagement account of the attentional blink. This account holds 

that the bottleneck in report of T2 concerns the allocation of attention to target 

candidates detected in stage one, with the ongoing consolidation of T1 slowing down 

the attentional response to these target candidates. As a consequence, the item to 

follow T2 may often get most of the attentional response triggered by T2, resulting in 

what has been termed object substitution masking (e.g., Di Lollo et al., 2000; 

Giesbrecht & Di Lollo, 1998). In the first two studies reported in this thesis, a 

prediction that follows from the delayed attentional engagement account of the AB 

was tested. This prediction is that the attentional blink effect should be reduced when 

the item preceding T2 triggers the allocation of attention to items in stage one.  
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Project 3: Attentional Dwell Times 

  The issue addressed in the third project of this thesis concerned the relationship 

between spatial and temporal limitations in attentional selection. In particular, this 

project involved an investigation of the nature of the attentional limitation that causes 

an impairment in report of the second of two masked, visual, targets presented at 

different locations in the so-called dwell time paradigm. The experiments in this study 

investigated whether second target report is better when T2 is presented at the same 

location as T1. As such these experiments tested whether spatial attention dwells at the 

location of T1 in this paradigm, thereby causing failures in report of second targets 

presented at a different location than T1.  

 

Project 4: RSVP Targets Held in Working Memory 

 In the last project, I investigated whether the attentional blink effect is 

attenuated when either the first or the second target is concurrently held in working 

memory for another task. This question was motivated by other studies that showed 

that the allocation of attention to visual events may be biased by the contents of 

working memory. For example, attention appears to be allocated to locations that 

correspond to those held in spatial working memory (Awh & Jonides, 2001), 

indicating a direct relationship between the contents of working memory and the focus 

of selective attention. Similar guidance effects of the contents of working memory 

have been found to occur for objects held in working memory. For example, Downing 

(2000) found that people could more rapidly respond to probes that were presented at 

locations previously occupied by memorized faces than to probes presented at 

locations where non-memorized faces were presented previously. In addition, Pashler 

and Shiu (1999) found that imagined objects tended to capture attention when 

subsequently presented in rapid serial visual presentation (RSVP).  

 The findings showing that objects held active in working memory may be 

automatically attended when presented (Downing, 2000; Pashler & Shiu, 1999), led 

me to hypothesize that the attentional blink effect should be attenuated when T2 is 

held in memory. However, the results from an experiment in which observers were to 

report two letters presented in an RSVP sequence of digits while they retained three 
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letters in memory for a subsequent recognition task, showed that T2 report was 

actually more strongly impaired when it was present in this memory set than when it 

was not. A similar result was found in a second experiment in which T1 could be 

present in the memory set. Thus, memory activation impaired target report instead of 

facilitating it. In an attempt to determine the cause of this unexpected, counterintuitive, 

finding, several additional experiments were conducted in which different accounts of 

this finding were eliminated. Based on these results an alternative account was 

proposed to explain why report of memorized letters presented in RSVP is impaired 

relative to report of non-memorized letters.  

 

Summary 

 The aim of the research presented in this doctoral thesis was to investigate the 

cause of the failure to report masked targets presented during the attentional blink by 

identifying factors that prevent the occurrence of this effect. To this end, four studies 

were conducted in which manipulations were used that might attenuate the impairment 

in T2 report. These manipulations were devised on the basis of combining predictions 

derived from theories and findings about the attentional blink with factors that have 

been shown to facilitate the attentional selection of visual information in other 

paradigms. The manipulations used involved spatial and temporal precuing of the 

second target (Chapters 2 and 3), location repetition (Chapter 4), and memory 

activation of the RSVP targets (Chapter 5). The results from these studies showed that 

only the precuing manipulation was an effective means for preventing the occurrence 

of an attentional blink. However, the other projects revealed several interesting and 

new findings that may form the starting point of new research.  
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Chapter 2          

 

 

Delayed Attentional Engagement in the Attentional Blink

             

Summary 

Observers often miss the second of two visual targets (T1 and T2) when these  

targets are presented closely in time; the attentional blink (AB). We hypothesize  

that the AB occurs when T2 loses a competition for attention to the item that  

follows it because the attentional response to T2 is delayed by T1 processing.  

We investigated this hypothesis by determining whether the AB is attenuated  

when T2 is precued. The results from four experiments showed that when the 

distractor preceding T2 was presented in the same color as the targets, the  

duration and magnitude of the AB were substantially reduced. We conclude 

that, during the attentional blink, there is a delay in engaging attention on target  

candidates that are detected in an early, labile stage of conceptual short-term  

memory. 

             

 

 

 

 

 

Nieuwenstein, M.R., Chun, M.M., Hooge, I.T.C., & Van der Lubbe, R.H.J. Delayed 

atttentional engagement in the attentional blink. Manuscript in revision. 

 

 



48                                                                                                                                      Chapter 2 

 

 

 

A striking outcome from studies investigating the relationship between attention 

and visual awareness is that clearly visible visual stimuli often fail to reach awareness 

when they are not attended (e.g., Chun & Marois, 2002). For example, visual scenes 

may undergo drastic changes in the absence of awareness (“change blindness”, 

Rensink, 2002; Rensink, O’Regan & Clark, 1997), and observers may completely fail 

to notice a salient stimulus presented unexpectedly while they are attending to other 

stimuli (“inattentional blindness”, Mack & Rock, 1998; Most, Simons, Scholl, 

Jimenez, Clifford & Chabris, 2001). These findings indicate that “functional 

blindness” may occur for a clearly visible stimulus that is presented while observers 

perform an attention-demanding task on another object or region of space.  

 

The Attentional Blink: A historical overview 

One of the most intensively studied instances of functional blindness is the so-

called attentional blink (Raymond, Shapiro & Arnell, 1992). The attentional blink 

emerged from a series of studies in which rapid serial visual presentation (RSVP) was 

used as a paradigm to investigate the temporal dynamics of attentional processes 

involved in selecting and storing visual information in short-term memory (Broadbent 

& Broadbent, 1987; Reeves & Sperling, 1986; Weichselgartner & Sperling, 1987). In 

this paradigm, stimuli such as letters, digits or words, are presented in rapid succession 

at rates of approximately ten stimuli per second. In some of these initial RSVP studies, 

two RSVP sequences were simultaneously presented at different locations. At one 

point, a cue would be presented in one of these sequences, signaling the observer to 

shift their attention to the other stream, and to identify and memorize as many items 

from this other stream as they could. The main findings from these studies was that 

observers often mistakenly reported the item to follow the cue from the sequence 

containing the cue, whereas items reported from the other sequence were typically 

items occurring 400 ms or more after the presentation of the cue (Reeves & Sperling, 

1986; Weichselgartner & Sperling, 1987). The former finding was interpreted as 

showing that the detection of the cue triggered a transient attentional processing 

episode during which both the cue and the item following it received attention, thereby 

gaining entry to short-term memory (e.g., Sperling & Weichselgartner, 1995). On the 
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other hand, the 400 ms lag in the distribution of reported items was taken to reflect the 

time needed to shift attention from the stream containing the cue to the stream 

containing the to-be-reported items in a different location.  

 In a later study, Raymond et al. (1992) changed the task in two important 

aspects. First, the observers in this study had to report only two, specified, targets from 

an RSVP sequence. In particular, observers had to report the identity of a white letter 

(first target; hereafter called T1) presented in a sequence of black letters, and to 

determine whether a black X (T2) was presented in the remainder of the sequence. A 

second difference between this study and those conducted earlier on by Sperling and 

colleagues was that all these items were presented in a single RSVP sequence 

presented at fixation. The main finding from this study was that T2 detection was 

severely impaired when the X followed T1 by less than 500 ms. Importantly, however, 

detection performance was not impaired when observers were instructed to ignore the 

white letter, and to pay full attention to the second task. Based on this finding, 

Raymond termed this effect the attentional blink (AB), thereby emphasizing that it was 

the requirement to attend T1 that caused the T2 deficit. Importantly, this effect could 

not be explained in terms of the time required to shift attention between two spatially 

displaced RSVP streams. As such, these findings demonstrated that the attentional 

processing of visual stimuli is not only restricted in terms of the spatial extent of 

attentional processes, but that there are also pure temporal limitations on these 

processes.     

Almost 200 studies have been conducted with the attentional blink task to date, 

and a review of this literature suggests a consensus on at least the following three 

results. The first well-replicated finding is that an AB will only occur when both 

targets are masked (Brehaut, Enns & Di Lollo, 1999; Breitmeyer, Ehrenstein, 

Pritchard, Hiscock & Crisan, 1999; Chun & Potter, 1995; Giesbrecht & Di Lollo, 

1998; Grandison, Ghirardelli & Egeth, 1997; Marois, Chun & Gore, 2000; Seiffert & 

Di Lollo, 1997; Shapiro, Raymond & Arnell, 1994; Luck & Vogel, 2003). Thus, when 

the distractor to follow either T1 or T2 is removed from RSVP, no AB occurs. A 

second robust finding is that there is still substantial processing of the stimuli that are 

presented during the AB (Chua, Goh & Hon, 2001; Luck, Vogel & Shapiro, 1996; 
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Maki, Frigen & Paulson, 1997; Martens, Wolters & van Raamsdonk, 2002; Shapiro, 

Driver, Ward & Sorenson, 1997, Vogel, Luck & Shapiro, 1998). For example, several 

of these studies show that blinked targets prime subsequent processing of semantically 

related information, thereby indicating that the processing of information falls just 

short of visual awareness during the AB. A third well replicated finding is that 

increasing the similarity between the targets and distractors, either visually or 

conceptually, increases the magnitude of the AB effect (Chun & Potter, 1995; Isaak, 

Shapiro & Martin, 1999; Jiang & Chun, 2001; Maki, Bussard, Lopez & Digby, 2003; 

Maki, Couture, Paulson & Frigen, 1997; Raymond, Shapiro & Arnell, 1995).   

 

Models of the Attentional Blink 

Several different models have been proposed to accommodate the three 

commonly accepted properties of the AB summarized above. Indeed, although these 

models differ in their exact formulation of the processing limitation that underlies the 

AB, all of the models commonly distinguish a high capacity early stage of processing 

and a severely limited capacity second stage of processing (Chun & Potter, 1995; 

Giesbrecht & Di Lollo, 1998; Jolicoeur & Dell’Acqua, 1998; Peterson & Juola, 2000; 

Shapiro, Arnell & Raymond, 1997; Vogel et al., 1998). There is general agreement that 

targets and distractors presented in RSVP activate conceptual knowledge in long-term 

memory (e.g., Potter, 1993). This occurs in the early, high capacity, stage of 

processing, hereafter referred to as stage one. The notion of rapid activation of 

conceptual memories is necessary to account for findings showing that blinked targets 

and distractors may prime subsequent processing of semantically related information 

(Chua et al., 2001; Luck et al., 1996; Martens et al., 2002; Shapiro et al., 1997). The 

resulting ‘conceptual memory’ is short-lived (Chun & Potter, 1995; Maki, Frigen & 

Paulson, 1997; Potter, 1993), however, and easily overwritten as more items from the 

RSVP stream enter stage one.  

The items held in stage one are matched against a target template (e.g., Duncan 

& Humphreys, 1989; Shapiro et al., 1994), that represents properties of the targets as 

defined by the task instructions. If a match occurs between the so-called target set of 

the observer and an item in stage one, this item engages attention. This results in the 
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full identification, and transfer of the item to working memory. In accounting for the 

AB effect, all models of the AB hold that the processes of identification and transfer of 

information to working memory draw upon limited capacity. As a consequence, the 

amount of attention available for identifying and consolidating a second target is 

reduced while the previous target is being consolidated into short-term memory. The 

consolidation of a target presented in RSVP has been referred to as stage two 

processing (Chun & Potter, 1995), whereas the period of time during which stage two 

processing of T1 occupies attentional resources has been referred to as ‘attentional 

dwell time’ (Duncan, Ward & Shapiro, 1994). 

While attention is engaged in consolidating T1, the representation of T2 will 

remain in stage one, where it awaits the consolidation of T1. Given the volatile nature 

of stage one representations, T2 is likely to be overwritten by distractors that follow it 

(Chun & Potter, 1995). This effect reflects a more general masking process known as 

object substitution (Di Lollo, Enns & Rensink, 2000; Giesbrecht & Di Lollo, 1998). 

The main consequence of object substitution appears to be that, while T2 is lost, the 

item to follow it may be identified and consolidated in working memory. This is 

clearly illustrated in studies that investigated the type of errors observers make in 

reporting T2. In one of these studies (Chun, 1997), observers were presented an RSVP 

sequence of letters, with each letter appearing in an outline box. The outline box was 

white for all items in the sequence, except for two items (i.e., the targets) which 

observers were to report at the end of each sequence. Importantly, the results from this 

experiment showed that errors in reporting T2 often concerned reports of the item 

immediately following T2. For example, 18% of the errors in reporting a T2 presented 

at a stimulus onset asynchrony (SOA) of 240 ms (i.e., the SOA at which the 

impairment in reporting T2 is typically most pronounced) concerned reports of the 

distractor following T2. Notably, the distractors that were reported in this case were 

presented at an SOA of 360 ms, that is, still well within the temporal extent of the AB 

effect. A similar finding was reported in a study by Isaak et al. (1999; Experiment 2), 

who found that the distractor following T2 was reported on 33% of the trials in which 

T2 was presented at a 180ms SOA. In this case, the distractor being reported was 

presented at an SOA of 270ms. These findings of post-target intrusions in T2 report 
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indicate that the distractor substituting T2 may be admitted to stage two, even at SOAs 

as short as 270ms.  

The high incidence of post-target intrusions in T2 report (Chun, 1997; Isaak et 

al., 1999) can be accounted for by assuming that the attentional response to T2 is 

slowed down by concurrent attentional demand of consolidating T1. This view holds 

that there is a delay between the moment at which the presence of a potential target 

(e.g., T2) is detected in stage one, and the moment at which attention is eventually 

allocated to this item. As a consequence, the item to follow T2 may be identified and 

admitted to stage two instead of T2 itself. These considerations support an account of 

the AB that holds that object substitution occurs because the allocation of attention to 

new target candidates detected in stage one is slowed down by the attentional demand 

of stage-two processing of T1 (for a related argument, see Fell, Klaver, Elger and 

Fernández, 2002). An analogy to this view would be that, during the AB, T2 knocks on 

the door to visual awareness, loses its strength as it is waiting for the door to open, and 

is subsequently overrun by its mask when the door finally opens.   

 

Outline of the Present Study 

The view that object substitution arises because the allocation of attention to T2 

is slowed down predicts that this effect might be prevented by precuing T2. In other 

words, if the distractor that precedes T2 were to trigger the allocation of attention to 

items held in stage one, then T2 could become the item to substitute this distractor, 

thereby gaining access to stage two. We will henceforth refer to this hypothesis as the 

delayed attentional engagement account of the AB. In the present study, we 

investigated the delayed attentional engagement account using a task in which a 

distractor sharing a target-defining feature was presented immediately before T2. 

Assuming that detection of this distractor would trigger the allocation of attention to 

items in stage one, the delayed attentional engagement account would predict that T2 

is more likely to enter stage two than the distractor that triggered the attentional 

response. As a consequence, the AB effect should be attenuated. On the other hand, the 

view that T2 has to await the stage two processing of T1 predicts that precuing T2 
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could not facilitate T2 report because admittance of T2 to stage two would still have to 

await the completion of T1 processing.  

 The delayed attentional engagement account was tested in 5 experiments. In 

each experiment, observers were presented RSVP sequences in which two targets were 

presented. Observers reported the identities of these targets at the end of each 

sequence. Attentional blink effects were induced by presenting the targets at both short 

and long SOAs, with the occurrence of an AB being signified by worse T2 report at 

short than at long SOAs. The critical manipulation used to test the delayed attentional 

engagement account was that T2 was precued on half of the trials in each experiment. 

Notably, the distractor that preceded T2 shared one of the target features in half of the 

trials. In Experiments 1 through 4, the distractor that directly preceded T2 was 

presented in the same color as the targets. Folk, Leber and Egeth (2002) recently 

showed that when observers are searching an RSVP sequence of black digits for the 

occurrence of a red digit, an irrelevant, red, item will capture attention. Based on this 

finding, we reasoned that a distractor matching the target template could capture 

attention, thereby triggering the allocation of attention to items in stage one. In the first 

experiment, we found that precuing a red, digit, T2 with a same color,letter, distractor 

prevented the occurrence of an attentional blink when the remaining distractors were 

presented in black. This result was replicated in the second experiment, where we 

found that the magnitude and duration of the attentional blink effect were substantially 

reduced when T2 was preceded by a same color distractor. In the third, all distractors 

were colored, creating a situation in which the onset of a new color for the precue 

could not produce attentional capture because of pop-out. The results again showed 

significant attenuation of the attentional blink, indicating that top-down contingent 

attentional capture can occur for precues that match the attentional set of the observer, 

without producing a pop-out effect. In the fourth experiment, we varied the number of 

red letters preceding T2, such that T2 could be preceded by 0, 1, 2, or 3 red letters. 

Experiment 5 investigated whether a categorical precue can lead to improved T2 

report. In this case, the distractor preceding the red, digit, T2 was also a digit, but one 

that was presented in black. 
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 For each experiment, we performed two analyses on the data. The first 

concerned the proportion of trials on which T2 was correctly reported, conditionalized 

on correct report of T1 (e.g., T2|T1). Conditionalizing the data on T1 report certifies 

that T1 was attended and stored in memory. By comparing T2 performance across 

SOAs in the cued and uncued conditions, for those trials on which T1 was correctly 

reported, we could determine whether precuing T2 alleviates the cost that attending T1 

has on processing T2. The second analysis concerned T1 performance across SOA and 

Cue condition, conditionalized on T2 report (e.g., T1|T2). This analysis was done to 

determine whether the effect that precuing T2 had on T2 report influenced the ability 

to report T1. If the AB reflects the time during which limited capacity resources are 

consumed by consolidating T1, then any potential cuing benefit in T2 report should 

occur at the expense of T1 report. Before analyzing the proportion of trials on which 

T1 and T2 were correctly reported, we corrected these mean proportions correct for 

guessing (e.g., Dell’Acqua, Pascali, Jolicoeur & Sessa, 2003). This was done to enable 

a comparison of T1 and T2 identification accuracy. The formula used to adjust the 

mean scores for each observer was (x-chance)/(1-chance), with x = p(T1) and chance = 

1/8 for T1 identification, and x = p(T2|T1) and chance = 1/7 for T2.   

 

EXPERIMENT 1 

Method 

Participants 

 Twelve employees from the Department of Psychonomics at Utrecht University, 

including the first author (M.N.), participated in the experiment. Based on self-report, 

all participants had normal or corrected-to-normal visual acuity. In addition, none of 

the participants reported being colorblind.  

 

Apparatus and stimuli  

The stimuli were presented on a 19-in. monitor running at a refresh rate of 100 

Hz. The generation of stimuli and collection of responses were controlled using E-

Prime 1.0 software running on a Pentium III, 933 MHz, processor. The appropriate 

tests were conducted to ensure timing accuracy. Stimuli used were the letters of the 
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alphabet (excluding I and O) and the digits 2 through 9. These stimuli were presented 

on a gray background, in Helvetica font (14 point). The experiment was conducted in a 

laboratory room lit by strip lighting. A chinrest was used to ensure that the observers 

viewed the stimuli from a distance of 60 cm. At this viewing distance, the stimuli were 

0.6° high and 0.5° wide, on average. 

 

Figure 1. Example of a trial in Experiment 1. On this trial, the second target was cued and presented 

at an SOA of 300 ms (e.g., Lag 3). Red items are depicted as grey. 

 

Procedure 

 A trial consisted of the presentation of a fixation cross, followed by an RSVP 

sequence of fourteen uppercase letters (i.e., distractors) and two digits (i.e., targets; T1 

and T2; see Figure 1). The task for the participants was to identify the two digit targets 

by typing them on the keyboard. The distractors were randomly selected letters of the 

alphabet with the restriction that no letter was repeated within a trial. The targets were 

randomly selected from the digits 2 through 9, with the restriction that T2 had to be 

different than T1. The targets were always presented in red, whereas the distractors 

were presented in black. However, on half of the trials, the distractor preceding T2 was 

also presented in red. These trials will henceforth be referred to as the “cued” trials, 

whereas the trials in which no red letter preceded T2 will subsequently be referred to 

as the “uncued” trials. With the exception of the first author (M.N.), the participants 

were not informed that a red distractor could appear in the RSVP sequence. 
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The fixation cross was presented for 500 ms. For the subsequently presented 

RSVP sequence, each item was presented for 40 ms and followed by a 60 ms blank 

interval, yielding a presentation rate of 10 items per second. The position of the first 

target in the RSVP sequence varied in such a way that T1 could be presented as the 

third, fourth, fifth, or sixth item in the sequence. The second target followed T1 after 

either 2 or 7 distractors. These two T1-T2 intervals correspond to SOAs of 300 and 

800 ms, respectively.   

The experiment consisted of 128 trials, with each combination of T1 position (3, 

4, 5, or 6), SOA (300 or 800 ms), and Cue condition (cued versus uncued) being 

repeated 8 times, resulting in 32 trials per combination of SOA X Cue condition. The 

order in which these different types of trials were presented was randomized. A block 

of 16 practice trials preceded the experimental trials. The experiment was conducted in 

a single session that lasted approximately 20 minutes.  

 

Results & Discussion 

Overall, the first target was identified correctly on 92% of the trials. The 

analysis of T2|T1 concerned a repeated measures analysis of variance using SOA and 

Cue condition as factors. Figure 2 shows T2|T1 accuracy for cued and uncued trials, 

plotted as a function of SOA. Neither the main effect of SOA nor that of Cue was 

significant, F(1, 11) = 3.1, p = 0.11, and F(1, 11) = 2.1, p = 0.18, respectively. 

However, there was a significant interaction of SOA X Cue condition on T2 

performance, F(1, 11)=13.0, p = 0.004. As can be seen in Figure 2, T2 performance 

differed significantly between the cued and uncued conditions at an SOA of 300 ms 

(t[11] = -2.47, p = 0.02), but not at an SOA of 800 ms (t[11] = -0.64, p = 0.50). Further 

analysis of T2|T1 for the cued and uncued conditions separately showed that T2 

performance was independent of SOA in the cued condition, whereas a typical AB 

effect was observed in the uncued condition, with a significant increase in T2 

performance across SOA, t(11) = -3.0, p = 0.006. The absence of an effect of SOA on 

T2 performance in the cued condition shows that no AB occurred on trials in which T2 

was precued. Thus, the AB was strongly attenuated by precuing T2 with a same color 

distractor.  
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In order to determine whether the improvement in T2 identification accuracy for 

cued as compared to uncued second targets occurred at the expense of T1 report, we 

subsequently analyzed T1 identification accuracy as a function of SOA and Cue 

condition, for those trials on which T2 was correctly reported (i.e., T1|T2; see Figure 

2). The results of this analysis showed that T1 performance was independent of both 

SOA and Cue condition (F < 1). In addition, the interaction between SOA and Cue 

condition on T1 identification accuracy was non-significant, F < 1. These results 

indicate that the increase in T2 report for cued as compared to uncued second targets 

presented at an SOA of 300 ms did not occur at the expense of T1 report.  

 

 

Figure 2. Results from Experiment 1. Graph shows proportion correct identification of  T2|T1 and of 

T1|T2, plotted as a function of SOA for the cued and the uncued conditions separately. 

 

EXPERIMENT 2 

The results from Experiment 1 show an interaction of the effect of precuing T2 

across SOA, with the precue enhancing report of T2s presented during, but not after 

the AB. This result signifies that precuing T2 caused attenuation of the AB effect. In 

Experiment 2, we aimed to replicate this effect, using the same task in a different 
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group of subjects. In addition, we made the task more difficult by increasing the RSVP 

rate to 82 ms per item and we included more, shorter, SOAs. By sampling T2 

identification accuracy across a wider range of short SOAs, we could more closely 

track the time-course of the cuing benefit for T2 report. In addition, this enabled us to 

determine whether there is a trade-off between T1 report and T2 report for cued and 

uncued second targets at short SOAs. 

 

Method 

The procedure in Experiment 2 was the same as in Experiment 1, with the 

following exceptions. Seventeen undergraduate students from Utrecht University 

participated in the experiment in return for monetary compensation. Two of these 

subjects were red-green color blind, as established with the Ishihara test for color 

blindness. Because the results obtained for these two participants did not differ from 

those obtained for the other participants, we included the data from all participants in 

our analyses. The procedure used in Experiment 2 differed from that used in 

Experiment 1 in that we presented the items in the RSVP sequence at a rate of 

approximately 12 items per second in Experiment 2. At a monitor refresh rate of 85 

Hz, each item was presented for 3 frames (i.e., 35 ms) and followed by a blank interval 

of 4 frames (i.e., 47 ms).  

In addition to increasing the rate of the RSVP sequence, we also included more 

SOAs in Experiment 2. Specifically, we measured T2 performance across SOAs of 

164, 246, 328, 492 and 656 ms. Each combination of T1 starting position (3rd, 4th, 

5th, or 6th item in the RSVP sequence), SOA (164, 246, 328, 492 and 656 ms), and 

Cue condition (cued versus uncued) was repeated 10 times in Experiment 2, resulting 

in 40 trials per combination of SOA and Cue condition. Similar to Experiment 1, the 

participants were not informed of the possible occurrence of the red distractor, and the 

order of the presentation of the different trial types was randomized. When asked at the 

end of the experiment, five observers reported that they had not seen the red distractor 

precue, whereas the other twelve participants did report noticing the precue. The 

experimental trials were preceded by 20 practice trials. The total experiment consisted 

of 420 trials for each participant. During the experiment, the participants could take a 
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one-minute break after each hundred trials. The experiment was conducted in a single 

session, which lasted approximately 50 minutes.  

 

Results & Discussion 

The data analyses concerned repeated measures analyses of T2|T1 and T1|T2, 

with the average scores being corrected for guessing. The first target was correctly 

identified on 89% of the trials. The analyses of T2|T1 concerned a repeated measures 

analysis of variance using SOA and Cue condition as factors. The results from this 

analysis revealed significant main effects of both SOA and Cue condition, F(4, 64) = 

8.4, p < 0.001, and F(1, 16) = 23.3, p < 0.001, respectively. The SOA x Cue condition 

interaction was not significant, F < 1 (see Figure 3). These results indicate that 

precuing T2 enhanced T2 report across all SOAs.  

 

 

Figure 3. Results from Experiment 2. Proportion correct identification of T2|T1 and of T1|T2, plotted 

as a function of SOA for the cued and the uncued conditions separately. 

 

However, as can be seen in Figure 3, T2|T1 performance in the uncued condition had 

not fully recovered from the AB at the 640ms SOA. Therefore, it may be the case that 
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the AB was still in effect at the 640ms SOA, thereby enabling the precue to enhance 

T2 report.  

