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Abstract 

The Attentional Blink (AB) refers to a period of approximately 500ms when, 

following the correct report of a first target (T1), report of a second target (T2) is disrupted.  

Despite the theoretical basis of this effect remaining contentious, researchers have applied 

the paradigm to specific populations such as individuals with dyslexia in order to examine 

the temporal nature of attention within this population. The series of experiments reported 

in this thesis aimed to develop methods capable of controlling for individual differences in 

factors potentially unrelated to the AB, which may, however, be interfering with the 

interpretation of the applied research.  This highlighted four factors which could be 

estimated and controlled in an AB investigation: practice effects, target duration, inter-

target interval (ITI), and task foreperiod. 

Investigation of practice effects suggested that these could be attenuated by 

providing a sufficiently demanding task.  Overall, it appeared that practice led to enhanced 

task-preparation.  Under conditions of high task difficulty, as set by modifying target 

exposure duration, there was not a significant change in AB accuracy across a series of 700 

trials.   

Target exposure duration was varied to establish target equality between observers.  

By reducing or extending the exposure duration, target accuracy could be set at a fixed 

level of correct report between observers.  Therefore, speed of processing could be 

estimated and examined between observers; but most importantly, it could be factored out 

of the AB effect.   

In a similar manner to target exposure duration, ITI was estimated and controlled.  

This was most easily estimated using a minimalist AB design using a fixation cross, T1 and 

a backward mask, and T2 and a backward mask.  Utilising the established target exposure 

duration, the temporal lag between targets could be modified so that T2 accuracy was set to 
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a criterion level.  Task foreperiod, the time between fixation offset and T1 onset, was 

equated in similar fashion.  

The AB pattern could now be estimated with inter-target lags set to fixed 

proportions of the value established in the step controlling for ITI.  In estimating and 

controlling for each of these factors, a task preparatory model of the AB was necessary to 

adequately account for a significantly attenuated AB effect when foreperiod was held 

constant.  Two factors were found to be critical: the development of ‘task-set’, defined as 

opting to complete one task over another; and ‘perceptual-set’, defined as preparation to 

receive the physical attributes of the to-be-processed stimuli including modality and 

intensity as well as spatial and temporal location. 

The conclusion of the investigation posits that in commonly applied AB 

methodologies, there are a number of factors unrelated to the AB effect which, when 

unaccounted for, contaminate the effect.  If valid conclusions regarding group differences 

in the AB per se are going to be established, these unrelated factors should be ruled out as 

sources of between group differences. 
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Abbreviations 

AB  Attentional Blink  

RSVP  Rapid Serial Visual Presentation  

T1  First Target  

T2  Second Target  

PRP  Psychology Refractory Period  

ITI  Inter-target Interval  
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Chapter 1 1 

CHAPTER 1 IN SEARCH OF WHAT YOU LOOK FOR… 

An interesting quirk of humans is that we often see things that are relevant to us.  

Without delving into the details of a debate surrounding the validity of horoscopes, people 

have a curious propensity and ability to be able to apply potentially generalised predictions 

to their own daily lives.  This propensity may also help in accounting for the large 

popularity of Freudian psychology, specifically with respect to an interpretation of dreams 

(Freud, 1900).  Experimentally, suggestions bias people’s perceptions (Wolf, Ford, & 

Cogan, 1967), social pressures influence individuals’ behaviour regarding simple line 

length judgements (Asch, 1956), and pre-existing knowledge or ideas can also bias 

aggressive interpretations of ambiguous events (Dodge & Frame, 1982) as well as influence 

physical behaviour.  Watching footage of elderly people actually slowed observers’ 

subsequent walking speed (Bargh, Chen, & Burrows, 1996).  Point of view is critical in 

predicting perception.  Therefore, it appears imperative to be cautious as to what we look 

for. 

In a research sense, many theoretical standpoints form investigations which provide 

evidence for such standpoints.  The specific example pertinent to the current topic is the 

association of temporal processing difficulties with specific reading disability.  Tallal et al. 

conducted a simple auditory temporal order judgement task, requiring participants to 

indicate whether two tones were similar in pitch (Merzenich et al., 1996; Tallal, 1980, 

1984; Tallal, Miller, Jenkins, & Merzenich, 1997).  The findings have been subject to 

heavy criticism.  None-the-less, evidence of a temporal processing problem continues to 

drive research into specific reading impairment (Ben-Artzi, Fostick, & Babkoff, 2005; 

Conlon, Sanders, & Zapart, 2004; Edwards, Walley, & Ball, 2003; Edwards et al., 2004; 

Hari, Valta, & Uutela, 1999; Heath, Hogben, & Clark, 1999; Hood & Conlon, 2004; 
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McAnally & Stein, 1996; Overy, 2000; Schulte-Koerne, Deimel, Bartling, & Remschmidt, 

1998; Schulte-Koerne, Deimel, Bartling, & Remschmidt, 1999; Share, Jorm, Maclean, & 

Matthews, 2002; Stein, 1993; Stein & McAnally, 1995; Visser, Boden, & Giaschi, 2004).  

Therefore, it could be concluded that there is a temporal processing deficit in specific 

reading impairment.  Or at least it makes for a fruitful research enquiry… 

The specific concern for the current investigation lies in applications of the 

Attentional Blink (AB) paradigm.  This paradigm is, quite generally, reported as an index 

of temporal attentional capacity (for a review Shapiro, 2001).  Thus it seems to be the case 

that from a theoretical standpoint of temporal processing difficulties, many researchers 

have conducted applied comparisons between disordered and control populations using this 

paradigm.  These have included people with reading disorder (Hari et al., 1999; Lacroix et 

al., 2005; Visser et al., 2004), attention deficit hyperactivity disorder (Armstrong & Munoz, 

2003; Hollingsworth, McAuliffe, & Knowlton, 2001; Li, Chen, Lin, & Yang, 2005; Li, Lin, 

Chang, & Hung, 2004; Mason, Humphreys, & Kent, 2005), schizophrenia (Boucart, Rascle, 

Thoma, & Lang, 2001; Cheung, Chen, Chen, Woo, & Yee, 2002; Li et al., 2002; Wynn, 

Breitmeyer, Nuechterlein, & Green, 2006; Zorrilla, Olsen, Castillo, & Paulus, 2003), and 

specific brain damage (Husain, Shapiro, Martin, & Kennard, 1997; Moroni, Boucart, Fery, 

Claes, & Belin, 2002; Richer & Lepage, 1996; Rizzo, Akutsu, & Dawson, 2001).  There is 

certainly evidence of specified population to control group AB differences in most of these 

applications; therefore, it is worth considering what might underpin these differences. 

The Attentional Blink 

Raymond, Shapiro, and Arnell (1992) first coined the term Attentional Blink (AB) 

in an investigation based upon the work of Broadbent and Broadbent (1987) and Sperling et 

al. (Reeves & Sperling, 1986; Weichselgartner & Sperling, 1987).  These experiments 

employed rapid serial visual presentations (RSVP), which, in the tradition most commonly 
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utilised in AB research, includes a single series of visual stimuli, presented at the same 

spatial location, one after the other.  An example is presented in Figure 1:1. 

 
 

… 
 

H 
 

L 
 

P 
 

G 
 

C 
 

E 
 

X 
 

U 
 

N 

 

Time 

First target (T1) 

Second target (T2) 

 

… 

Lag 1 

Lag 2 

Lag 3 

etc. 

Distracter items 

 

Figure 1:1 A schematic depiction of a rapid serial visual presentation utilised in the 

attentional blink paradigm.  Each square represents a screen refresh, commonly displayed 

for 100msec.  Initially a variable number of distracter items (e.g., H, L, P) are presented 

followed by the first target (a white letter G), more distracters, a second target (X), and a 

final series of distracters.  The second target may appear in any position following the first 

target from directly after at Lag 1 up to Lag 12 as is the case in the early experiments 

within this thesis. Lags are also referred to an Inter-target Intervals.   In this instance, the 

attentional blink task would require the identification of the white letter and detection of 

the letter X. 

This example includes two target items, a white letter ‘G’ and a black letter ‘X’ 

presented in a series of distracter letters.  Items are commonly presented at a stimulus onset 

asynchrony (SOA) of 100msec: that is, the duration of time from the onset of one item to 

the onset of the next is 100msec.  The item itself may have an exposure duration less than 
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the SOA, in which case there is no inter-stimulus interval, or it may have an exposure 

duration spanning the full SOA.  In either instance, the results are similar.   

The AB is evident when a second target (T2) is presented at brief inter-target 

intervals (ITI) or lags with respect to the first target (T1).  Under these circumstances there 

is a decrease in T2 accuracy at ITIs of 100 to 600msec.  It is this period of time which is 

referred to as the AB.  The original name relates to an analogy with an eye-blink in that, 

whilst the eye is closed, no new information can be processed.  The authors later note the 

error in this analogy (Shapiro, Arnell, & Raymond, 1997b), based upon evidence indicative 

of featural and even semantic elements of the missed target being collected (Jolicoeur & 

Dell' Acqua, 2000; Luck, Vogel, & Shapiro, 1996; Maki, Frigen, & Paulson, 1997; 

Martens, Wolters, & van Raamsdonk, 2002; Shapiro, Driver, Ward, & Sorensen, 1997a; 

Shapiro, Caldwell, & Sorensen, 1997c; Vogel, Luck, & Shapiro, 1998), suggesting that 

specifically, conscious recall of T2 is lost.  Thus, when a second target item must be 

reported, this can not be successfully completed until a sufficient time has elapsed 

following T1.  There are a number of AB models which provide accounts for this pattern.  

However, before these are introduced, it is worth drawing attention to one particular quirk 

of the AB: Lag 1 sparing. 

Lag 1 Sparing 

In explaining the AB effect, it was reported that the decrease in T2 accuracy runs 

from about 100 to 600msec.  Lag 1 Sparing refers to the correct report or sparing of T2 

when it is presented immediately following T1.  This is not a defining feature of the AB but 

is often observed.  Reeves and Sperling (1986) noted this pattern of report and suggested an 

attentional gating mechanism.  In order for target items to be consciously reported, items 

matching predefined target properties could be further consolidated for report once they 

passed through an attentional gate.  However, the gate is proposed to operate in a limited 
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fashion, closing upon the initial detection of a target item to encapsulate a single attentional 

episode.  It was further suggested that the closing process lasts over 100msec; thus, items 

presented during this interval became part of the same attentional episode.  If the two 

targets were available at this point, both could be successfully processed.  Supporting 

evidence comes from consideration of the target identification errors, which are commonly 

the item following the target (Di Lollo, Enns, & Rensick, 2000; Enns, Visser, Kawahara, & 

Di Lollo, 2001; Giesbrecht & Di Lollo, 1998).  

