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Abstract 
The focus of attention can be either unitary or divided and can transition from unitary 

to divided while performing a task.  In Experiment 1, we investigated whether alerting 

hastens the transition from unitary to divided attention.  To this end, we employed a dual-

RSVP-stream Attentional Blink task (AB; impaired perception of the second of two rapidly-

sequential targets) with two pairs of letter targets (T1-pair, T2-pair).  One component of the 

AB known as Lag-1 sparing (unimpaired perception of the T2-pair when it is presented 

directly after the T1-pair) occurs only when the T2-pair falls in an attended location.  When 

the T2-pair falls in an unattended location, the converse pattern occurs (Lag-1 deficit).  

Accordingly, we used the incidence of Lag-1 sparing/deficit to index whether a location was 

attended or unattended.  We found that presenting a brief brightening flash of the screen 

(alerting) just before the T1-pair hastened the transition from the initial unitary focus to a 

divided focus.  In Experiment 2, we pitted the hastening account against an alternative 

hypothesis that the flash triggers phasic activation of the Locus Coeruleus/norepinephrine 

neuromodulatory system thus resetting the underlying neural networks that mediate the 

distribution of attention, triggering a switch from unitary to divided attention.  The results of 

Experiment 2 were incompatible with the hastening account, but consistent with the network-

reset account. 
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It is generally accepted that the focus of attention can be deployed as either unitary or 

divided (e.g., Awh & Pashler, 2000; Bichot et al. 1999; Cave et al., 2010; Dubois et al. 2009; 

Godijn & Theeuwes, 2003; Jefferies et al. 2014; Kawahara & Yamada, 2006; Kramer & 

Hahn, 1995; McMains & Somers, 2004, 2005; Müller et al. 2003).  It is also known that the 

focus can morph between unitary and divided in the course of performing a given task 

(Dubois et al., 2009; Jefferies & Witt, 2019). These studies have also shown that the 

transition from unitary to divided attention can take hundreds of milliseconds to complete. 

What has yet to be determined is what factors influence the rate at which the transition is 

accomplished. Here we examine one potential factor: nonspecific alerting. Alerting enhances 

the visual system’s state of readiness when a warning signal is presented that indicates the 

imminent arrival of a target but provides no information as to its spatial location. Such a 

change in internal state is known to lead to a speeding of response times (e.g., Bernstein et 

al., 1970; Fernandez-Duque & Posner, 1997) and to enhanced accuracy of target 

identification (e.g., Nakayama & Mackeben, 1989). The present study was designed to 

determine whether nonspecific alerting can speed up the transition from unitary to divided 

attention. 

 The main context for the present work is provided by a study by Jefferies and Witt 

(2019; summarized below) that explored the temporal dynamics of the unitary-to-divided 

transition. Within that context, we employed a modified Attentional Blink (AB) paradigm to 

assess whether, at any given time, the focus of attention was unitary or divided. 

Using the AB to assess whether the attentional focus is unitary or divided  

When two targets (T1, T2) are presented in rapid succession, identification of T2 is 

impaired. This T2 deficit is most pronounced when the temporal lag between the two targets 

is in the range of 100-500 ms (Raymond et al., 1992). The AB has been investigated with a 

paradigm known as rapid serial visual presentation (RSVP), in which two targets (e.g., 

letters) are inserted in a stream of distractors (e.g., digits). Typically, all the items are 

displayed sequentially at a rate of one every 100 ms or so. 

The present work utilized one aspect of the AB known as Lag-1 sparing, in which the 

AB deficit is much reduced when T2 is presented directly after T1 (i.e., at the ordinal position 

known as Lag 1). Visser et al. (1999) defined Lag-1 sparing as a positive difference between 

T2 accuracy at Lag 1 minus the lowest level of T2 accuracy at any other lag. A corresponding 

negative difference was termed Lag-1 deficit (see Figure 2B for an illustration of Lag-1 

sparing/deficit).  
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It was originally thought that Lag-1 sparing occurs only when T2 is presented in the 

same location as T1 (Visser et al., 1999). Subsequent research, however, has shown that Lag-

1 sparing also occurs when T1 and T2 are presented in different locations, provided that T2 

falls within the focus of attention (Jefferies et al. 2007; Jefferies, Enns, & Di Lollo, 2019; 

Shih, 2000). The occurrence of Lag-1 sparing when T1 and T2 are presented in different 

locations can thus be used to assess the spatial distribution of attention. If Lag-1 sparing is in 

evidence, we can infer that the T2 location was attended. Conversely, if Lag-1 deficit occurs, 

we can infer that the T2 location was unattended. (Jefferies & Di Lollo, 2009; Kawahara & 

Yamada, 2006). 