We subsequently analyzed T1 identification accuracy as a function of SOA and 

Cue condition for those trials on which T2 was correctly identified. The results from 

this analysis showed a significant main effect of SOA, F(4, 64) = 3.68, p = 0.028, 

whereas the effect of Cue condition failed to reach significance, F(1, 16) = 2.49, p = 

0.134. The SOA x Cue condition interaction also failed to reach significance, F < 1. As 

can be seen in Figure 4, the main effect of SOA on T1 identification reflects the fact 

that T1 identification was interfered with by T2 only when the SOA was equal to or 

less than 240 ms. These results indicate that the improvement observed for cued as 

compared to uncued second targets did not occur at the expense of T1 report, even 

when the SOA was as short as 160 or 240 ms. The main effect of SOA on T1 report 

shows that T1 report was interfered with by the presentation of T2 when the SOA was 

short.   

 

EXPERIMENT 3 

The results from Experiments 1 and 2 show that the magnitude and duration of 

the attentional blink effect are reduced when T2 is precued by a distractor that shares 

one of the target defining features (the color red). This finding can be taken to suggest 

that the detection of the precue triggers the allocation of attention to items held in stage 

one, thereby giving the attentional response to T2 the headstart it needs in order for T2 

to be identified and consolidated through stage two. However, an alternative account 

of why the precue was effective is also possible. Notably, because the red precue 

always followed a black letter distractor, it may have been the case that the cuing 

effect occurred because the precue was simply more salient than the previous 

distractor. In Experiment 3, we reduced the relative salience of the precue by 

presenting all items in the RSVP sequence in different colors. The distractors in the 

RSVP sequences now consisted of both letters and digits, each presented either in 

green, blue or gray, on a dark gray background, whereas the targets were again two red 

digits. We chose to use both letters and digits as distractors because this made the color 

red the only target-defining criterion. On half the trials, T2 was precued by a red letter. 
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The RGB values of the colors were 200, 50, 0 for red, 0, 180, 0 for green, 50, 50, 200 

for blue, 150, 150, 150 for gray, and the RGB value for the dark gray background was 

80, 80, 80.  

The experiment was conducted at the Psychology Department of Yale 

University. The experiment was run on a Pentium III laptop, with the stimuli being 

presented on a secondary 17 in. monitor that was connected to the laptop. The refresh 

rate of the monitor was 60Hz. Each item in the RSVP sequence was presented for 2 

frames (e.g., 33 ms) and followed by a blank interval of 3 frames (50 ms), yielding a 

presentation rate of approximately 12 items per second. The first target could be 

presented as the fifth, sixth, or seventh item in the sequence. The second target 

followed T1 after 2, 3, 4, 6, or 8 distractors. The corresponding SOAs are 250, 333, 

417, 583, and 750 ms, respectively.   

Stimulus presentation was controlled using E-Prime 1.0 software. Participants 

were seated approximately 60cm from the screen, in a dimly lit laboratory room. At 

this viewing distance, the stimuli were approximately 0.6° high and 0.5° wide. 

Twenty-eight observers participated in the experiment. This group consisted of 

undergraduate psychology students who received monetary compensation to 

participate in the experiment, and graduate students and staff members from the 

psychology department who participated on a voluntary basis.   

 

Results and Discussion 

The average scores for reporting the targets were corrected for guessing. We 

excluded the data from three participants from the analyses. These three participants 

were below 50% correct on reporting T1 (e.g., 44, 44, and 49% correct). For the 

remaining 25 participants, first target report was accurate on 90% of the trials. A 

repeated measures analyses on T2|T1 using SOA and Cue condition as factors revealed 

main effects of both SOA and Cue condition on T2|T1, F(4, 96) = 27.6, p < 0.001, F(1, 

24) = 25.6, p < 0.001, respectively. The SOA X Cue condition interaction was not 

significant, F(4, 96) = 1.3, p = 0.27. Consistent with the results from Experiments 1 

and 2, these results show that precuing T2 significantly improved T2 report. 
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Figure 4.Results from Experiment 3. Proportion correct identification of T2|T1 and of T1|T2, plotted  

as a function of SOA for the cued and the uncued conditions separately. 

 

Analyses of T1|T2 using SOA and Cue condition as factors showed that neither 

SOA nor Cue condition had an effect on T1|T2 (all p’s > 0.10). In addition, the SOA x 

Cue condition interaction also failed to reach significance, F < 1. These results indicate 

that the observed improvement for T2 report in the cued versus the uncued conditions 

did not occur at the expense of T1 report.  

 

EXPERIMENT 4 

Taken together, the results from Experiments 1, 2, and 3 indicate that presenting 

a distractor in the same color as the targets just in advance of T2 relieves the difficulty 

in perceiving this target. The present contention is that this attenuation of the AB effect 

occurs because the distractor precue initiates the allocation of attention to new 

potential targets in stage one before the actual presentation of T2. This view holds that 

the attentional response launched upon detection of the precue is too late for the 

precue, but on time for T2. However, an alternative account of why precuing T2 

attenuates the AB effect is also possible. This alternative derives from recent insights 
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regarding the role of distractor processing on the failure to report T2 (e.g., Kawahara, 

2003). Notably, it has been argued that because the distractors that intervene T1 and 

T2 are processed up to a certain level (e.g., Maki, et al., 1997), the requirement to 

switch processing (category) from the distractors to T2 may be a critical cause of the 

AB. If this were the case, then presenting the distractor preceding T2 in the same color 

as T2 may enhance T2 report because the switch from this precue to T2 is more easily 

achieved when they are presented in the same color. In contrast, performance may 

suffer when no precue is presented, because that switch requires both a category switch 

as well as a color switch.  

 In Experiment 4, we tested this alternative account of the precuing benefit for 

T2 report. This was done by varying the number of red distractors preceding T2. 

Again, the task for the observers was to report two red numbers presented in a 

sequence of black letters. These two targets were separated by either 3 or 9 distractors. 

The crucial manipulation to test the attentional switching account of the cuing effect 

was that either only the T2-1 distractor was presented in red (i.e., “T2-1”), or both the 

T2-1 and T2-2 distractors (i.e., “T2-2”), or all T2-1, T2-2, and T2-3 distractors (i.e., 

“T2-3”). Note that in case of three intervening distractors between T1 and T2, the T2-3 

Cue condition involved presenting a sequence of red items starting with T1 and ending 

with T2. In addition, there was an uncued condition in which only T1 and T2 were 

presented in red. If the cuing effect observed in the previous three experiments 

reflected the reduced cost of switching attention across category only, as compared to 

the cost of switching attention across both category and color, then an improvement in 

T2 report would be expected regardless of the number of items presented in red before 

T2.  

The rate of RSVP was the same as in Experiment 3, with each item being 

presented for 33 ms, and being followed by a 50 ms blank interval. The first target 

could be presented as the fourth or sixth item in the sequence. The second target 

followed T1 after 3 or 9 distractors. The corresponding SOAs are 333 and 833 ms, 

respectively. All combinations of Cue condition (no Cue, T2-1, T2-2, and T2-3) and 

SOA were repeated 20 times, the order of the presentation of the different trial types 

being random. In contrast to the procedures in the previous experiments, the second 
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target was masked by pattern mask consisting of the digits 4, 5, and 7, superimposed 

on each other. In addition, this mask was surrounded by a black outline frame. The 

main reason for using this pattern mask instead of the typical procedure of using a 

distractor as a mask for T2 was that we wanted to keep T2 identification performance 

below ceiling at the long SOA. In addition, a second reason for using this procedure 

was that it would minimize the noise that arises from different digit-letter 

combinations causing different amounts of backward masking (e.g., a 5 masked by a T 

is easily perceived, whereas a 5 followed by an S is difficult to perceive).  

The experiment was conducted at the Psychology Department of Yale 

University. The stimuli and apparatus were the same as those used in Experiment 3. 

Participants were seated approximately 50cm from the screen, in a dimly lit laboratory 

room. A group of 18 observers participated in the experiment. This group consisted of 

undergraduate psychology students who received course credit in return for 

participating, and graduate students and staff members from the psychology 

department who participated on a voluntary basis. The experiment began with a set of 

16 practice trials. 

 

Results and Discussion 

We first corrected the average scores for T1 and T2 report for guessing. The 

data from one participant was excluded, because for this participant, performance was 

at ceiling at both SOAs in the uncued condition. For the remaining 17 observers, the 

first target was correctly identified on 92% of the trials. Analyses of T2|T1 concerned a 

repeated measures analyses using Cue condition and SOA as factors. The results from 

this analysis showed main effects of both SOA and Cue condition on T2|T1 (F[1, 16] = 

24.3, p < 0.001, and F[3, 48] = 7.0, p = 0.001, respectively), as well as a significant 

interaction of these factors on T2|T1, F(3, 48) = 3.2, p = 0.05. These data are plotted in 

Figure 5. In order to explore the nature of the SOA x Cue condition interaction, we 

subsequently compared each of the three conditions in which T2 was preceded by red 

items with the uncued baseline condition. The contrast using the T2-1 Cue and the 

Uncued condition revealed a significant main effect of Cue condition on T2|T1, with 

performance being more accurate in the T2-1 Cue condition (M = 82%) than in the 
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Uncued condition (M = 73 %), F[1, 16] = 7.1, p = 0.017. Contrasting the Uncued and 

the T2-2 Cue conditions showed that there was a significant SOA x Cue condition 

interaction on T2|T1, F(1, 16) = 17.2, p = 0.001. The T2-3 Cue condition did not 

produce a significantly different pattern of T2|T1 across SOAs than the Uncued 

condition, F(1, 16) = 2.4, p = 0.14. Analyses of T1|T2 showed that there were no 

effects of SOA, Cue condition, or the interaction of SOA and Cue condition on T1|T2.  

 

 

Figure 5. Results from Experiment 4. Attentional blink effects for uncued T2s and T2s preceded by  

either 1 (T2-1 Cue), 2 (T2-2 Cue), or 3 (T2-3 Cue) red letters. 

 

The results from this experiment show that the facilitatory effect that precuing 

T2 with a same color distractor has on T2 report does not reflect the reduced cost of 

having to switch attention from a red distractor to a red target, as compared to the cost 

of switching attention from a black distractor to a red target. Notably, if this were the 

case, then the results from the T2-3 Cue condition should not have been different from 

those obtained in the T2-2 and T2-1 Cue conditions. Instead, the data show that T2 

report was enhanced relative to the Uncued baseline condition only in the T2-2 and the 

T2-1 Cue conditions.  
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Interestingly, the comparisons between the Uncued baseline condition and the 

T2-2 and T2-1 Cue conditions, respectively, show that the T2-2 and the T2-1 Cue 

conditions had different effects on T2 report across SOAs. Notably, T2 report accuracy 

was enhanced relative to baseline for both the short and the long SOA in the T2-1 Cue 

condition (e.g., averaged across SOAs, T2 report was 9% more accurate in the T2-1 

Cue condition than in the baseline condition), whereas enhancement in T2 report was 

observed only at the short SOA in the T2-2 Cue condition. In addition, the amount of 

improvement in T2 report at the short SOA was larger in the T2-2 Cue condition than 

in the T2-1 Cue condition (e.g., 18% versus 10% improvement, respectively, t(16) = -

1.97, p = 0.03). The latter result indicates that, during the AB, the amount of cue-

induced improvement in T2 report depends on the temporal interval between the onset 

of the precue and the onset of T2. In this regard, the finding that the T2-1 Cue 

condition produced a moderate amount of facilitation in T2 report at the 333ms SOA 

can be taken to suggest that the 83ms cue-target onset asynchrony was insufficient to 

fully overcome the delay in allocating attention to new potential targets.  

 

EXPERIMENT 5 

The results from the previous four experiments consistently show that precuing 

T2 with a distractor that is presented in the same color as T2 alleviates the AB. The 

results from Experiment 4 indicate that this cuing effect cannot be accounted for in 

terms of a reduced cost of switching attention from a red, letter, distractor to a red, 

digit, target. In Experiment 5, we investigated whether a categorical precue will also 

enhance T2 report. Notably, the task required observers to report two small red 

numbers from an RSVP stream of large, black, letters. On half the trials, the second 

target was preceded a large black number. The issue addressed in this experiment was 

whether a distractor precue that matches the category of the targets, while being 

perceptually distinct from the targets, will also produce a cuing benefit for T2 report 

during the AB. It has been reported that T2 report is enhanced when it is preceded by a 

semantically related distractor (Maki et al., 1997), suggesting that conceptual 

information about the distractor preceding T2 is available within 100ms of its onset. 

Therefore, it may also be the case that the category of this distractor is available, 
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thereby enabling the category of this item to act as cue that initiates the allocation of 

attention to items held in stage one. Thus, if a cuing benefit occurs in this experiment, 

it would signify that distractors are automatically processed up to the level of 

categorization, and that they automatically trigger an attentional episode when there is 

a match to the target’s category.  

The experiment was conducted in a dimly lit laboratory room at the Department 

of Psychology of Yale University. The participants were 16 observers who also 

participated in Experiment 4. The experiment consisted of 88 trials in which sequences 

of large black letters (Helvetica, fontsize 20) were presented on a light grey 

background. Each sequence contained two small red numbers (Helvetica, fontsize 14, 

RGB value 200, 50, 0), which observers were to report at the end of the trial. The 

second target followed the first after either 3 or 9 distractors, yielding SOAs of 333 

and 833 ms. The second target was followed by the same  pattern mask we used in 

Experiment 4. On half the trials, the second target was preceded by a black number, 

presented in the same fontsize as the distractors. Each combination of SOA and cue 

condition was repeated 20 times for each observer. Participants first performed eight 

trials to become familiar with the task. 

 

Results and Discussion 

The analyses conducted on the data were two repeated measures analyses of 

variance. Notably, both T2|T1 and T1|T2 were analyzed using Cue condition and SOA 

as factors. The mean proportions of correct target report were first corrected for 

guessing. These data are plotted in Figure 6.  
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Figure 6. Results from Experiment 5. Proportion correct identification of T2|T1 and of T1|T2, plotted 

as a function of SOA for the cued and the uncued conditions separately. 

 

First target report was correct on 94% of the trials. Analyses of T2|T1 showed 

that SOA had a significant effect on T2|T1, F(1, 12) = 25.7, p < 0.001. However, 

neither Cue condition nor the interaction of SOA and Cue condition produced a 

significant difference in T2|T1, both p’s > 0.15. Analyses of the occurrence of 

intrusions of the cue showed that intrusions were occurring less frequently than could 

be expected on the basis of chance (e.g., 1/6). Analyses of T1|T2 showed a significant 

effect of SOA on T1|T2, F(1, 12) = 8.2, p = 0.01. However, neither Cue condition nor 

the SOA x Cue condition interaction had a significant effect on T1|T2, both p’s > 0.17. 

These results show that a precue does not always enhance T2 report, especially when 

the precue does not share perceptual features that define the targets.  

 

GENERAL DISCUSSION 

Current models of the AB hold that this effect occurs because of the limited 

capacity of the processing mechanisms involved in transferring visual targets into 

short-term memory (e.g., Chun & Potter, 1995; Giesbrecht & Di Lollo, 1998; Jolicoeur 
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& Dell’Acqua, 1998; Shapiro et al., 1997; Vogel et al., 1998). In these models it is 

assumed that the ongoing consolidation (stage two processing) of T1 delays the access 

of T2 to processes involved in storing information into short-term memory. As a 

consequence, an early visual representation of T2 is overwritten while it awaits the 

completion of the consolidation of T1 (Chun, 1997; Dell’Acqua et al., 2003; Isaak et 

al., 1999), an effect known as object substitution (Di Lollo et al., 2000; Giesbrecht & 

Di Lollo, 1998).  

In the present study, we tested the hypothesis that object substitution occurs for 

T2 because the processing of T1 delays the allocation of attention to target candidates 

that have been detected in stage one. To this end, we examined the effect of presenting 

a precue directly in advance of T2 on T2 report during and after the AB. The results 

from the first four experiments consistently show that T2 report is facilitated when T2 

is preceded by a distractor that is presented in the same color as the targets. As a 

consequence, the duration and magnitude of the AB effects for precued T2s were 

strongly reduced. Importantly, this result proved to be a robust finding, as it was 

obtained in four experiments conducted in different settings while using different 

parameter values for the RSVP sequences.  

 The results from Experiment 4 add additional insight into the nature of the 

cuing benefit, as they show that the magnitude of the cuing benefit in T2 report 

depends on the temporal interval between the onset of the cue and that of T2. Notably, 

a large cuing benefit was observed when the onset of the cue preceded that of T2 by 

166 ms, whereas a smaller cuing benefit was observed when the cue-target onset 

asynchrony was 83 ms. In addition, the results from this experiment ruled out an 

explanation of the cuing effect in terms of the reduced difficulty of having to switch 

attention from a red distractor to a red T2. This was indicated by the finding that T2 

report was not enhanced when all distractors intervening T1 and T2 were presented in 

red in the T2-3 Condition. In Experiment 5, a categorical precue (e.g., a large black 

digit in a task that requires identification of two red, small, digits) did not improve T2 

report. This may be because observers effectively searched for small red digits thereby 

making it unlikely that the black digit would attract attention. In other words, the 

absence of a cuing effect in this experiment may reflect the fact that the precue did not 
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match the perceptual characteristics of the targets as defined by the task instruction 

(e.g., Folk et al., 2002).    

 In addition to showing that precuing T2 attenuates the AB effect, the results 

from experiments 1 through 4 also consistently show that the enhancement in T2 

report does not occur at the expense of T1 report. In particular, even when the 

temporal interval separating T1 and T2 was as short as 164 ms (see Experiment 2), the 

cue-induced improvement in T2 report did not affect T1 report. This robust finding 

suggests that the (ongoing) consolidation of T1 was not affected by T2 entering the 

same stage of processing. This interpretation is consistent with the view that once an 

item (e.g., T1) has entered stage two, it is protected against interference from 

subsequently presented information (e.g., Potter et al., 2002). What is interesting to 

note in this context, is that the results from Experiment 2 show that T1 report was 

interfered with by the presentation of T2 at SOAs equal to or shorter than 240 ms, 

regardless of whether T2 was cued. The latter aspect of the results from Experiment 2 

is interesting as it suggests that a second target is more likely to attract attention away 

from T1 in stage one than the cue.  

The present finding of attenuation of the AB for precued T2s is the first to 

demonstrate that precuing T2 relieves the processing bottleneck that underlies the AB. 

This finding can be taken to suggest that the failure to report T2 during the AB reflects 

the fact that the allocation of attention to T2 in stage one is delayed. This contention is 

consistent with findings from previous studies that show that errors in reporting T2 

tend to be intrusions of the item immediately following T2 (Chun, 1997; Isaak et al., 

1997). The main difference between these studies and the present study is that our task 

involved a precuing manipulation that caused T2 to become admitted to short-term 

memory, instead of the item to follow it.  

 

The Delayed Attentional Engagement Account of the AB 

 In order to account for the present findings, we propose that the AB is caused by 

delayed engagement of attention to items in stage one. Following Chun and Potter 

(1995) and Potter et al. (2002), we assume that the attentional response to items in 

stage one occurs only after a potential target has been detected. Detection of a target 
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candidate occurs on the basis of an intact perceptual representation of the presented 

item that is retained in stage one. When one of the items present in stage one bears a 

target defining visual feature, such as a particular color, attention is allocated to items 

held in stage one, with all items competing for attention in order to be identified. This 

view is consistent with the notion that the allocation of attention to items represented 

in stage one is labile (Potter et al., 2002). Here, a first round of selection occurs on the 

basis of the discriminability of the target candidate from the distractor items, and, the 

relative strength of the representations of these items in stage one. The item that wins 

the competition for attention is fully identified. After the item has been identified, its 

category can be determined. On the basis of a comparison between the category of the 

identified item and the category of the sought-after targets, the item may subsequently 

be selected and admitted to stage two processing.  

 Thus, the present model distinguishes two stages of selection, both of which 

occur before the stage two processing bottleneck to which the AB is typically ascribed. 

The first concerns the competition between items held in stage one, that begins after an 

item bearing a target-defining feature has been detected. Here, we propose, lies the 

cause of the AB: the attentional demand of stage two processing of T1 slows down the 

allocation of attention to target candidates in stage one. As a consequence, the stage 

one representation of the target candidate will have decayed before attention can be 

engaged on it, thereby biasing the competition for attention to the item that follows it. 

This increases the chance that the item following the target candidate is attended and 

identified first, thereby entering the category matching process that constitutes the 

second round of attentional selection. If this item matches the target description, it will 

be admitted to stage two (e.g., Chun, 1997; Isaak et al., 1999).  

The finding that precuing T2 attenuates the magnitude and duration of the AB is 

fully consistent with the notion that the allocation of attention to new targets in stage 

one is delayed during the AB
1
. In this case, the distractor preceding T2 triggers the 

allocation of attention, with the allocation of attention to items in stage one accruing 

slowly because of the concurrent attentional demand of T1 consolidation. Because the 

                                                           
1 Note that the present experiments do not test whether a cuing benefit also occurs when the cue does not match 

the target set, but instead captures attention in a stimulus-driven fashion. However, the data do allow us to 

conclude that a precue that matches this target set enhances T2 report. 
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attentional response to the precue is slow, the chance that the item to follow the precue 

is more active (e.g., ‘fresh’) than the precue itself by the time attention is allocated to 

stage one increases. As a consequence, identification of T2 is more likely to occur than 

the identification of the precue. When T2 is identified, it gains access to stage-two 

processing, regardless of whether this stage is still occupied with T1.  

The results from Experiment 4 (see Figure 5) show that the magnitude of the 

cuing benefit for T2 report depends on the temporal interval between the onset of the 

precue and the onset of T2. Notably, T2 performance increased from 60% correct for 

uncued trials to 78% correct for trials in which the onset of color red preceded that of 

T2 by 166 ms. On the other hand, T2 report in the condition in which the onset of the 

precue directly preceded T2 by 83 ms showed an improvement of 9% compared to the 

uncued baseline condition. These findings raise the intriguing possibility that the 

magnitude of the AB effect (e.g., percentage errors in T2 report) is proportional to the 

amount of delay in allocating attention to items held in stage one.  

 

Relationship Between Attention and Object Substitution 

 Although the notion of object substitution (substitution of T2 by its mask) has 

recently evolved to become an important theoretical framework for accounting for the 

AB effect (e.g., Dell’Acqua et al., 2003; Giesbrecht, Bischof, & Kingstone, 2003), the 

reason why object substitution occurs during the AB has so far remained an elusive 

issue. In particular, most studies that have advocated the object substitution account of 

the AB claim that object substitution occurs because the transfer of T2 to stage two 

awaits the stage two processing of T1. An example of this can be found in a recent 

study of object substitution masking in the AB (Dell’Acqua et al., 2003). In accounting 

for the occurrence of OS, Dell’Acqua et al. propose that “While waiting for 

consolidation mechanisms to be freed from T1 processing, the pre-consolidated 

representation of T2 is vulnerable to replacement by the next visual item in the RSVP 

stream” (p. 1911). Similarly, in the first study to propose object substitution as a cause 

of the AB, Giesbrecht and Di Lollo (1998) proposed that object substitution occurs 

during conditions of restricted attentional resources.  

In this regard, the present findings provide an important insight into the 
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relationship between attention and the occurrence of object substitution. Notably, the 

finding that precuing T2 attenuated the AB suggests that the reason why object 

substitution occurs is because the allocation of attention to T2 in stage one is slowed 

down during stage two processing of T1. As a consequence, the item to follow T2 will 

be identified, thereby increasing the chance that T2 is lost from stage one before it can 

be selected for short-term memory. In other words, the present findings indicate that 

the occurrence of object substitution during the AB is the consequence of attentional 

inertia, which, in turn, is caused by the ongoing processing of T1.  

 

Implications for Models of the AB 

Most extant models of the AB hold that T1 processing reduces the amount of 

attentional resources available for processing T2 (e.g., Chun & Potter, 1995; Jolicoeur 

& Dell’Acqua, 1998; Shapiro et al., 1994; Vogel et al., 1998). More specifically, most 

of these models hold that the processes involved in storing information into short-term 

memory cannot be accessed by T2 while these processes are engaged by T1 (the 

bottleneck assumption). The finding that precuing T2 attenuates the AB raises 

difficulty with a strict interpretation of the bottleneck assumption, even if one allows 

for the likelihood that stage two becomes available for short lag targets on a small 

proportion of trials (permitting above chance detection at these lags typically observed 

in AB studies). Notably, our results show that a precued T2 will often gain access to 

stage two limited capacity processes, even when it is presented within 160-400 ms of 

T1. This is clearly illustrated in the results from Experiment 1 and 4, that show that 

virtually no AB occurred when T2 was precued by one or two red distractors (e.g., the 

T2-2 Cue condition in Experiment 4), respectively. Importantly, this cue-induced 

improvement in T2 report did not occur at the expense of T1 report. Taken together, 

these findings suggest that time-sharing between T1 and T2 in stage two is possible 

under conditions in which the attentional response to T2 in stage one occurs rapidly 

enough. 

To understand how T1 and T2 may share processing in stage two, a useful 

metaphor may be the “carwash model” of attention (Chun & Wolfe, 2001; Moore & 

Wolfe, 2002). This model posits that multiple items may engage a capacity limited 
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stage of processing, but because they enter and exit the “bottleneck” stage two in a 

serial manner, the capacity-sharing mechanism exhibits characteristics of a serial 

bottleneck process as well. In RSVP tasks, we propose that T1 gains initial access to 

stage 2, which not only serves to consolidate the item into working memory, but also 

protects the target from subsequent interference. As a consequence, a precued T2 may 

enter the same stage of processing at a later point in time, without affecting the 

ongoing consolidation of T1.  

In order to account for the present findings, we suggest that all AB models need 

to assume that the processes involved in selecting a second target for entry into stage 

two are slowed down by ongoing processing of T1. In addition, bottleneck models of 

the AB may need to relax the strict assumption that stage two is restricted to ongoing 

processing of T1 in a serial manner before T2 may gain access (Chun & Potter; 

Jolicoeur & Dell'Acqua, 1998; Vogel et al., 1998). The interference model of the AB 

requires some modification as well (Raymond et al., 1995). Because the interference 

model allocates higher weights to items that share features with the targets, the precue 

should receive more processing resources than the corresponding neutral distractor 

would in the uncued trials. As a consequence, the amount of resources (weighting) 

available for T2 should be less in the cued trials than in the uncued trials, thereby 

causing T2 to be more difficult to retrieve at the end of the trial, opposite to what we 

report here. This limitation of the interference model can be addressed by assuming 

that ongoing processing of T1 delays the allocation of weighting to an item that 

contains target-defining features. Accordingly, detection of the precue results in 

maximal weighting of a trailing target.   