 In a closer examination of the sparing literature, Visser et al. conceptualised the 

gating concept as a visual filter (Visser, Zuvic, Bischof, & Di Lollo, 1999b).  They 

observed the sparing occurred when the two tasks were the same (e.g., identify two 

numbers) but not when the tasks were different (e.g., identify a white letter and detect a 

letter X).  This was accounted for with respect to reconfiguration of the visual filter to the 

second task when it was different: when the tasks were the same, the filter prepared for T1 

was adequate for T2 thus T2 could be successfully processed.  The concept of 

reconfiguration comes from the task-switching literature wherein, when observers are 

required to complete cued alternate tasks based upon the same stimuli (e.g., for numbers: 

judge whether it is less than or greater than 5 or determine whether it is odd), there is a 

marked cost associated with switching tasks (Monsell, 1996, 2003).  Overall, the attentional 

gating/visual filter mechanism offers an account of the appearance of a U-shaped function 

as opposed to a monotonic function in AB experiments. 

Models of the Attentional Blink 

The AB has received a considerable amount of attention over the past 15 years and 

with modification of, and advancement in, techniques, particular accounts of the 

phenomenon have moved into and out of favour.  This list attempts to encapsulate the 

different explanations as to exactly what the AB may be measuring.  One of the major 
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assumptions inherent in all the accounts is that the effect relates to attention in some form, 

that is, a higher order cognitive ability directed to ascertaining a coherent perceptual 

representation of some object in the environment (Duncan, Ward, & Shapiro, 1994).  The 

evidence for this derives from identical RSVP displays with alternate instructions: when 

attention to T1 is not required, T2 report does not vary with temporal proximity to T1 

(Raymond et al., 1992).  Thus the effect can not be attributed to some low level perceptual 

process.  Therefore, higher order explanations are required. 

Resource Depletion 

Attentional Dwell Time 

The attentional dwell time associated with stimulus processing is considered to 

reflect a limited capacity of resources, deployed in parallel which restricts the amount of 

information which can be processed at one instance (Duncan et al., 1994; Ward, Duncan, & 

Shapiro, 1996).  Duncan et al. note that previous investigations are derived from spatial 

search and suggest that utilisation of an RSVP-like design could provide a direct measure 

of attentional dwell time independent of spatial discrepancy.  Such a procedure includes 

two target items and their respective masks presented at varying temporal intervals.  Under 

this paradigm, the interference of processing one target upon another could be indexed by 

accuracy over time rather than speed and accuracy of visual search.  The results reflected a 

similar time course to that of traditional RSVP AB experiments.  Thus, it was suggested 

that attentional dwell time may be useful in accounting for AB effects.  Estimates derived 

from the alternative dwell time methodology also brought into questioned whether the 

original rapid dwell times of 50ms per item were correct.  However, evidence of the 

capacity to process multiple targets presented within a 500ms window potentially refutes 

this specific explanation (Di Lollo, Kawahara, Ghorashi, & Enns, 2005a; Kawahara, Enns, 

& Di Lollo, 2006a), at least with respect to the slow time course.  The evidence from Di 



Chapter 1 7 

Lollo et al. is more consistent with original, brief estimates of attentional dwell time. 

Interference 

Shapiro et al. conducted a series of experiments, assessing the role of visual 

interference in the AB (Raymond, Shapiro, & Arnell, 1995; Shapiro, Raymond, & Arnell, 

1994).  When the T2 task involved the detection of a blank interval rather than a visual 

stimulus, there was no AB effect, and although variations in the type of visual stimuli 

attenuated the AB effect, it appeared clear that visual interference at the level of a short-

term memory buffer was the basis of the AB.  However, Isaak et al. altered the number of 

items in the RSVP and found that whilst the number of potentially competing items 

impacted on the AB, so did the conceptual category of the target, therefore, visual 

interference provided an insufficient account of the findings (Isaak, Shapiro, & Martin, 

1999). 

Processing Bottlenecks 

Two-Stage Model 

Chun and Potter’s (1995) two-stage model of RSVP performance has provided a 

useful explanation for many AB findings.  The two stages include an all-encompassing 

registration of RSVP items, followed by response consolidation for those items matching 

the predefined target features.  Thus, each item in the RSVP is registered for features and 

meaning, consistent with evidence that missed AB items influence subsequent tasks and are 

represented in event related potential data (Luck et al., 1996; Shapiro et al., 1997a; Vogel et 

al., 1998), which may be a resource-free process.  Reduced T2 accuracy is considered to 

reflect a processing bottleneck at the second stage when consolidation for target report 

takes place.  The explanation states that while resources are occupied with T1 processing, 

further information cannot be consolidated to the point of conscious report until these 

resources are free.  Thus, if T2 is presented during this time, it will not be processed. 
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Central Capacity Sharing Model 

Some AB investigations have concluded that there is no cross-modal AB: that is, 

when T1 constitutes an auditory task and T2 constitutes a visual task, there is no 

interference between them.  When deficits in cross-modal tasks have been found, they have 

been associated with a task-switch (Potter, Chun, Banks, & Muckenhoupt, 1998).  

However, a body of evidence suggests there is interference between modalities and 

therefore postulates the AB to reflect a central capacity limitation rather than a simple delay 

in processing (Arnell & Duncan, 2002; Jolicoeur, 1999a, 1999b, 1999c; Tombu & 

Jolicoeur, 2003, 2005; Tombu & Jolicur, 2003).  Explanation of the evidence requires an 

understanding of the Psychological Refractory Period (PRP) and its relationship to the AB. 

Psychological Refractory Period 

Closely related to the two-stage model is that of a centrally located bottleneck of 

information processing and responding.  This is reported within the context of the PRP.  

Telford (1931) first examined the phenomenon when participants were required to make 

speeded responses to two stimuli and the response to the second stimulus was significantly 

prolonged.  Welford (1952) gave the PRP label, positing it as a delay in response execution 

owing to a limitation in central resources.   

The specific difference between the two phenomena is the task requirements.  The 

PRP requires speeded responses and the effect is evident in reaction time and not accuracy 

of target report whereas the AB requires unspeeded responses with limited evidence of the 

effect in reaction time data but a clear effect in accuracy of target report.  Arnell and  

Duncan (2002) used full mixed design to control for these differences, including both 

speeded and unspeeded response requirements for both auditory and visual targets.  

Overall, they suggested separate and shared mechanisms for speeded and unspeeded 

responses.   Specifically, a difficult speeded response did interfere with unspeeded 
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accuracy, providing evidence of a shared mechanism, whereas there was a significant 

impact of speeded responses upon unspeeded responses but not vice versa, reflecting a 

separate component.  Wong (2002) has also investigated the relationship between the two 

phenomena and suggests consistently with Arnell and Duncan that there is a shared central 

limitation; however, the AB performance is also restricted by a visual processing 

bottleneck. 

Overall, there appears to be evidence of some shared underpinning in the PRP and 

AB.  The specific utility of this similarity regarding the AB relates to the locus of the 

central bottleneck.  Whereas Chun and Potter’s (1995) two-stage model stipulates that the 

T2 processing is delayed until T1 processing has finished, the central capacity sharing 

model stipulates that resources are shared between the two tasks.  Thus, the relationship 

between T1 and T2 performance is critical.  Tombu and Jolicoeur (2005) examined this 

relationship in the PRP by lengthening the precentral processes associated with T2.  By 

varying the T2 target/background stimulus contrast, the precentral stage of processing is 

considered to be lengthened (Pashler & Johnston, 1989).  It is reasoned that lengthening the 

precentral stage of the T2 task results in a delay in the engagement of the central processing 

stage for T2, leading to a reduction in central interference between targets at short SOAs.  

In doing so, the speeded response to T1 was faster at short SOAs, suggesting a delay in the 

engagement of the central resources.  This result is consistent with a resource sharing 

model. 

Masking 

Inherent in the RSVP procedure is the existence of distracter items which are 

considered to provide a masking role.  Removing the mask from T2 results in complete 

attenuation of the AB (Raymond et al., 1992; Seiffert & Di Lollo, 1997).  Therefore, right 

at the outset, masking in the AB is considered to be important.  Chun and Potter  (1995) 
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modified the complexity of the distracter items, utilising simple keyboard characters such 

as \ / ? < > and the AB was attenuated.  By modifying the level of masking incurred by the 

item following the target, Grandison et al. indicated that provided this element had some 

masking properties, an AB would ensue (Grandison, Ghirardelli, & Egeth, 1997).  Seiffert 

and Di Lollo  (1997) experimented with different forms of masking; integration, 

substitution, and metacontrast, and drew the conclusion consistent with Grandison et al., 

that masking operates upon T1 impacting the processing time required with respect to Stage 

2 of  Chun and Potter’s model.  Less masking reduces the processing time and more severe 

masking increases the processing time.  Object substitution masking has received 

considerable attention, evidence of target plus 1 reporting errors making this a popular 

explanation (Di Lollo et al., 2000; Enns et al., 2001; Giesbrecht & Di Lollo, 1998).  

However, evidence suggesting that conceptual similarity between the targets and masks or 

distracters plays a role suggests that masking per se does not account for the extent of 

distracter interference (Dux & Coltheart, 2005; Ward, Duncan, & Shapiro, 1997). 

Attentional State 

The basic premise underpinning Attentional state explanations of the AB is that if a 

more diffuse attentional state can be achieved, through an added task or distraction, the AB 

is attenuated. 

Overinvestment 

Whilst the resource depletion and bottleneck accounts of the AB suggest limitations 

in the availability of resources for target processing, an overinvestment account of the 

phenomenon suggests that an over application of these resources causes the interference 

(Olivers & Nieuwenhuis, 2005, 2006).  In a series of experiments, Olivers and Niewenhuis 

asked participants to lower their vigilance towards the task, requiring that alternative, 

unrelated tasks be completed along with the RSVP task.  These activities included thinking 
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about holidays or shopping, listening to music, and an unrelated visual memory task.  These 

extraneous tasks reduced the magnitude of the AB.  The conclusion drawn relates to mental 

state.  It is suggested that when full resources are applied to the RSVP, target items as well 

as surrounding distracters receive attention causing some interference between the targets 

and distracters.  When the available resources must be shared between two different tasks, 

the distracter items receive less attention and therefore provide less competition with the 

targets for conscious recall.  Support for this type of interference comes from Lag 1 sparing 

and common misreporting of the target with the identity of the masking item (Di Lollo et 

al., 2000; Enns et al., 2001; Giesbrecht & Di Lollo, 1998). 

This has also been demonstrated when the task and distraction come from within the 

same modality.  Arend, Johnston, and Shapiro (2006) demonstrated an attenuated AB when 

an RSVP task was completed on a background of visual noise.  Interestingly, the implied 

outwards motion was most effective, supposedly directing more attention away from the 

RSVP, consistent, as the authors note, with arousal and anxiety sending attention to the 

periphery of a display (Shapiro & Johnson, 1987; Shapiro & Lim, 1989).  With respect to 

the AB, such findings can be interpreted as reducing the masking impact of distracter items 

which reduces the measured AB (Kessler et al., 2005b).  This leads in nicely to the next set 

of models. 