A description of the procedures adopted by Jefferies and Witt (2019) will serve the 

dual purpose of conveying the logic behind the present study and of outlining the basic 

experimental paradigm.  Jefferies and Witt employed an AB paradigm with two concurrent 

RSVP streams of digit distractors, one stream on either side of fixation. The first target 

consisted of two letters presented simultaneously, one in each stream (the T1-pair; Figure 1). 

On a random half of the trials, the two letters were the same as one another; on the remaining 

trials they were different. The second target also consisted of two letters presented 

simultaneously (the T2-pair), but they were always different from one another. At the end of 

each trial, participants first indicated whether the letters in the T1-pair were the same as one 

another and then identified the letters in the T2-pair.  

 

  



Alerting affects the division of attention         5 
 
Fig 1  Schematic illustration of the experimental paradigm.  The T1-pair always appeared 

within the RSVP streams; the T2-pair appeared randomly but with equal probability either at 

the In-Stream or at the Between-Streams location.   

 

 
 

 

 

The two letters in the T1-pair always appeared within the RSVP streams; thus, their 

location was entirely predictable.  In contrast, the location of the T2-pair was unpredictable: 

on a random half of the trials the letters appeared within the streams (In-Stream location). On 

the remaining trials, they appeared in the blank region between the streams (Between-Streams 

location). The relationship between the spatial distribution of focal attention (unitary or 

divided) and the incidence of Lag-1 sparing/deficit is illustrated in Figure 2.   
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Fig 2  Schematic illustration of the hypothesized distribution of attention (grey circular 
regions) and expected pattern of Lag-1 sparing and Lag-1 deficit when the focus of attention 
is unitary (A) or divided (B). If the T2-pair appears at the In-Stream location, Lag-1 sparing 
will occur since that location is attended regardless of whether the focus of attention is 
unitary or divided.  If, the T2-pair appears in the Between-Streams location, different results 
will occur depending on whether the focus is unitary or divided.  If the focus of attention is 
unitary, and the Between-Streams location is therefore attended, Lag-1 sparing will occur.  If, 
on the other hand, the focus of attention is divided and the Between-Streams location is 
therefore unattended, Lag-1 deficit will occur.     
 

 
 

 

A key objective in Jefferies and Witt’s (2019) study was to monitor changes in the 

spatial distribution of focal attention over time. To this end, the stimulus-onset asynchrony 

(SOA) between successive items in the RSVP streams was varied systematically in the range 

70-126 ms. This provided sequential “snapshots” of the incidence of Lag-1 sparing/deficit – 

and hence of the corresponding distribution of the attentional focus – at each SOA. The 
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condition of principal interest was the Between-Streams condition.  As illustrated in Figure 2, 

that is the condition that indicates whether attention is unitary or divided when the T2-pair 

arrives: if Lag-1 sparing occurs, the region between the streams is deemed to be attended, and 

the focus of attention is inferred to be unitary (Figure 2A); if Lag-1 deficit occurs, the region 

between the streams is deemed to be unattended, and the focus of attention is inferred to be 

divided (Figure 2B).  

Figure 3, adapted from Jefferies and Witt (2019), illustrates the incidence of Lag-1 

sparing/deficit at each SOA on trials in which the T2-pair was presented in the Between-

Streams location. Clearly, the incidence and magnitude of Lag-1 sparing/deficit depended on 

SOA: Lag-1 sparing was in evidence at the shorter SOAs and Lag-1 deficit at the longer 

SOAs. This pattern strongly suggests that the focus of attention was unitary for at least the 

initial 84-98 ms after the presentation of the T1-pair (thus encompassing the Between-

Streams location) and transitioned to a divided focus at longer SOAs.  

This said, it may well be asked why the focus was initially deployed as unitary rather 

than divided. Given that the display consisted of two separate streams, observers might be 

expected to deploy two separate foci, one to each stream, rather than a unitary focus that 

broadly encompassed both streams.  It has been shown, however, that a divided focus cannot 

be maintained for longer than a few hundred ms (Dubois et al., 2009). Hence the focus can be 

assumed to be divided at the beginning of the trial, but to have returned to a unitary focus by 

the time the T1-pair is presented.   
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Fig 3  Variation in the magnitude of Lag-1 sparing (positive values) and Lag-1 deficit 

(negative values) as a function of SOA.  Lag-1 sparing indexes a unitary focus and Lag-1 

deficit indexes a divided focus.  