 

Concluding Remarks 

 The present study has provided new insight into the processing bottleneck that 

underlies the AB phenomenon. The main empirical finding is that the AB effect is 

attenuated when T2 is preceded by a distractor that is presented in the same color as 

the targets. In addition, the precue benefit did not cause retroactive interference for 

ongoing processing of T1. Based on these findings, we argue that one of the factors 

contributing to the failure to report T2s presented during the AB is the fact that the 
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ongoing processing of T1 delays the allocation of stage two attention to potential 

targets detected in stage one. As a consequence, the competition for attention in stage 

one will often be won by the item that follows T2, resulting in object substitution or 

posttarget intrusions. The same mechanism allows for a precue to benefit T2 report.   
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Chapter 3          

 

 

Full Recovery from the Attentional Blink 

             

Summary 

The attentional blink reflects a temporal limitation in attentional selection  

that impairs responses to the second of two, masked, visual targets presented 

briefly within 500 ms. We hypothesized that the failure to report the second 

target occurs because the allocation of attention to the second target is delayed, 

thereby resulting in attention being allocated to the post second-target mask 

instead of to the second target. This hypothesis was tested using a task in  

which two targets requiring overt identification were briefly presented at 

different locations. Both targets were masked, and an attentional blink effect 

was demonstrated. However, consistent with the hypothesis, no attentional  

blink occurred when the allocation of attention to the second target was 

triggered just in advance of the presentation of the second target by  

presenting a plus sign at its location.   
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When two masked, visual, targets (i.e., T1 and T2) are presented briefly, and 

within 500 ms of each other, observers will often have difficulty in responding to the 

second target (Raymond, Shapiro & Arnell, 1992). This impairment in T2 performance 

has been found to occur in tasks in which the two targets are presented in a rapid serial 

visual presentation sequence of distractors (Broadbent & Broadbent, 1987; Chun & 

Potter, 1995; Raymond et al., 1992; Weichselgartner & Sperling, 1987), but also in 

tasks in which only the two targets and their masks are presented (Duncan, Ward & 

Shapiro, 1994; McLaughlin, Shore & Klein, 2001; Ward, 1997). The impairment in T2 

performance, first observed in studies by Broadbent and Broadbent (1987) and 

Weichselgartner and Sperling (1987), was termed the attentional blink by Raymond et 

al. (1992). As to the cause of the attentional blink, the findings from several studies 

converge in suggesting that the impairment in reporting T2 occurs because of a failure 

to store T2 in short-term memory (e.g., Chun & Potter, 1995; Jolicoeur & Dell’Acqua, 

1998; Vogel, Luck & Shapiro, 1998). However, other findings indicate that T2 is 

processes up to the level of semantic analyses (e.g., Luck, Vogel & Shapiro, 1996), 

enabling “blinked” T2s to prime the processing of semantically related information 

(Shapiro, Driver, Ward & Sorenson, 1997). 

In accordance with the distinction between a high-capacity processing stage 

leading to covert identification and a limited-capacity processing stage leading to 

memory consolidation, several models have been proposed that hold that consolidating 

information into short-term memory occurs by means of a serial, time consuming, 

processing mechanism (e.g., Chun & Potter, 1995; Jolicoeur & Dell’Acqua, 1998; 

Vogel et al., 1998). Following Chun and Potter’s two stage model of the attentional 

blink, we will henceforth use the term “stage-one processing” to refer to processes 

involved in covert identification while the processes involved in consolidating 

information into short-term memory will be referred to as “stage-two processing” 

(Chun & Potter, 1995; see also Potter, Staub & O’Connor, 2002). As a consequence of 

the limited processing capacity of stage two, T2 will often fail to gain access to this 

stage while it is occupied with T1. In accounting for the attentional blink, it is typically 

assumed that while T2 awaits selection for stage two processing, it remains in stage 

one, where it is vulnerable to being overwritten by the item presented in direct 
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succession to T2. This type of masking that involves the substitution of the target by 

its mask has been referred to as object substitution masking (Di Lollo, Enns & 

Rensink, 2000; Giesbrecht & Di Lollo, 1998).  

In the present study, we investigated whether precuing the location of an 

upcoming T2 that is presented shortly after T1 prevents the occurrence of an 

attentional blink effect. This type of spatial precuing manipulation has been shown to 

reduce object substitution masking in tasks in which observers are to identify a single, 

masked target presented together with distractors (e.g., Di Lollo et al., 2000). This 

finding has been taken to suggest that attention plays a crucial role in the occurrence of 

object substitution masking. In particular, Di Lollo et al. argue that precuing the 

location of an upcoming target allows all processing activity to be focused on the 

presentation of the target, thereby allowing it to be identified immediately. The crucial 

notion in this account is that precuing the target prevents object substitution masking 

because the target can be attended before being replaced by its mask.  

In spite of the consensus that object substitution masking may play a causal role 

in the attentional blink (Dell’Acqua, Pascali, Jolicoeur & Sessa, 2003; Di Lollo et al., 

2000; Giesbrecht & Di Lollo, 1998), precuing manipulations have so far not been used 

in studies of the attentional blink. In order to investigate the effect of spatial precuing 

of T2, we used the so-called dwell time paradigm (e.g., Duncan, Ward & Shapiro, 

1994; Ward, Duncan & Shapiro, 1996) in which only the two targets and their masks 

are presented. This paradigm provides an excellent tool for investigating whether 

spatial precues prevent the attentional blink because the two targets are always 

presented at different locations. Target positions are selected from four possible 

stimulus locations that form a cross-like shape in the center of the display (see Figure 

1). Duncan et al. (1994; see also Ward et al., 1996) showed when both T1 and T2 are 

to be overtly identified in such a task, T2 report is impaired when it is presented at 

SOAs of less than approximately 500 ms. This impairment in T2 report was not 

observed when T1 could be ignored, indicating that the cause of this impairment lies in 

the attentional demand of processing the first target
1
. As such, the impairment in T2 

                                                 

1 It is important to note that other experiments in our lab show that the impairment in T2 report in the dwell time 

paradigm does not depend on the fact that T2 is presented at a different location than T1. In particular, we found 
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report can be considered to reflect a similar limitation in selecting items for working 

memory as that observed in RSVP studies.  

In order to determine whether the attentional blink effect in the dwell time 

paradigm can be prevented when the attentional response to T2 is triggered in advance 

of the actual presentation of T2, we precued T2s occurrence in half of the trials. This 

involved the brief presentation of a plus sign at the location where T2 would appear. 

The plus sign was directly followed by the presentation of T2. The two targets were 

presented at either a short or long SOA (i.e., 306 vs. 794 ms), with an attentional blink 

being evidenced by worse T2 report at the short than at the long SOA.  

Importantly, the presentation duration of the targets was determined separately 

for each observer so that target report accuracy remained below 75% correct. By 

restricting target report performance through limiting the amount of available 

perceptual information, we could determine whether the potential precuing benefit for 

T2 report occurred because precuing enhanced perceptual processing (e.g., Alexander 

& Reinitz, 2000; Henderson, 1996; Hillyard, Vogel & Luck, 1998), or, because it 

facilitated the selection and identification of T2 at a post-perceptual level of 

processing. The logic behind this manipulation is that if precuing were to facilitate 

perceptual processes (e.g., by increasing the rate of information acquisition from the 

cued location; Alexander & Reinitz, 2000), then precuing T2 should enhance T2 report 

across both SOAs. However, if the effect of precuing T2 were to occur at the post-

perceptual level of selecting and identifying information in stage one, that is, after a 

perceptual representation has been formed of the target, then we would expect an 

effect of precuing T2 only at the short SOA at which performance is resource limited 

(Norman & Bobrow, 1975).  

 

Method 

Participants 

 Fifteen colleagues from the Department of Psychonomics at Universiteit 

Utrecht, including two authors of this study (i.e., M.N. and I.H.), participated in the 

                                                                                                                                                         

similar attentional blinks for second targets presented at the same as compared to at a different location than T1 

(Nieuwenstein, Vlaskamp, Hooge, Van der Lubbe & Johnson, submitted).  
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experiment on a voluntary basis. Five participants were female, ten were male, and 

their mean age was 28 (SD = 4.3). All participants had corrected or corrected-to-

normal vision.  

 

Stimuli and Apparatus 

 The experiment was run in a dark laboratory room. The stimuli were presented 

on a LaCie 22” Blue III monitor. The resolution of the monitor was 640 x 480 pixels, 

at which the refresh-rate was 85 Hz. Stimulus presentation was controlled using E-

Prime 1.0 software running on a Pentium IV, 2.53 GHz, processor. The stimulus 

display consisted of a central fixation cross that was surrounded by four gray outline 

frames that designated the potential target positions (see Figure 1). As in the 

experiments reported by Duncan et al. (1994; Ward et al., 1996), the distance between 

the fixation cross and the center of each of these four stimulus positions was 2.0 

degrees of visual angle. This was ensured by using a chinrest set at 64 cm from the 

screen. The two targets were drawn from the set {K, M, N, V, W, X, Y, Z}, and the 

mask consisted of two pound signs presented next to each other (i.e., “##”). Targets 

and masks were presented in a 12-point, Helvetica font, in black. The precue was a 

black plus sign (i.e., “+”).  

 

Procedure 

 We first determined the presentation duration at which each observer could 

report a single masked target in approximately 70% of the trials in order to restrict 

performance accuracy to levels well below ceiling for each observer. The target could 

be presented in any one of the possible locations. We used the method of constant 

stimuli for determining the presentation duration of both the targets and the masks. 

This procedure involved presenting targets and their masks for different durations, 

while keeping the total duration for the target plus mask equal (e.g., McLaughlin, 

Shore & Klein, 2001). The total duration of the target plus its mask was 106 ms. For 

example, if the target was presented for 47 ms, the mask was presented for 59 ms and 

vice versa. The target presentation duration was randomly chosen from the set {24, 35, 
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47, 59, and 71 ms} on each trial, with each presentation duration being repeated eight 

times.  

 

Figure 1. Example of a trial in the experiment. On this trial, the second target was cued. 

 

 After determining the presentation duration at which observers could identify a 

single masked target in approximately 70% of the trials, the actual experiment began. 

In the experiment, the two targets were presented at SOAs of 306 or 794 ms. The 

targets always appeared in two different locations of the display. On one half of the 

trials, T2 was preceded by the presentation of a plus sign (see Figure 1). The SOA 

between the precue and T2 was fixed at 94 ms. This precue was always presented at 

the same location as that of T2. Thus the design of the experiment concerned a 2 x 2 

design, with each combination of SOA (i.e., 306 or 794 ms) and cue condition (i.e., T2 

precued or not) being repeated 24 times in the experiment. The order in which the 

different types of trials were presented was randomized.  
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Figure 2. Second target report performance for trials on which T1 was correctly reported (i.e., T2|T1). 

T2|T1 performance is plotted across SOA for the cued and uncued second targets separately. Error 

bars indicate standard errors of the mean. 

 

Results 

 The average presentation duration of the targets was 49 ms (range 24-76 ms, SD 

= 14 ms). The average T1 and T2 report accuracy scores were corrected for guessing 

for each observer, using the formulas (x-chance)/(1-chance), with x = p(T1) and 

chance = 1/8 for T1 identification, and x = p(T2|T1) and chance = 1/7 for T2 (see 

Dell’Acqua et al., 2003). The first target was correctly reported in 69% of the trials. 

There was no statistically significant correlation between presentation duration and T1 

accuracy (r = .223, p = .42), indicating that different observers needed different 

stimulus durations to reach similar levels of target identification accuracy. For analysis 

of T2 report accuracy, we only included trials on which T1 was accurately reported 

(i.e., T2|T1; see Figure 2a). The analysis of T2|T1 concerned a repeated measures 

analysis of variance, using SOA (306 versus 794 ms) and cue condition (T2 precued 

versus T2 uncued) as factors. The results from this analysis showed that there was a 

significant main effect of SOA on T2 report, F(1, 14) = 7.5, p = .02, MSE = .01, while 

the effect of cue condition failed to reach significance, F(1, 14) = 3.5, p = .08, MSE = 
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.04. There was, however, a significant SOA x Cue condition interaction
2
 on T2 report, 

F(1, 14) = 5.2, p = .04, MSE = .03. Separate analysis of the effect of SOA on T2 report 

in the uncued and cued conditions showed that there was a significant effect of SOA in 

the former condition (M = .50 vs. M = .68, for SOAs of 306 and 794 ms, respectively, 

F(1, 14) = 9.0, p = .01, MSE = .02), but not in the latter condition (M = .69 vs. M = 

.66, for SOAs of 306 and 794 ms, respectively, F(1, 14) = .12, p = .73, MSE = .02).  

 

Discussion 

 The present study provides a striking demonstration that the failure to report 

masked target presented during the attentional blink can be prevented when the 

allocation of attention to the second target is triggered just in advance of its 

presentation. In particular, we found that precuing the second of two masked, visual 

targets by presenting a plus sign just in advance of this target prevented the occurrence 

of an attentional blink effect that did occur for uncued second targets. This was 

indicated by a significant SOA x Cue condition interaction, with T2 report improving 

across SOA in the uncued condition, but not in the cued condition. Because the use of 

individually set presentation durations of the targets restricted target report 

performance to 70% correct target report at the long SOA in the uncued condition, this 

interaction cannot be ascribed to ceiling effects. As such, the interaction appears to 

reflect the fact that the cue relieved the attentional limitation in T2 report, whereas it 

did not enhance the perceptibility of the target because in this case, improvement in T2 

report should also have been observed at the long SOA at which performance was 

data-limited. Importantly, given that cuing the location of a target typically results in 

enhanced perceptual processing (Alexander & Reinitz, 2000; Hillyard et al., 1998), the 

finding that T2 report was not enhanced by cuing its location at the long SOA suggests 

that the cue affected the processing of T2 at a post-perceptual stage of processing.  

The finding that precuing T2 prevented the occurrence of an attentional blink in 

the two target paradigm is consistent with findings from studies of object substitution 

                                                 

2 It is interesting to note that we found identical results for trials on which T1 and T2 appeared at locations 

opposite from the fixation point (e.g., left and right) as for trials on which T1 and T2 did not appear on this 

“spoke of attention” (e.g., Tse, Scheinbwerg & Logothetis, 2003), suggesting that the cuing benefit we observed 

is independent of the distribution of spatial attention.   
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masking that show that masking can be prevented by using spatial precues (e.g., Di 

Lollo et al., 2000). Moreover, this finding is also consistent with other findings from 

our lab that show that the attentional blink effect can also be reduced in tasks in which 

the two targets are presented in a rapid serial visual presentation (RSVP) sequence of 

distractors (e.g., Nieuwenstein, Chun, Van der Lubbe & Hooge, submitted; 

Nieuwenstein, Van der Lubbe & Hooge, 2003). In these studies, we found that the 

attentional blink effect is markedly reduced when an item that matches one of two 

target defining features precedes T2. In particular, we found no attentional blink for 

red, digit, T2s presented in an RSVP sequence of black, letter, distractors, when the 

distractor preceding T2 was presented in red. Thus, when the item preceding T2 

triggers an attentional response because it matches the perceptual characteristics (i.e., 

color) of the targets, T2 report can be reported even when it is presented while stage 

two is likely to be occupied by T1.  

Based on these findings, we propose that the failure to report masked targets 

presented during the attentional blink can be ascribed to a delay in allocating attention 

to target candidates that have been detected in stage one (Nieuwenstein et al., 

submitted). As a consequence, the item to follow T2 may often get the most of the 

attentional response triggered by T2, thereby leading to selection, and, if possible, 

identification of this item instead of T2. It is important to note that this account 

opposes all current models of the attentional blink that hold that the consolidation of 

T2 is postponed until the consolidation of T1 has been completed (e.g., Chun & Potter, 

1995; Jolicoeur & Dell’Acua, 1998; Vogel et al., 1998). In particular, our results 

suggest that second targets that are presented shortly after a first target can easily be 

consolidated given that they are "attended" in stage one (e.g., Potter et al., 2002; see, 

Fell, Klaver, Elger & Fernandez, 2002 for a related argument).  

In providing a detailed, alternative account of the cause of the attentional blink, 

we follow Potter et al.'s (2002) two-stage competition model of attentional selection in 

RSVP tasks. According to this model, target candidates and items that are presented 

closely in time to these potential targets compete for attention in stage one. The 

competition for attention occurs whenever a target candidate is detected in stage one. 

This triggers an inexact attentional response, such that all items present in stage one 
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may compete for it, with the outcome of the competition depending on both the 

distractor’s temporal proximity to the target that triggered the response as well as their 

match to perceptual characteristics of the target. Detection of target candidate occurs 

on the basis of a matching process whereby the perceptual characteristics of items in 

stage one are matched to a target template (e.g., Duncan & Humphreys, 1989). As 

such, the detection of target candidates in stage one is held to occur before the items 

have been fully identified because identification requires attention (cf. Potter et al., 

2002). This view is consistent with the finding that the occurrence of priming effects 

from distractors presented during the attentional blink depends on the temporal 

proximity of these distractors to the targets (Chua, Goh & Hon, 2001), such that 

priming effects occur only for items presented in close temporal proximity of the 

targets. Identification may involve the establishment of a reentrant processing network 

(e.g., Di Lollo et al., 2000) via which corresponding information from long-term 

memory is retrieved for items attended in stage one (e.g., Wagner, Maril & Schacter, 

2000). Following Potter et al. (2002), we propose that the item that is identified first in 

stage one may gain access to stage two, but only if it matches the target specification. 

Thus, selection for stage two processing on the basis of category is held to occur after 

the identification of the item in stage one.  

The present finding that precuing T2 resulted in full recovery from the 

attentional blink can be accounted in terms of a temporal bias in the competition for 

attention between T2 and its mask. This view holds that the processing requirements of 

identifying a masked visual target impose a delay in allocating attention to target 

candidates detected in stage one. In this regard, the present model assumes that T1 

identification causes the failure to report T2, a notion that has also been advocated in 

the two-stage models of the attentional blink (e.g., Chun & Potter, 1995). As a 

consequence of the delay that processing T1 imposes on the allocation of attention to 

new target candidates, the item to follow T2 may often get the most of the attentional 

response that was triggered upon detection of T2. This results in attentional selection 

of T2s mask. While T2 awaits the identification and rejection of its mask as being a 

non-target item, T2 is likely to decay in stage one. As a consequence, T2 will often not 
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be fully identified, leading to rapid forgetting of T2 because it is not selected for stage 

two processing.  

In conclusion, the present study shows that the attentional blink can be  

prevented by precuing the second target’s position in the dwell time paradigm. The 

effect of precuing on T2 report could not be ascribed to enhanced perceptual 

processing of cued as compared to uncued targets. In particular, precuing enhanced T2 

report only when T2 performance was resource-limited, and not when T2 performance 

was data-limited. Taken together, these findings are consistent with the view that, 

during the attentional blink, there is delay in selecting and identifying T2 that typically 

results in object-substitution, but that can be overcome by precuing T2. 
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Chapter 4          

 

 

Object-Based Attentional Dwelling 

             

Summary 

When observers are to overtly identify two masked, visual targets presented 

successively at different locations, report of the second target is markedly  

impaired when presented within 500 ms of the first (Duncan, Ward &  

Shapiro, 1994). This finding has been interpreted as reflecting attentional  

dwell time, that is, the period of time attention is tied to the first target,  

thereby leaving less attention available for the second target. In this study,  

we replicate the finding of attentional dwelling while controlling for the 

occurrence of eye  movements. We also show that the impairment of second 

target report is of similar duration and magnitude regardless of whether the  

two targets are presented at the same location or at different locations. This 

finding suggests that attention dwells on object representations, and not on 

spatial locations, in the dwell-time paradigm. 

             

 

 

 

 

Nieuwenstein, M.R., Vlaskamp, B.N.S., Hooge, I.T.C., Van der Lubbe, R.H.J, & 

Johnson, A. Object-based attentional dwelling. Manuscript submitted for publication. 
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When observers are to report two masked, visual targets (here referred to as T1 

and T2, respectively) that are briefly presented successively at different locations, the 

identification of T2 is impaired when the time interval between the two targets 

(stimulus onset asynchrony; SOA) is less than about 500 ms (Duncan, Ward & 

Shapiro, 1994; Ward, Duncan & Shapiro, 1996). This interval has been referred to as 

attentional dwell time, that is, the period of time during which attention dwells on the 

first target, thereby leaving less attention available for T2. Because the dwell-time 

paradigm consists of presenting stimuli at different spatial positions, an interesting 

question is whether attentional dwell time reflects the time required to shift spatial 

attention from the position of T1 to that of T2 (i.e., spatial selection), or whether it 

reflects the time required to switch attention between T1 and T2 at a spatially 

invariant, object-based level of representation.  

A typical dwell-time experiment requires observers to report the identity of two 

masked visual targets (e.g., letters) that are presented at different SOAs and at different 

locations (e.g., Duncan et al., 1994). For example, T1 might be presented either above 

or below a central fixation point, whereas T2 might be constrained to appear either to 

the left or to the right of this fixation point. By measuring T2 report accuracy across 

different SOAs, this paradigm provides a measure of how long attention is allocated to 

T1 before it can be reallocated to T2. The logic is that while attention is allocated to 

T1, less attention will be available for T2, thereby causing an impairment in T2 report. 

The dwell time estimate is defined as the SOA at which the requirement to process T1 

no longer interferes with processing T2, thereby indicating when attention is fully 

disengaged from T1. A typical finding in experiments using this paradigm is that T2 

report is interfered with at SOAs up to approximately 500 ms (Duncan et al., 1994; 

Ward et al., 1996).  

To our knowledge there are no published reports of dwell-time experiments in 

which a condition in which T1 and T2 appeared at the same spatial location was 

contrasted with a condition in which the targets appeared at different locations, thereby 

leaving unresolved the issue of whether T2 report would be similarly impaired if it 

appeared at the same location as T1. However, several studies using a rapid serial 

visual presentation (RSVP) paradigm in which the two targets to be detected are 



Object-Based Dwelling  95 

presented in either the same or in different locations have been reported (e.g., 

Breitmeyer, Ehrenstein, Pritchard, Hiscock & Crisan, 1999; Peterson & Juola, 2000; 

Shih, 2000; Sperling & Reeves, 1986; Sperling & Wechselgartner, 1995; Visser, 

Zuvic, Bischof & Di Lollo, 1999). In the RSVP paradigm, a sequence of visual stimuli 

is presented, with each stimulus being presented for approximately 100 ms and 

masked by the next item in the RSVP stream. When both targets are presented in a 

single RSVP stream, T2 report is found to be impaired when it is presented within 500 

ms of T1 (e.g., Broadbent & Broadbent, 1987; Raymond, Shapiro & Arnell, 1992; 

Weichselgartner & Sperling, 1987). This finding is referred to as the attentional blink 

(AB; Raymond et al., 1992). Given that no spatial shift of attention is required when 

both targets are presented in a single RSVP stream, this finding indicates that there is a 

purely temporal limit in the attentional selection of objects. A common view in 

accounts of the attentional blink is that this selection occurs in what has been termed 

very short-term conceptual memory (e.g., Chun & Potter, 1995; Potter, 1993), with 

selected items being transferred to short-term memory. Very short-term conceptual 

memory is "very short-term" in that it can retain objects for only brief periods of time 

before they are overwritten by following objects in the RSVP stream. The term 

conceptual, on the other hand, refers to the notion that objects held in very short-term 

conceptual memory may activate semantic representations while they are briefly 

retained. The impairment in T2 report observed in single-stream RSVP tasks can be 

considered to be a consequence of temporal limitations in object-based selection, such 

that selection of one object for working memory postpones selection of new objects 

for approximately 500 ms (e.g., Chun & Potter, 1995; Giesbrecht & Di Lollo, 1998; 

Jolicoeur & Dell’Acqua, 1998; Luck & Vogel, 2003; Vogel, Luck & Shapiro, 1998).  

As mentioned earlier, several attentional blink studies have been conducted in 

which the two targets are presented at the same or at different locations (Breitmeyer et 

al., 1999; Peterson & Juola, 2000; Shih, 2000; Visser, Bischof & Di Lollo, 1999; 

Visser, Zuvic, Bischof & Di Lollo, 1999; Weichselgartner & Sperling, 1987). The 

results from these studies are mixed, however. In particular, it seems that whether or 

not T2 report differs between conditions in which T2 is presented in the same versus in 

a different stream than T1 depends on whether T1 is presented in isolation or with 
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distractors simultaneously occupying other positions. Examples of the latter condition 

include experiments in which multiple RSVP streams are presented concurrently at 

different locations (e.g., Peterson & Juola, 2000; Shih, 2000). In these experiments, T1 

is presented in one stream while distractors are simultaneously presented in the other 

streams. In this case, there is some indication of a benefit for T2 report when it is 

presented at the location of T1 (e.g., Breitmeyer et al., 1999; Shih, 2000), suggesting 

that attention dwells at T1’s position. This benefit is short-lasting, however, such that 

no difference for same and different location T2s occurs at SOAs much beyond 300 

ms. Moreover, cuing the location of T1 has been shown to reduce the same-location 

benefit for T2 report to 200 ms (Peterson & Juola, 2000). Similarly, presenting T1 in 

isolation can eliminate the effect of spatial separation (Visser, Zuvic et al., 1999). 

These findings suggest that whether attention dwells at a spatial location depends at 

least in part on whether attention is divided across T1 and a distractor, or focused 

solely on T1. In either case, the fact that spatial attention can be disengaged from T1’s 

position within about 100-300 ms suggests that attentional dwell time cannot be fully 

ascribed to the time required to shift spatial attention.  

It seems evident that spatial shifts of attention are not the main performance 

limiting factor in T2 report across SOAs of 200-500 ms in RSVP studies. However, it 

remains to be determined whether the same holds for the dwell-time paradigm. It could 

be argued that some important differences between the RSVP and the dwell-time 

paradigms may lead to different effects of spatial separation of T1 and T2 on T2 

report. One such difference is that, in RSVP studies, the targets are both preceded and 

succeeded by distractors. Thus, in order to select the targets in such a paradigm, one 

needs to discriminate the targets from the distractors. On the other hand, in the dwell-

time paradigm each item that appears at a previously unoccupied location is a target, 

thereby allowing selection to occur on the basis of abrupt onsets. Stimuli that appear 

with such an abrupt onset are known to automatically attract attention. One reason why 

this might lead to different effects of the spatial separation of the targets on T2 report 

is that perhaps the allocation of attention to the location of a T1 that is presented with 

such an abrupt onset is more immediate than for T1s presented within an RSVP stream 

or simultaneously with distractors (McLaughlin, Shore & Klein, 2001). Such an 



Object-Based Dwelling  97 

attentional capture effect might increase the time required to disengage attention from 

the location of T1 because the immediate allocation of attention to T1 allows means 

that there is more time for attentional resources to build up at the location of T1 before 

T2 is presented. It should be noted that, although T2 is also presented with an abrupt 

onset, it is unlikely that this facilitates report of T2 because otherwise no impairment 

in T2 report should occur in this paradigm.   