Inhibition 

There is an increasing body of research supporting the notion that where resource 

allocating between two tasks is imbalanced, what could potentially be a parallel process 

appears to be conducted in a serial fashion (e.g., Tombu & Jolicoeur, 2005).  This fits with 

the notion of resource sharing whereby, when T1 performance is more accurate, T2 

performance is less accurate (Shapiro, Schmitz, Martens, Hommel, & Schnitzler, 2006).  

This implicates inhibition, the restricting automatic or previously reinforced responses to 
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stimuli. Thus, distracter inhibition may inadvertently reduce awareness of T2 resulting in 

lower reporting accuracy. 

Robust State 

Kessler et al. examined magnetoencephalographic responses to the presentation of 

T1 in an RSVP (Kessler, Gross, Schmitz, & Schnitzler, 2005a; Kessler et al., 2005b).  Their 

evidence suggested that the appearance of distracter items following T1 actually speeds up 

the consolidation process, however the trade-off for this efficiency is suppression of the 

mechanism required to do so for T2.  They posit that in order to maintain a reportable 

representation of T1, a protective state is achieved which is difficult to disrupt. 

Corollary Discharge 

In a similar light, a neurodynamic model has been put forward as an explanation of 

the AB (Fragopanagos, Kockelkoren, & Taylor, 2005).  The key feature of this model is the 

‘corollary discharge’ which effectively alerts the sensory working memory to the presence 

of targets.  This has the function of boosting awareness of T1 which however, restricts 

awareness of T2 if it does not appear within 100ms of T1.  Through simulations, this model 

is suggested to be able to account for Lag 1 sparing, the necessity of T1 masking, and 

semantic processing of T2.  The model appears to be a little inflexible however, appearing 

to always predict the presence of Lag 1 sparing which is not always the case (see Visser et 

al., 1999b). 

Optimising Attentional Set 

Based upon Lag 1 sparing investigations, Di Lollo and colleagues further 

investigated the concept of a visual filter (Di Lollo et al., 2005a; Di Lollo, Smilek, 

Kawahara, & Ghorashi, 2005b; Ghorashi, Smilek, & Di Lollo, 2007; Kawahara, 2002; 

Kawahara et al., 2006a; Kawahara, Kumada, & Di Lollo, 2006b; Kawahara, Zuvic, Enns, & 

Di Lollo, 2003; Visser et al., 1999b).  They examined the limits of ‘Lag 1 sparing’ by 
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including more than two targets in multiple succession.  The results suggested that, in the 

absence of distracter items, both T1 and T2 could be correctly identified when T2 was 

presented at an inter-target interval of 300msec.  Once again borrowing from the task-

switching literature, Di Lollo et al. explained this occurrence with respect to filter 

configuration.  Configuration of the visual filter is driven by endogenous control, that is, an 

effortful, observer driven process of setting up the filter for target processing.  Without the 

disruption of distracter information, the visual filter can process multiple targets.  However, 

appearance of a distracter item disrupts the filter, forcing it into exogenous or stimulus 

driven control while the filter attempts to adjust to a different set of stimuli (Monsell, 

1996).  Subsequent target processing can not occur until endogenous control of the filter is 

regained.  Thus, this account does not suppose a limited set of target consolidating 

resources (see Chun & Potter, 1995), but a reestablishment of attentional control. 

This explanation is not without its limitations.  Kawahara, Enns et al. (2006a) pitted 

the resource depletion, bottleneck, and endogenous control models against each other.   The 

report of three successive targets with and without surrounding distracters was examined.  

In the absence of distracters a V-shaped pattern of recall was apparent.  In the presence of 

distracters an inverse V-shaped pattern was apparent.  In the absence of distracters resource 

depletion and bottleneck models would predict successively lower performance, which was 

not evident and endogenous control would predict relatively consistent performance which 

was also not evident.  In the presence of distracters endogenous control would predict 

increasing performance over time which was not evident, whereas the other models could 

account for performance.  Therefore, none of the models could fully account for the 

evidence.  A combination of task-switching and masking by object substitution (Di Lollo et 

al., 2000) provided an adequate account of the patterns.  Task-switching accounting for low 

first target accuracy with leading distracters and object substitution accounting for low final 
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target accuracy when trailed by distracters. 

Summary 

This review of AB models demonstrates that there are a number of potential 

explanations for exactly what a deficit in AB performance might indicate.  It could relate to 

attentional dwell time, short term memory, working memory, registering RSVP items, 

consolidating RSVP items, resource sharing, visual masking, attentional application, 

inhibition, an inability to efficiently deploy cognitive resources, or problematic attentional 

control.  Whilst theoretical explanations are likely to be continually debated, there are some 

specific elements which would be useful to elucidate with respect to applied research. 

The Goal 

A number of applied investigations have demonstrated concern over specific factors 

such as masking.  For example, Wynn et al. (2006) carefully examined the influence of 

backward masking with application to schizophrenia, known to be a potential confound in 

such groups (Badcock, Smith, & Rawlings, 1988).  Backward masking differences are also 

apparent in dyslexia (Di Lollo, Hanson, & McIntyre, 1983) as well as differences in letter 

naming tasks (Denckla & Rudel, 1976; Waber, Wolff, Forbes, & Weiler, 2000), potentially 

reflecting differences in dwell time associated with letter stimuli.  Similarly, differences in 

inhibition may differentiate people with attention deficit hyperactivity disorder in RSVP 

tasks (Nieuwenhuis, Gilzenrat, Holmes, & Cohen, 2005).  Therefore, being able to measure 

and control for factors on which there might be group differences is critical in ascertaining 

whether differences derived from an AB investigation are specific to the AB effect or 

reflect some unrelated factor. 

A tentative consideration of specific brain involvement has indicated that a number 

of regions appear to operate in a network fashion which results in the AB (Hommel et al., 

2006), implicating four specific processes: stimulus processing, target selection, target 
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identification, and goal maintenance.  Whilst these are available at the physiological level, 

it would be very useful to be able to elucidate these processes at a more overt, behavioural 

level.  It is likely that such information would not only contribute to an understanding of 

the AB but provide potentially important details with respect to applications of the 

paradigm, alleviating erroneous conclusions drawn from models based upon the overall 

AB, rather than the subcomponents.  Herein lies the goal for this thesis: Applying the 

Attentional Blink.  
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CHAPTER 2 ATTENTIONAL BLINK APPLICATION TO DYSLEXIA 

Experiment 2.1  

Some of the interest sparked by the AB paradigm has carried into applied fields 

with limited considerations as to confounding factors which direct transfer of the paradigm 

might incur.  The goal of this first experiment was to replicate and extend upon one such 

application in dyslexia.  Dyslexia or specific reading impairment is used to refer to a 

disorder in reading whereby an individual’s reading ability is below that expected for their 

level of intelligence and education (Snowling, 2000).  Phonological awareness, an 

awareness of the sounds within words, is an accepted hallmark of the disorder in that poor 

phonological awareness leads to difficulties when speech sounds or phonemes need to be 

mapped to orthographic representations (e.g., Heath et al., 1999; Schulte-Koerne et al., 

1999; Snowling, 2000).  Temporal processing has also been suggested to be a deficit, which 

may be related to phonological awareness or a separate deficit (Hari et al., 1999; Merzenich 

et al., 1996; Tallal, 1980, 1984; Tallal et al., 1997; Wagner & Torgesen, 1987).  Therefore, 

it is reasonable for researchers to turn to the AB paradigm for evidence of this temporal 

deficit. 

Hari et al. (1999) compared dyslexic and normal readers’ performance in the 

attentional blink (AB).  The particular procedure implemented followed that utilised by 

Raymond et al. with participants required to identify a white letter and detect a letter X 

within a RSVP of black letters (Raymond et al., 1992).  Hari et al.’s findings suggested 

dyslexics to have a larger AB than control readers: detection of T2 was poorer (deeper AB) 

and performance took longer to recover (greater AB duration).   

The procedure implemented by Hari et al. (1999) had a number of potential 
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confounds which prejudice the validity of the results.  The stimuli were letters, stimuli with 

which dyslexics are known to have more difficulty in rapid naming tasks (Denckla & 

Rudel, 1976; Waber et al., 2000) and require a longer exposure duration to make change 

detection judgements (Rutkowski, Crewther, & Crewther, 2003)  Utilising such stimuli 

means that differences in the measured AB may be a product of the stimuli rather than any 

attentional phenomenon per se.  A related concern is the absence of a single-target 

condition.  Commonly when attention to T1 is not required, T2 accuracy is uniform across 

temporal lags (Raymond et al., 1992).  Such a task is considered to be a single-target task 

and reflects a baseline level of performance accuracy.  An alternative estimate of baseline 

performance is the average of T2 accuracy at the longest ITIs  when performance is 

presumed to have recovered from T1 interference (Raymond et al., 1995).  If dyslexics 

proved to be poorer in the single-target condition or did not achieve the same levels of 

sensitivity at longer ITIs, it might suggest that differences in the AB effect are related to 

difficulties with RSVPs rather than the cost of processing a second target.  It is unclear 

whether dyslexics have equivalent single-target performance in RSVPs, although there is 

evidence to suggest that dyslexics are more affected by backward masking (Di Lollo et al., 

1983), inherent in RSVPs. 

Furthermore, the analyses in Hari et al.s’ (1999) research were performed on raw 

detection rates.  Calculations that account for false alarm rates or biases would provide a 

clearer representation of performance and this can be achieved by using signal detection 

procedures (Macmillan & Creelman, 2005; Stanislaw & Todorov, 1999).  Without 

considering potential differences based on single-target performance and biases, it is 

difficult to draw solid conclusions regarding difference between dyslexic and control 

readers. 

Between group differences in practice effects across the experimental session is 
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another potential confound.  Research has suggested that a degree of variance within an 

RSVP experiment can be attributed to target learning rather than the AB per se (Maki & 

Padmanabhan, 1994).  Variation between groups in perceptual learning ability has 

previously been considered as a confound in simple psychoacoustic tasks (Tomblin & 

Quinn, 1983), with overall differences simply being a product of limited improvement over 

the course of the experiment in the dyslexia group.  There is also evidence that dyslexic 

performance on a cueing task is unaffected by the accuracy of cues (Brannan & Williams, 

1987), suggesting that, as a group, dyslexic readers have difficulties combining all the 

available information for strategy development.  Psychophysical procedures, especially at 

the level of group interpretation, are susceptible to instability: that is, inattentive trials or 

poor strategies can have a large and sometimes misleading impact upon the final results 

(Roach, Edwards, & Hogben, 2004).  Similarly, practice on tasks can significantly affect 

performance estimates (Edwards, Giaschi, Low, & Edgell, 2005).  As the AB is prone to 

such improvements, it is possible that differences may relate to dyslexics not improving at 

the same rate as control readers which may be related to problematic strategy development. 