 

  
 

Upon the arrival of the T1-pair, attention returned briefly to a divided focus so as to 

maximize the efficiency of processing the target letters. Improved processing efficiency 

probably arose from the greater concentration of resources in the smaller attended area when 

the focus was divided than when it was unitary. That attentional resources become 

progressively more concentrated as the size of the attended area is decreased has been shown 

by Castiello and Umiltà (1990; see also Eriksen & Yeh, 1985). In Jefferies and Witt’s (2019) 

study, the process of morphing from unitary to divided attention began approximately 80 ms 

after the onset of the T1-pair and took approximately 40 ms to complete. 

Experiment 1 

The principal objective of Experiment 1 was to test the hypothesis that nonspecific 

alerting of the T1-pair speeds up the unitary-to-divided transition. This, in turn, would cause 

the Between-Streams location to become unattended earlier, with correspondingly earlier 
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onset of Lag-1 deficit on trials in which the T2-pair was displayed in the Between-Streams 

location.  

Much the same procedures as in the study of Jefferies and Witt (2019) were followed 

in the present study, with the addition of an alerting stimulus which consisted of a brief 

sudden brightening of the entire screen just before the onset of the T1-pair. The brightening 

occurred on a random half of the trials (Flash condition); no brightening occurred on the 

remaining trials (No-Flash condition). The important considerations are as follows: when the 

T2-pair is presented directly after the T1-pair, the unitary-to-divided transition has not yet 

been completed in the No-Flash condition (see Figure 3). This means that the region between 

the streams is still attended and that Lag-1 sparing will occur when the T2-pair appears in that 

region. In contrast, in the Flash condition, alerting causes the unitary-to-divided switch to 

occur earlier than in the No-Flash condition. This means that the region between the streams 

will be unattended when the T2-pair arrives, with consequent Lag-1 deficit in the Between-

Streams condition. In brief, we expected the No-Flash condition to yield Lag-1 sparing and 

the Flash condition to yield Lag-1 deficit. 

Methods 

Observers 

 An a priori power analysis was conducted using the effect size for the interaction 

between Lag and T2-pair location reported by Jefferies et al., (2014).  Based on this analysis, 

we estimated that a minimum of 36 participants was needed for an effect of that size to be 

detected with 90% probability, with alpha at .05. 

Fifty Griffith University undergraduates participated for course credit.  Four were 

excluded from analysis due to low T1-pair identification accuracy (<60%), leaving 46 

participants for analysis.  All were experimentally naïve, reported normal or corrected-to-

normal vision, and provided written informed consent. The study was approved by the 

Griffith University Human Research Ethics Committee and was performed in accordance 

with the ethical standards laid down in the 1964 Declaration of Helsinki and its later 

amendments.  

Stimuli and Procedure 

Stimuli were displayed on a 140-Hz BenQ XL2430T monitor viewed at a distance of 

~60 cm.  Stimuli were displayed on a BenQ XL2430Tcomputer monitor running at 144 Hz 

and powered by a computer with a Windows operating system. Stimulus presentation was 

controlled by a custom Matlab script using libraries provided by the Psyctoolbox 3 software 

(Brainard, 1997; Pelli, 1997; Kleiner et al, 2007).  
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Stimuli were displayed on a light gray background with a central black fixation cross 

(0.25°×0.25°). Participants initiated each trial by pressing the spacebar. After a 500–800 ms 

delay, two synchronized streams of digits (0.9° vertically) were displayed in rapid serial 

visual presentation (RSVP) 1.75° to the left and to the right (center-to-center) of fixation. 

Digits were selected randomly from 0-9.  The same digit was never presented successively in 

the same stream or simultaneously in both streams.  After a random 7-13 leading digits, the 

first of two targets appeared. 

Targets were pairs of letters selected randomly from the English alphabet, excluding 

the letters I, O, Q, Z, S, and D.  The first-target pair (T1-pair) was presented with one letter in 

the left-hand stream and the other in the right-hand stream (i.e., it always appeared at the In-

Stream location). On a random half of the trials, the two letters in the T1-pair were the same 

as one another; on the remaining trials, they were different.  The letters in the second-target 

pair (T2-pair) were always different from one another.  The same letter could not appear in 

both targets.  