The present study investigated the effect that the spatial separation between T1 

and T2 has on T2 report in the dwell-time paradigm. We first replicated the 

experiment conducted by Duncan and colleagues (Duncan et al., 1994; Ward et al., 

1996) with the addition of eye-movement measurements in order to determine whether 

observers maintained fixation throughout the trial. Controlling for eye movements is a 

critical prerequisite for determining whether potential failures to report the second 

target arise because of an attentional limitation or because of eye movements. The 

results from this experiment replicated the results reported by Duncan et al., and, in 

addition, showed that the attentional dwell-time effect cannot be ascribed to the 

occurrence of eye movements. In the second experiment, we compared T2 

performance across conditions in which T2 was presented at the same location as T1 

or in a different location than T1. If attentional dwell time reflects a temporal 

limitation in reorienting spatial attention, the impairment in T2 report should be less 

pronounced when T2 appears at the same location as T1, because no spatial shift of 

attention is required. On the other hand, if attentional dwell time reflects a limitation in 

object-based selection, no difference should be observed for report of T2s presented at 

the same location as T1 versus at a different location.  

 

EXPERIMENT 1 

Experiment 1 was an exact replication of the experiment reported by Duncan et 

al. (1994; Experiment 1; see also Ward et al., 1996). Two targets were presented at 

different locations and at different SOAs (see Figure 1). The positions of the targets 

were fixed to the extent that T1 always appeared in either the upper or lower position, 

whereas T2 always appeared in either the left or right position. In one block of trials, 

observers were instructed to ignore T1 and to report only T2 (the “control” condition); 
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in another block of trials they were instructed to report both targets (the “report both” 

condition). These conditions were compared in order to separate the interference that 

is caused by the requirement to identify T1 from the interference that is caused by the 

mere presentation of T1.  

 

Figure 1. Sequence of events in a trial in Experiment 1. 

 

Participants 

Six observers from the Department of Psychonomics at Utrecht University 

(including the first two authors, M.N. and B.V.) participated in the experiment. Four 

participants were male, two female, and they were 28 years old on average (SD = 2.7). 

All participants reported having normal or corrected to normal vision.  

 

Apparatus and Stimuli 

 The experiment was conducted in a dark laboratory room. An Apple Macintosh 

G4, DP, 450 MHz. was used to generate the stimuli, which were presented on a LaCie 

22-in Blue III monitor running at 85 Hz, at a resolution of 640 x 480 pixels. Stimulus 

presentation was controlled with Matlab and the Psychophysics Toolbox (Brainard, 
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1997; Pelli, 1997). During the experiments, an SMI Eyelink I eye-tracking system 

recorded movements of the left eye. The sampling rate of the eye tracker was 250 Hz 

and the eye tracker was controlled by the Eyelink Toolbox for Matlab (Cornelissen, 

Peters, & Palmer, 2002). Eye-movement data were analyzed off-line. Potential head 

movements of the observers were restricted by means of a biteboard positioned at a 

distance of 65 cm from the monitor. 

 The first target was either a block-shaped “2” or “5” and the second target was 

either a “T” or an “L”. Each target subtended 0.55 by 0.55 deg of visual angle and the 

mask for each target consisted of randomly positioned elements extracted from these 

four characters. The targets were presented in one of four locations that were located at 

the extremes of a cross-like shape (see Figure 1). Each location was marked by four 

dots on the sides of imaginary squares that subtended 0.66 deg of visual angle. The 

distance from the central fixation dot to the center of each of the four locations was 2.0 

deg of visual angle.  

 

Design and Procedure 

 We first determined the presentation time at which each observer could 

accurately (defined as 90% correct) report a single, masked target. This was done in 

order to equate performance levels across observers. The method of constant stimuli 

was used, in which each target (i.e., T, L, 2, or 5) was presented in one of the four 

locations for either 2, 3, 4, 5, 6, 7, or 8 refreshes of the monitor (i.e., 24, 35, 47, 59, 

70, 82, or 94 ms), with the total duration of the target and the mask set at 247 ms (see 

also McLaughlin et al., 2001). For example, when the target was presented for 47 ms, 

the mask was presented for 200 ms, whereas the mask would be presented for 153 ms 

when the target was presented for 94 ms. The target was preceded by a display 

containing only the fixation dot and the dots outlining the four stimulus locations, 

presented for either 400 or 800 ms.  

 After determination of the presentation duration at which each observer could 

correctly identify the target in approximately 90% of the trials, the actual experiment 

began. The experiment consisted of two blocks of 160 trials. In both blocks, each trial 

sequence consisted of the sequential presentation of the fixation dot, the first target, its 
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mask, a blank inter-stimulus interval of varying duration, the second target, its mask, 

and the fixation display (see Figure 1). The blank inter-stimulus interval could be 

presented for 59, 153, 259, 353, or 553 ms, yielding SOAs of 306, 400, 506, 600 and 

800 ms. In the first block of trials, observers were instructed to report only T2, and to 

ignore T1; in the second block they were instructed to report both targets. In the latter 

condition, observers were required to enter the two targets in the order in which they 

were presented. Moreover, they were required to guess whether T1 was a 2 or 5 and 

whether T2 was a T or L when they were unsure which targets were presented. Each 

block consisted of 20 replications for each SOA, yielding a total of 160 trials. The 

experiment was run in a single 60-min session. A break was given after each block of 

80 trials. The eye tracker was recalibrated at the beginning of each block of trials.  

 

Results 

 The average presentation duration of the targets was 65 ms (range 35-94 ms, 

SD = 17.64 ms). The occurrence of eye movements was rare (deviations of the 

fixation position of more than 0.5 degrees of visual angle were detected on less than 

4% of the trials). These trials were excluded from the analyses. The first target was 

correctly reported in 91% of the trials. Accuracy of T2 report (see Figure 2) was 

analysed with a repeated measures analysis of variance (ANOVA) with SOA (306, 

400, 506, 600 or 800 ms) and report condition (control vs. report both) as factors. For 

the report both condition, only trials on which T1 was correctly identified (i.e., T2|T1) 

were included. Both SOA and report condition had significant effects on T2 report 

accuracy, F(4, 20) = 20.3, p < .0001, MSE = .005, and F(1, 5) = 135.4, p < .0001, 

MSE = .006, respectively. In addition, there was a significant SOA x Report Condition 

interaction, F(4, 20) = 4.5, p = .009, MSE = .005.  

As can be seen in Figure 2, the SOA x Report Condition interaction reflects the 

fact that the requirement to report T1 in the report both condition resulted in 

prolonged and severe interference on T2 report, whereas in the control condition, T2 

report was interfered with by the presentation of T1 only at the shortest SOA of 306 

ms. A follow-up analysis of T2 report in the control condition showed a significant 

effect of SOA when all SOAs were included, F(4, 20) = 11.8, p < .001, MSE = .002, 
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but not when the 306-ms SOA was excluded from the analysis, F(4, 20) = 1.85, p = 

.18, MSE = .001. On the other hand, the impairment in T2 report in the report both 

condition was still evident at the longest SOA of 800 ms, as indicated by the fact that 

the difference in T2 report accuracy between the control and the report both condition 

remained significant at this SOA, t(5) = 4.9, p = .002.  

 

Figure 2. T2 report accuracy in Experiment 1 as a function of SOA for the Report Both and Control  

conditions. Error bars indicate standard errors of the mean. 

 

Discussion 

 The results from Experiment 1 replicate the results reported by Duncan et al. 

(1994; see also Ward et al., 1996) in that they show that when T1 had to be identified, 

a much longer and larger impairment in T2 report was observed than when T1 was to 

be ignored. The results from Experiment 1 also show that the impairment in T2 report 

reflects an attentional limitation, and not an artifact related to failures to maintain 

fixation. When T1 was to be ignored, T2 report was interfered with by the 

presentation of T1 only when T2 was presented at an SOA of 306 ms. On the other 

hand, when observers were to report both T1 and T2, T2 report was significantly 
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worse than in the control condition even at the longest SOA of 800 ms. Note that this 

dwell time is substantially longer than the 500-ms dwell time reported by Duncan et 

al. (1994). The difference between our 800-ms dwell time and the 500-ms dwell time 

found in the experiments conducted by Duncan et al. might be due to the fact that our 

task instructions and experimental set up emphasized the importance of maintaining 

fixation. This may have imposed a higher load on attentional processing capacity 

since maintaining fixation is likely to be difficult when masked targets requiring 

identification are suddenly presented at different locations. Alternatively, it could be 

argued that the difference between the conditions is largely due to exceptionally good 

performance in the control condition rather than to poor performance in the report 

both condition.  

 

EXPERIMENT 2 

In Experiment 2 we investigated whether the impairment in T2 report when T1 

was reported occurred because attention remained allocated to (i.e., dwelled at) the 

location of T1. This was investigated by comparing T2 report on trials in which T2 

appeared at the same location as T1 versus at a location other than that of T1. The 

experiment was identical to Experiment 1, except that T1 and T2 could each appear at 

any of the four display positions. Thus, whereas in Experiment 1, two distinct sets of 

positions had to be monitored for T1 and T2, respectively, in Experiment 2 all four 

positions had to be monitored for the occurrence of either target. Because the position 

of each target was randomly selected from the set of four possible stimulus locations, 

T1 and T2 appeared at the same position on approximately one fourth of the trials. 

This enabled a comparison of T2 report accuracy between trials in which no shift of 

attention was required from the location of T1 to that of T2, and trials in which such a 

spatial shift of attention was required. This comparison allowed us to determine 

whether the impairment in report of T2 reflects a purely temporal attention limitation 

(as indicated by interference regardless of whether T1 and T2 are presented at 

different positions), a purely spatial attention limitation (interference only when T1 

and T2 are presented in different positions), or a mixture of both (interference that is 

stronger when T1 and T2 are presented at different locations, but also present when 
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the targets are presented in the same position). The participants were the same as those 

of Experiment 1.  

 

Design and Procedure 

The design of Experiment 2 was as in Experiment 1 except that both the first (2 

or 5) and the second target (T or L) could appear in any position. As in Experiment 1, 

T1 was either a 2 or 5, whereas the T2 was either a T or L, and we first determined the 

presentation duration at which observers could accurately identify a single, masked 

target, using the method of constant stimuli. The actual experiment consisted of two 

report conditions, one in which observers had to ignore T1 and to report only T2 (the 

control condition), and one in which they had to report both targets (the report both 

condition). Because the positions where T1 and T2 occurred were randomly selected 

from the four possible target positions, on approximately one fourth of all trials both 

targets appeared at the same position. In order to obtain sufficient data for this type of 

trial, 480 trials were included in both the control and report both conditions, yielding 

approximately 24 trials per SOA wherein T1 and T2 appeared at the same position, 

and approximately 72 trials per SOA wherein T1 and T2 appeared at different spatial 

positions. The experimental session consisted of four blocks of 240 trials that each 

took approximately 20 minutes to complete. The experiment was run in two separate 

sessions, each of which started with one block of 240 trials in the control condition, 

followed by a block of 240 trials from the report both condition. Observers took a 

break after the first block of trials, and the eye tracker was recalibrated at the start of 

each block.  

 

Results 

The average presentation duration of the targets was 63 ms (range 35-94 ms, 

SD = 16.94 ms). The eye-movement data showed that observers were able to maintain 

fixation on 96% of the trials. The first target was correctly reported on 93% of the 

trials in which observers maintained fixation. Accuracy of T2 report in the control and 

report both conditions for same and different location T2s is shown in Figure 3. A 

repeated measures ANOVA conducted on T2 report with SOA (306, 400, 506, 600 or 
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800 ms), report condition (control vs. report both), and position (T1 and T2 in the 

same or different locations) as factors showed that the only effect to reach significance 

was that of SOA, F(4, 20) = 29.3, p < .0001, MSE = .007. The effect of report 

condition approached significance (F(1, 5) = 5.1, p = .073, MSE = .027), with T2 

being identified in 81% of the trials in the report both condition and in 88% of the 

trials in the control condition. All other effects failed to reach significance, all F’s < 1. 

Thus, whether or not T2 was presented in the same position as T1 did not have an 

effect on T2 report (i.e., T2 was correctly identified in 84% of the trials in both T2 

location conditions), nor did it figure in any interaction.  

 

 

Figure 3. T2 report accuracy in Experiment 2. T2 report accuracy is plotted as a function of SOA for  

the Report Both and Control condition for those trials in which T2 appeared at the same location or  

at a different location than T1. Error bars indicate standard errors of the mean. 

 

Discussion 

The main result from Experiment 2 is that a similar pattern of performance 

across SOA was observed for T2 report, regardless of whether T2 appeared at the 
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same or at a different position than T1 and regardless of report condition. This finding 

is consistent with the view that the impairment in T2 report observed in the dwell-time 

paradigm reflects a temporal limitation in object-based selection, and not one that is 

specific to conditions in which attention has to be shifted from one location to another 

(e.g., Duncan et al., 1994). It should be noted that because there were more trials in 

which T2 appeared at a different position than T1 (75% of the trials) than there were 

trials in which T2 appeared at the same position as T1 (25% of the trials). Thus, 

observers may have been inclined to shift their attention away from T1’s position in 

order to facilitate selection of T2 at a different position. However, this would mean 

that attention does not dwell at the T1 position during the identification of T1, 

consistent with the view that attention is free to move to other locations shortly after 

the offset of T1.  

Interestingly, the results from Experiment 2 differ from those obtained in 

Experiment 1 in that second target report was not significantly worse in the report 

both condition than it was in the control condition. Instead, T2 report in both 

conditions improved as a function of SOA, suggesting that attention was allocated to 

T1 regardless of whether or not T1 had to be reported. The impairment in T2 report in 

the control condition of Experiment 2 might be ascribed to contingent attentional 

capture by T1 (e.g., Shabab Ghorashi, Zuvic, Visser & Di Lollo, 2003; Theeuwes & 

Burger, 1998). Contingent attentional capture refers to the effect that stimuli for which 

the task instruction is to ignore them will automatically capture attention when they 

match the specification of the target. Because there was a high degree of overlap in the 

target specifications for to-be-ignored T1s and the subsequently presented T2s in 

Experiment 2 (i.e., both stimuli appeared with a sudden-onset and both could appear at 

any of four locations – thereby excluding target location as a criterion for 

distinguishing between T1 and T2), it is likely that contingent attentional capture 

occurred by T1 when the task instruction was to ignore it. In this regard, the finding of 

similar dwell times in the control and report both conditions suggest that contingent 

attentional capture by a masked visual stimulus leads to similar attentional dwell times 

as those observed when the task instruction is to identify this stimulus.  
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General Discussion 

 In the present study we investigated whether the impairment in report of the 

second of two visual targets presented successively at different locations – a finding 

that has been proposed to reflect attentional dwell time – reflects the time required to 

shift attention from the location of T1 to that of T2. The results from the second 

experiment show that this is not the case, as they indicated that second target report 

was impaired to a similar extent and for a similar duration when T2 was presented at 

the same location as T1 as when it was not. This finding indicates that attentional 

dwell times do not reflect an effect of spatial attention ‘dwelling’ at T1’s location, 

because this would predict facilitation in T2 report when T2 is presented at T1’s 

location. Instead, attentional dwell times appear to reflect the time course of switching 

attention between objects at a spatially invariant level of representation. Moreover, the 

exclusion of trials on which eye movements occurred guarantees that the effects we 

found on T2 report reflect limitations in attentional selection, and not artifacts of the 

occurrence of eye movements.  

The results from Experiment 2 also indicate that the processing requirements 

for the first target (i.e., ignore vs. report T1) have little effect on attentional dwell time 

when contingent attentional capture is likely to occur for T1 (e.g., Shabab Ghorashi et 

al., 2003). In this experiment, contingent attentional capture by T1 was likely to occur 

because there were no specific criteria for distinguishing between T1 and T2, other 

than the fact that T1 was presented first and T2 second. Consistent with recent work 

showing that identification of a masked target can be impaired when it is presented 

within 500 ms of a distractor that matches the target specification (e.g., Shabab 

Ghorashi et al., 2003), this finding can be taken to reflect an impairment caused by 

contingent attentional capture by T1.  

 

Space-Based and Object-Based Attentional Dwelling 

The finding that there was no difference in attentional dwell times for T2s 

presented at the same versus at different locations than T1 suggests that attentional 

dwell time reflects a temporal limitation in the selection of successively presented 

objects. As such, the present findings are consistent with previous RSVP studies that 
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provided evidence suggesting that spatial shifts of attention do not contribute to the 

impairment in T2 report beyond SOAs of 200 ms (Peterson & Juola, 2000; Visser, 

Zuvic et al., 1999). In particular, these studies found results similar to the present 

study by showing that report of the second of two masked visual targets presented in 

RSVP is equally impaired across SOAs of 200-500 ms when targets are presented in a 

single RSVP stream as when they are presented in spatially displaced RSVP streams. 

However, other RSVP studies have found evidence for a spatial component of 

attentional dwell times by showing that T2 report is enhanced for same location as 

opposed to different location T2s across SOAs of up to 300 ms (Breitmeyer et al., 

1999; Shih, 2000). In addition, a similar estimate of attentional dwell time was 

recently reported in a different type of task (Theeuwes, Godijn & Pratt, 2004). In this 

task, observers were to shift their attention twice in succession, in the direction 

indicated by two successively presented arrows. The results from a simple reaction 

time task in which observers made speeded responses to a probe presented at either 

the first or second attended location showed that responses to probes at the first 

location were faster than responses to probes at the second location, but only during 

the first 200-250 ms to follow the onset of the first arrow. This result was taken to 

suggest that attention dwelled at the first arrow’s location for approximately 250 ms.  

In accounting for the discrepancy between the different estimates of spatial 

attentional dwell time that have been observed in RSVP studies, we follow a proposal 

made by Shih (2000). In particular, Shih accounts for the finding of a benefit for same 

location T2s across SOAs of up to 300 ms in RSVP experiments in which T1 is 

presented together with distractors (Breitmeyer et al., 1999; Shih, 2000) by suggesting 

that attentional resources may build up more gradually at T1’s location when T1 is 

presented together with distractors. As a consequence, a T2 that is presented at T1’s 

location shortly after T1 may benefit from residual dwelling of attentional resources at 

T1’s location. However, when T1’s location is known in advance, or when it is the 

only item presented, attentional resources may be engaged and disengaged more 

rapidly at T1’s position, allowing only directly following items to benefit from the 

attentional resources still present at T1’s  location.  
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An elegant demonstration that attention can be moved from the T1 location to 

the T2 location very rapidly when both locations are known in advance can be found 

in a study conducted by Peterson and Juola (2000). In this study, three RSVP streams 

were presented concurrently. Observers were cued as to which streams would contain 

T1 and T2. On some trials the distractor to follow T1 was removed from T1’s stream, 

whereas, in other trials, this distractor was removed from the to-be-shifted-to T2 

stream. The results showed that T1 and T2 report were affected only by removal of the 

distractor from the T2 stream, and not by removal of the distractor from the T1 

stream, suggesting that masking of T1 was prevented by removing the distractor to 

follow T1 from the to-be-shifted-to T2 stream. Given that each item was presented for 

120 ms in this experiment, this result implies that observers were able to shift their 

attention from the T1 stream to the T2 stream within 120 ms.  

The conclusion that attentional dwell times reflect the time course of switching 

attention between objects, as opposed to the time course of shifting attention between 

the locations of these objects is consistent with the proposal of Vogel et al. (1998) that 

the processes mediating spatial selective attention and those mediating the selection of 

information for working memory may have different temporal characteristics. In 

particular, Vogel et al. suggested that, whereas spatial selective attention may be 

shifted between different locations rapidly (within approximately 50-150 ms; Wolfe, 

1998), the sampling rate of processes mediating the selection of information for 

working memory may be much lower (with the selection of a single item postponing 

the selection of a second item by approximately 500 ms). As a consequence, 

performance in tasks that requires storing two successively presented targets in 

working memory for later report will be restricted by the sampling rate of processes 

mediating the selection of information for access to working memory instead of being 

restricted by the speed with which attention can be shifted from one position to the 

next.  

 

Attentional Capture and Attentional Dwell Times 

The second main finding from the present study is that when T1 cannot be 

distinguished from T2 on the basis of its spatial location it impairs report of T2, 
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regardless of instructions to ignore T1. Interestingly, the magnitude and the duration 

of the impairment in T2 report observed in this control condition of Experiment 2 was 

similar to that observed in the condition in which observers were instructed to report 

T1. Assuming that contingent attentional capture occurred by T1 in the control 

condition (e.g., Shabab Ghorashi et al., 2003), this finding might be accounted for by 

assuming that an object that captures attention is automatically identified (e.g., 

Theeuwes & Burger, 1998) and stored in memory (Schmidt, Vogel, Woodman & 

Luck, 2002). As a consequence, similar attentional dwell times may be observed 

following masked stimuli that match the target specification, regardless of whether the 

task instruction is to ignore or to report them. This interpretation is consistent with 

results reported by Shabab Ghorashi et al., who found that the presentation of 

distractor items that were to be ignored but matched the target set resulted in similar 

attentional dwell times as those typically observed when a masked target is identified. 

Thus, items that capture attention may be identified and selected for consolidation 

automatically, thereby causing an impairment in the identification of subsequent 

targets. Moreover, this impairment may be especially pronounced when this item is 

also masked, thereby making identification a time- and attention-demanding task (e.g., 

Marois, Chun & Gore, 2000). 

 

Conclusion 

 The present finding that similar dwell times were observed regardless of 

whether the targets were presented at the same location or not shows that attentional 

dwell time reflects a temporal limitation on attentional selection of successively 

presented objects and not spatial dwelling at the location of a target. The time course 

and sensitivity to T1 processing requirements of attentional dwelling mirror the 

attentional blink, suggesting that both paradigms reveal the same basic limitation in 

processing target information. 
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Chapter 5          

 

 

Cross-task Repetition Amnesia 

             

Summary 

We investigated the effect of maintaining letters in working memory on report 

of one of two letter targets presented in a rapid serial visual presentation stream 

of digit distractors. Contrary to our expectations of facilitated report of 

memorized targets, an impairment in reporting “memorized” items was found 

regardless of the interval between the targets. We show that this effect cannot 

be attributed to repetition blindness, the Ranschburg effect or a phonological 

similarity effect. Instead, the findings are accounted for in terms of a failure to 

attribute the same information to two different tasks, or, in other words, to 

difficulty in assigning a new response rule to information which is already held 

active in conjunction with a different task. 
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Working memory and selective attention are core cognitive functions that 

enable us to interact with our environment in a goal-directed fashion. Baddeley (1997) 

defined working memory as “a system for temporarily holding and manipulating 

information as part of a wide range of essential cognitive tasks such as learning, 

reasoning and comprehending” (p. 49). The amount of information that can be 

maintained in working memory is limited (e.g., Alvarez & Cavanagh, 2004; Luck & 

Vogel, 1997; Miller, 1956), however, and working memory processes are relatively 

slow compared to perceptual processes (e.g., Chun & Potter, 1995; Jolicoeur & 

Dell’Acqua, 1998; Vogel, Luck & Shapiro, 1998). Therefore, it is essential that some 

form of selection takes place before perceptual information is transferred to working 

memory. In general, selective attention refers to processes that control the input of 

perceived information into the working memory system (e.g., Broadbent, 1958; 

Baddeley, 1986; Reeves & Sperling, 1986). Selectivity is thought to involve the 

modulation of perceptual processes, with the processing of some inputs being 

enhanced at the expense of others (Hillyard, Vogel & Luck, 1998). The inputs that are 

processed in an enhanced fashion are referred to as “attended” inputs, and there is 

evidence that these inputs are indeed more easily admitted to working memory than 

unattended inputs (Schmidt, Vogel, Woodman & Luck, 2002).  

The interaction between information held in memory and attentional selection 

can be observed in many common tasks, such as searching for a particular object in a 

field of other objects. In the context of search tasks, Desimone and Duncan (1995) 

proposed that the attentional orienting system is driven by short-term descriptions (i.e., 

templates) of sought-after objects that are held in working memory. According to this 

view, maintaining information, such as a particular object, in visual working memory 

will enhance the activation of the representation of that object (e.g., Alexander & 

Reinitz, 2000), thereby increasing the chance that the object will attract attention when 

it is presented together with other objects. Note that this view predicts that information 

that is maintained in working memory will automatically attract attention when 

encountered in the environment regardless of whether the observer has any intention to 

attend to the object.  
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Recently, the idea that the contents of spatial working memory might bias the 

allocation of visual attention to information presented at corresponding spatial 

locations has been the subject of investigation. For example, Awh and colleagues (e.g., 

see for a review, Awh & Jonides, 2001) have investigated whether holding locations in 

spatial working memory acts to guide attention to these locations. Awh, Jonides and 

Reuter-Lorenz (1998) found that stimuli presented at locations held in memory were 

responded to more rapidly than were stimuli presented at other locations. Moreover, 

Awh et al. (1998) showed that the requirement to attend to locations different than 

those held in memory disrupts recall of the memorized locations, suggesting that the 

allocation of attention to memorized locations may serve the role of rehearsal in spatial 

working memory. The fact that event-related potentials (ERPs) to stimuli presented at 

memorized and non-memorized locations show early ERP components to be relatively 

enhanced at memorized positions (Awh, Annlo-Vento & Hillyard, 2000) is consistent 

with the supposition that holding locations in memory enhances attention to those 

locations.  

Recent work has also investigated whether similar guidance effects of the 

contents of working memory might occur for objects held in working memory. For 

example, Downing (2000) investigated whether faces held in working memory attract 

attention when they are subsequently presented in the context of a different task. 

Downing found that people could more rapidly respond to probes that were presented 

at locations previously occupied by memorized faces than to probes presented at 

locations where non-memorized faces were presented previously. This finding was 

taken to suggest that faces held in memory attract attention. A similar conclusion was 

reached by Pashler and Shiu (1999), who found that imagined objects tended to 

capture attention when subsequently presented in rapid serial visual presentation 

(RSVP). In this study, the task of identifying a digit in an RSVP sequence of pictures 

of familiar objects was preceded by the task of imagining a particular object. On 

critical trials, a picture of the previously imagined object preceded or succeeded the 

digit target by two items. Identification of the digit was impaired when the digit was 

preceded by the imagined object relative to when the object followed the target, 

suggesting that attention was captured by the imagined object and could not be 
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reallocated to the digit target quickly enough. Taken together, these studies suggest 

that objects held in visual working memory automatically attract attention when they 

are encountered in the visual environment. 

In the studies discussed above, the items in memory were either spatial 

(locations) or pictorial (e.g., a face or an animal) in nature. What remains to be 

determined is whether memorized items, such as letters, that are generally not 

represented in a pictorial manner, can also bias the selection of visual information. In 

the present study, we investigated whether maintaining letters in working memory 

enhances the allocation of attention towards those letters when they are presented as 

targets in a rapid sequence of distractors from another category (e.g., digits). In 

contrast to previous studies in which attentional capture by a memorized object was 

measured indirectly by examining the effects of capture on detection or identification 

of an unrelated target, we investigated the effects of holding items in memory on 

responses to nominally the same items. An analogue to this task is searching a text for 

words from a particular category (e.g., musical instruments, when looking for this 

section in an advertisement of second hand items) while maintaining a subset of words 

from this category in working memory (e.g., guitar, amplifier, distortion). The 

question then is: Are the words that are held in working memory more noticeable than 

other exemplars from the category of musical instruments? In other words, will the 

words that are held in working memory automatically attract attention, thereby 

facilitating their detection and identification? 