Experiment 2.1 aimed to validate Hari et al.’s (1999) finding that dyslexics have a 

prolonged AB.  In order to achieve this, the same RSVP task was used: identification of a 

white letter and detection of a black letter X.  Additional features were completed to aid in 

a more critical examination of the results.  By implementing a single target condition and 

signal detection procedures, group differences in baseline performance and response biases 

were controlled. To establish whether letters act as more difficult stimuli in the AB for 

dyslexics, the relationship of letter naming speeds to AB magnitude was also examined.  

Finally, utilizing a procedure designed to examine practice effects allowed for the 

differentiation of groups upon this factor.  Overall, this experiment examined the validity of 

a prolonged AB in dyslexia.  
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Method 

Participants 

Dyslexic and control participants were recruited through a contact list maintained 

by The Dyslexia Project at The University of Western Australia.  They were originally 

recruited through newspaper and radio advertisements enquiring for participation in 

dyslexia research.  Reading ability separation was based upon a measure of phonemic 

decoding from the Test of Word Reading Efficiency (Torgesen, Wagner, & Rashotte, 

1999).  This is a speeded measure assessing the rapid reading of non-words in a 45 second 

period.   Percentile ranks were taken from the manual, with performance for those aged 

above 24 years being based on the 24-year-old standardisations.  The cut-offs were set at a 

phonemic decoding percentile rank of less than 10 for dyslexics and greater than 34 for 

controls.    

There were 14 individuals (10 females) in the dyslexic group, with a mean age of 

40.83 (SD = 10.17, minimum = 20, maximum = 65). The 15 individuals (11 females) in the 

control group had a mean age of 40.42 (SD = 8.40, minimum = 23, maximum = 56).  

Phonemic decoding scores were converted to Z-scores and the mean for the Dyslexic group 

was -1.38 (SE = 0.02) and for the Control group, 0.30 (SE=0.18).  The difference between 

groups on the non-verbal matrices of the Kaufman Brief Intelligence Test (Kaufman & 

Kaufman, 1990) was not statistically significant; Dyslexic (M=102.9, SE=1.96), Control 

(M=108.7, SE=2.13), t(27)=2.00, p=.056, Cohen’s d = 0.74. 

Materials 

The stimuli were displayed on a PC with an LCD monitor running at 60Hz 

(16.6ms/frame).  The RSVP program was written in Matlab 6.5 (Mathworks, 2003) 

utilizing the Psychtoolbox (Brainard, 1997; Pelli, 1997). 
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Procedure 

Rapid Naming 

The rapid letter naming subtest from the Comprehensive Test of Phonological 

Processing was used (Wagner, Torgesen, & Rashotte, 1999).  The cumulative time taken to 

name the two single-page series was recorded.  Rapid naming was always completed first. 

Rapid Serial Visual Presentations 

Each trial involved a RSVP containing between 21 and 32 stimuli.  Each item was 

displayed for 100msec.  All stimuli were uppercase letters in Arial font, subtending 1º of 

visual angle in height and 0.95º width at a viewing distance of 50cm.  The background was 

a light green colour (luminance of 20.4 cd/m
2
 measured using a Pritchard PR 650 

colorimeter).  A regular trial consisted of a fixation cross presented for 500msec, followed 

by 7-18 distracter letters, a first target, 0-11 distracters, a second target (B, F, Y, or X), and 

1 - 12 distracter letters.  There were always 13 items following T1, and T2 was always 

followed by at least one distracter.  T1 was always a white letter (luminance of 36.6 cd/m
2
), 

randomly selected from the distracters.  The distracter letters were randomly selected from 

the alphabet excluding I, O, Q, due to their poor masking properties; B, F, Y, and X as they 

acted as targets; and T1 which was selected on each trial.  The target and all distracters 

were presented in black (luminance of <0.1 cd/m
2
). 

 
 

Single-target condition 

Participants were asked to indicate the presence of a single target (one of B, F, or Y) 

with a yes/no response on the keyboard (the ‘1’ or ‘0’ keys).  They were told that a white 

letter would be present and they should ignore this and only look for the specified black 

target letter.  Feedback was given for five practice trials, or until the task was understood. 

The letter X (T2 in the dual-target condition) was not the target in the single-target 

condition, so that practice in the dual-target condition would be unbiased by previous 
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experience specific to X.  B, F, and Y where chosen based on criteria outlined by Gibson 

(1967): these letters were similar to the X with respect to the number of overlapping 

features with the distracter letters.  There were 120 trials in the single-target condition with 

40 catch trials randomly distributed across the condition. Target identity was varied every 

40 trials which corresponded to trial blocks.  This was included so that practice effects 

would be minimised, limiting the impact of any perceptual learning transfer from the single 

to the dual-target conditions.  The single-target condition was always completed before the 

dual-target condition. 

Dual-target condition 

Participants were instructed to identify a white letter and then detect the presence of 

an X.  It was also stated that the X, if present, would appear after the white letter, which 

would always occur, and that identification of the white letter should be the primary task.  

Responses were entered by the participants using a standard keyboard when prompted at 

the end of each trial: for T1, the corresponding letter was used on the keyboard, and T2 

responses were the same as in the single-target condition.  Feedback was given for five 

practice trials, or until the task was understood.   

The presentation procedure was exactly the same as in the single-target condition, 

although there were 180 trials in the dual-target condition, presented in six equal blocks.  

For 120 of these trials T2 was the letter X.  The remaining trials acted as catch trials with 

only T1 being presented: for these, T2 was replaced by a letter randomly selected from the 

distracter list.  This design is taken from Hari et al. (1999). 

The trial presentation in the dual-target condition was arranged in two identical halves 

of 90 trials.  Each half involved five presentations at each of the 12 T2 lags and 30 T2 

absent trials.  This procedure provides suitable information to compare performance after 

practice. 
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Results 

Single-target Condition – Detect the presence of B, F, or Y 

Non-parametric sensitivity calculations (see Stanislaw & Todorov, 1999) were 

performed for each of the 12 inter-target intervals (ITIs).  These are displayed with respect 

to reading group and presentation time of target following the white letter in Figure 2.1:1, 

panel A.  As participants were not required to attend to the white letter, the pseudo-inter-

target interval is referred to as the presentation time in the single-target condition and as the 

ITI in the dual-target condition.  Overall, sensitivity was quite high and invariant with 

respect to different presentation times of the target, although around 600msec sensitivity 

dropped in the dyslexic group.   
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Figure 2.1:1 Dyslexic and Control group black letter sensitivity (A’) as a function of the 

time interval between the white letter and black letter target  in milliseconds, in the single-

target (Panel A) and dual-target (Panel B) conditions.  Error bars represent the within 

subject 95% confidence intervals (Loftus & Masson, 1994). 

These patterns were analysed using a 2 (Group) by 12 (Presentation Time) analysis 

of variance.  The Group effect was non-significant, F(1,27)=2.34, p=.14, partial-ŋ2=.080; 

the Presentation Time effect was significant, F(1,27)=3.02, p=.001, partial-ŋ2=.101; and 
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the interaction was non-significant, F(1,27)=1.57, p=.107, partial-ŋ2=.055.  Pairwise 

comparisons indicated that the significant effect of Presentation Time related to higher 

sensitivity at lag 100 compared with 500 and 700 as well as significantly lower sensitivity 

at lag 700 compared with 1000.  As there were no expectations regarding an effect of 

presentation time, these may be spurious in nature and will not be discussed further.  The 

critical point is that dyslexic and control sensitivity was not statistically differentiated 

overall in the single-target task. 

Dual-target Condition – Identify the white letter and detect the presence of X 

In the dual-target condition, evidence of a difference in T1 performance would 

suggest some initial difficulties with the dual-target task.  A t-test indicated that there was 

no significant difference between dyslexic (Mean proportion correct = .66, SD = .15) and 

control (M = .73, SD = .14) groups’ ability to identify the white letter within the RSVP, 

t(27)=1.43, p=.17, Cohen’s d = 0.74.  Although reasonable in magnitude, the statistical 

information does not suggest T1 performance differentiates between the groups. 

T2 sensitivity was calculated for those trials in which T1 was correctly identified.  

T2 sensitivity for the dyslexic and control groups across the 12 ITIs is displayed in Figure 

2.1:1, panel B.  Overall there is clear evidence of an AB effect with lower sensitivity at 

short ITIs and higher sensitivity with increasing ITIs.  With respect to the groups, 

sensitivity at short ITIs is similar but at longer ITIs, lower sensitivity is evident in the 

dyslexic group. 

These patterns were analysed as in the single-target condition, and indicated 

significant main effects of Group, F(1,27)=6.50, p=.017, partial-ŋ
2
=.194; and ITI, 

F(11,297)=22.05, p<.001, partial-ŋ
2
=.450, and a non-significant Group by ITI interaction, 

F(11,297)=1.60, p=.826, partial-ŋ
2
=.022.  Overall, sensitivity was lower in the dyslexic 

group both with respect to depth and duration and a significant AB was presented. 
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An alternate method for examining dual-target performance is to compare T2 

sensitivity to baseline sensitivity.  There are two potential candidates in the current data set: 

the average of performance following AB recovery, that is, at the longest ITIs; and single-

target performance.  Most specific to the dual-target task is the average of T2 performance 

at the longest ITIs (see Raymond et al., 1995), therefore, the average of ITIs 1000, 1100, 

and 1200 was calculated for each individual an is displayed as a grey zone (as demonstrated 

by Jackson & Raymond, 2006) against T2 performance by ITI in the upper two panels of 

Figure 2.1:2.  Dual-target performance and the average single-target task performance are 

reported in the lower two panels.  Each of these baseline estimates shows lower 

performance and greater variation in the dyslexic group.  Referenced against the dual-target 

baseline, there is evidence of a shorter AB in the dyslexic group; whereas references 

against the single-target baseline, this is evidence of a prolonged AB in the dyslexic group.  

This can be quantified using one-sample t-tests to determine whether the difference 

between baseline and dual-target sensitivity is different from zero within the two groups. 

 For the dual-target task baseline in the dyslexic group, one-sample t-tests indicated 

significant differences from ITI 200 through to 500 and 700ms, whereas this was the case 

from ITI 100 through to 500 in the control group. The p-value for these tests was adjusted 

for multiple comparisons, critical p=.006 (see Rom, 1990).  The equivalent for single-target 

task baseline was: dyslexic group, ITI 100 through to 700; control group, ITI 100 through 

to 500.  Therefore, against the dual-target task baseline, the AB in the dyslexic group is 

similar in duration to the AB in the control group, whereas with reference to the single-

target task baseline, the AB is prolonged by 200ms in the dyslexic group.   
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Figure 2.1:2 Dyslexic (Panels A & C) and Control (Panels B & D) group T2 sensitivity 

(A’) as a function inter-target Interval (ms) in the dual-targe task.  .  Panels A and B 

display Dual-target baseline performance, calculated as the mean of T2 at inter-target 

intervals of 1000, 1100, and 1200ms.  Panels C and D display single-target baseline 

performance, calculated as the average performance in the single-target task.  The grey 

zones within the figure reflects within subject 95% confidence intervals surrounding mean 

baseline performance and error bars represent the within subject 95% confidence intervals 

(Loftus & Masson, 1994). 