The T2-pair letters appeared randomly with equal probability in one of two locations: 

1) in the In-Stream condition, with one letter of the T2-pair displayed in each RSVP stream; 

2) in the Between-Streams condition, with one letter in the blank region between the left-hand 

stream and fixation and the other in the blank region between the right-hand stream and 

fixation (Figure 1).  Participants were informed that the T1-pair would always appear in the 

In-Stream location whereas the T2-pair would appear unpredictably in either the In-Stream or 

the Between-Streams location. 

The T2-pair followed the T1-pair at one of four inter-target lags: 1 (83 ms), 2 (166 

ms), 3 (249 ms), or 9 (747 ms), presented randomly with equal probability.  The T1-pair was 

masked either by the T2-pair (in the In-Stream condition at Lag 1) or by the ensuing digit in 

the stream (all other conditions). When the T2-pair appeared In-Stream, it was masked by the 

following digit; when it appeared at the Between-Streams location, it was masked by a pair of 

digits presented at that location.  The streams continued during the presentation of the T2 

mask.  Each letter and digit was displayed for 50 ms followed by a 33 ms blank interval (ISI) 

before the next item appeared. Thus, the SOA was 83 ms. 

On a random half the trials, a visual transient event occurred (Flash condition); no 

transient occurred on the remaining trials (No-Flash condition).  On Flash trials, the entire 

screen changed from mid-grey to white for 33 ms. At Lag 1, the flash appeared 202 ms prior 

to the onset of the T2-pair.  
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At the end of each trial, participants made three responses.  First, they indicated 

whether the T1-pair letters were the same as one another by pressing the ‘S’ or ‘D’ key.  

Then they identified each T2-pair letter, in either order. The fixation cross disappeared when 

participants entered their responses and reappeared to indicate a new trial.   

Results and Discussion 

T1-pair 

  Identification accuracy for the T1-pair is illustrated in Figure 4.  The data were 

analyzed in a 2 (Flash, No Flash) × 4 (Lag: 1, 2, 3, 9) repeated-measures analysis of variance 

(ANOVA), which revealed significant main effects of Flash, F(1,44)= 205.67, p< .001, 

ƞp
2=.824, and Lag, F(3,132)=52.71, p< .001, ƞp

2=.545. The interaction effect was not 

significant, F(3,132)=1.30, p=.276, ƞp
2=.029.   

Two aspects of the results illustrated in Figure 4 stand out.  First is the significant 

effect of Flash, which confirms that performance was more accurate in the Flash than in the 

No-Flash condition. This result confirms that alerting does facilitate the processing of the T1-

pair.  Since the alerting flash is time-locked to the T1-pair while Lag refers to the time at 

which the T2-pair follows the T1-pair, it is unsurprising that this benefit is invariant with lag.   

Second, the significant effect of Lag was driven almost entirely by the lower 

performance at Lag 1 relative to the longer lags. This is expected on two considerations: (a) 

at Lag 1 the two letters in the T1-pair were masked not by digits but by other letters (i.e., the 

letters in the T2-pair when it appeared in the same location as the T1-pair); and (b) it is 

known that masking is stronger when the mask is of the same category as the target (Dux & 

Coltheart, 2005). Beyond Lag 1, the T1 letters were masked by items belonging to a different 

category (digits) and masking was correspondingly weaker.   

Finally, it is worth noting that although alerting effects have typically been shown 

with paradigms involving simple detection tasks (e.g., Fernandez-Duque & Posner, 1997), the 

present results show that alerting affects processes beyond simple detection, including letter 

identification.  This is essential for the present study as the research is predicted on the 

assumption that alerting can speed up the processing of the T1-pair, which consists of letters.  
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Fig 4 Mean percentage of correct responses to the T1-pair. Error bars indicate standard error 

of the mean. 

  

 
 

T2-pair 

Only trials in which the response to the T1-pair was correct were included for 

analysis.  This is commonly-accepted practice in AB studies as if the T1-pair is identified 

incorrectly, the source of any further error is unknown and thus its effects on second-target 

processing cannot be estimated.  The two responses to the T2-pair were averaged to calculate 

a single accuracy score, as was done by Jefferies, Enns, and Di Lollo (2014).  
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Fig 5 Mean percentage of correct T2-pair responses. Error bars indicate standard error of the 

mean. 