We used a temporal visual search task in which observers identify two letters 

presented in a rapid serial visual presentation (RSVP) sequence of digit distractors to 

look for a benefit of holding items in memory on subsequent identification of those 

items. Previous studies have shown that when a first target (hereafter referred to as T1) 

is identified, identification of the second target (T2) is often impaired when it is 

presented within 200-500 ms of T1. This deficit in second target report as a function of 

first target identification is called the attentional blink (AB; Raymond, Shapiro & 

Arnell, 1992). We reasoned that if memory representations can enhance attentional 

selection, T2 items that are currently in memory may escape the AB.  
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Many different models have been proposed to account for the AB. These 

models can be divided into two classes of models: those that ascribe the AB to 

capacity limitations in visual working memory (e.g., the interference model, Raymond, 

Shapiro & Arnell, 1995; Shapiro, Raymond & Arnell, 1994), and those that ascribe the 

AB to a processing bottleneck (Chun & Potter, 1995; Giesbrecht & Di Lollo, 1998; 

Jolicoeur & Dell’Acqua, 1998; Potter, Staub & O’Connor, 2002; Vogel, Luck & 

Shapiro, 1998). Although the exact formulation of the cause of the AB is a matter of 

some contention, the general consensus is that a “blinked” T2 is processed up to the 

level of semantic analyses (Luck, Vogel & Shapiro, 1996), but then fails to be stored 

in memory in a retrievable form. Strong empirical evidence in favor of this view 

comes from studies that investigated the extent to which blinked T2s are processed. 

For example, it has been shown that T2s that cannot be recalled can act as semantic 

primes, thereby facilitating the processing of subsequently presented stimuli that are 

semantically related to the blinked target (Martens, Wolters & van Raamsdonk, 2002; 

Shapiro, Driver, Ward & Sorenson, 1997). In addition, investigations of the ERPs 

elicited by blinked T2s show that the N400 component, which is assumed to index the 

semantic analyses of visual stimuli, is not affected by the AB, whereas the P300 

component, which is thought to index working memory updating, is (e.g., Vogel et al., 

1998).  

In accounting for these results, the bottleneck models hold that T2 fails to 

access working memory while T1 occupies the process that is responsible for 

consolidating information into working memory (Chun & Potter, 1995; Jolicoeur & 

Dell’Acqua, 1998). As a consequence, the consolidation of T2 is held to be postponed 

until the consolidation has been completed for T1. During this period, T2 has to 

remain in an early visual memory buffer where it is vulnerable to decay and masking 

from following items (Giesbrecht & Di Lollo, 1998). In order to account for the fact 

that blinked T2s are processed up to the level of semantic analyses, the bottleneck 

models assume that items rapidly make contact with corresponding representations 

held in long-term memory (e.g., Chun & Potter, 1995; Potter, 1993; Potter, 1998). On 

the other hand, the limited capacity models account for the failure to recall T2 by 

assuming that the capacity of working memory for assigning weightings (i.e., cues that 
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can be used to retrieve the target from memory) is temporarily compromised when a 

previous target was recently admitted to visual working memory (e.g., Raymond et al., 

1995). As a consequence, retrieving T2 from memory is more difficult for T2s 

presented shortly after T1. According to this model, semantic processing of T2 

proceeds during the identification and consolidation of T1 thereby providing an 

account for priming effects from blinked T2s. 

Both the bottleneck models and the interference model of the AB allow for the 

prediction that activation of a particular item in working memory should enhance 

report of that item when it is presented as T2. In particular, both types of models 

assume that the selection of information for access to working memory is based on a 

matching process that determines whether a particular item matches the target 

description (cf. Duncan & Humphreys, 1989). Given that the main processing 

limitation underlying the AB phenomenon is a failure to store the second target in 

memory, it seems that increasing the activity of certain templates should give these 

letters a competitive advantage in gaining access to working memory (Desimone & 

Duncan, 1995; Downing, 2000). Based on these considerations, the selection of T2 for 

access to and representation in working memory should be facilitated by holding the 

corresponding letter in working memory. As a consequence, one would predict that the 

magnitude of the AB (i.e., percentage errors in T2 report on trials in which T1 is 

identified accurately) should be less pronounced for second targets for which the 

template is more strongly activated because the corresponding letter is held active in 

working memory. Note that the view that memorized items automatically attract 

attention implies that this prediction should hold even when observers know that the 

memorized items are not always used as targets. 

In order to determine whether the magnitude of the AB is reduced when one of 

the targets is held active in working memory, we combined an AB task with a 

memory-search task. As described above, the AB task consisted of reporting two 

letters that were presented in a stream of distractors. On trials in which the AB task 

was combined with the memory search task, observers first memorized a set of three 

letters, then performed the AB task, and, finally, classified a single letter according to 

whether or not it was a member of the memory set. In addition to determining whether 
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holding letters in memory reduces the AB for these letters, the design of the 

experiments also allows for an examination of general effects of memory load on the 

AB. By comparing T2 identification performance for the condition in which T2 was 

not included in the memory set with performance in a condition in which the AB task 

was performed without a memory load we can determine whether loading working 

memory affects the AB. If maintenance of the memory set requires attention (e.g., 

Cowan, 1997), then one would expect a divided attention cost on reporting targets 

from RSVP.  

 

Outline of the Present Study 

In this paper we report the results of a series of experiments in which we 

investigated whether the attentional selection and processing of visual targets is 

facilitated by maintaining the target in memory. In Experiments 1 through 3, we 

investigated the effect of memory activation on first and second target report in an AB 

task. In contrast to the predicted benefit for reporting memorized targets presented in 

RSVP, the results of these experiments consistently showed that target report was 

worse for memorized as compared to non-memorized targets. This negative effect of 

memory activation on target report was observed for both T1 and T2, and did not 

interact with SOA when T2 was in the memory-set, thereby indicating that the locus of 

the effect is distinct from the limitation in consolidating information that causes the 

AB effect. In the following experiments, we investigated the cause of this 

counterintuitive effect. The approach taken was to determine whether the effect can be 

accounted for in terms of repetition blindness (i.e., failure to perceive the repetition of 

an item in RSVP; Kanwisher, 1987), the Ranschburg effect (i.e., failure to report 

repeated items in recalling a list of items; Ranschburg, 1902, as described in Henson, 

1998), or, a phonological similarity effect (worse recall of lists of similar sounding 

items than of phonologically distinctive items; Conrad & Hull, 1964).  

 

EXPERIMENTS 1-3 

In Experiment 1, the effect of memory-set membership on T2 identification was 

investigated. Both memory-set and T2 items were presented in upper case. Experiment 
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2 was a replication of Experiment 1, but with memory-set items presented in lower 

case. In Experiment 3, the effects of memory-set membership on the identification of 

T1 were investigated. 

 

Method 

Participants 

A total of 54 undergraduate students from Utrecht University participated in the 

first three experiments. Fourteen students participated in Experiment 1 (all stimuli in 

uppercase, T2 in memory-set), 16 in Experiment 2 (memory-set items in lowercase 

and targets in uppercase, T2 in memory-set), and 24 in Experiment 3 (all stimuli in 

uppercase, T1 in memory-set). All participants were obtained under informed consent 

and received payment of € 10 for their participation.  

 

Stimuli and Apparatus 

The stimuli were presented on a 17-in. monitor with a 75-Hz refresh rate. The 

generation of stimuli and the collection of responses were controlled using E-Prime 

1.0 software running on a Pentium III, 900-MHz processor. The appropriate tests were 

conducted to ensure timing accuracy. The stimuli were digits (excluding 1 and 0) and 

uppercase and lowercase letters (excluding all vowels, M and W), presented in 12-

point Courier font. The experiments were conducted in a dimly lit laboratory room. 

Participants were seated at approximately 50 cm from the monitor. At this viewing 

distance, the stimuli subtended 0.8 by 0.6 degrees of visual angle, on average.  

 

Design and Procedure 

Each of the three experiments consisted of two blocks of trials. In one block, the 

AB task was performed in isolation (“no load” condition), and in the other block it was 

performed in combination with a memory-search task. Each block consisted of 288 

experimental trials preceded by 16 practice trials; the order of presentation of the 

blocks was counterbalanced across participants. Participants were told to give priority 

to the AB task. The experiment was completed in one session lasting about 90 

minutes; participants were given the chance to take a break after 144 trials.  
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For the AB task, a trial started with the presentation of a fixation cross for 1,500 

ms, followed by an RSVP sequence containing 12 randomly selected digits and two 

randomly selected letters. Each item in the RSVP sequence was presented for 93 ms. 

The first target (T1) always appeared as the second item in the sequence and the 

second target (T2) followed after 0, 2, 4, or 7 digits (hereafter referred to as lags 1, 3, 5 

and 8, respectively). Each lag was used equally often. Following the RSVP sequence, 

participants were asked to type the letters that they had seen in the RSVP stream using 

the keyboard. Although the order of report was not scored, participants were 

encouraged to type the letters in the order in which they had been seen. If a letter was 

not seen, the space bar was to be pressed instead. 

 

Figure 1. Schematic representation of the sequence of events within a trial in Experiments 1-3. 

Depicted is a lag-3 trial with memory load for which the second target is a member of the memory set.  

 

The sequence of events for a trial in which the AB task was combined with the 

memory-search task is illustrated in Figure 1. A trial began with the presentation of a 

fixation cross for 1,500 ms, followed by the presentation of the memory set (which 
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always contained three letters) and the AB task. In Experiment 1, the memory set was 

presented in uppercase (e.g., same case as the RSVP targets), whereas in Experiment 

2, the memory set was presented in lowercase (different case than uppercase RSVP 

targets). In one half of the trials in Experiments 1 and 2, T2 was a member of the 

memory set, whereas in the other half of the trials it was not. Following the 

participants’ responses to the AB task, a memory probe (i.e., a letter that may have 

been a member of the memory set) appeared below the fixation cross in the same letter 

case as that used for presentation of the memory set. In one half of the trials, the 

memory probe was present in the memory set, and in one half it was absent. 

Participants pressed the “1” key on the numeric keypad for target-absent responses and 

the “2” key for target-present responses. The procedure in Experiment 3 was identical 

to the procedure used in Experiment 1 (e.g., all items presented in uppercase), with the 

exception that not T2, but T1 was included in the memory set on half of the trials in 

the block in which the AB task was combined with the memory-search task. 

For the trials in which a memory set was presented, each combination of T2 

memory-set membership (“T2 in set” vs. “T2 not in set”), lag (1, 3, 5 or 8) and correct 

probe response (absent vs. present) was repeated 18 times, resulting in 36 trials per 

lag/memory-set membership combination.  

 

Data Analysis 

Preliminary analyses showed that there were no differences in performance with 

an uppercase versus a lowercase memory set. Therefore, the results from Experiments 

1 and 2 were combined for analysis. For all analyses, we included only the trials with a 

memory set in which the response to the memory probe was correct. 

 

Results Experiments 1 & 2 

 On average, T1 was identified correctly in 91% of the trials. A repeated 

measures analysis of variance (ANOVA) conducted on T1 identification with lag (1, 3, 

5, or 8) and memory-load condition (no load, T2 not in set or T2 in set) as factors 

showed that both factors had a significant effect on T1 report, F(3, 87) = 40.3, p < 

.001, MSE = .003, and F(2, 58) = 8.7, p = .001, MSE = 7.9 x 10
-4

, respectively. The 
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effect of lag was such that T1 report increased with increasing lag (M = 85%, M = 

91%, M = 93% and M = 93% for lags 1, 3, 5, and 8, respectively). As to the effect of 

memory-load condition, first target report accuracy was 92%, 89%, and 90% correct, 

respectively, for the no load, T2 not in set, and T2 in set conditions. Follow-up tests 

revealed that the difference between the no load and T2 not in set condition was 

significant, t(29) = 4.2, p < .001, SE = 0.07, as well as the difference between the no 

load and T2 in set condition, t(29) = 2.6, p = .008, SE = 0.07, whereas there was no 

significant difference in T1 report between the two memory-load conditions, t(29) = 

1.2, p = .12, SE = 0.07. On trials with a memory set, the memory probe was correctly 

classified 95% of the time. Percentage correct for the probe did not depend on whether 

or not T2 was a member of the memory set (M = 94% vs. 95% correct for the T2 in set 

and T2 not in set conditions, respectively, F < 1). 

 

Figure 2. Proportion correct report of T2, given correct report of T1 (T2|T1), in Experiments 1 and 2 

as a function of stimulus onset asynchrony (SOA) and memory-load condition. 
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The critical data for determining whether memory activation facilitates the 

attentional response to targets in RSVP concern the identification performance for T2 

on trials in which T1 was correctly identified (i.e., T2|T1). Figure 2 shows T2 

identification accuracy, conditionalized on both correct identification of T1 and a 

correct response to the memory probe, when required, as a function of lag and 

memory-load condition. The effects of memory load on the magnitude of the AB were 

assessed by comparing T2 identification performance in the no load condition with 

that in the T2 not in set condition. Effects of holding a specific item in memory on 

identification performance were assessed by comparing T2 performance in the T2 not 

in set condition with that in the T2 in set condition.  

 

Effects of memory load on T2|T1. A repeated-measures ANOVA with memory-

load condition (no load or T2 not in set) and lag (1, 3, 5 or 8) as factors was conducted 

on T2 performance to assess the effects of memory load on the AB. The results 

showed that the requirement to hold a memory load had no effect on T2 performance, 

F(1, 29) < 1 (M = 83% correct in both conditions). The only significant effect was 

found for lag, F(3, 87) = 21.80, p < .001, MSE = 2.2 x 10
-3

,
 
with T2 identification 

performance following a U-shaped function across lags (see Figure 2). This U-shaped 

function, which is considered to be the signature of the AB, was statistically equivalent 

for both memory-load conditions, as indicated by the lack of a Memory-load 

Condition x Lag interaction, F(3, 87) = 1.41, p = .25, MSE = 6.8 x 10
-3

. The finding 

that T2|T1 performance was relatively good at Lag 1 is a common finding in AB tasks, 

and it is typically accounted for by assuming that T1 and T2 are processed together in 

this case (Potter, Chun, Banks & Muckenhoupt, 1998).  

 

Effects of memory-set membership on T2|T1. In order to examine the effect of 

memory-set membership on reporting T2, we conducted a repeated-measures ANOVA 

on T2 report accuracy with memory-set membership (T2 not in set vs. T2 in set) and 

lag (1, 3, 5 or 8) as factors. Both lag and memory-set membership had significant 

effects on T2 performance, F(3, 87) = 15.70, p < .001, MSE = .014, and F(1, 29) = 

76.85, p < .001, MSE = 8.5 x 10
-4

, respectively. T2 report accuracy was worse in the 
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T2 in set condition than in the T2 not in set condition (M = 69% vs. 78% correct, 

respectively). The interaction between memory-set membership and lag was not 

significant, F(3, 87) = 1.24, p = .30, MSE = .01. In contrast to the expected benefit for 

reporting memorized as compared to non-memorized letters, these results show that 

reporting targets from an RSVP stream is more difficult for memorized than for non-

memorized targets.  

 

Results Experiment 3 

We followed a similar procedure for analyses of the results from Experiment 3 

as we did for the analyses of data from Experiments 1 and 2. Figure 3 shows T1 

identification accuracy for the three memory-load conditions, as a function of lag, and 

Figure 4 shows T2|T1 as a function of lag and memory-load condition. 

 

Effects of memory load on T1 report. Overall, T1 was correctly identified on 

85% of the trials. A repeated measures analysis of T1 identification accuracy as a 

function of lag (1, 3, 5 or 8) and memory-load condition (no load vs. T1 not in set) 

revealed significant effects of lag and memory-load condition on T1 report, F(3, 69) = 

11.5, p < .001, MSE = 3.8 x 10
-3

,and F(1, 23) = 12.0, p = .002, MSE = .014, 

respectively. The Lag x Memory-load Condition interaction was not significant, F(3, 

69) = 1.1, p = .34, MSE = 3.9 x 10
-3

. As can be seen in Figure 3, T1 report accuracy 

increased across lags in both memory-load conditions, with T1 report being worse in 

the T1 not in set condition than in the no-load condition (M = 82% vs. 87% correct). 

The latter result parallels the results from Experiments 1 and 2, where we also found a 

negative effect of the presence of a memory-load on T1 report.  
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Figure 3. T1 report accuracy in Experiment 3 as a function of stimulus onset asynchrony (SOA) and 

memory-load condition. 

 

Effects of memory-set membership on T1 report. A repeated measures ANOVA 

performed on T1 identification accuracy with lag (1, 3, 5 or 8)and memory-load 

condition (T1 not in set vs. T1 in set) as factors revealed significant effects of lag and 

memory-load condition on T1 report, F(3, 69) = 8.2, p = .001, MSE = 8.3 x 10
-3

, and, 

F(1, 23) = 47.8, p < .001, MSE = 7.2 x 10
-3

, respectively. Consistent with the results 

from Experiments 1 and 2, T1 report was worse for memorized as compared to non-

memorized targets (M = 73% vs. 82%). The Lag x Memory-load Condition interaction 

also was significant, F(3, 69) = 3.6, p = .018 MSE = 4.2 x 10
-3

. Inspection of Figure 3 

shows that this interaction appears to be driven by the drop in T2|T1 at lag 5 in the T2 

not in set condition. Indeed, when we excluded the data from lag 5 from the analyses, 

the interaction failed to reach significance (F[2, 46] = 1.87, p = .17, MSE = 0.005), 

whereas the main effects of lag and memory-load condition did not change.  
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Figure 4. Proportion correct report of T2, given correct report of T1 (T2|T1), in 

Experiment 3 as a function of stimulus onset asynchrony (SOA) and memory-load 

condition. 

 

Effects of memory load on T2|T1. In order to determine whether the presence of 

a memory-load affected T2 report, and, thereby, the magnitude of the AB, we 

performed a repeated measures ANOVA on T2 report accuracy using lag (1, 3, 5 or 8) 

and memory-load condition (no load vs. T1 not in set) as factors, including only trials 

on which T1 was correctly reported. The results from this analysis revealed a 

significant effect of lag on T2|T1, F(3, 69) = 10.1, p < .001, MSE = .019. The 

difference between T2|T1 report accuracy in the no load and T1 not in set conditions 

was not significant, F < 1, however, the Lag x Memory-load Condition interaction 

was, F(3, 69) = 2.9, p = .04, MSE = 6.4 x 10
-3

. As can be seen in Figure 4, this 

interaction was driven by the fact that T2|T1 report was better at lag 1 in the no load 

condition than in the T1 not in set condition (i.e., M = 84% vs. 78% correct, 
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respectively), while the direction of this difference reversed at lag 8 (i.e., M = 73% vs. 

77% correct, for the no load and T1 not in set conditions, respectively). Pair-wise t-

tests showed that the difference at lag 1 was significant, t(23) = 2.5, p = 0.02, SE = 

0.023, whereas the difference at lag 8 failed to reach significance, t(23) = -1.2, p = 

0.25, SE = 0.028.  

 

Effects of memory-set membership on T2|T1. To determine whether the 

magnitude of the AB depends on whether or not T1 was present in the memory set, a 

repeated measures ANOVA was conducted on T2|T1 report accuracy with lag (1, 3, 5 

or 8) and memory-load condition (T1 not in set vs. T1 in set) as factors. The results 

from this analysis revealed a significant effect of lag, F(3, 69) = 8.2, p < .001 MSE = 

.027, but no effect of memory-load condition, F(1, 23) = 1.5, p = .23, MSE = .011, and 

no Lag x Memory-load Condition interaction, F(3, 69) = 1.5, p = .22, MSE = 9.3 x 10
-

3
.  

 

Discussion Experiments 1-3 

In Experiments 1-3, we investigated whether reporting letter targets from an 

RSVP stream of digit distractors is influenced by maintaining one of the targets in 

memory for another task. Based on previous evidence that items held in memory 

automatically attract attention (Downing, 2000; Pashler & Shui, 1999), we predicted 

facilitation of the attentional selection and processing of memorized as compared to 

non-memorized targets, thereby resulting in better target report for memorized targets. 

However, contrary to this prediction, the results from Experiments 1-3 consistently 

showed that target report is worse for memorized targets. This negative effect of 

memory-activation on target report was observed for T1 as well as for T2, and the 

magnitude of the effect was essentially constant across lags when T2 was in the 

memory set. Moreover, even though T1 report was about 10% worse for memorized 

T1s, the consolidation of such a T1 did not cause stronger or longer interference on 

processing a following second target. Taken together, these findings indicate that the 

attentional demand of selecting and consolidating RSVP targets that are already 

maintained in memory does not differ from that of selecting and consolidating RSVP 
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targets that are not already retained in memory. In other words, the results from 

Experiments 1 through 3 suggest that there is no enhanced attention for letters 

maintained in working memory. 

 A second interesting finding from Experiments 1-3 is that the general 

requirement to hold three letters in memory did not affect the magnitude of the AB. 

There was, however, a small effect of memory load on T1 report. The finding that 

simply loading working memory with three letters does not affect performance in 

identifying the second of two, additional, letters presented in RSVP is consistent with 

findings from a number of studies that have also failed to show effects of memory 

loading on performance in attention tasks. For example, neither holding a string of 

alphanumerical characters (Ojanpää & Näsänen, 2002) or a set of four visual objects 

(Woodman, Vogel & Luck, 2001) affects visual search performance when the target of 

search is not included in the memory set. Taken together with the present results, these 

findings seem inconsistent with the view that retaining objects in working memory 

requires attention (e.g., Cowan, 1997). In particular, if attention were allocated to all 

items held in working memory, one would expect that performance on attention-

demanding tasks, such as the AB task, should suffer as a result of dividing attentional 

resources across multiple sources of information. Instead, it may be the case that 

holding information in working memory can be accomplished by a more passive 

process of maintenance, with attention being required only when access to working 

memory is required (e.g., Olson, Chun & Anderson, 2001; see Pashler, 1998, for a 

similar view). The finding that T1 report was worse when a memory set was presented 

may be related to the residual cost of encoding the memory-set items into working 

memory. 

EXPERIMENT 4 

The absence of a positive effect of maintaining a letter in memory on the ability 

to report that letter from an RSVP stream suggests that there is no enhanced attentional 

response to memorized targets as compared to non-memorized targets. However, given 

that target report is the end product of several stages of processing, it may be the case 

that any potential effect of memory activation on the attentional response to the target 

was obscured by effects on other stages of processing. For example, it may be the case 
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that the attentional selection of a target in RSVP is facilitated by maintaining the target 

in memory, whereas report of that target is hindered by relative difficulty in retrieving 

the target from memory at the time of response. Thus, perhaps a better test of whether 

the allocation of attention to memorized items is facilitated is to determine whether a 

memorized letter attracts attention in a task that does not require storage or retrieval of 

the already memorized letter. To this end, we ran an experiment in which not the 

second target, but the item preceding this target could be present in the memory set. If 

the attentional response to this distractor is enhanced because it is held in memory, 

report of a target that directly follows this item should be facilitated (see, e.g., 

Nieuwenstein, Chun, Van der Lubbe & Hooge, submitted; Nieuwenstein, Van der 

Lubbe & Hooge, 2002).  

 

Method 

Participants 

The experiment was conducted at the Department of Psychology, Yale 

University. Ten undergraduate students participated in the experiment in return for 

course credit. Informed consent was obtained from all participants.  

 

Stimuli and Apparatus 

The generation of stimuli and the collection of responses were controlled using 

E-Prime 1.0 software. The experiment was run on a Pentium III laptop. The stimuli 

were presented on a secondary 17-in. monitor running at 60 Hz that was connected to 

the laptop. The appropriate tests were conducted to ensure timing accuracy. The 

stimuli were digits (excluding 1 and 0) and uppercase and lowercase letters (excluding 

all vowels, M and W), presented in 14-point Helvetica font. At a viewing distance of 

approximately 50 cm, the average size of the stimuli was 0.8 by 0.6 degrees of visual 

angle. The experiments were conducted in a dimly lit laboratory room.  

 

Design and Procedure 

The experiment consisted of a single block of trials. In each trial, an RSVP 

sequence of uppercase letters and two digits was presented. Observers were instructed 
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to identify these digits, and to report them at the end of the trial. On 80% of the trials, 

the presentation of the RSVP sequence was preceded by the presentation of a memory 

set consisting of one or three letters. On 20% of the trials, the letters of the memory set 

were replaced by dots (the “no load” condition). A probe-recognition task was 

performed after the RSVP task on memory-load trials. In 50% of the cases, the probe 

was present in the memory set. 

The first target in the RSVP sequence was the fourth or sixth item in the 

sequence. The second target followed the first after 2 or 8 distractors (i.e., at lag 3 or 

9). Each item in the RSVP sequence was presented for 33 ms, and followed by a 50-

ms blank interval. Thus, the SOA between T1 and T2 could be 250 or 750 ms. The 

memory set was presented for 2 s and consisted of either one or three letters (the “load 

1” and “load 3” conditions, respectively). Before and after the presentation of the 

memory set a fixation cross was presented for 1.5 s. On half of the trials in which a 

memory set was presented, the distractor letter that preceded T2 was a member of the 

memory set. Trials on which T2 was preceded by a letter from the memory set will 

henceforth be referred to as “cued” trials. 

The experiment consisted of 210 trials, the first ten of which were practice. The 

remaining 200 trials included 20 replications of each combination of memory-load 

condition (“no load”, “load 1-uncued”, “load 1-cued”, “load 3-uncued”, “load 3-cued”) 

and SOA (250 or 750 ms). The order in which different trial types were presented was 

randomized. The experiment was run in a single session which took approximately 30 

minutes.  

 

Results and Discussion 

First target report was correct on 88% of the trials. A repeated measures 

ANOVA conducted on T1 percentage correct showed no effect of memory-load 

condition, F(2, 18) = 1.43, p = .26, MSE = 3.0 x 10
-3

). The memory-probe was 

correctly classified on 88% of the trials in which a memory set was presented. A 

repeated measures ANOVA with load (1 or 3) as factor showed that probe recognition 

accuracy depended on the number of letters that had to be remembered, averaging 86% 
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correct for the load 1 condition, and 89% correct for the load 3 condition, F(1, 9) = 

5.23, p = .05, MSE = 1.9 x 10
-3

.  

 

Figure 5. Proportion correct report of T2, given correct report of T1 (T2|T1), in Experiment 4 as a 

function of stimulus onset asynchrony (SOA) and memory-load condition. 