A further parameter in the AB is the depth of the blink, specifically, the level of inter-

target interference in contrast to the length of the AB, reflecting recovery from the AB.  A 

simple way to factor this depth into a comparison between groups is to calculate the 

magnitude of the AB (Raymond et al., 1995).  When calculated as the average difference 
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between a baseline estimate and T2 sensitivity at each ITI, there was no significant 

difference between the groups for either the dual-target baseline or the single-target 

baseline: Dual-target baseline, dyslexic group M=0.18, SD=0.13, control group, M=0.12, 

SD=0.05, t(27)=1.49, p=.155, Cohen’s d=0.57; Single-target baseline, dyslexic group 

M=0.11, SD=0.08, control group, M=0.12, SD=0.06, t(27)=.41, p=.689, Cohen’s d=0.15.  

Therefore, whilst there is some evidence of a prolonged AB in dyslexia against a single-

target task baseline, there is no evidence of any greater depth in the effect in the dyslexic 

group. 

In order to obtain a clearer estimate of any differences between the groups when 

accounting for a baseline performance, T2 dual-target sensitivity was calculated 

individually as a ratio of T2 single-target sensitivity (i.e., dual-target divided by single-

target) for each of the 12 ITIs.  These are displayed for each group in Figure 2.1:3 along 

with baseline performance estimated from the final three ITIs of the ratio calculation. 

Whilst the AB pattern was similar to the previous comparisons using this summary, the 

difference between the groups appeared to be reduced.  A 2 (Group) x 12 (ITI) ANOVA 

supported this observation with a non-significant effect of Group F(1,27)=2.02, p=.166, 

partial-ŋ
2
=.070; a significant effect of ITI F(11,297)=18.27, p<.001, partial-ŋ

2
=.403; and a 

non-significant Group by ITI interaction, F(11,297)=0.79, p=.650, partial-ŋ
2
=.028.  In 

contrast to the previous analysis, the non-significant effect between reading groups 

reflected similar sensitivity between the groups. 

Furthermore, one-sample t-tests comparing the difference between baseline and ratio 

estimates to zero suggested a shorter AB in the dyslexic group: dyslexic group, significant 

differences from ITI 200 through to 400; control group, ITI 100 through to 500 (adjusted 

for multiple comparisons, critical p=.006 see Rom, 1990).  This result is consistent with a 

shorter AB in the dyslexic group.  With respect to AB magnitude, as against single-target 
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and dual-target task baselines, AB magnitude for the ratio estimate indicated a non-

significant difference between the groups: dyslexic group M=0.11, SD=0.10, control group, 

M=0.15, SD=0.10, t(27)=1.10, p=.283, Cohen’s d=0.41.  These analyses suggest that there 

is in fact, little difference in the AB effect once performance estimates are scaled to 

between group baselines. 
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Figure 2.1:3 Ratio Dual-target second target sensitivity to single-target sensitivity across 

inter-target intervals between T1 and T2 in milliseconds, for dyslexic (Panel A) and control 

(Panel B) groups.  The grey zones within the figure reflects within subject 95% confidence 

intervals surrounding mean baseline performance and error bars represent the within 

subject 95% confidence intervals (Loftus & Masson, 1994). 

Attentional Blink magnitude and rapid letter naming 

Rapid letter naming was significantly slower in the dyslexic group (M=31.33, 

SD=4.51; control M=24.40, SD=4.32), t(27)=4.22, p<.001, Cohen’s d = 1.57.  Pearson 

correlations were performed between rapid naming of letters and estimates of AB 

magnitude of a) single-target and b) dual-target tasks, and c) ratio of dual-target to single-

target calculations.  The AB magnitude was calculated by averaging the 12 sensitivity or 

ratio calculations.   No reference was made to any baseline performance for these 

magnitude calculations. Therefore, higher AB magnitudes reflected less of an AB effect.  
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The aim of this was to provide one number related to AB performance over the 1200msec.  

The relationship between specific magnitudes and letter naming was a) non-significant for 

the single-target task, r = -0.28, p =.110, b) significant for the dual-target task, r = -0.436, p 

=.018, and c) non-significant for the ratio calculation, r = -0.29, p =.129.  The significant 

relationship between dual-target magnitude and letter naming indicates that faster naming 

times were associated with less AB effect.  It is worth highlighting the small size of 

relationship between the ratio magnitude and letter naming, suggesting that the ratio 

calculation may be controlling for differences in letter naming to some degree.  However, 

the non-significant relationship between single-target magnitude and rapid naming suggests 

that this may not be the case. 

This can be tested further by examining R
2
-change when single-target sensitivity is 

regressed against dual-target T2 sensitivity magnitude versus when single-target sensitivity 

and rapid naming is regressed against dual-target T2 sensitivity magnitude.  If single-target 

sensitivity is controlling for letter naming, the addition of rapid naming should not bring 

about a significant R
2
-change.  This was not the case with the addition of rapid naming in 

the second model contributing significantly to the explanation of the variance in dual-target 

T2 sensitivity: R
2
-change (1,26) =.161, p=.031, F(1,21)=8.44, p=.008, partial-ŋ

2
=.287.  

Therefore, whatever single-target sensitivity is controlling for, it does not appear to be the 

naming of letters, and more likely relates to RSVP performance in general.  This is 

consistent with the finding of limited AB differences between the groups once baseline 

performance was equated. 

Practice effects and the attentional blink 

A final analysis compared performance in the first and second half of trials.  

Sensitivity measures for each lag were calculated from the first 5 and second 5 

presentations: that is, those presented within the first 90 and second 90 trials.  These values 
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as a ratio of single-task sensitivity for the dyslexic and control groups for the first and 

second halves are presented in Figure 2.1:4. As original sensitivity calculations were based 

upon only those trials for which T1 was correctly identified, there were six participants 

(three in each group) who did not have adequate responses for all lag calculations in the 

first half of trials.  This was not the case for the second half of trials, therefore separate 

ANOVAs were performed for the first and second 120 trials.  With respect to the reduced 

numbers of available data, overall, there was significantly higher sensitivity in the second 

half of the experiment, F(1,21)=8.44, p=.008, partial-ŋ
2
=.287. 
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Figure 2.1:4 Ratio of dual-target second target sensitivity to single-target sensitivity as a 

function of inter-target interval (ms) for dyslexic and control groups for the first 90 trials 

(panel A) and the second 90 trials (panel B).  Error bars represent the within subject 95% 

confidence intervals (Loftus & Masson, 1994). 

For the first half of trials, there was a significant main effect of Group, 

F(1,21)=3.60, p=.036 (single-tailed) partial-ŋ
2
=.146; a significant main effect of ITI, 

F(11,231)=10.17, p<.001, partial-ŋ
2
=.326; and a non-significant interaction between Group 

and ITI, F(11,231)=0.67, p=.771,partial-ŋ
2
=.031.  The dyslexic group exhibited lower 

sensitivity overall and a clear AB effect was present.   

For the second half of trials, there was a non-significant main effect of Group 
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F(1,27)=069, p=.415, partial-ŋ
2
=.025; a significant main effect of ITI, F(11,297)=14.50, 

p<.001, partial-ŋ
2
=.349; and a non-significant interaction between Group and ITI, 

F(11,297)=1.36, p=.191, partial-ŋ
2
=.048.  Thus, the AB effect was significant yet the 

reading groups were not differentiated in the second half of the experiment.  Therefore, 

practice effects are another potentially confounding variable in this experiment. 

Discussion 

In comparing dyslexic and control readers’ performance in RSVP tasks, the results 

were consistent with previous research with dyslexic readers displaying a greater overall 

AB effect.  In addition to previous results, the two groups were not differentiated on a 

single-target task.  However, when dual-target task performance was compared to various 

estimates of baseline performance (single-target task, dual-target task, and the ratio of dual-

target second target sensitivity to single-target sensitivity) there were very limited 

differences between the two groups.  The magnitude of the dual-target AB was related to 

the rapid naming of letters, with slower naming times being associated with greater AB 

effects, and the dyslexic group were poorer at both of these tasks.  Magnitudes based upon 

the single-target task and the dual- to single-target ratio, were not significantly related to 

letter naming and a further finding was that dyslexic and control reader performance was 

significantly different in the first half of the experiment but not the second.  The 

implications of these findings are threefold. 

Firstly, a greater AB effect in the dyslexic group replicates Hari et al.’s (1999) 

research, suggesting that there is something about the current AB procedure that causes 

greater difficulties for people with dyslexia.  Whereas Hari et al. found an interaction 

indicating dyslexic performance returning to the level of control performance at longer 

ITIs, the current research did not, reflecting a deeper and more prolonged AB effect.  

However, when reference was made to baseline estimates of performance, the group 
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differences were limited and in the case of the ratio estimate, no longer statistically 

significant.  This alternate calculation can be considered as more sensitive to individual 

differences.  The overall lack of differentiation between groups using a more sensitive 

measure suggests that something inherent in this RSVP procedure may be more difficult for 

people with dyslexia, for example, backward masking (Di Lollo et al., 1983).  Whilst this 

factor did not differentiate the groups within a relatively simple task (the single-target task), 

it did when the task was more complex (the dual-target task), but not when individual 

differences were factored in using single-target sensitivity as an individually tailored 

baseline.  A potentially related consideration reflects the second main implication: The use 

of letters as targets, which may also bias this procedure against dyslexics. 

The relationship between the rapid naming of letters and the AB magnitude suggests 

that the difficulty dyslexics have with this procedure may be the processing of letter 

stimuli.  Existing research, confirmed in the present study, indicates that dyslexics take 

longer to name letters (e.g., Denckla & Rudel, 1976; Waber et al., 2000), therefore it would 

be reasonable to suggest that they need longer to process letter stimuli.  It seems plausible 

that between group differences in AB performance may be related to this increased letter 

processing time.  However, controlling for single-target baseline performance using ratio 

estimates was associated with a non-significant relationship between AB magnitude and 

letter naming, as well as the lack of overall differentiation between groups.  An R
2
-change 

analysis suggested that this was not controlling for differences in letter naming, therefore, 

whilst rapid naming appeared to account for dual-target differences between groups, 

controlling for single-target RSVP performance removed the differences which is 

consistent with a recent investigation into the AB and dyslexia (Buchholz & Davies, 2007)  

The underpinning of single-target performance is difficult to discern in the current 

procedure; however, it appears likely that it relates specifically to RSVP performance rather 
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than a stimulus based confound.  Nevertheless, problematic letter processing is consistent 

with AB models. 