 

 
 

 

Figure 5 illustrates the percentage of correct T2-pair responses as a function of T2-

pair location and lag in the No-Flash condition (panel A) and in the Flash condition (panel 

B).  The data were analyzed in a 2 (Flash, No Flash) × 2 (T2-Location: In-Stream, Between-

Streams) × 4 (Lag: 1, 2, 3, 9) repeated-measures ANOVA.  The analysis revealed significant 

effects of Flash, F(1,44)=15.41, p< .001, ƞp
2=.259, T2-Location, F(1,44)=43.14, p< .001, 

ƞp
2=.495, and Lag, F(3,132)=105.57, p< .001, ƞp

2=.704.  There were also significant 

interaction effects between Flash and T2-Location, F(1,44)=6.49, p= .014, ƞp
2=.129, Flash 

and Lag, F(3,132)=9.183, p< .001, ƞp
2=.173, and T2-Location and Lag, F(3,132)=14.809, p< 

.001, ƞp
2=.252.  Importantly, the three-way interaction was significant, F(3,132)=3.90, p= 

.01, ƞp
2=.081.  The interaction was clearly driven by the occurrence of Lag-1 sparing in the 

No-Flash, Between-Streams condition, and Lag-1 deficit in the corresponding Flash 

condition. 



Alerting affects the division of attention         14 
 

Figure 5 suggests that the three-way interaction was driven by the incidence of Lag-1 

sparing in the No-Flash Between-Streams condition, and Lag-1 deficit in the corresponding 

Flash condition.  This was tested in an analysis focused specifically on Lags 1 and 2 so as to 

test for the incidence of Lag-1 sparing/deficit: a 2 (Flash, No Flash) × 2 (T2-Location: In-

Stream, Between-Streams) × 2 (Lags: 1, 2) repeated-measures ANOVA.  The analysis 

revealed significant main effects of Flash, F(1,44)=28.56, p<.001, ƞp
2=.394, Location, 

F(1,44)=47.03, p<.001, ƞp
2=.517, and Lag, F(1,44)=4.96, p=.031, ƞp

2=.101. There were also 

significant interactions between Flash and Lag, F(1,44)=16.39, p<.001, ƞp
2=.271, and T2-

Location and Lag, F(1,44)=24.41, p<.001, ƞp
2=.357.  Finally, the three-way interaction 

among Flash, T2-Location, and Lag was significant, F(1,44)=12.24, p<.001, ƞp
2=.218.  

Expectations based on the hypothesis that alerting of the T1-pair hastens the division 

of the attentional focus were generally born out. In the Between-Streams location, Lag-1 

sparing occurred in the No-Flash condition, consistent with a unitary focus (Figure 5A), 

whereas Lag-1 deficit occurred in the Flash condition, consistent with a divided focus (Figure 

5B, Between-Streams condition). Whether attention was unitary or divided depended on the 

alerting of the T1-pair. When the T1-pair was not alerted (No-Flash condition) the process of 

dividing attention was still in progress when the T2-pair appeared in the still-attended 

Between-Streams location, resulting in Lag-1 sparing. In contrast, when the T1-pair was 

alerted (Flash condition), the process of dividing attention had been completed because 

processing of the T1-pair was hastened by the flash, causing the Between-Streams location to 

be unattended when the T2-pair arrived, with consequent Lag-1 deficit.   

Effect of the flash on the magnitude of the AB 

 Models of the AB suggest that AB magnitude should vary as a function of T1 

difficulty (e.g., Bottleneck models; Chun & Potter, 1995).  Given that in the present study the 

Flash significantly improved identification accuracy of T1 (see Fig. 4), we checked whether 

the magnitude of the AB was smaller in the Flash condition (in which T1 processing was 

facilitated) than in the No-Flash condition (no facilitation).  The magnitude of the AB, 

calculated as the difference Lag 9 minus Lag 2, is illustrated in Figure 6.  Inspection of Figure 

6 suggests that the magnitude of the AB was comparable in the Flash and No-Flash 

conditions.  This was confirmed by a paired-samples t-test which was not significant, 

t(44)=0.569, p=.57, d=.085. 
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Fig 6  Magnitude of the AB (Lag 9 minus Lag 2) in the Flash and No-Flash conditions in 

Experiment 1.  Error bars indicate standard error of the mean. 