  

The critical data from Experiment 4 concern a comparison of identification 

performance for the second target on trials in which the first target was correctly 

identified (i.e., T2|T1) for cued and uncued trials. In order to determine whether the 

memorized distractor acted as a cue for T2, we analyzed T2|T1 in a repeated measures 

ANOVA using memory-load condition (“no load”, “load 1-uncued”, “load 1-cued”, 

“load 3-uncued” or “load 3-cued”) and lag (3 or 9) as factors. These data are plotted in 

Figure 5. The results showed only a main effect of lag, F(1, 9) = 9.01, p = .02, MSE = 

.097. Neither the effect of memory-load condition nor the Memory-load Condition x 

Lag interaction were significant (both F’s < 1). Thus, memorized distractors do not 

appear to attract attention in this task. Consistent with the results from Experiments 1 
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through 3, these findings indicate that memorized letters do not capture attention when 

presented in RSVP. 

 

EXPERIMENT 5 

Although the results from Experiments 1 through 4 indicate that the allocation 

of attention to a visual stimulus is not facilitated by holding the stimulus in working 

memory, the unexpected finding that report was actually worse for memorized as 

compared to non-memorized targets deserves further attention. On the surface, this 

deficit in reporting memorized targets appears to resemble repetition blindness (e.g., 

Kanwisher, 1987). Repetition blindness refers to the failure to perceive the second 

occurrence of a repeated target in an RSVP stream. A second possibility regarding the 

locus of the impairment in reporting memorized targets from an RSVP stream is that 

the problem arises when the target must be retrieved from short-term memory at the 

time of response.  

The purpose of Experiment 5 was to determine whether the cause of the 

impairment in reporting memorized targets from RSVP lies in the perception or in the 

memory retrieval of these targets. One way to distinguish between these possibilities is 

to ask observers to make a speeded response upon detection of the target (e.g., 

Johnston, Hochhaus & Ruthruff, 2002). This task minimizes the demands on memory 

processes, thereby providing a measure of the online processing (e.g., perception) of 

the target that is not confounded by potential concurrent effects on memory encoding 

and retrieval. In the case of repetition blindness, observers often fail to respond to the 

second presentation of the target, and, when they do respond, responses are slower as 

compared to responses to non-repeated targets (Johnston et al.). If the present finding 

of an impairment in reporting RSVP targets that are also held in memory for another 

task reflects repetition blindness, we would also expect worse detection of and slower 

responses to memorized second targets. On the other hand, a retrieval-based account of 

the present findings would predict no difference in detection performance or in 

response times to memorized and non-memorized targets. 

The speeded-response task used in Experiment 5 is based on a variation of the 

AB paradigm that was developed by Jolicoeur and Dell’Acqua (1998). In this task, 



134                                                                                                                         Chapter 5     

observers report the identity of a first target and make a speeded response to the 

second. The two targets are presented at different temporal intervals in an RSVP 

stream of distractors. In such a task, reaction times (RTs) to the second target typically 

depend on the temporal interval between the first and the second target (T1 and T2), 

such that RT to T2 increases as this interval decreases. Jolicoeur & Dell’Acqua (1998) 

refer to this effect as “dual-task slowing” and attribute it to a central processing 

bottleneck that affects both the consolidation of visual targets and the selection of 

responses, such that response selection for T2 is postponed until consolidation of T1 

has been completed.  

 

Method 

Participants 

Sixteen undergraduate students from Utrecht University participated in the 

experiment. All had normal or correct-to-normal vision. Participants volunteered to 

participate in the experiment, and were paid €10.  

 

Design and Procedure 

In order to measure RT to memorized versus non-memorized second targets, we 

changed the RSVP task used in Experiments 1-3 in the following regards. First, 

whereas T1 in Experiments 1 through 3 was always a letter, and thus from the same 

category as T2, T1 in Experiment 5 was always a red digit. As in Experiments 1-3, T2 

was a black, uppercase, letter, and black digits were used as distractors. It was 

necessary to draw T1 and T2 from different categories in order to be able to assign 

different tasks to the two targets. Observers were instructed to report the identity of 

T1, and to make a speeded response to T2. T1 identity was reported at the end of the 

trial; thus, the T2 response (press the “0/ins” key on the numeric keypad of the 

keyboard when a letter is detected in the RSVP sequence) was performed first. In 

order to determine whether a similar impairment in reporting memorized targets 

occurs in this task as that found in Experiments 1-3, we also ran a control experiment 

in which observers were instructed to report the identity of T2. The order in which the 
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two experimental conditions (henceforth referred to as the T2Report and T2RT [i.e., 

T2 reaction time] conditions) were run was counterbalanced between observers.  

As in Experiments 1-3, three memory-load conditions were included. In the no 

load condition, presented in a separate block of trials, the AB task was performed in 

isolation. In the load block, the AB task was performed while retaining a set of three 

letters in memory, followed by a probe-recognition task. The second target in the 

RSVP stream was present in the memory set on 50% of the trials. Probe-present and 

probe-absent trials occurred equally often. The order in which the no load and load 

blocks were run was counterbalanced between participants. For the T2RT condition, 

the no load block consisted of 42 trials, including 18 replications per lag (3 or 8) for 

trials on which a T2 was presented and a total of 6 catch trials on which no T2 was 

presented. The load block consisted of 84 trials, including 18 replications per 

combination of lag and memory-load condition (e.g., T2 not in set and T2 in set), and 

12 catch trials. For the T2Report block, the no load block consisted of 36 trials, with 

18 replications per lag, and the load block consisted of 72 trials, with 18 replications 

per combination of lag and memory-load condition. Each block of trials in both 

experimental conditions was preceded by twelve practice trials.  

A trial began when the observer pressed the spacebar on the keyboard. In the 

condition in which the AB task was performed together with the memory task, the 

fixation cross was replaced by a set of three letters that were presented for 3 s. After 

the presentation of the memory set, the fixation cross was presented for 1,500 s, 

followed by the RSVP stream. Each item in the RSVP sequence was presented for 106 

ms. In the T2Report condition, each sequence contained one red digit (T1) and a black 

letter (T2), which observers were to report at the end of the trial. This first target could 

be presented as the third, fourth, or fifth item in the sequence, whereas the second 

target followed T1 after either two or seven distractors (lags 3 or 8, respectively). In 

the T2RT condition, each RSVP sequence contained a red digit, whereas only 86% of 

the trials contained a black letter to which a speeded response had to be made. The 

remaining 14% of the trials were catch trials.  
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Results 

The data were analyzed separately for the T2Report and T2RT conditions. For 

the T2Report condition, the memory probe was correctly classified on 96% of the 

trials, and it was correctly classified on 95% of the trials in the T2RT condition. Only 

trials on which the memory probe was correctly classified were included in the 

analyses of T1 and T2 report and RT, described below. The data from one participant 

were excluded from the T2report analyses because T1 report was at chance. 

 

 T2Report: Analyses of T1 identification accuracy. T1 was correctly reported on 

67% of the trials. This relatively poor performance seems to be due to the difficulty of 

binding the target-defining feature (the color red) to the correct digit. Inspection of T1 

errors indicated that 76% of the errors were reports of the item following T1 (i.e., post-

target intrusions), whereas 8% of these errors were reports of the item preceding T1 

(i.e., pre-target intrusions).  

A repeated measures ANOVA on T1 report with memory-load condition (no 

load, T2 not in set or T2 in set) and lag (3 or 9) as factors showed a main effect of 

memory-load condition, F(2, 28) = 3.5, p = .05, MSE = .011, but no effect of lag, F(1, 

14) = 1.9, p = .19, MSE = .008, and no Memory-load Condition x Lag interaction, F < 

1. T1 performance was significantly worse in the memory-load condition in which T2 

was not included in the memory set than in the no load condition (M = 69% vs. 62% 

correct, respectively, F(1, 14) = 8.7, p = 0.01, MSE = 0.017. T1 performance in the T2 

not in set condition did not differ from that in either of the two other conditions, 

however (both p’s > 0.17).  
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Figure 6. Proportion correct report of T2, given correct report of T1 (T2|T1), in the xx conditions of 

Experiment 5 as a function of stimulus onset asynchrony (SOA) and memory-load condition. 

 

T2Report: Effects of memory-load on T2|T1. T2 identification accuracy for 

those trials in which T1 was correctly identified (i.e., T2|T1) is shown in Figure 6 for 

the three memory-load conditions, plotted as a function of lag. A repeated measures 

ANOVA on T2|T1, using memory-load condition (no load vs. T2 not in set) and lag (3 

or 8) as factors revealed that there was no general effect of holding a memory load on 

T2|T1, F < 1. The effect of lag was significant, F(1, 14) = 63.1, p < .001, MSE = .023, 

with T2|T1 report accuracy increasing across lags. The Memory-load Condition x Lag 

interaction was not significant, Fs < 1. Similar results were found when the analyses 

were done on trials in which either T1 report was correct, or in which a pre- or post-

target intrusion occurred for T1 report.  

 

T2Report: Effects of memory-set membership on T2|T1. A repeated measures 

ANOVA on T2|T1 with memory-load condition (T2 not in set vs. T2 in set) and lag as 
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factors revealed significant effects of both lag and memory-set membership on T2|T1 

report, F(1, 14) = 14.1, p = .002, MSE = .057, and F(1, 14) = 6.7, p = .02, MSE = .015, 

respectively. The effect of memory-set membership on T2|T1 was negative, such that 

T2 report was worse for memorized than for non-memorized targets (M = 72% vs. 

80% correct, respectively). This finding replicates the negative effect of memory-set 

membership on target report that was observed in Experiments 1 through 3. The effect 

of lag was typical in that T2 report accuracy increased as the temporal interval 

between T1 and T2 increased. The results did not change when more trials were 

included in the analyses by allowing the inclusion of trials on which pre- or post-target 

intrusions were made in T1 report.  

 

T2RT: Analyses of T1 identification accuracy. For analyses of the data from the 

T2RT experiment, two additional participants were excluded from the analyses. This 

was done because these participants made errors in T1 report on more than 50% of the 

trials. For the remaining 13 participants, the first target was correctly identified on 

65% of the trials. Errors were predominantly of the post-target ( 39%) or pre-target 

(13%) intrusion variety. Accuracy in reporting T1 did not depend on memory-load 

condition, lag, nor on the interaction between memory-load condition and lag (all p’s > 

.05).  

 

T2RT: Effects of memory-load on T2 detection. Figure 7 shows T2 detection 

performance for the three memory-load conditions, plotted as a function of lag. Only 

trials on which T1 was correctly identified were included. A repeated measures 

ANOVA on T2 detection accuracy with memory-load condition (no load vs. T2 not in 

set), and lag (3 or 8) as factors showed a main effect of lag, F(1, 12) = 6.2, p = .03, 

MSE = .036. Neither the main effect of memory-load condition nor the Memory-load 

Condition x Lag interaction was significant, both p’s > .17. Including both trials in 

which T1 report was correct and trials in which a pre- or post-target intrusion errors 

was made in reporting T1 did not change the outcome of these analyses. Thus, there 

was no measurable effect of maintaining a set of three letters in memory on the 

accuracy of detecting a second target in an RSVP sequence.  
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Figure 7. Proportion correct detection of T2, given correct report of T1 (T2|T1), in the conditions of 

Experiment 5 as a function of stimulus onset asynchrony (SOA) and memory-load condition. 

 

T2RT: Effects of memory-load on RT to T2. Figure 8 shows the mean RTs to T2 

plotted as a function of lag and memory-load condition. Only trials on which T1 report 

was correct and T2 was detected were included in the RT analyses. In addition, we 

excluded trials in which the RT to T2 was shorter than 150 ms. A repeated measures 

ANOVA with memory-load condition (no load vs. T2 not in set) and lag as factors was 

conducted on RT to T2. The results showed a significant effect of lag, such that 

observers responded to T2 faster when T2 was presented at lag 8 than when T2 was 

presented at lag 3, F(1, 12) = 50.5, p < .001, MSE = 3906.75, (M = 567 ms. vs. 443 

ms, respectively). The effect of memory-load condition was not significant, F < 1. 

However, there was a significant interaction of memory-load condition and lag, F(1, 

12) = 8.4, p = .01, MSE = 1821.19. As can be seen in Figure 8, this interaction reflects 

the fact that, at lag 3, responses to T2 were generally slower when there was a 

memory-load (M = 595 vs. 539 ms for the T2 not in set and no load conditions, 



140                                                                                                                         Chapter 5     

respectively) than when there was no memory load, whereas this effect was reversed at 

lag 8 (M = 437 vs. 450 ms). Thus, maintaining a memory load of three letters slowed 

responses to T2 during, but not after the AB period.  

 

Figure 8. Reaction time (RT) to T2 on trials for which T1 was correctly identified as a function of 

stimulus onset asynchrony (SOA) and memory-load condition. 

 

T2RT: Effects of memory-set membership on T2 detection. Detection 

performance for memorized and non-memorized targets is shown in Figure 7. A 

repeated measures ANOVA with memory-load condition (T2 not in set vs. T2 in set) 

and lag (3 or 8) as factors conducted on percentage correct detection of T2 showed 

only a significant effect of lag, F(1, 12) = 8.7, p = .01, MSE = .049, with T2 being 

detected in 75% of the trials at lag 3 and in 93% of the trials at lag 8. There were no 

effects of memory-load condition, nor was there a Memory-load Condition x Lag 

interaction, both F’s < 1.  
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T2RT: Effects of memory-set membership on RT to T2. The RTs to detected T2s 

are plotted in Figure 7. A repeated measures ANOVA with memory-load condition 

(T2 not in set vs. T2 in set) and lag (3 or 8) as factors showed that RTs to T2 revealed 

the expected effect of lag on T2RT, F(1, 12) = 77.1, p < .001, MSE = 3356.37, such 

that RTs to T2 were shorter at lag 8 than at lag 3 (M = 446 vs. 601 ms). T2RT did not 

depend on whether or not T2 was present in the memory-set (F < 1), nor was there a 

significant Memory-load Condition x Lag interaction (F < 1). That is, response times 

to memorized and non-memorized second targets did not differ at either of the lags 

investigated.  

 

Discussion 

In Experiment 5, we investigated whether the impairment in reporting 

memorized targets presented in RSVP that was observed in Experiments 1 through 3 

occurred because memory activation interferes with the perceptual encoding of the 

memorized stimuli. The results from Experiment 5 indicate that this is not the case. In 

particular, we found that although reporting memorized second targets is more difficult 

than reporting non-memorized second targets, there is no difference in detection 

performance, nor in RTs for memorized and non-memorized targets. The former 

finding replicates the finding of an impairment in reporting memorized targets 

observed in Experiments 1 through 3 using a different task and different observers. 

The latter finding, on the other hand, indicates that the impairment for memorized 

letters occurs only when the target task requires retrieval of the target from memory. 

These results indicate that the present finding of an impairment for reporting 

memorized targets from RSVP cannot be accounted for in terms of difficulty in 

perceiving memorized targets. As such, the present findings cannot be accounted for in 

terms of repetition blindness. 

The results from Experiment 5 also reveal that a memory load slowed responses 

to second targets presented shortly after T1 (e.g., at an SOA of 318 ms, that is, during 

the AB), but not when the SOA was 848 ms. This effect of memory load was not 

observed for T2 detection performance, nor for T2 report. Thus, to the extent that 

detection and report of a target in RSVP require encoding the target into memory, we 
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can conclude that these processes are affected differently by maintaining a memory 

load than the processes involved in executing a speeded response. This finding is 

consistent with the notion that the AB and dual-task slowing phenomena may be 

caused by different processing limitations, with the detection and report of T2 being 

susceptible to both visual and central processing limitations, whereas response 

selection is restricted only by central processing limitations (e.g., Wong, 2002).  

 

EXPERIMENT 6 

If the impairment in reporting memorized targets is due to post-detection 

processes such as retrieving T2 from memory in order to report it, it should be possible 

to relate the present findings to effects of item repetitions in recalling lists of items 

from short-term memory. Two landmark effects of importance involve difficulty in 

recalling items that are identical or phonologically similar to previously recalled items. 

These effects are known as the Ranschburg effect (e.g., Ranschburg, 1902, as 

described in Henson, 1998) and the phonological similarity effect (e.g., Conrad & 

Hull, 1964), respectively.  

The Ranschburg effect refers to the finding that the second occurrence of a 

repeated item is often omitted in recall of a list of items. Accounts of this effect 

include retrieval suppression for items recalled previously, and people’s reluctance to 

repeat themselves when guessing which items were present in the list (e.g., Henson, 

1998). An account of the repetition deficit reported in this article in terms of the 

Ranschburg effect can easily be discounted because the RSVP targets were the first 

items that had to be retrieved from memory. That is, the deficit occurred before the 

chance to make a repeated response. 

The phonological similarity effect refers to the finding that when observers are 

required to memorize a list of words for a subsequent recall task, the number of words 

that are recalled in correct order is smaller when the list contains phonologically 

similar words such as bat, hat, and cat, than when the list is composed of 

phonologically dissimilar words (Baddeley, Lewis & Vallar, 1984; Conrad & Hull, 

1964). This effect is typically ascribed to confusion among similar sounding items 

held in memory. For example, a recent study of the phonological similarity effect 
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(Hanley & Bakopoulou, 2003) accounts for this effect by referring to Baddeley et al.’s 

suggestion that “Phonologically similar items will have similar and hence easily 

confused codes within this (i.e., the phonological) store, producing impaired 

performance” (p. 249-250; Baddeley et al., 1984). As a consequence, the wrong item 

may be recalled in a particular position on the list because it sounds similar to the item 

that was actually presented in this position. 

The purpose of Experiment 6 was to investigate if the impairment in reporting 

memorized targets presented in RSVP might be due to phonological interference from 

items held in memory on the encoded representation of T2. Experiment 6 provides a 

test of two hypotheses that follow from this view. First, a “repetition” deficit should 

occur not only for second targets that are held in working memory, but also for second 

targets that are phonologically similar to items in the memory set. Second, any deficit 

due to phonological similarity should be reduced or eliminated when phonological 

coding is prevented by the requirement to perform articulatory suppression (e.g., 

repeat the syllable “bla”; see, e.g., Colle & Welsh, 1976; Henson, Burgess & Frith, 

2000) during encoding of the memory set and performance of the target-identification 

task.  

Three memory conditions were compared in this experiment, one in which T2 

was present in the memory set (T2 in set condition), one in which T2 was 

phonologically similar to the items in the memory set (T2 similar condition), and one 

in which T2 was phonologically dissimilar to all items in the memory set (T2 

dissimilar condition). These three conditions were performed with and without an 

articulatory suppression task.  

 

Method 

Participants  

Twenty-two volunteers from the University of Groningen participated in the 

experiment and received course credit for their participation. Based on self-report, all 

participants had normal/corrected-to-normal vision.  
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Stimuli and Apparatus 

Stimulus presentation was controlled by a program created with MEL 2.01 

software (Schneider, 1988) running under native DOS on a Pentium III, 1-Ghz 

processor. Stimuli for both the memory and the identification task were presented in 

uppercase System16 font in black on a gray background. The letters used for the 

memory task were B, T, C, and D. These letters were chosen on the basis of 

phonological similarity ratings made by native Dutch speakers. The letters were given 

an average pair-wise rating of 4.0 (on a scale of 0 to 5). The first target came from the 

set {K, H, Q, X, Z , Y}. The second target could either be one of the four letters that 

were also used for the memory task, or a letter drawn from the set {N, S, R, F}. The 

distractors in the RSVP sequences were digits, selected from the set 2-9.  

 

Design and Procedure 

The memory set always consisted of three letters drawn from the set of four 

phonologically similar letters (‘B’, ‘C’, ‘D’, and ‘T’). Observers had to remember the 

three letters in the correct order, so that they could indicate whether a second string of 

letters presented at the end of the trial was identical to this set or not. The RSVP 

sequences contained 14 digits and two target letters. Each of these items was presented 

for 90 ms. The first target letter (T1) appeared randomly as the third, fourth or fifth 

item in the stream. The second target letter (T2) followed after the presentation of 0, 2, 

or 6 distractor digits (i.e., at lag 1, 3 or 7, respectively). In the T2 in set condition, T2 

was one of the letters of the memory set, in the T2 similar condition T2 was a letter 

that could be used for the memory set, but that was not used on that trial (e.g., when 

the set was ‘CBT’, T2 was a ‘D’, and in the T2 dissimilar condition, T2 was selected 

from the set {N, S, R, F}. Each combination of lag and T2 condition was used equally 

often. 

The experiment contained four blocks of trials, each consisting of 54 trials plus 

8 warm-up trials (which were excluded from analyses). Half the blocks were 

performed with articulatory suppression, the other half without articulatory 

suppression. In articulatory suppression blocks, participants were instructed to repeat 

the syllable “bla” at a rate of three repetitions per second, from the start of the trial 



Cross-Task Amnesia                                           145 

(i.e., from the onset of the three letters in the memory set) until the end of the RSVP 

stream (i.e., the point at which report of T1 and T2 was required). Half of the 

participants performed articulatory suppression in blocks 1 and 3, and the other half of 

participants did so in blocks 2 and 4. At the start of the experiment, instructions for the 

memory and AB tasks were given, followed by eight practice trials. Subsequently, 

participants were trained to articulate the syllable “bla” at the required rate using a 

metronome on eight additional trials. These practice trials were then followed by the 

four experimental blocks. At the start of each block, participants were instructed as to 

whether they were required to perform the articulatory suppression task. At the end of 

each block, participants were allowed a short break. The experiment was conducted in 

one session, lasting approximately 80 minutes. 

 

Results 

Mean performance for the memory task was 83% correct in articulatory 

suppression blocks and 92% correct in blocks without articulatory suppression. A 

repeated measures ANOVA on memory-task performance with lag (1, 3 or 7), 

memory-load condition (T2 in set, T2 similar or T2 dissimilar), and articulatory 

suppression (present or absent) as within-subjects factors revealed a significant effect 

of articulatory suppression, F(1, 17) = 54.0, p < .001, MSE = .016, but no significant 

effects of lag or memory-load condition, nor of the interaction between any 

combination of these variables. 

For the AB task, percent correct for each target was computed for each lag, 

given correct recognition of the three-letter string in the memory task. Responses in 

the AB task were counted as correct regardless of the order in which they were made. 

Mean identification performance for T1 was 77% at lag 1, 85% at lag 3, and 86% at 

lag 7 in the articulatory suppression blocks, and 80% at lag 1, 89% at lag 3, and 89% 

at lag 7 in the blocks without articulatory suppression. A repeated measures ANOVA 

performed on T1 accuracy with lag (1, 3 or 7), memory-load condition (T2 in set, T2 

similar or T2 dissimilar), and articulatory suppression (present or absent) as factors 

showed a significant effect of lag, F(2, 42) = 22.8, p < .001, MSE = .018, and 
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articulatory suppression, F(1, 21) = 6.9, p = .02, MSE = .014. No significant effects of 

memory-load condition, nor any interaction effects were found on T1 performance.  

 

Figure 9. Proportion correct report of T2, given correct report of T1 (T2|T1), in the no articulatory 

suppression condition of Experiment 6 as a function of stimulus onset asynchrony (SOA) and memory-

load condition. 

 

Phonological similarity effect. Of primary interest is performance for T2, given 

that T1 was reported correctly (T2|T1; see Figures 9 and 10). A repeated measures 

ANOVA on T2|T1 accuracy was performed with lag (1, 3 or 7), memory-load 

condition (T2 in set, T2 similar or T2 dissimilar), and articulatory suppression (present 

or absent) as within subjects factors. Significant effects were found for lag, F(2, 42) = 

19.2, p < .001, MSE = .083, memory-load condition, F(2, 42) = 19.5, p < .001, MSE = 

.061, and articulatory suppression, F(1, 21) = 10.5, p = .004, MSE = .025. None of the 

interactions between these variables were significant (all p’s > .08). The effects of lag 

and memory-load condition closely resembled the results found in the previous 

experiments. Average T2|T1 performance was 46%, 53%, and 65% correct for the T2 
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in set, T2 similar, and T2 dissimilar conditions, respectively. Contrasts comparing 

performance in the T2 dissimilar condition with performance in the two other 

conditions showed that the differences between performance in the T2 dissimilar 

condition and that in the T2 similar and T2 in set conditions were significant, F(1, 21) 

= 12.5, p = .002, MSE = .151, and F(1, 21) = 34.2, p < .001, MSE = .136, respectively.  

 

Figure 10. Proportion correct report of T2, given correct report of T1 (T2|T1), in the articulatory 

suppression condition of Experiment 6 as a function of stimulus onset asynchrony (SOA) and memory-

load condition. 

 

Phonological similarity or residual memory activation? The most important 

finding from Experiment 6 was that report of T2 was also impaired for targets that are 

phonologically similar to the items in the memory set. This finding is consistent with 

the phonological interference account that the repetition deficit observed in 

Experiments 1, 2 and 5 is a result of difficulty maintaining or retrieving T2 because of 

its phonological similarity to T1. However, the absence of an effect of articulatory 

suppression on the phonological similarity effect for T2 report suggests that other 



148                                                                                                                         Chapter 5     

factors than phonological similarity alone play a role in the effect. Namely, 

phonological recoding of the visually presented stimuli should have been prevented by 

the articulatory suppression task (e.g., Henson et al., 2000).  

Given the absence of an effect of articulatory suppression on the phonological 

similarity effect, we reasoned that the impairment in reporting T2s that are 

phonologically similar to the items in the memory set might reflect residual activation 

of the memory set of the previous trial(s). Because only one set of four letters was 

used for choosing the three letters of the memory set, there were many opportunities 

for carryover effects of the memory set of the previous trial, such that residual memory 

activation of a T2 that was present in the memory set of the previous trial could have 

had measurable effects on subsequent trials. This could never happen on trials in the 

T2 dissimilar condition, because in this condition T2 was drawn from a different set of 

letters than the four letters that were used for selecting the three letters of the memory 

set.  

In order to determine whether there was an effect of the presence of T2 in the 

memory set of the previous trial, we divided the trials from the T2 in set and T2 

similar conditions into two groups based on whether or not T2 was present in the 

memory set of the previous trial. Figure 11 shows mean T2|T1 report for these 

conditions, collapsed across articulatory suppression condition. The resulting data 

were analyzed, together with the data from the T2 dissimilar condition, in two separate 

ANOVAs with memory-load condition (T2 dissimilar, T2 similar or T2 in set) and 

articulatory suppression (present vs. absent) as factors. For these analyses, we used 

Bonferroni adjusted alpha levels of 0.0083 (i.e., 0.05/6). This was done to correct for 

the additional four comparisons of the data from the T2 dissimilar condition (i.e., data 

already used in two comparisons) with two different subsets of data. 
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Figure 11. Proportion correct report of T2, given correct report of T1 (T2|T1), for the T2 dissimilar, T2 similar 

and T2 in set conditions, with the data from the last two conditions being divided into two subsets, one 

concerning the average performance on trials in which T2 was not present in the memory set of the previous 

trial (i.e., “Not in Prev. Set”), and the other concerning data from trials in which T2 was present in the memory 

set of the previous trial (i.e., “In Prev. Set”). Error bars indicate standard errors of the mean.  