The AB has been explained with respect to limitations in cognitive resources required 

for target processing.  A two-stage model suggests that initial perceptual encoding of all 

RSVP stimuli may be carried out in parallel; however, a second stage of target 

consolidation for later report is a serial process, dependent upon a limited set of resources 

(Chun & Potter, 1995).  If these resources are engaged in T1-processing, they are 

unavailable to process T2.  As the time between the two targets increases, more of these 

resources become available and the accuracy of T2 report increases (Chun & Potter, 1995).  

Therefore, if letters required greater processing time for dyslexic readers they should 

demonstrate an AB effect of greater magnitude than controls, which is what was observed.  

Conversely, if the approach to the AB task in the dyslexic group included a greater 

investment of these resources, owing to greater availability or more focus, a similar result 

may be evident: recent research suggesting that additional irrelevant task load reduces AB 

magnitude (Olivers & Nieuwenhuis, 2006).  Whether it is the case of fewer or greater 

resources, potentially controlling for this using baseline performance, led to a non-

significant difference between groups.  This is consistent with the results from an 

experiment with children, in which shapes were used as stimuli and AB differences 

remained significant between control and dyslexic readers (Visser et al., 2004).  Thus it is 

likely that some factor beyond differences in stimulus processing underpin the differences 

observed in dyslexic performance.  This may relate to the third point. 

A third point arising from the results concerns improvement across the experimental 

session.  Whereas the groups were differentiated in the first half of the experiment, they 

were not in the second half.  It has been suggested that practice with RSVPs leads to 

improvements in the ability to report the presence of the second target and this 



Chapter 2 34 

improvement may be attributed to acquired distinctiveness of the target set (Maki & 

Padmanabhan, 1994): observers get better at spotting the targets.  The attentional control 

model of AB may be useful in explaining this effect.  Di Lollo et al. suggest that the 

appearance of non-target items forces the attentional system into an exogenously controlled 

state and until endogenous control can be reinstated, subsequent targets will be missed (Di 

Lollo et al., 2005a; Di Lollo et al., 2005b; Kawahara et al., 2006b).  The improvements 

noted may relate to increasing efficiency of this reinstatement and, for whatever reason, 

dyslexic readers take longer to develop this efficiency.  This may relates to slower strategy 

development as noted by Brannan and Williams (1987).  Therefore, this improvement 

factor may be important when exploring differences between groups in RSVP tasks. 

The limitations inherent in the current investigation include, as suggested, the use of 

letter stimuli.  Each individual has different levels of expertise with these stimuli.  There 

also seem to be group differences in expertise as evidenced by slower letter naming in the 

dyslexic group.   Furthermore, recognition of specific letters would be more automatic or 

efficient for some people or clinical groups (Badcock et al., 1988).  Using targets with 

which difficulty can be tailored on an individual basis would control for different expertise 

with the stimuli.  Examples of possible stimuli properties include visual characteristics of 

Gabor patches (contrast and spatial frequency) as well as the exposure duration of stimuli 

(e.g., Arnell & Duncan, 2002).  Another possible problem relating to the use of letters is 

their suitability as distracter stimuli.  Each letter has specific masking properties, and the 

difficulty of a given target is moderated by the letter or letters that follow it.  This is the 

reason that the letters I, O, and Q are not included in the list of potential stimuli.  The 

identity of the distracters has also been implicated in the magnitude of the AB (Dux & 

Coltheart, 2005; Ward et al., 1997) and again, if letters are problematic as targets, their use 

as distracters is also problematic.  Overall, letters are poor stimuli within this paradigm 
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when attempting to comment on differences between groups.  Alternative masking stimuli 

have been utilised including random-dot patterns (Visser et al., 2004) and may be more 

appropriate. 

Other limitations include the number of trials used to estimate performance.  

Although there was no statistical difference in T1 accuracy between controls and dyslexics, 

on average the accuracy was 66% in the dyslexic group resulting in T2 performance only 

being based upon 6 or 7 trials.  This information is quite limited and needs to be bolstered 

for greater accuracy. 

RSVP tasks including white letter identification and letter X detection in the same 

procedure have also been criticised upon the grounds that the AB effect is exaggerated 

and/or confounded by the presence of a task switch (Potter et al., 1998; Visser, Bischof, & 

Di Lollo, 1999a).  Therefore, it would be worth utilising the same task twice, e.g., 

identification: identification, to remove this confound. 

A final consideration is that the participants were drawn from a sample that had 

participated in three to six hours of experimental testing on different tasks, with up to two 

of these being visual psychophysical tasks.  It is unknown whether this affected the results 

but experience with experimental testing is a possible confound, perhaps leading to 

enhanced performance.  

Summary and Conclusion 

These results have provided some support for the finding that the AB has a greater 

magnitude in a group of dyslexics (Hari et al., 1999).  However, when baseline 

performance was controlled, this difference was not significant.  The type of stimuli, as 

suggested by the relationship between AB magnitude and the rapid naming of letters (faster 

naming was associated with a lesser AB effect), and slower strategy development across the 

experiment in the dyslexic group, may be related to the difference between groups.  Thus, 
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there are a number of confounds which need to be addressed before inferences relating to 

the AB and dyslexia or any other specific population, can be made.  Overall, Experiment 

2.1 provides a comprehensive illustration of the sorts of factors which may be confounding 

applications of the AB.  The subsequent chapters provide a details summary of the 

exploration of these and other factors which may also confound applications.
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CHAPTER 3 PRACTICE IN THE ATTENTIONAL BLINK 

Dyslexic and control reading groups’ AB performance was differentiated in the first 

half of the experiment but not the second (Chapter 2).  This reflected poorer performance in 

the dyslexic group in the first but not the second half of the experimental session and this 

slower improvement is a potentially confounding variable which is the focus of the 

following three chapters.  Previous AB research has highlighted improvements in 

performance with practice (Maki & Padmanabhan, 1994) as has that into the Psychological 

Refractory Period (Maquestiaux, Hartley, & Bertsch, 2004; Van Selst, Ruthruff, & 

Johnston, 1999).  These investigations have tended to examine an extended time course of 

practice, as much as 30 sessions of 256 trials in the case of Maki and Padmanabhan. The 

experiments reported in this chapter examine the practice effect within a single 

experimental session of 240 trials.   

Experiment 3.1  

Experiment 3.1 simply aimed to replicate the finding that accuracy in the second 

half of a single-session AB experiment was higher than that of the first.  The procedure was 

again based upon Raymond et al. (1992) with participants required to identify a white letter 

and detect the presence of a black letter X in a series of black letters. 

Method 

Participants 

Seventeen university students, six male, with an average age of 23.7 years 

(SD=2.97) took part in Experiment 3.1.  All were naïve RSVP observers. 

Materials and Procedure 

The stimuli were displayed on a PC with an LCD monitor running at 60Hz 
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(16.6ms/frame).  The RSVP program was written in Matlab 6.5 (Mathworks, 2003) 

utilizing the Psychtoolbox (Brainard, 1997; Pelli, 1997).  Each RSVP trial contained 

between 21 and 32 stimuli.  All stimuli were uppercase letters in Arial font, subtending 

approximately 1۫۫ of visual angle in height and 0.95۫۫ in width.  The background was light 

green in colour (luminance of 62.8 cd/m
2
, CIE 2˚ X=.394, Y=.474 measured using a 

Pritchard PR 650 colorimeter).  A single trial included a fixation cross presented for 500ms 

followed by 7-18 distracter letters, a first target (T1), 0-11 distracter letters, a second target 

(T2), and a single distracter letter to mask T2.  T1 was always a white letter (luminance of 

93.5 cd/m
2
, CIE 2˚ X=.330, Y=.338) randomly selected from the alphabet excluding I, O, 

Q, due to their poor masking properties, and X as it acted as T2.  In half the trials T2 was 

the letter X and in the other half T2 was replaced by a letter remaining in the 

aforementioned list.  T2 was presented at 12 inter-target intervals (ITIs; corresponding from 

100 to 1200 ms) following T1, with 10 estimations at each ITI.  T2 and all distracters were 

presented in black (luminance of 0.33 cd/m
2
, CIE 2˚ X=.273, Y=.265).  Distracter letters 

were randomly selected from the same list after T1 had been removed.  Letters did not 

repeat within 20 RSVP items.  Each letter was presented for 100ms and there was no inter-

stimulus interval. There were 240 experimental trials which were presented in four equal 

blocks.  In order to examine improvement, the first and second 120 trials contained 5 

estimates at each ITI. 

Participants were given five practice trials in which they were asked to determine 

the identity of a white letter and detect the occurrence of an X presented within a RSVP.  

They were told that the X, if present, would appear after the white letter and that 

identification of the white letter should be the primary task.  Participants entered their 

responses when prompted at the end of each trial using a standard keyboard: white letter 

identity and presence of the letter X, 1 = yes, 0 = no. 
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Results and Discussion 

The 240 trials were analysed as two separate blocks consisting of the first and 

second 120 trials.  There were 5 estimates at each of the 12 ITIs in each half.  Second target 

sensitivity was based upon those trials in which the first target was correctly identified.  

The sensitivity calculation used a non-parametric signal detection procedure (Stanislaw & 

Todorov, 1999). The mean proportion correct for T1 (Panel A) and T2 sensitivity (Panel 

B), for the first and second halves for each of the 12 ITIs are displayed in Figure 3.1:1.  

Accuracy for both targets was higher in the second half of the experiment and T2 

sensitivity was lower when it was presented at short intervals from T1.  This was lowest at 

300ms with some evidence of sparing before this time. 
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Figure 3.1:1 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

12, 100ms inter-target intervals following the presentation of T1 for the first and second 

120 trials of the experimental session.  Error bars represent the within subject 95% 

confidence intervals (Loftus & Masson, 1994). 

To examine the statistical significance of these patterns a 2 (Half; first 120 trials, 

second 120 trials) by 12 (ITIs: 1 to12) repeated measures ANOVA was conducted for T1 

and T2 separately.  The T1 analysis indicated that there was a significant main effect of 

Half, F(1,16)=19.06, p<.001, partial-ŋ
2
=.544; a non-significant effect of ITI, 
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F(11,176)=147, p=.148, partial-ŋ
2
=.084; and a significant Half by ITI interaction, 

F(11,176)=2.44, p=.007, partial-ŋ
2
=.132.  These results reflect higher T1 performance in 

the second half, limited effect of T2 position upon T1 performance, and greater variability 

and more often lower T1 performance across ITIs as suggested by comparison of the Loftus 

and Masson (1994) 95% confidence intervals. 

Two individuals had no correct T1 response at one or more of the T2 ITIs so a 

sensitivity estimate could not be calculated, thus they were not included in the T2 analyses.  