 

 
 Closer inspection of the literature relating AB magnitude to T1 difficulty reveals 

mixed results, with some studies showing an inverse relationship (e.g., Visser, 2007) and 

others showing AB magnitude to be invariant with T1 difficulty (e.g., Jolicoeur & 

Dell’Acqua, 1998).  These discrepant results were reconciled by LaGroix, Spalek, and Di 

Lollo (2015), who showed that a positive relationship occurred only in studies in which T2 

accuracy was constrained by a response ceiling (see Visser, 2007).  Once the ceiling is 

removed – either by making the task sufficiently difficult that performance is not at ceiling or 

by using an alternative measure such as reaction time, which is not constrained by a ceiling – 

the AB magnitude is found to be invariant with T1 difficulty.  The present study employed a 

relatively difficult task, thus preventing T2 accuracy from reaching a ceiling.  For this reason, 

we did not observe a variation in the magnitude of the AB as a function of T1difficulty.   

Experiment 2 

On the face of it, the results of Experiment 1 are consistent with the idea that alerting 

of the T1-pair hastens the division of the attentional focus.  It needs to be noted, however, 

that the results cannot be attributed unambiguously to the hastening action of the flash. An 

equally plausible account of the unitary-to-divided transition can be given in terms of the 

involvement of the Locus Coeruleus – norepinephrine (LC-NE) neuromodulatory system in 

response to the flash.  Posner and colleagues have suggested, for example, that the LC-NE 

system mediates alerting effects (e.g., Fernandez-Duque & Posner, 1997; Petersen & Posner, 

2012).  The hypothesis of LC-NE involvement was elaborated by Bouret and Sara (2012), 

who proposed that LC-NE activation triggers a change in the neural networks that underlie 

task performance, an account which could explain the present results, as discussed below.   
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Network reset and phasic activation of the LC-NE system  

Located in the brainstem, the Locus Coeruleus is regarded as the principal source of 

norepinephrine in the central nervous system (Usher et al., 1999). Two modes of LC activity 

have been identified: a tonic mode, which is the baseline level of ongoing activity, and a 

phasic mode, which is a transient boost in firing rate, above tonic baseline level, that occurs 

upon the presentation of a salient or task-relevant stimulus. Phasic LC activity peaks about 

100 ms after stimulus onset and endures for about 100 ms before returning to baseline (Usher 

et al., 1999).   

A general theory of LC-NE functioning, called network reset theory, postulates that 

phasic activation of the LC-NE system resets the neural networks that mediate cognitive 

functions (Bouret & Sara, 2005; Jefferies & Di Lollo, 2019).  Central to network reset theory 

is the idea that specific cognitive states such as focused attention correspond to activity in 

distinct neural networks underlying specific behavioural and electrophysiological responses. 

Phasic LC-NE activation is said to reset the system, triggering a switch between alternative 

neural networks. As noted by Bouret and Sara (2005, p. 576): “The noradrenaline signal 

[triggered by phasic LC activity] would have a general reset function, facilitating changes in 

widespread forebrain networks that are mediating specific cognitive functions”.  

Network reset theory offers a plausible account of the present results. The basic idea 

is that two distinct attentional states – mediated by corresponding neural networks – were 

potentially available to perform the task: attention could be either unitary or divided. The 

critical point is that phasic activation of the LC-NE system by the alerting flash may have 

triggered a network switch from the existing unitary mode to the alternative divided mode.  

The results of Experiment 1 (Figure 5) can be explained equally well either in terms 

of the flash hastening the unitary-to-divided transition or in terms of the flash resetting the 

underlying neural networks (see above). Since the results of Experiment 1 do not provide a 

basis for decoupling the two accounts, Experiment 2 was designed to do just that.   

In Experiment 1, the T1-pair always appeared within the RSVP streams, making the 

location of the letters entirely predictable.  Thus, when the flash arrived, it was advantageous 

for the focus of attention to morph from unitary to divided in order to concentrate attentional 

resources to the locations in which the target letters appeared (e.g., Castiello & Umiltà, 

1990). In experiment 2, the location of the T1-pair was changed to be unpredictable: the 

letters could appear randomly either in the RSVP streams, as in Experiment 1, or in the blank 

space between the two streams.  With the location of the T1-pair being unpredictable, it 

would be detrimental to morph from a unitary to a divided focus upon arrival of the flash, as 
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doing so would cause the T1-pair to fall in an unattended region on half the trials.  The 

optimal strategy in this case would be to maintain a unitary focus so that both the In-Stream 

and the Between-Streams locations are attended (Castiello & Umiltà, 1990).  The expectation 

that the focus should remain unitary when the location of the T1-pair is unpredictable is 

further supported by the findings of Jefferies, Enns, and Di Lollo (2014) who also 

manipulated the predictability of the T1-Pair. When the location of the T1-Pair was 

predictable, as in the current Experiment 2, they found results consistent with a unitary focus.   