 

The analyses of trials in which T2 was not present in the memory set of the 

previous trial showed a significant effect of memory-load condition, F(2, 42) = 7.1, p 

= .002, MSE = .044. Contrasts in which the T2 dissimilar condition was used as a 

control condition for comparison with performance in the T2 similar and T2 in set 

conditions showed that the difference between the T2 similar and T2 dissimilar 

conditions (M = 65% vs. 59% correct, respectively) failed to reach significance, F[1, 

21] = 1.4, p = .25, MSE = .108, whereas T2|T1 performance was significantly worse in 

the T2 in set condition than in the T2 dissimilar condition (M = 48% vs. 65% correct, 

respectively), F(1, 21) = 18.9, p < .001, MSE = .064. Thus, there was no significant 

impairment for the T2 similar condition when T2 was not present in the memory set of 

the previous trial. Neither the main effect of suppression nor the Memory-load 

Condition x Articulatory Suppression interaction were significant, both p's > .28.  



150                                                                                                                         Chapter 5     

The analyses of T2|T1 for trials in which T2 was present in the memory set of 

the previous trial showed a significant main effect of memory-load condition, F(2, 42) 

= 21.7, p < .001, MSE =.022. The effect of articulatory suppression failed to reach 

significance, F(1, 21) = 5.5, p = .03, MSE = .015. The contrast comparing T2|T1 

performance in the T2 dissimilar and T2 similar conditions revealed a significant 

difference such that that T2 report was significantly worse in the T2 similar condition 

than in the T2 dissimilar condition (M = 65% vs. 50% correct, respectively, F[1, 21] = 

17.1, p < .001, MSE = .052). The difference between T2|T1 performance in the T2 

dissimilar and T2 in set conditions also reached significance (M = 44% vs. 65% 

correct, respectively, F(1, 21) = 33.7, p < .001, MSE = .053). 

 

Discussion 

The results from Experiment 6 replicate the results from Experiments 1, 2, 3, 

and 5 by showing that report of targets presented in RSVP is impaired for memorized 

as compared to non-memorized targets. The results also show that a similar, albeit less 

pronounced, impairment is observed for second targets that are phonologically similar 

to the items in the memory set. However, there was no effect of articulatory 

suppression on this phonological similarity effect and follow-up tests showed that the 

effect could largely be explained in terms of residual memory activation of the 

memory set from the previous trial. When residual memory activation was excluded as 

a confounding factor in T2 report, only a small (6% difference between T2 similar and 

T2 dissimilar trials), non-significant effect of phonological similarity was found.  

 

General Discussion 

 The aim of the present study was to investigate if the allocation of attention to 

visually presented letters is facilitated when these letters are held in working memory. 

To this end, we had observers perform an AB task that required report of two letters 

presented in an RSVP stream of digits while retaining a set of three letters in memory 

for a subsequent memory-search task. In different experiments, we investigated 

whether the magnitude and duration of the AB were affected by maintaining either T1, 

T2, or the distractor preceding T2 in memory. 



Cross-Task Amnesia                                           151 

The results from the present experiments show that the magnitude and duration 

of the AB are not reduced when either the first or the second target is held active in 

working memory. In addition, the AB was not modulated by presenting a memorized 

distractor directly in advance of the second target. Moreover, in contrast to the 

expected facilitatory effect of memory activation on the attentional response to RSVP 

targets, the results from the present study revealed a striking impairment in reporting 

memorized letters that are presented as targets in an AB task. This impairment was 

observed for both the first and second targets, and it occurred regardless of whether 

observers performed an articulatory suppression task during the presentation of the 

memory set and the RSVP stream. The magnitude of the impairment for report of 

memorized second targets did not depend on whether or not these targets were 

presented during or after the AB period. We found a small impairment for second 

targets that were phonologically similar to items held in memory, but this impairment 

could be ascribed to carry-over effects from T2 being in the memory set of the 

previous trial. In addition, the impairment in second target performance occurred only 

when the task for this target required report of the target’s identity, and not when a 

speeded response had to be made upon detection of this target. Thus, the boundary 

conditions for the occurrence of the impairment seem to be that the target must be a 

repetition of one of the items in the memory set and that retrieval of the target from 

memory must be required. The results from the present study also show that there is no 

general effect of loading working memory with three letters on report of the second 

target in the AB task. 

 

When do Memorized Stimuli Capture Attention?  

The finding that the magnitude and duration of the AB were not reduced when 

either the first or second target, or the distractor preceding the second target, was held 

active in memory suggests that memorized letters do not automatically capture 

attention when presented in RSVP. As such, the present findings stand in sharp 

contrast to the findings from previous studies that showed that memorized faces 

(Downing, 2000) and previously imagined visual objects (Pashler & Shiu, 1999) 

capture attention. However, it must be noted that several more recent investigations of 
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the effects of memory activation on attentional selection of corresponding objects also 

fail to find evidence for attentional capture by memorized stimuli (e.g., Houtkamp, 

Spekreijse & Roelfsema, 2002; Woodman & Luck, 2002), or found that memorized 

objects capture attention only under specific conditions (Lee & Kim, 2002; Oh & Kim, 

2003).  

The recent studies by Houtkamp et al. (2002) and Woodman and Luck (2002) 

both used visual search tasks in which the search array could contain a distractor 

stimulus that was held in memory. The results from these experiments showed that 

search times for a target were not affected by whether or not a memorized distractor 

was present in the search array, thereby suggesting that the memorized distractor did 

not attract attention. The studies by Kim and colleagues (Lee & Kim, 2002; Oh & 

Kim, 2003), on the other hand, indicate that attentional capture does occur for 

memorized objects, given that two conditions are met. First, Lee and Kim presented 

data showing that novel objects held in memory capture attention, whereas familiar 

objects do not. Second, Oh and Kim showed that capture effects can be observed for 

memorized distractors in a visual search task, but only when the target of the search 

task is less specifically defined than the memorized distractor. Given that the present 

experiments used very familiar stimuli (i.e., letters that were repeated within the 

experiment) for determining the effect of memory activation on attentional selection, 

the failure to find attentional capture effects for memorized letters seems most 

consistent with the results reported by Lee and Kim.  

Lee and Kim (2002) proposed that the finding that attentional capture for 

memorized objects is observed only for novel objects (e.g., novel visual shapes) and 

not when these objects are familiar, may rest on the fact that memories for familiar 

items are more likely to be symbolic descriptions than visual (i.e., pictorial) 

representations. Such symbolic descriptions of visual objects are often referred to as 

visual types (Kanwisher, 1987; see also Kanwisher, Yin & Wojciulik, 1999): long-

term representations of types or categories of objects, including words and letters, that 

are used in the recognition of these objects (definition adapted from Coltheart, 1999). 

If we assume that attentional capture only occurs for stimuli that are retained as icons 

in visual working memory (cf. Lee and Kim, 2002), and not for stimuli that can be 
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maintained by means of remembering their types, it is clear that stimuli such as letters 

or words will generally fail to capture attention when they are held in memory. Such 

an explanation can also account for the findings reported by Downing (2000) and 

Pashler and Shiu (1999) that capture effects do occur for visual stimuli that are most 

likely represented in a pictorial manner (viz. previously imagined objects and faces).  

 

Effects of Working Memory Load on the Attentional Blink 

 In addition to testing whether the contents of memory bias or guide the 

allocation of attention, the present data also speak to the issue of whether maintaining 

a working memory load affects performance on an attentionally demanding task such 

as the AB task. In this regard, the present data show that report of the first target was 

impaired when a memory load was presented, but only when T1 was drawn from the 

same set of stimuli as the items in the memory set (Experiments 1-3). When T1 was a 

digit, T1 report was not affected by concurrent maintenance of three letters 

(Experiments 4 and 5). Similarly, when the memory set always consisted of three 

letters from the set {BCDT}, report of a T1 that was not drawn from this set was not 

impaired (Experiment 6). Thus, the negative effect of maintaining a memory load on 

T1 report appears to be specific to cases in which T1 is drawn from the set of letters 

used for the memory set. In spite of the effect on T1 report, there was no effect of 

maintaining three letters in memory on reporting or detecting the second target. 

However, there was an effect of memory load on RTs to second targets, such that 

responses were slower to memorized second targets relative to non-memorized second 

targets presented during, but not after, the AB period (Experiment 5).  

 

Relationship of the Present Findings to Other Effects of Item Repetition 

In addition to showing that letters maintained in working memory do not 

capture attention when presented in RSVP, the present study also revealed an even 

more surprising result. In particular, the results showed that there is a marked 

impairment in recall of RSVP targets that are held in memory for another task. In two 

of the experiments reported here, we investigated whether the present finding can be 

accounted for in terms of repetition blindness or the phonological similarity effect.  
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Repetition blindness? Superficially, the finding that holding a letter in memory 

impairs the ability to report this letter when it is subsequently presented as a target in 

RSVP bears a resemblance to repetition blindness. Repetition blindness (e.g., 

Kanwisher, 1987) refers to a deficit in reporting the second of two occurrences of a 

particular stimulus when that stimulus is presented twice in RSVP. The similarity 

between the design of present experiments and of experiments in which repetition 

blindness occurs is the fact that, in both cases, the second occurrence of the repeated 

item is in RSVP. However, in spite of this similarity, the design of the present 

experiments does not comply with several boundary conditions that have been 

established for repetition blindness. First, repetition blindness only occurs when the 

repeated item is presented twice within a period of 200-400 ms. This finding indicates 

that repetition blindness occurs when there is temporal overlap in the online processing 

(e.g., perceptual encoding) of the repeated target. Second, the repetition blindness 

effect is reduced when the two occurrences of the repeated item are episodically 

distinct (e.g., Chun, 1997), for example when the repeated item is presented in 

different colors. Third, repetition blindness also impairs detection of the second 

occurrence of the repeated item (Johnston et al., 2002; Kanwisher, Kim & Wickens, 

1996), thereby indicating that the effect concerns a deficit in perceiving the target 

when it is presented for the second time.  

 The present finding of an impairment in recalling RSVP targets that were 

present in the memory set for another task does not satisfy any of the constraints that 

hold for repetition blindness. In particular, we found that target report was impaired 

for letters held in memory even when the temporal interval between presentation of the 

memory set and the presentation of the RSVP target was longer than 2.5 seconds. It 

seems unlikely that there is any temporal overlap in the encoding of the memory set 

and the encoding of T2 across this timeframe. In addition, the episodic distinctiveness 

of the two presentations of the repeated item was high in the present experiments. In 

particular, the memory set consisted of a string of three letters that was presented for 

three seconds, whereas the second occurrence of one of these items concerned the brief 

presentation of only this item in an RSVP sequence. With regard to detection 

performance for the repeated item, the present findings also differ from those obtained 
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in studies of repetition blindness. Notably, we found no impairment in detection of 

memorized targets, whereas detection of repeated targets is impaired in repetition 

blindness (Johnston et al., 2002). Based on these differences, the present finding of an 

impairment in reporting memorized targets presented in RSVP cannot be considered a 

consequence of repetition blindness for the presentation of the RSVP target.  

The present finding can be considered to be more similar to the Ranschburg 

effect (Ranschburg, 1902, described in Henson, 1998) than to the repetition blindness 

effect because the Ranschburg effect is an impairment in recall (Jahnke, 1969, as 

described in Henson) and not perception of the repeated item. Recall that the results 

from Experiment 5 showed that performance for RSVP targets held in memory was 

impaired only in tasks that required recall of the target, and not in tasks that measure 

the perceptual encoding of this target. However, the present finding cannot be 

considered an instance of the Ranschburg effect in an AB task because the occurrence 

of the Ranschburg effect depends on whether or not the first presentation of the 

repeated item was previously recalled. In our experiments, this was not the case 

because recall of the RSVP targets occurred before observers were presented with the 

memory-search task that required access and perhaps retrieval of the items of the 

memory set. Thus, the impairment in recalling RSVP targets that are also held active 

in memory as part of the memory set for another task cannot be accounted for in terms 

of retrieval suppression or a bias against repeated responses.  

 

A phonological similarity effect? It could be argued that an RSVP target that is 

held in memory fails to be reported because observers confuse this item with the 

phonologically identical item that is held in memory for the memory-search task. In 

other words, the deficit could be due to a phonological similarity effect (i.e., impaired 

recall of lists of items in the correct order for phonologically similar relative to 

phonologically distinct items; Baddeley et al., 1984; Conrad & Hull, 1964; see also 

Hanley & Bakopoulou, 2003).  

In Experiment 6, we investigated two predictions that follow from a 

phonological interference account. First, the phonological interference account 

predicts that an impairment should also occur for second targets that have a similar 
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phonology to the items in the memory set (e.g., Baddeley et al., 1984; Conrad & Hull, 

1964). Second, a reduced effect of phonological similarity would be expected when 

the memory set and the RSVP targets cannot be recoded into phonological codes 

because of articulatory suppression (e.g., Henson et al., 2000). The results from 

Experiment 6 disconfirmed both hypotheses. The results showed no significant 

impairment for reporting phonologically similar second targets— except when T2 was 

present in the memory set of the previous trial— and articulatory suppression did not 

eliminate the impairment in reporting memorized second targets. Thus, the present 

finding cannot be accounted for solely in terms of a phonological similarity effect in 

recalling RSVP targets.  

 

The Case for Cross-Task Repetition Amnesia 

In order to account for the finding of an impairment in report of RSVP targets 

that are held in memory for another task, it is important to consider the conditions 

under which this impairment occurred. In this regard, the results from the present 

study show that the impairment occurred only when recall of the RSVP target was 

required, and not when the target task required detection only, thereby indicating that 

the effect may have its locus in the difficulty of retrieving the target from memory. A 

second boundary condition for the impairment is that it occurred when the target was 

an exact repetition of one of the items of the memory set, but not, in general, when the 

target was phonologically similar to the items in the memory set. This finding suggests 

that the impairment occurs for repeated types (Kanwisher, 1987), an interpretation that 

is strengthened by the finding that the occurrence of the impairment did not depend on 

whether or not the RSVP target was presented in the same letter case as the 

corresponding item in the memory set. Finally, the impairment in reporting an RSVP 

target that is held in memory for another task was observed even when the interval 

between the two presentations of the repeated item was about 2.5 s—far longer than 

the intervals at which repetition blindness occurs for repeated targets in RSVP. 

Because the time course of the effect is much longer than that that could be expected 

in a single-task RSVP identification task, an important boundary condition for the 



Cross-Task Amnesia                                           157 

effect appears to be that the repeated item be presented in the context of two different 

tasks.  

Given that the impairment reflects a failure to recall or report an RSVP target 

when this item is held in memory for another task, we term the effect “cross-task 

repetition amnesia”. As to the exact cause of cross-task repetition amnesia, we 

hypothesize that the working memory system may be limited in the extent to which it 

can instantiate and maintain associations between a single type and different task 

contexts or response rules (e.g., report “A” when it is presented in the RSVP stream 

but indicate whether or not it was in the memory set when it is presented as the probe). 

As a consequence of the limitation in assigning different rules to the same item, 

processing a repeated item according to a second, different, rule may take more time 

because of interference from the rule that was previously associated with this item. 

Indeed, it has been shown that more time is required to perform an arithmetic task on a 

visually presented digit that is held in memory for another task than is required for 

performing the same task on a non-memorized digit (Dutta, Schweickert, Choi & 

Proctor, 1995).  

Applying a second, different, rule to a repeated item can be assumed to be 

difficult when the rule that was linked to the item when it was encountered in the first 

task is automatically activated when the item is encountered for the second time (see, 

e.g., Dobbins, Schnyer, Verfaelle & Schacter, 2004; Wagner, Maril & Schacter, 2000). 

If this also occurs in our RSVP task, it would imply that perception of the RSVP target 

automatically activates the association of this item to the memory set, which, in turn, 

may hinder the formation of a new association between the same type and the context 

of the RSVP task. As a consequence, the second association is bound to be weaker 

than the first, thereby making retrieval of the type that is associated with this task 

difficult.  

 

Conclusions 

To summarize, we set out to investigate whether retaining letters in working 

memory facilitates the attentional responses to these items. The results showed that (1) 

a memory load per se does not affect performance on an AB task, (2) retaining a 
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particular letter in working memory does not facilitate the allocation of attention to 

that letter, and (3) report of a letter target in RSVP is hindered by the fact that the 

corresponding letter is retained in working memory for another task. Regarding the 

second of these findings, it seems likely that capture effects for memorized stimuli 

may occur only when these stimuli are retained as icons (i.e., pictorial representations) 

in visual working memory. We propose that the third finding, the failure to recall the 

second presentation of an item presented in two different tasks (i.e., cross-task 

repetition amnesia), can be attributed to a limitation in creating or maintaining 

associations between two response rules and a single type, a limitation that may help 

prevent response conflict when we react to visual stimuli in daily life.  
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Introduction 

The research reported in this thesis dealt with the attentional blink: a 

phenomenon that provides a window into the temporal and functional architecture of 

the processes mediating the selection and transfer of visual information into 

awareness. The main empirical hallmark of the attentional blink is the finding of an 

impairment in responses to the second of two stimuli presented briefly and within half 

a second of each other. The types of stimuli and tasks across which such impairments 

have been found to occur are diverse. For example, an attentional blink can be 

triggered by making a speeded pitch discrimination response to a low or a high pitched 

beep (Jolicoeur, 1999) and it can impair performance on tasks as simple as detecting a 

pop-out search target (Joseph, Chun & Nakayama, 1997). One of the main goals of the 

research summarized in this chapter was to challenge the inevitability of the 

impairment in report of the second target presented during the attentional blink. To this 

end, different manipulations were applied to tasks requiring report of two masked, 

visual targets, in an attempt to facilitate the transfer of T2 to visual awareness. In the 

following sections a brief overview is presented of the experiments and results 

reported in the studies discussed in the previous four chapters. This overview is 

followed by a discussion of the implications of these results for the different issues to 

which they speak.  

 

Summary of Main Results 

The study described in Chapter 2 investigated whether the impairment in report 

of the second of two RSVP targets (T1 and T2) can be prevented when the distractor 

preceding T2 captures attention because it matches the target specification. This study 

was motivated by the finding that errors in T2 report often concern reports of the item 

to follow T2 (Chun, 1997; Isaak, Shapiro & Martin, 1999), suggesting that T2 does 

trigger the transfer of information into working memory, after which it is overrun by 

the following item as the door to awareness opens. The task used required observers to 

report two targets defined by color and category presented in RSVP (i.e.,  red digits in 

an RSVP stream of black letters). The use of two target defining features allowed for 

the possibility to use one of these features as a precue to the second target. For 
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example, a red digit T2 could be preceded by a red letter distractor. The main result 

from a series of such color-cue experiments in which cued and uncued T2s were 

randomly intermixed was that the impairment in T2 report was substantially reduced 

when T2 was cued. The results from another experiment showed that a similar cuing 

effect was observed when pop-out of the precue was unlikely because all distractors in 

the RSVP stream were presented in different colors. In addition, an experiment in 

which the number of red distractors preceding T2 was varied showed that the 

magnitude of the cuing benefit depended on the temporal interval separating the onset 

of the first red item to precede T2 and T2 itself. Finally, no cuing benefit was observed 

for T2 report in an experiment in which a same-category distractor was used as a 

precue.  

 

In Chapter 3, the finding that precuing T2 attenuates the impairment in T2 

report was replicated using the so-called dwell time paradigm. The task used in this 

experiment required report of two letters presented at different locations and at 

different SOAs, with both targets being backward masked by a couple of pound signs 

(i.e., "##"). The precue was a plus sign presented at T2's location at a 94 ms stimulus 

onset asynchrony (SOA) with no interstimulus interval. The presentation duration of 

the targets were adjusted for each observer so that they could at best correctly identify 

70% of the targets. This was done using a staircase procedure wherein the presentation 

durations of the targets and the masks were varied while keeping the target plus mask 

duration constant. The results showed an attentional blink only for uncued T2s; in this 

condition T2 performance improved from 50% correct to 67% correct across the 300 

and 800-ms SOAs. On the other hand, T2 report accuracy for cued targets was 

approximately 70% correct for both the short and the long SOA. Importantly, because 

no cuing benefit was observed at the long SOA, the facilitation in T2 report could not 

be ascribed to enhanced perceptual processing of cued as compared to uncued T2s. In 

particular, if the effect of precuing were to enhance the perception of T2, one would 

also expect an improvement in performance at the long SOA where performance was 

restricted by data limits imposed by the brief presentation duration of the targets.  
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The experiments reported in Chapter 4 validated that the impairment in T2 

report that is observed in the dwell-time paradigm in which two masked targets are 

presented successively at different locations, without a distractor stream, does not 

reflect an artifact of spatial attention or eye movements. The task used in these 

experiments required report of two targets that were masked with a pattern mask. 

When these targets were presented at fixed, different locations observers were well 

able to report T2 when the T1 task was to ignore T1, but they had substantial difficulty 

in reporting T2 at short SOAs when T1 also had to be reported. In a second 

experiment, the target positions were randomized, allowing for T2 to appear in the 

same location as T1 on 25% of the trials. The results for T2 report in this experiment 

showed no difference in performance between conditions in which T2 appeared at the 

same or at a different location than T1. However, the results also failed to show an 

effect of whether or not T1 had to be ignored or reported, thereby suggesting that the 

spatial uncertainty and potential overlap of target positions may have resulted in 

contingent attentional capture by T1, causing unintentional identification of T1 in the 

condition in which T1 was to be ignored.  

 

In Chapter 5, a striking memory failure was encountered in an attempt to find 

evidence for memory-contingent attentional capture in a two-target RSVP task. This 

research was motivated by findings suggesting that objects that are held active in 

working memory for a later recall or recognition test may capture attention when 

presented among distractors (e.g., Downing, 2000; Pashler & Shiu, 1999). To 

investigate whether the magnitude of the attentional blink effect would be reduced 

when either T1 or T2 was held active in memory, observers were to identify two letters 

presented in an RSVP stream of digits, while they retained three letters in memory for 

a later recognition task. Surprisingly, the results from a series of such experiments 

showed worse performance for memorized as compared to non-memorized targets. 

This effect did not interact with SOA. In addition, the results showed that maintenance 

of the memory set did not affect target report performance when none of the targets 

were present in this memory set. In subsequent experiments, it was confirmed that 

memorized letters do not automatically attract attention when presented in RSVP. For 
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example, one experiment showed that presenting a memorized distractor directly in 

advance of T2 did not produce a cuing benefit for T2 report. In addition, several 

potential explanations of the impairment in report of memorized RSVP targets were 

eliminated, including repetition blindness, the Ranschburg effect, and the phonological 

similarity effect. Based on the combination of findings that the magnitude of the 

impairment in report of memorized targets did not interact with SOA, and that it only 

occurred when report of the target was required, but not when a speeded detection 

response had to be made to the target, it was concluded that the locus of the 

impairment was the retrieval of the target from memory at the time of report. 

  

In summary, the present research revealed the following characteristics of the 

processes involved in selecting and consolidating visual stimuli that are presented in 

rapid succession. First, an attentional blink is triggered when a masked stimulus 

attracts attention either because it has to be identified or because it cannot be ignored 

and therefore produces contingent attentional capture (see Chapter 4). This is 

evidenced by a marked impairment in the identification of second targets presented 

within a period of approximately 500 ms after the presentation of this first stimulus. 

The impairment in second target identification can be attenuated or even fully 

prevented by precuing the arrival of the second target with an item that matches the 

target specification for T2 (Chapters 2 and 3). Whether or not a precuing manipulation 

will produce full recovery or only attenuation of the impairment in T2 report may 

depend on the temporal interval separating the onset of the cue and that of the target. 

Effective precues are items that match the visual characteristics of the targets, whereas 

categorical precues and memorized distractor precues do not produce enhanced report 

of T2. The attentional blink does not affect the ability to reorient the focus of spatial 

attention to a location different than the one where the first target was presented. In 

particular, similar impairments in second target report are observed regardless of 

whether this target is presented at the same or at a different location than the first 

target (Chapter 4). RSVP targets are not more likely to be reported when they are held 

in memory (Chapter 5). Instead, surprisingly, report of these targets was found to 

impaired relative to report of non-memorized targets.  
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Discussion 

In the following sections, I will discuss the main implications of the results 

reported in the four studies of this thesis. The central issue addressed in this section is 

a discussion of the insights that the present findings provide into the reason why 

masked visual targets presented during the attentional blink often fail to be identified. 

In this discussion, the findings from Chapters 2 and 3 will be used to evaluate which 

stages of information processing required for T2 report are affected by the ongoing 

processing of T1, and to arrive at a functional description of how this processing stage 

is affected by T1 processing. This section concludes with a discussion of how the 

delayed attentional engagement account that was proposed to explain the findings 

obtained in Chapters 2 and 3 fares in the context of a recently proposed model of the 

attentional blink that was not discussed in Chapter 1. The subsequent sections provide 

the interpretations of the main findings from Chapters 3 and 4.  

 

Delayed Attentional Engagement in the Attentional Blink  

The findings reported in Chapters 2 and 3 of this thesis directly speak to the 

issue of why masked visual targets that are presented within half a second of a 

previous masked, visual target often fail to be identified. In particular, the results from 

these studies show that the impairment in T2 report is attenuated or sometimes even 

fully prevented when T2 is precued, thereby indicating that this precuing manipulation 

resolves the processing limitation that underlies failures in report of T2. In order to 

account for this finding, a new model of the attentional blink was proposed that was 

called the delayed attentional engagement account (see Chapters 2 and 3). According 

to this model, the failure to report T2 occurs because the attentional demand of T1 

identification imposes a delay in the allocation of attention to new target candidates 

detected in stage one. As a consequence of this delay, the allocation of attention to 

Stage 1 is likely to occur when the post-T2 mask has already arrived in Stage 1. A 

crucial notion in the delayed attentional engagement account is that the item that is 

most active in stage one at the moment at which attention is allocated to Stage 1 wins 

the competition for attention (Potter, Staub & O’Connor, 2002). As a consequence, the 

post-T2 mask will often get most of the attentional response triggered by T2. When 
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this post-T2 mask matches the target specification for T2 it may be consolidated and 

reported instead of T2 (e.g., Chun, 1997; Isaak et al., 1999). However, when this item 

belongs to a different category, or, when it is an unnamable pattern mask, the 

imminent allocation of attention to the mask will only further delay the selection of 

T2, thereby increasing the likelihood that T2 is erased from stage one.  

 

Delayed Attentional Engagement and Reentrant Processing 

The processes involved in selecting and identifying T2 in stage one may be 

conceived of as involving the establishment of a reentrant processing network. As 

described in Chapter 1, such a network may allow for the identification of visual items 

through a matching process whereby perceptual representation of T2 is compared to 

long-term memory representations of items (i.e., types) that belong to the target 

category and that resemble T2 (Di Lollo, Enns & Rensink, 2000). The types 

corresponding to potentially matching items are assumed to be activated by inputs fed-

forward from T2’s representation in Stage 1 (e.g., Potter, 1993). The eventual 

identification of T2 occurs through iterative comparisons between the representation of 

T2 and target candidates initially activated, thereby narrowing down the potential 

target candidates until a match is found.  