The T2 analysis indicated that there was a significant main effect of Half, F(1,14)=8.83, 

p=.010, partial-ŋ
2
=.387; and ITI, F(11,154)=24.50, p<.001, partial-ŋ

2
=.636; and a non-

significant Half by ITI interaction, F(11,154)=1.00, p=.45, partial-ŋ
2
=.067.  These results 

reflect consistently better performance across all ITIs in the second half of the session, and 

greater sensitivity with greater temporal intervals between T1 and T2 with the exception of 

ITIs less than 300ms.  These patterns reflect the AB and a small amount of Lag 1 sparing 

(see Visser et al., 1999a).  The AB pattern was not significantly different between halves. 

As both T1 and T2 performance improved, it would be worth comparing the rates of 

these improvements to determine whether as T1 performance improves there is less of an 

AB which would be consistent with resource limitation models of the AB (e.g., Chun & 

Potter, 1995).  However, due to the 12 levels of ITI, the reliability of T2 estimates is limited 

for this data set: comparisons would be necessary between T1 and T2 at each ITI.  Given 

that the calculations are based upon, at most, 5 trials within each block, the data do not 

provide the opportunity for this comparison.  

One locus of performance improvement in T2 detection could be a reduction in the 

occurrence of false alarms across the session, that is, when X was not displayed yet 

reported as present.  To examine this, the trials were divided into six blocks of 40 trials 

providing greater sensitivity than the half session split.  False alarm rates across the six 
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blocks of 40 trials showed little variation and are displayed in Figure 3.1:2.  A one-way 

ANOVA indicated a non-significant effect of Block, F(5,80)=0.721, p=.61, partial-ŋ
2
=.043, 

suggesting that false alarm rates were not related to improvement in T2 performance. 
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Figure 3.1:2 Proportion of second target false alarm rates across six trial blocks of 40 

trials.  Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 

1994). 

The main finding in this experiment was an improvement in both T1 and T2 

performance over the time course of a single experimental session.  This represents an 

attenuation of the AB effect, relating to both T1 and T2.  This was demonstrated through a 

comparison of the two halves of the session, between which there was a significant 

improvement in performance irrespective of ITI.  As the variation in false alarm rates was 

unchanged over the course of the experiment, improvements in T2 can not be attributed to 

changes in criterion.  Whilst performance for both T1 and T2 improved, the information 

collected did not allow for a comparison of T1 and T2 improvements.   

This demonstration is limited as it only compares performance at two levels of time, 

the first and second halves.  A more sensitive comparison could be gained, as was 
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conducted for the false alarm rates, by examining a greater number of trial blocks.   

Experiment 3.2  

The aim of Experiment 3.2 was to provide suitable information to determine 

whether increases in T2 sensitivity across the experimental session were related to 

improvements in T1 processing.  Whereas Experiment 3.1 examined 12 ITI positions with 

ten estimates at each, Experiment 3.2 examined three ITIs: 300 ms, the maximum point of 

AB interference; 600 ms, a point of common AB recovery; and 1200 ms, the longest time 

interval in Experiment 3.1.  There were 40 estimates at each ITI within the 240 trials. 

Method 

Participants 

Fifteen participants, seven male, with an average age of 23.6 years (SD = 1.59) took 

part in Experiment 3.2.  All were naïve observers. 

Materials and Procedure 

The materials and procedure were identical to Experiment 3.1 with the exception 

that there were only three T2 ITIs, 300, 600, and 1200ms, with 40 estimations at each point. 

Results and Discussion 

In order to determine if the half effect was replicated, the proportion of T1 correct 

and T2 sensitivity as a function of ITI for the two halves of the experimental session were 

calculated.  These are displayed in Figure 3.2:1.  Overall, accuracy appeared to be higher 

for both targets in the second half of the session.  The same analyses as in Experiment 3.1 

were conducted, although there were only three levels of ITI.  T1 analyses indicated a 

significant effect of Half, F(1,14)=9.19, p=.009, partial-ŋ
2
=.396; and ITI, F(2,28)=7.53, 

p=.002, partial-ŋ
2
=.350; and a non-significant ITI by Half interaction, F(2,28)=3.30, 

p=.052, partial-ŋ
2
=.191.  The effect of Half and the non-significant interaction (albeit just 
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non-significant), replicates the Experiment 3.1 pattern of T1 performance, with better 

performance in the second half of the experiment.  There is also a significant effect of ITI, 

reflecting higher performance at later ITIs.  This pattern is most clear in the first half 

whereas in the second half, performance peaks at ITI 600ms.  This relates to the just non-

significant interaction.  The important point is that T1 performance does improve. 
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Figure 3.2:1 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

300, 600, and 1200 ms inter-target intervals following the presentation of T1 for the first 

and second 120 trials of the experimental session.  Error bars represent the within subject 

95% confidence intervals (Loftus & Masson, 1994). 

With respect to T2, the analyses indicated a significant effect of Half, 

F(1,14)=14.42, p=.002, partial-ŋ
2
=.507; and ITI, F(2,28)=57.23, p<.001, partial-ŋ

2
=.803; 

and a non-significant ITI by Half interaction, F(2,28)=1.73, p=.196, partial-ŋ
2
=.110.  This 

reflects T2 sensitivity being higher in the second half of the experiment and the presence of 

an AB effect, similar in both halves. Improvement in false alarm rates across blocks was 

examined to determine whether this might account for improvements in T2 performance.  

As in Experiment 3.1, false alarm rates were not significantly different across blocks, 

F(5,79)=0.18, p=.97, partial-ŋ
2
=.013.  

To examine the practice effects in a more sensitive manner, proportion T1 correct 
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(Panel A) and T2 sensitivity (Panel B) as a function of ITI by six trial blocks were 

calculated and are displayed in Figure 3.2:2.  Overall, there was a gradual trend of higher 

performance towards the end of the session.  T1 performance shows a limited effect of ITI 

overall, although at an ITI of 1200ms performance is quite high within the first 40 trials.  

T2 sensitivity shows a clear influence of ITI with relatively low and stable performance 

across blocks at a 300ms ITI; 600ms ITI sensitivity shows a clear increase across blocks; 

and 1200ms ITI sensitivity was the highest but shows limited signs of improvement across 

blocks.  
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Figure 3.2:2 Proportion correct for T1 (panel A) and T2 sensitivity (panel B) as a function 

of T2 ITIs of 300, 600, and 1200 ms and blocks of 40 trials.  Error bars represent the 

within subject 95% confidence intervals (Loftus & Masson, 1994). 

T1 analyses indicated a non-significant main effect of ITI, F(2,28)=2.47, p=.103, 

partial-ŋ
2
=.150; a significant effect of Block, F(5,70)=25.51, p<.001, partial-ŋ

2
=.646; and a 

significant ITI by Block interaction, F(10,140)=5.47, p<.001, partial-ŋ
2
=.281.  This 

suggests that, overall, T1 performance was not influenced by the relative position of T2, 

overall performance did improve over trial blocks, and T1 accuracy at T2 1200ms ITI did 

not improve to the same degree as when T2 was at 300 or 600ms. The ITI by Block 

interaction was predominantly due to lower T1 performance for T2 ITIs of 300 and 600ms 
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in block 1.  To quantify this influence, the analyses were repeated excluding Block 1 and a 

similar result was found, although decreased in magnitude: ITI by Block interaction, 

F(8,112)=2.36, p=.022, partial-ŋ
2
=.144.  This related to a consistent improvement for T1 

600ms ITI, whereas 300 and 1200ms ITIs were relatively stable across trial blocks. 

T2 analyses indicated that the main effect of ITI was significant, F(2,28)=66.22, 

p<.001, partial-ŋ
2
=.825;  as was the main effect of Block, F(5,70)=5.66, p<.001, partial-

ŋ
2
=.288; and the ITI by Block interaction was non-significant, F(10,140)=1.50, p=.146, 

partial-ŋ
2
=.097.  Accuracy at the 300ms ITI was the lowest, followed by 600, and then 

1200 which was quite high, arguably unaffected by the AB.  T2 sensitivity at each of the 

ITIs was higher at later trial blocks, and the pattern of this change was unrelated to the level 

of T2 ITI. 

Relationship between target improvements 

The above analyses indicate that there are improvements in T1 and T2 performance 

within the dual-target task.  The major purpose of Experiment 3.2 was to examine whether 

the improvements in T1 are related to the improvements T2.  The simplest way to examine 

this relationship is to fit functions to the group block by lag information and determine 

whether the slope of these functions is similar at each of the three levels of ITI.  

A third-order polynomial function provided the best fit for T1 and T2 at an ITI of 

300, a second-order polynomial function provided the best fit for at an ITI of 600 and 1200.  

The non-linear regression parameters are displayed in Table 3.2.1.  For each of the ITIs, T1 

and T2 performance could be characterised using the same slope parameters, suggesting no 

differences in the rate of improvements: ITI 300, F(3,4)=5.925, p=.060;  ITI 600, 

F(2,6)=0.63, p=.566; ITI 1200, F(2,6)=0.40, p=.687.  The fits were poor for T1 

performance at ITI 1200.  Overall, the pattern of performance across ITIs was limited and a 

linear fit to this data suggested that the slope was not significantly different to zero, 
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F(1,88)=0.57, p=0.45, indicating no improvement across target blocks.  This suggests that 

T1 and T2 performance at an ITI of 1200 are not related, consistent with the notion that the 

AB should be recovered by this point, thus the relationship between target performances is 

attenuated at this time period. 

Table 3.2.1 Non-linear regression parameters (intercept and slope: B, C, and D) for first 

and second targets (T1 and T2) at each inter-target interval (ITI: 300, 600, and 1200) for 

proportion correct (T1) and sensitivity (T2) across 6, 40-trial block summaries.  Goodness 

of fit R
2
 values are also displayed. 

 ITI Intercept Slope Parameters R2 

   B C D  

300 0.004 0.019 -0.0001 3.16E-07 .97 

600 0.540 0.003 -6.68E-06 NA .92 T1 

1200 0.816 0.000 1.55E-06 NA .12 

300 0.346 0.003 -1.11E-05 1.76E-08 .99 

600 0.461 0.004 -1.04E-05 NA .97 T2 

1200 0.879 0.001 -1.17E-06 NA .74 

 

Summary and Conclusion 

The main finding in this chapter indicates that there are improvements in both T1 

and T2 performance within a 240 trial AB experiment, suggesting that when drawing 

conclusions from dual task RSVP, it is important to consider the possible confound that 

mere exposure to the task may produce.  It was evident that the pattern of T1 and T2 

improvement were not statistically different, suggesting that the improvement may be 
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related to dual-target performance.  Maki and Padmanabhan (1994) suggested that acquired 

distinctiveness was the basis of the attenuation of the AB observed in their research.  