Predictions as to the effect of the flash when the T1-pair is unpredictable differ 

between the hastening account and the network reset account.  According the hypothesis that 

the flash hastens the transition from unitary to divided attention, the transition-hastening 

action of the flash must be considered moot in this experiment simply because there is no 

transition on which to act – the optimal strategy would be to maintain a unitary focus 

throughout.  Accordingly, we would expect Lag-1 sparing to occur not only in the In-Stream 

location but, critically, also in the Between-Streams location because both locations would be 

attended.   

In contrast, according to the network reset account, the flash will trigger phasic 

activation of the LC-NE system, resulting in a network reset, causing a change from unitary 

to divided attention.  Notably, this will happen even though the optimal strategy is to 

maintain a unitary focus.  Thus, the network-reset principle would account naturally for the 

switch from unitary to divided attention without relying on the observer’s mental set.  

Because network reset would result in a divided attentional focus, we would expect the In-

Stream location to be attended and Lag-1 sparing to occur at that location, but the Between-

Streams location to be unattended, with consequent Lag-1 deficit at that location.  

In brief, evidence of Lag-1 deficit in the Between-Streams location in the Flash 

condition would be consistent with the network-reset account but inconsistent with the 

hastening account.  In contrast, evidence of Lag-1 sparing in the Between-Streams location in 

the Flash condition would be consistent with the hastening account but not with the network-

reset account.  

Methods 

Observers 

Thirty-nine Griffith University undergraduates participated for course credit.  Two 

were excluded for low T1-pair identification accuracy (<60%), leaving 37 participants for 

analysis.  All were experimentally naïve, reported normal or corrected-to-normal vision, and 

provided written informed consent.  This study was approved by the Griffith University 
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Human Research Ethics Committee and was performed in accordance with the ethical 

standards laid down in the 1964 Declaration of Helsinki and its later amendments. 

Stimuli and Procedure 

The stimuli and procedures were the same as in Experiment 1 with a single exception.  

The T1-pair letters appeared randomly with equal probability either: 1) in the In-Stream 

condition, with one letter of the T1-pair displayed in each RSVP stream; or 2) in the 

Between-Streams condition, with one letter in the blank region between the left-hand stream 

and fixation and the other letter in the blank region between the right-hand stream and 

fixation.  Observers were informed that both the T1-pair and the T2-pair would appear 

unpredictably either in the streams or in the blank region between the streams. 

Results and Discussion 

T1-pair 

  Identification accuracy for the T1-pair is illustrated in Figure 7.  The data were 

analyzed in a 2 (Flash, No Flash) × 4 (Lag: 1, 2, 3, 9) repeated-measures analysis of variance 

(ANOVA), which revealed significant effects of Flash, F(1,37)= 22.89, p< .001, ƞp
2=.382, 

and Lag, F(3,111)=24.57, p< .001, ƞp
2=.399. The interaction effect was not significant, 

F(3,111)<1.  As with the T1-pair results in Experiment 1, the significant effect of Lag was 

driven by the lower performance at Lag 1 relative to the longer lags, a pattern of results likely 

stemming from the fact that the two letters in the T1-pair were masked not by digits but by 

other letters.   

 

  



Alerting affects the division of attention         19 
 
Fig 7 Mean percentage of correct responses to the T1-pair. Error bars indicate standard error 

of the mean. 

 
T2-pair 

Only trials in which the response to the T1-pair was correct were included for 

analysis.  As in Experiment 1, the two responses to the T2-pair were averaged to calculate a 

single accuracy score. Figure 8 illustrates the percentage of correct T2-pair responses as a 

function of T2-pair location and lag in the No-Flash condition (panel A) and in the Flash 

condition (panel B).   
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Fig 8  Mean percentage of correct T2-pair responses. Error bars indicate standard error of the 

mean.    

 
 

 

The data illustrated in Figure 8 were analyzed in a 2 (Flash, No Flash) × 2 (T2-

Location: In-Stream, Between-Streams) × 4 (Lag: 1, 2, 3, 9) repeated-measures ANOVA.  