Within this reentrant processing framework, the delay in the selection and 

identification of T2 may occur because of concurrent activity in a reentrant processing 

network for T1. In this view, consolidation of T1 may require a certain duration of 

synchronous activity in a reentrant network encompassing the perceptual 

representation of the target in stage one, and the long-term memory representations 

activated by this target leading to stabilization of the target representation. Because the 

selection and identification of T2 is likely to require the same processing mechanisms 

and brain areas involved in consolidating T1, the establishment of a reentrant 

processing network for T2 may be delayed, perhaps because neural signals for T2 are 

slowed down as they travel through the same neural circuitry that is activated in the 

network for T1. The assumption that the establishment of a reentrant processing 

network for T2 is delayed during the attentional blink provides a convenient account 

for the attentional blink. In particular, in this case, T2 triggers the establishment of a 



170                                                                                                                         Chapter 6 

reentrant network resulting in feed forward activation of potential matching 

representations. However, by the time the first feedback signals from long-term 

memory arrive in stage one, the perceptual representation of T2 in stage one is already 

replaced by T2. This mask may then be fed forward into the network, thereby further 

increasing the delay in selection of T2. Similarly, when T2 is preceded by an item that 

matches the target specification for T2, T2 itself is likely to be fed-forward in the 

reentrant network triggered by detection of the precue.  

As to the brain areas involved in the identification and consolidation of masked 

visual stimuli, the results from recent neuro-imaging studies of the attentional blink 

indicate that these areas are broadly distributed throughout the brain (e.g., Marois, 

Chun & Gore, 2000). In particular, the results from this study showed that the 

activation of brain areas known to be involved in stimulus selection (i.e., the right 

parietal cortex), conflict monitoring (i.e., the anterior cingulate), and working memory 

(i.e., the prefrontal cortex) is correlated with the difficulty of identifying a masked 

visual target. However, it remains to be determined what the exact roles of these 

different brain areas are in the functional description of target identification and 

consolidation that was proposed in the present thesis.     

 

Comparison to Another New Account 

 The relationship between the delayed attentional engagement account and the 

interference and two-stage models of the attentional blink was discussed in Chapter 2. 

However, concurrently with the development of this account, an alternative, new 

account of the attentional blink was proposed. In the following section, I would like to 

take the opportunity to discuss the main characteristics of this account and to discuss 

how this account fares in the context of the findings reported in Chapters 2 and 3.  

According to the so-called temporary loss of control (TLC; Di Lollo, Kawahara, 

Shabab Ghorashi and Enns, in press; see also Kawahara, Enns & Di Lollo, in press) 

account of the attentional blink, the failure to report T2 can be accounted for in terms 

of attentional switching between objects from different categories. In particular, this 

account holds that in an attentional blink task, the visual system is initially configured 

to optimize the processing of the first target. This is held to occur through top-down 
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control of an input filter through which the RSVP items must pass in order to be 

processed further
1
. For example, when the T1 task requires report of a letter presented 

in an RSVP stream of digits, this filter would be set to allow letters to pass, while 

filtering out digits. In order to account for failures in report of T2, Di Lollo et al. 

propose that whereas the input filter is under top-down control before presentation of 

T1, the attentional demand of selecting, identifying and consolidating T1 causes 

temporary loss of top-down control over the filter. As a consequence, the filter settings 

may be reconfigured exogenously by T1’s mask. For example, when T1 is a letter and 

T1’s mask is a digit, the loss of control induced by T1 processing will lead to 

exogenous reconfiguration of the filter so that it is now set optimally for digits instead 

of letters. As a consequence, a letter T2 that is presented subsequently will not match 

the settings of the filter that is now set for digits. The failure to report T2 occurs 

because of the time required to reconfigure the filter again upon detection of T2. 

During this reconfiguration of the filter, T2 cannot be selected for working memory, 

thereby increasing the period of time during which it decays in an early visual memory 

buffer.  

 Evidence in favor of the TLC account of the attentional blink was found in 

experiments in which the RSVP sequence consisted of digit distractors, and letter 

targets (Di Lollo et al., in press; Kawahara et al., in press). The crucial test of the TLC 

model concerned a comparison of target report accuracy across two conditions. In the 

first condition, the targets consisted of three letters presented in direct temporal 

succession (e.g., ABC) in the RSVP sequence. In the other condition, the targets 

consisted of two letters that were intervened by the presentation of one distractor digit 

(e.g., A2B). By comparing performance for the last letter in each of these sequences, 

Di Lollo et al. could determine whether the intermediate presentation of an item from a 

different category would impair report of the last item. The results consistently showed 

that this was the case. In particular, when the target set consisted of three letters 

presented in direct succession, report of both the first and last letter was correct on 

approximately 72% of the trials, showing no difference in report of the first and last 

letter. On the other hand, target report accuracy for the first and last letter in the 

                                                 

1 Note that Di Lollo et al. (in press) do not specify at which level of representation filtering occurs.  
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condition in which these letters were intervened by the presentation of a digit averaged 

85 and 60% correct, respectively. Consistent with the TLC model, these results show 

that the presentation of a digit in between two letters significantly disrupts report of the 

last letter, suggesting that indeed, this digit invoked a different filter setting that led to 

the last letter being filtered out.  

At first sight, the TLC account (Di Lollo et al., in press; Kawahara et al., in 

press) can easily be adjusted to accommodate the findings from Chapters 2 and 3 that 

show that precuing T2 with a distractor that matches one of the target defining features 

results in attenuation or even full recovery from the attentional blink. In particular, the 

TLC account can explain this finding if one adds the assumption that the detection of 

the precue triggers the reconfiguration of the attentional filter just in advance of T2’s 

presentation, thereby giving the process of reconfiguration sufficient time to complete 

before T2 is presented. As such, the notion of a delayed attentional response to T2 may 

be equated with the time required for reconfiguration of the input filter upon detection 

of T2.  

Although the TLC account appears to provide a plausible alternative account of 

the finding that precuing T2 with an item that matches the target specification for T2 

attenuates the impairment in report of T2, there is one potential problem with this 

account. This problem concerns the time course of filter reconfiguration that follows 

from the interpretation that the precue facilitates T2 report by triggering the 

reconfiguration of an input filter just in time for reconfiguration to be complete when 

T2 is presented. In particular, this view implies that filter reconfiguration can occur 

within 100 ms (i.e., the presentation duration of the precue). However, it is highly 

unlikely that reconfiguration of attentional set can occur so rapidly. Interestingly, the 

argument for this proposition derives from a recent meta-analytical review of Lag-1 

sparing, conducted by Di Lollo and colleagues (Visser, Bischof & Di Lollo, 1999). In 

this review, it was shown that Lag-1 sparing seldom occurs when T1 and T2 are drawn 

from different categories and require different responses (e.g., T1 is a digit requiring 

identification, while T2 is a black X that has to be detected). This finding was 

interpreted as indicating that the settings of the input filter can not switch rapidly 

enough to allow both T1 and T2 to be processed together (see the section on the 
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attention gating account of Lag-1 sparing in Chapter 1; p. 19). Based on this result, it 

seems unlikely that the input filter can be reconfigured within 100 ms, thereby 

excluding filter reconfiguration as a viable account of the cuing effect.  

 

Independence of Spatial and Temporal Attentional Selection 

The findings reported in Chapter 4 show that spatial attention is not tied to the 

location of a first target while this target is being processed. Instead, similar 

impairments in report of T2 were observed regardless of whether T2 appeared at the 

same or at a different location than T1. This finding is consistent with the view that 

selective attention for locations may be disengaged and shifted within 50-200 ms (e.g., 

Theeuwes, Godijn & Pratt, 2004; Vogel, Luck & Shapiro, 1998; Wolfe, 1998), 

whereas the identification and selection of objects for access to working memory may 

require half a second of processing time before attentional selection and identification 

of the next object can occur. The notion that the processes mediating spatial selective 

attention (i.e., location selection) and selection for working memory (i.e., object 

selection) are characterized by different time courses is consistent with the view that 

attention is not a unitary function of the mind, but one that consists of several sub-

processes that are mutually independent. As such, spatial attention can be considered 

free to move around during the consolidation of a masked visual target.  

 

Memory-Contingent Attentional Capture 

The findings reported in Chapter 5 show that letters held in memory do not 

automatically attract attention when they are presented in RSVP. This finding contrasts 

results from other studies that show that objects held in memory capture attention 

when presented among distractors (e.g., Downing, 2000; Pashler & Shiu, 1999). This 

discrepancy can be accounted for by assuming that memory-contingent attentional 

capture might only occur for objects that are retained as pictorial representations in 

visual working memory. One basis for this assumption is that the studies that have 

found evidence for memory-contingent attentional capture have all used memory tasks 

that required maintenance of a pictorial representation of the object being remembered. 

For example, the study by Downing used faces of people unknown to the observers as 
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stimuli, while Pashler and Shiu had observers imagine a visual image of a particular 

object. Clearly, both these tasks require visual as opposed to verbal working memory, 

whereas the letters used in the experiments reported here are more likely to be stored 

in verbal working memory. As such, these findings suggest that pictorial 

representations held in visual working memory may drive the focus of attentional 

selection, while letters held in verbal working memory may not.  

 

Cross-Task Repetition Amnesia 

 The last issue to be discussed in this chapter concerns the finding that report of 

RSVP targets was impaired for targets held in working memory (Chapter 5). This 

impairment for memorized targets did not interact with SOA, and occurred only in 

tasks requiring report of the target. Based on these findings the effect was accounted 

for in terms of a limitation in assigning new response rules to information already held 

active in conjunction with another task. According to this account, the items present in 

the memory set are "tagged" in working memory as belonging to the memory-search 

task. When one such item is subsequently presented in an RSVP sequence, a second 

tag or response rule has to be assigned to the representation already tagged with the 

memory-search task. This second response rule can later be used as a retrieval cue 

when the RSVP targets are to be reported. In this framework, the impairment in 

reporting RSVP targets also belonging to the memory set for the memory-search task 

is taken to reflect a limitation in assigning the second response rule to the same 

representation, thereby causing difficulty in retrieving this item from memory at the 

time of report. This retrieval difficulty is likely to arise because the target is more 

strongly associated  with the memory set for the memory-search task than with the 

RSVP task.  

 The cause of the difficulty in assigning a second response rule to an item 

already held in memory in conjunction with another task may be that the detection of 

the memorized item in RSVP automatically causes retrieval of the first response rule. 

This view derives from recent work on priming (e.g., Dobbins, Schnyer, Verfaelle & 

Schacter, 2004; Wagner, Maril & Schacter, 2000), wherein it was shown that repeated 

(i.e., primed) items are responded to more rapidly than unrepeated items, but only 
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when the response to the second presentation of the item is identical to the response 

made to the item when it was first presented. This finding was taken to suggest that the 

responses to primed items are faster because the first response rule associated to the 

item is automatically activated upon the second presentation of the item. Applied to 

the case wherein memorized items are presented as targets in RSVP, this view would 

predict that the detection of the RSVP target automatically activates the response rule 

that was associated to the target when it was memorized as belonging to the memory 

set. Perhaps this hinders binding a second response rule to the same item, thereby 

making the association between this item and the RSVP task weaker than that with the 

memory set for the memory-search task.  

 

Conclusion 

 The attentional blink provides a compelling reason for why different objects 

present in our environment are typically fixated for durations of approximately 200-

300 ms: if these fixation durations were shorter, the identification of one such object 

would be likely to cause a sustained impairment in the processing of subsequently 

fixated objects. The research reported in this thesis has provided some important new 

clues as to the nature of the processing limitations that restrict the rate at which we can 

update the contents of working memory with new perceived information. Among other 

things, the present research allowed for a circumscribed account of the robust finding 

that masked visual targets may fail to reach visual awareness when these targets are 

presented briefly and in rapid succession. In addition, a striking memory failure was 

observed that reveals a limitation in the representational capacity of working memory 

for information repeated across different tasks. However, each new insight raised new 

questions regarding the manner in which selective attention and working memory 

interact to determine and restrict the contents of the mind. Hopefully, the research 

reported in this thesis will inspire others to pursue and resolve these questions.
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Tijdens het dagelijks handelen vormt de visuele omgeving een essentiële bron 

van informatie. Lezen, voetballen, T.V. kijken, of een gesprek met iemand voeren 

terwijl we over straat lopen; het zijn allemaal activiteiten waarbij onze gedachten, 

keuzes en handelingen vaak bewust of onbewust geïnitieerd en bepaald worden door 

de informatie die door de ogen geregistreerd wordt. Binnen de cognitieve psychologie 

van visuele waarneming wordt onderzocht hoe het brein deze informatie representeert, 

verwerkt, en kan vasthouden; functies die de mens in staat stellen de waargenomen 

informatie te interpreteren, te gebruiken en indien nodig te reproduceren vanuit het 

geheugen.  

Een fundamentele eigenschap van verschillende processen die betrokken zijn 

bij de verwerking van visuele informatie is dat ze selectief omgaan met de grote 

hoeveelheid aan informatie die op het netvlies gerepresenteerd wordt. Deze 

selectiviteit lijkt voort te komen uit een beperkte verwerkingscapaciteit. De selectieve 

verwerking van visuele informatie manifesteert zich in zogenoemde aandachtseffecten: 

situaties waarin experimenteel aangetoond kan worden dat de verwerking van een 

bepaalde stimulus, of stimuluseigenschap, gepaard gaat met een minder effectieve 

verwerking van andere stimuli, of stimulus-eigenschappen. Eén van de mogelijke 

gevolgen van selectieve aandacht is dat bepaalde aspecten van het visuele beeld het 

bewustzijn bereiken terwijl op hetzelfde moment grote veranderingen in de periferie 

niet bewust waargenomen worden. Het ultieme voorbeeld is de bevinding dat ongeveer 

60% van de mensen die het aantal passes tussen de leden van een basketbal team moet 

tellen een plotseling door het beeld lopende man in gorillapak niet zien. Oftewel, we 

lijken vooral die informatie bewust waar te nemen die van belang is voor de handeling 

die we uitvoeren.  

De processen van selectieve aandacht en het geheugen zijn ook onderhevig aan 

temporele beperkingen in de verwerking van visuele informatie. Zo blijkt uit 

onderzoek dat de verwerking die voorafgaat aan de bewuste waarneming van een kort 

aangeboden stimulus ongeveer een halve seconde duurt. Gedurende deze periode 

worden nieuwe stimuli niet bewust waargenomen. Dit effect wordt de attentional blink 

genoemd. Uit onderzoek naar de attentional blink blijkt dat de verwerking die nodig is 

om de eerste stimulus bewust waar te nemen interfereert met de verwerking van de 
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tweede stimulus, met als gevolg dat de tweede pas verwerkt kan worden als de 

verwerking van de eerste voltooid is. Als zodanig vormen deze processen bottlenecks 

in informatieverwerking: ze kunnen op een bepaald moment maar één stimulus 

verwerken, waardoor een tweede stimulus geen toegang krijgt tot deze processen 

wanneer de verwerking van de eerste stimulus nog niet voltooid is.  

Uit voorgaand onderzoek is gebleken dat de attentional blink een gevolg kan 

zijn van beperkingen in de verwerkingscapaciteit van het werkgeheugen. Als gevolg 

van deze beperkingen verkrijgt de tweede target geen toegang tot het werkgeheugen 

wanneer de verwerking van de eerste target nog niet voltooid is. De functie van het 

werkgeheugen in deze situatie is om de representatie van de target te consolideren 

zodat hij achteraf door de proefpersoon gerapporteerd kan worden. Omdat de tweede 

target geen toegang krijgt tot het werkgeheugen terwijl de eerste target nog 

geconsolideerd wordt, neemt de kans toe dat de representatie van de tweede target 

overschreven wordt door de volgende stimulus uit de reeks. Bewijs voor deze 

verklaring komt uit studies die aantonen dat de hersenen tijdens de aanbieding van 

targets in de periode van de attentional blink niet de activiteit vertonen die normaal 

gesproken tijdens het opslaan van informatie in het werkgeheugen optreedt. Tevens 

blijkt uit deze studies dat hersenen wel activiteit vertonen die indicatief is voor de 

semantische verwerking van de target. Als zodanig lijkt het erop dat de tweede target 

wel tot op het betekenisniveau verwerkt wordt, maar vervolgens niet opgeslagen 

wordt, waardoor de proefpersoon achteraf niet meer kan zeggen wat de target was. 

 Het type experiment waarin de attentional blink optreedt betreffen 

experimenten waarin proefpersonen op een computerbeeldscherm reeksen van stimuli 

te zien krijgen, bijvoorbeeld letters, waarin twee zogenoemde “targets” zitten die de 

proefpersoon moet identificeren en na afloop van de reeks moet rapporteren. De 

overige stimuli in de reeks worden afleiders genoemd. In een typisch attentional blink 

experiment wordt elke stimulus voor ongeveer 100 ms. aangeboden. De targets kunnen 

op verschillende manieren gespecificeerd zijn, bijvoorbeeld door hun kleur, of doordat 

ze uit een andere categorie geselecteerd zijn. In het laatste geval zouden de afleiders 

bijvoorbeeld letters kunnen zijn, terwijl de targets twee cijfers zijn. Door het aantal 

afleiders tussen de twee targets te variëren kan met dit type experiment inzicht 
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verkregen worden in de temporele karakteristieken van de verwerking van de twee 

targets. Het attentional blink effect in een dergelijk experiment uit zich in de bevinding 

dat proefpersonen de eerste target vrijwel altijd correct zullen identificeren, terwijl de 

tweede target vaak niet goed wordt gezien als deze binnen minder dan 500 ms. na de 

eerste wordt aangeboden. 

  

Studies en Resultaten  

In de eerste twee studies van dit proefschrift (Hoofdstuk 2 en 3) werd een 

alternatieve verklaring voor de attentional blink getoetst. Deze verklaring was 

gebaseerd op de bevinding dat wanneer proefpersonen twee witte woorden uit een 

reeks van zwarte woorden moeten rapporteren zij vaak de stimulus rapporteren die na 

de tweede target aangeboden werd. In één van deze studies werd bijvoorbeeld 

gevonden dat dit type post-target intrusiefouten in 33% van de aanbiedingen optraden 

waarin de tweede target 180 ms. na de eerste werd aangeboden. Het verrassende aan 

dit resultaat is dat in dit geval de proefpersonen de stimulus rapporteerden die 270 ms. 

na de eerste target werd aangeboden. Deze bevinding suggereert dat er tijdens de 

attentional blink wel degelijk nieuwe informatie toegang kan krijgen tot het 

werkgeheugen. Het probleem in de rapportage van de tweede target lijkt hem meer te 

zitten in het selecteren van de juiste stimulus, waarbij het erop lijkt dat het 

selectieproces vertraagd is waardoor de stimulus die na de tweede target wordt 

aangeboden vaak geselecteerd, geconsolideerd en gerapporteerd wordt.  

Om deze alternatieve verklaring van vertraagde selectie te toetsen, werden 

verschillende experimenten uitgevoerd waarin de targets op twee manieren te 

onderscheiden waren van de afleiders uit de reeks. Zo konden de targets twee rode 

cijfers zijn, terwijl de afleiders zwarte letters waren. In dit geval zijn de targets dus op 

basis van zowel kleur als categorie van de afleiders te onderscheiden, en kan één van 

deze twee eigenschappen toegevoegd worden aan de afleider die net voor de tweede 

target wordt aangeboden. Als zodanig wordt deze afleider een “cue” voor het 

verschijnen van de tweede target. De logica van deze manipulatie was dat omdat de 

proefpersoon zoekt naar rode cijfers, elke stimulus die of rood is, of een cijfer is, de 

aandacht zal trekken, en daarmee het proces van selectie voor het werkgeheugen zou 
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kunnen initiëren. Vanuit de vertraagde selectie verklaring volgt daarbij de voorspelling 

dat als deze afleider de selectie van informatie voor het werkgeheugen initieert, de 

stimulus die erop volgt (dwz. de tweede target) vaak in plaats van deze afleider 

geselecteerd en gerapporteerd zal worden. De resultaten van dit onderzoek bevestigden 

deze hypothese. Wanneer de tweede target niet voorafgegaan werd door een cue, kon 

deze target vaak niet correct gerapporteerd kon worden als deze binnen 500 ms. na de 

eerste target werd aangeboden. Dit attentional blink effect trad echter niet op wanneer 

de tweede target voorafgegaan werd door een cue, hetgeen bewijs leverde voor het 

idee dat de bottleneck in de attentional blink niet het werkgeheugen zelf is, maar 

eerder het proces van het selecteren van nieuwe targets voor toegang tot het 

werkgeheugen betreft. 

 

In het vierde hoofdstuk van dit proefschrift werd de relatie tussen de selectie 

van informatie voor bewuste waarneming en spatiële aandacht onderzocht. Met 

spatiële aandacht wordt de verdeling van aandacht over verschillende gebieden van de 

visuele omgeving bedoeld. De vraag in deze studie was of de aandacht tijdens het 

verwerken van een eerste target ook op de locatie “blijft hangen” waar deze target 

gepresenteerd werd. Om dit te onderzoeken werd de rapportage van een tweede target 

vergeleken tussen condities waarin deze tweede target op dezelfde of op een andere 

locatie dan de eerste werd aangeboden. Als de spatiële aandacht tijdens de verwerking 

van de eerste target op dezelfde locatie gericht zou blijven, zou de rapportage van de 

tweede target beter moeten zijn wanneer de tweede target op dezelfde locatie als de 

eerste werd aangeboden dan wanneer de twee targets op verschillende locaties werden 

aangeboden. De resultaten van het onderzoek lieten zien dat er geen verschil was in 

het percentage correct gerapporteerde tweede targets voor de twee condities. Op basis 

van dit resultaat werd geconcludeerd dat spatiële aandacht en de selectie van 

informatie voor bewuste waarneming niet aan elkaar gekoppeld zijn. 

  

In de laatste studie uit dit proefschrift (Hoofdstuk 5) werd onderzocht of de 

bewuste waarneming van een tweede target die tijdens een attentional blink wordt 

aangeboden makkelijker is als deze stimulus tegelijkertijd actief gehouden wordt in het 
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werkgeheugen. Uit voorgaand onderzoek is gebleken dat stimuli die in het 

werkgeheugen vastgehouden worden automatisch de aandacht trekken als ze 

vervolgens temidden van andere stimuli aangeboden worden. Op basis van deze 

bevinding was de hypothese voor deze studies dat de bewuste waarneming van de 

tweede target makkelijker zou moeten zijn als deze target ook behoorde tot een reeks 

van stimuli die proefpersoon tijdens het uitvoeren van de attentional blink taak moet 

onthouden. Om deze hypothese te toetsen kregen proefpersonen in elke aanbieding 

eerst drie letters te zien die zij moesten onthouden. Vervolgens kregen zij een reeks 

van cijfers te zien waar ook weer twee letters zaten die ze na afloop van de reeks 

moesten rapporteren. In de helft van de aanbiedingen behoorde de tweede target uit de 

reeks tot de geheugenset, terwijl in de andere helft van de aanbiedingen een andere 

letter als tweede target werd aangeboden. De resultaten van dit onderzoek lieten zien 

dat de rapportage van de tweede letter in plaats van makkelijker moeilijker bleek te 

zijn wanneer deze letter ook in het werkgeheugen vastgehouden werd. Dit verrassende 

resultaat werd in verschillende experimenten gerepliceerd. De conclusie op basis van 

dit resultaat kon worden getrokken was dat letters die in het werkgeheugen 

vastgehouden worden niet automatisch geselecteerd worden wanneer zij in een reeks 

van cijfers worden aangeboden. 

In een reeks vervolgexperimenten werd de oorzaak van dit verrassende effect 

verder onderzocht. Uit de resultaten van deze experimenten bleek dat de moeilijkheid 

in het rapporteren van tweede targets die in de geheugenset zaten mogelijk te maken 

heeft met verwarring tussen de stimuli uit de geheugenset en de targets uit de 

cijferreeks. Uit een ander experiment bleek namelijk dat als proefpersonen namelijk zo 

snel mogelijk op een toets van het toetsenboord moesten drukken als zij de tweede 

target detecteerden, er geen verschil in detectie en reactietijd optrad voor tweede 

targets die al dan niet in de geheugenset zaten. Dit resultaat suggereert dat de 

moeilijkheid in de rapportage van de tweede target specifiek optreedt in situaties 

waarin de tweede target uit het geheugen opgehaald moet worden, terwijl het niet 

optreedt wanneer de taak niet het ophalen van de target uit het geheugen benodigd. De 

moeilijkheid van het uit het geheugen ophalen van targets die daar reeds werden 

vastgehouden duidt dus op een beperking in het vermogen om verschillende 
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herinneringen van dezelfde stimulus aan te maken en vast te houden. Als gevolg 

hiervan zal de tweede herinnering aan dezelfde stimulus minder “sterk” zijn dan de 

eerste, waardoor de proefpersoon op het moment dat de targets uit het geheugen 

moeten worden opgehaald de betreffende stimulus eerder zal plaatsen in de context 

van de geheugentaak.  

 

Conclusies 

De bevindingen uit de eerste twee studies uit dit proefschrift hebben nieuw 

inzicht verschaft in de processen die ervoor zorgen dat visuele stimuli bewust 

waargenomen worden en in het geheugen opgeslagen worden. Zo bleek dat niet het 

werkgeheugen zelf, maar het proces van het selecteren van de tweede target de 

voornaamste bottleneck vormt in de waarneming van targets die tijdens de periode van 

de attentional blink worden aangeboden. De voornaamste implicatie van deze 

bevinding is dat de waarneming van visuele informatie tijdens condities van 

verminderde aandacht mogelijk is indien de selectie van deze informatie op tijd 

geïnitieerd wordt. Uit de derde studie bleek dat de verwerkingsbottleneck die de 

attentional blink veroorzaakt geen invloed heeft op processen die betrokken zijn bij het 

verplaatsen van de aandacht over ruimtelijke locaties. Deze bevinding impliceert dat 

verschillende processen die betrokken zijn bij de selectie van visuele informatie niet 

gekoppeld zijn. Zo kunnen de processen die betrokken zijn bij de selectie van een 

stimulus voor toegang tot het werkgeheugen tijdens de attentional blink vertraagd zijn 

terwijl het verplaatsen van de aandacht naar de locatie van nieuwe stimulus geen 

beperking vertoont. In de laatste studie werd aangetoond dat proefpersonen 

waargenomen visuele stimuli moeilijker kunnen herinneren als deze ook behoorden tot 

de geheugenset voor een andere taak. Deze bevinding suggereert dat er een beperking 

is in het representatievermogen van het werkgeheugen die ertoe leidt dat de 

herinnering aan de tweede aanbieding van een bepaalde stimulus minder goed 

onthouden wordt dan de eerste aanbieding van deze stimulus.  
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