The analysis revealed significant main effects of Flash, F(1,36)=2.85, p=.10, ƞp
2=.073, T2-

Location, F(1,36)=8.01, p=.008, ƞp
2=.182, and Lag, F(3,108)=34.42, p<.001, ƞp

2=.489. There 

were also significant interactions between Flash and T2-Location, F(1,36)<1, Flash and Lag, 

F(3,108)=8.139, p< .001, ƞp
2=.184, and T2-Location and Lag, F(3,108)=8.82, p< .001, 

ƞp
2=.197.  Finally, the three-way interaction was significant, F(3,108)=2.88, p= .04, ƞp

2=.074.   

Figure 8 suggests that the three-way interaction was driven by the incidence of Lag-1 

sparing in the No-Flash, Between-Streams condition, and Lag-1 deficit in the corresponding 

Flash condition.  This was tested in an analysis focused specifically on Lags 1 and 2 so as to 

test for the incidence of Lag-1 sparing/deficit: a 2 (Flash, No Flash) × 2 (T2-Location: In-

Stream, Between-Streams) × 2 (Lags: 1, 2) repeated-measures ANOVA.  The analysis 

revealed significant main effects of Flash, F(1,36)=6.82, p=.013, ƞp
2=.159 and T2-Location, 

F(1,36)=11.76, p=.002, ƞp
2=.246.  The main effect of Lag was not significant, F<1.  There 
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were also significant interactions between Flash and T2-Location, F(1,36)=1.25, p=.270, 

ƞp
2=.034, Flash and Lag, F(1,36)=13.05, p=.001, ƞp

2=.266, and T2-Location and Lag, 

F(1,36)=23.40, p<.001, ƞp
2=.394.  Finally, the three-way interaction among Flash, T2-

Location, and Lag was significant, F(1,36)=8.20, p=.007, ƞp
2=.186.   

  The significant three-way interaction is clearly driven by the presence of Lag-1 

sparing in the Between-Stream location in the No-Flash condition (Figure 8A, segmented 

line) and Lag-1 deficit in corresponding condition of the Flash condition (Figure 8B, 

segmented line).  This is consistent with attention being deployed as a unitary focus in the 

No-Flash condition, but as a divided focus in the Flash condition.  Figure 2 illustrates the 

relationship between the distribution of attention and the incidence of Lag-1 sparing/deficit 

for Experiment 1.  That figure applies equally to interpreting the results of Experiment 2. As 

noted in the introduction to Experiment 2, evidence of a divided focus in the Flash condition 

is consistent with the network-reset account but inconsistent with the hastening account.   

Effect of the flash on the magnitude of the AB 

 As discussed in Experiment 1, the evidence suggests that, in the absence of ceiling 

effects, the magnitude of the AB is not determined by T1 difficulty.  This was also the case in 

Experiment 2, as shown in Figure 9.  A paired-samples t-test revealed no significant 

difference in the magnitude of the AB between the Flash and No-Flash conditions, 

t(36)=1.51, p=.141, d=.247. 

 

Fig 9  Magnitude of the AB (Lag 9 minus Lag 2) in the Flash and No-Flash conditions in 

Experiment 2.     
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General Discussion 

Network reset theory can account naturally for the results of both experiments. The 

basic idea is that two distinct attentional states – mediated by corresponding neural networks 

– were potentially available in both experiments: attention could be either unitary or divided. 

The critical assumption is that phasic activation of the LC-NE system by the alerting flash 

triggered a network switch in both experiments. 

How can these ideas account for the experimental outcomes? First, consider 

Experiment 1. The results can be explained either in terms of the flash hastening the unitary-

to-divided transition or in terms of the flash resetting the underlying neural networks.  

Experiment 2 decoupled the two accounts by displaying the T1-pair unpredictably either in 

the In-Stream or the Between-Streams location, inducing the observers to maintain a unitary 

focus. According to the transition-hastening account, such a unitary focus should give rise to 

Lag-1 sparing in the Flash condition instead of the Lag-1 deficit that was actually obtained, 

thus disconfirming the prediction.  

In contrast, the network-reset account predicts Lag-1 deficit in the Flash condition of 

Experiment 2 simply because the flash would trigger a network switch – in this case from 

unitary to divided.  The results were in line with this prediction. Clearly, the Lag-1 deficit 

obtained in the Flash condition in Experiment 2 is consistent with the network-reset account 

but not with the transition-hastening account.  More generally, the present results strongly 

suggest that phasic LC-NE activity plays a critical role in the switch between unitary and 

divided attention.  
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