Before this explanation is considered, it is worth ruling out mere exposure to the RSVPs as 

being the locus of the improved performance.  Examining practice effects in single-target 

RSVPs may suggest that improvement is not dual-target in nature but simple a product of 

exposure.  Similarly, whether this has an impact upon dual-target performance is also worth 

examination.  These aims are the basis of the next chapter. 
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CHAPTER 4 THE IMPACT OF SINGLE-TARGET RSVP EXPOSURE 

UPON THE ATTENTIONAL BLINK 

Experiment 4.1  

In order to examine whether the locus of improvements in the AB may be related to 

any RSVP exposure rather than the dual-target procedure per se, Experiment 4.1 included 

two single-target tasks followed by a dual-target task. If exposure to the RSVP is all that is 

required for improvement then single-target ‘training’ should increase subsequent RSVP 

accuracy.  Furthermore, dual-target accuracy following the single-target training conditions 

should be greater than accuracy in a dual-target task without training. 

Method 

Participants 

Twenty-four university students with an average age of 24.54 years (SD=3.12), 11 

males, participated in this experiment.  All were naïve RSVP observers. 

Materials and Procedure 

The materials and stimulus details were as in Chapter 3.  There were 3 RSVP 

conditions with the following requirements: 1) identification of a single white letter, 2) 

detection of a single black letter X, and 3) identification of a single white letter and 

detection of single black letter X.  Participants completed all conditions and the single-

target conditions (1 and 2) were counterbalanced to examine transfer effects (n=12 

completed the single white letter condition first). 

There were 120 trials in each condition.  A white-letter appeared on every trial and 

the letter X was presented on 80 trials: therefore there were 40 catch trials on which no X 

was presented.  The white-letter identification and letter X detection conditions were only 
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differentiated by the task instructions.  In the white-letter condition participants were 

instructed to identify a white letter.  In the letter X condition participants were instructed to 

indicate whether or not a black letter X was presented.  For the participants’ second single-

target task, the instructions included ignoring the previously attended target.  Utilizing 

identical displays, differences could be attributed to task instructions.  Participants were 

given five practice trials in their first condition.  Short breaks were given between blocks of 

40 trials and between conditions. In the dual-target task, participants were instructed to 

identify a white letter and indicate the presence of the black letter X. 

Results and Discussion 

Single-target performance 

In the single-target conditions proportion correct identification was calculated for 

the white letter condition and sensitivity was calculated for the detection of the letter X.  To 

guard against unity of variance in the analysis, sensitivity estimates were transformed as 

suggested by Winer, Brown, and Michels, (1991):  

]2/1[arcsin2 nXsXt −=  

where Xt is the transformed value, Xs is the original sensitivity value, and n is the 

sample size.  Statistical comparisons for sensitivity were conducted upon the transformed 

values.  Completion order did not affect performance in the white letter identification 

condition: the proportion correct for those completing it first was M=0.77 (SD=0.11) and 

second was M=0.73 (SD=0.13), t(22)=0.83, p=.413, Cohen’s d=0.34; whereas order did 

affect sensitivity in the X detection condition: first, M=0.89 (SD=0.05); second, M=0.95 

(SD=0.02), t(22)=3.89, p=.001, h=0.19.  h reflects the effect size for the arcsine 

transformed values which Cohen (1988) suggests can be interpreted similarly to his d effect 

size: small=0.2, medium = 0.5, larger =0.8.  This estimate of effect size is simply the 
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difference between the two transformed means.  Overall, completion of the white letter 

identification enhanced subsequent letter X detection. 

As half the participants were required to identify the white letter in the first 

condition and then ignore it in the second condition in which they were required to only 

detect the letter X, there was a chance that an AB effect would be revealed despite it not 

being a task requirement to attend to the two targets on a given trial.  To examine this, 

proportion correct white letter identification and letter X sensitivity across three ITIs is 

displayed for task order (white first, X first) in Figure 4.1:1 (White letter in Panel A, Letter 

X in Panel B).  There was an apparent effect of in the white letter condition when it 

followed the X condition and when the letter X condition was completed first.  Specifically, 

this relates to higher performance at longer ITIs.  
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Figure 4.1:1 Proportion Correct White letter identification (Panel A) and Sensitivity to the 

letter X (Panel B) at letter X presentation times of 300, 600, and 1200ms following the 

white letter in the RSVP.   Summaries are based upon those completing a White letter 

identification task and then the X detection task (White first) and the X detection task and 

then the White letter identification task (X first).  Note: participants were not instructed to 

attend to the alternative target but it was displayed.  Error bars represent the within 

subject 95% confidence intervals (Loftus & Masson, 1994). 
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White Letter Identification 

With respect to the white letter identification, there was a non-significant effect of 

Condition Order F(1,22)=1.40, p=.249, partial-ŋ
2
=.060;  a non-significant effect of ITI, 

F(2,44)=0.637, p=.534, partial-ŋ
2
=.028; and a significant Condition Order by ITI 

interaction F(2,44)=5.65, p=.007, partial-ŋ
2
=.204.  The interaction reflects lower white 

letter identification when the letter X was presented at 300ms following the white letter, 

when the letter X condition was completed first.  This is consistent with interference 

between the two targets despite the instruction to ignore the letter X. 

Letter X Detection 

With respect to letter X detection, there was a significant effect of Condition Order 

F(1,22)=15.11, p=.001, partial-ŋ
2
=.407;  a significant effect of ITI, F(2,44)=4.17, p=.022, 

partial-ŋ
2
=.160; and a non-significant Condition Order by ITI interaction F(2,44)=1.60, 

p=.213, partial-ŋ
2
=.068.  The main effect of Condition Order reflects higher sensitivity 

when the X detection task was completed after the white letter condition.  It is worth noting 

the significant effect of ITI in both groups but particularly the X then White letter group, 

despite this group not having attended to the white letter previously.  The effect may 

indicate one of two things: 1) the white letter was capturing attention or 2) sensitivity was 

higher when greater time was provided for detection.   

Despite the non-significant interaction, when the analyses were conducted for each 

Condition Order group separately, the ITI effect was not significant when the white letter 

condition was completed first, F(1,11)=0.90, p=.421, partial-ŋ
2
=.076, whereas it was when 

the letter X condition was completed first, F(1,11)=5.04, p=.016, partial-ŋ
2
=.314.  If the 

white letter was capturing attention, the ITI effect should be most evident when the white 

letter condition was completed first and not the other way around as was evident in the 

data.  Thus it is most likely the case that greater time prior to the presentation of a target 
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leads to increased detection.  Necessarily, when X is presented at 300ms, there is a smaller 

time interval between the fixation cross and presentation of the white letters as well as the 

letter X presentation in comparison to when X is presented at 1200ms.  Thus, this 

foreperiod may have a significant impact. 

Summary: Single-target performance  

Overall, it appears that previous RSVP experience impacts upon subsequent RSVP 

performance and this can be characterised by considering the white letter task as more 

complex than the letter X detection.  Completion of a complex task led to higher accuracy 

in a subsequent less complex task.  A second point is that the more time before a target 

appears led to enhanced performance.  Thus, the foreperiod may be a factor worth 

consideration. 

Single-target task Training 

Before examining the impact of single-target training upon dual-target performance, 

it is worth establishing whether training took place in the single-target conditions.  In this 

instance, training can be characterised as improvements across blocks of 40 trials within the 

single-target tasks.  Figure 4.1:2 displays the proportion correct white letter report (Panels 

A and B) and letter X detection (Panels C and D) as a function of ITI (300, 600, and 

1200ms) and trial blocks.  The results are summarised by the type of task completed first: 

White letter conditions first are presented in the left two panels, A and C, and letter X 

conditions first are presented in the right two panels, B and D. 

It is difficult to characterise these patterns in a global fashion as there appear to be 

differences dependent upon target type and order of completion.  There appears to be a 

limited influence of trial block for the white letter or X when the white letter task was 

completed first, whereas when the letter X task was completed first, both the white letter 

and X show higher correct report at later trial blocks.  With respect to ITI, white letter 
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accuracy is higher at longer ITIs compared with short ITIs, and there is a limited impact for 

the letter X.  Each of the ITI patterns is independent of completion order. 
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Figure 4.1:2 Proportion correct white letter when the white letter task was completed first 

(Panel A) and when the letter X task was completed first (Panel B) as well as letter X 

sensitivity, white first (Panel C), X first (Panel D), for each temporal interval between the 

white letter and letter X (ITIs 300, 600, and 1200) as a function of trial blocks.  The left 

side of the figure, Panels A and C, display performance when the white letter task was 

completed first, and the right side of the figure, Panels B and D, display performance when 

the letter X task was completed first. Error bars represent the within subject 95% 

confidence intervals (Loftus & Masson, 1994). 
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White letter Identification 

To examine these patterns, 2 (Condition Order) by 3 (ITI) by 3 (Block) ANOVAs 

were conducted separately for the white letter and letter X. Analyses based upon the white 

letter performance indicated a non-significant effect of Condition Order, F(1,22)=0.66, 

p=.426, partial-ŋ
2
=.029, a significant effect of ITI, F(2,44)=7.36, p=.002, partial-ŋ

2
=.251; 

and a non-significant effect of Block, F(2,44)=1.96, p=.154, partial-ŋ
2
=.082.  Overall, this 

suggests that identification was higher at longer ITIs and there was no improvement with 

exposure: therefore, training had not occurred. 

The interaction results indicated that there was a non-significant interaction between 

Condition Order and ITI, F(2,44)=1.72, p=.192, partial-ŋ
2
=.072;  significant interactions 

between Condition Order and Block F(2,44)=3.33, p=.045, partial-ŋ
2
=.131; and ITI and 

Block F(4,88)=3.63, p=.009, partial-ŋ
2
=.142; and a non-significant interaction between 

Condition Order, ITI, and Block, F(4,88)=0.70, p=.597, partial-ŋ
2
=.031.   

The interaction between Condition Order and Block reflects higher white letter 

identification at later blocks when the letter X task was completed first: this suggests that 

there was a training effect in this condition.  The ITI by Block interaction reflects a clear 

improvement in performance across trials blocks for ITI 600 but not for ITIs of 300 or 

1200.  If the foreperiod is impacting upon performance it may be the case that the time 

periods associated with ITIs of 600ms provide an optimal time for task learning.  In 

contrast, foreperiods associated with 300ms are too short, resulting in lower accuracy and 

limited improvement at this point.  Foreperiods associated with 1200ms are adequate for no 

costs to be apparent, reflecting an accuracy ceiling; therefore, accuracy is high and 

improvements are not apparent.  Overall, there appears to be improved performance within 

a single session only when a simpler task, in this case letter X detection, is performed first. 
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Letter X Sensitivity 

With respect to letter X sensitivity, there was a significant effect of Condition 

Order, F(1,22)=13.80, p=.001, partial-ŋ
2
=.385, a non-significant effect of ITI, 

F(2,44)=049, p=.613, partial-ŋ
2
=.022, and a significant effect of Block, F(2,44)=4.19, 

p=.022, partial-ŋ
2
=.160.  Sensitivity was higher for those completing the white letter task 

first, and overall there was significantly higher sensitivity at later blocks, suggesting that 

training did occur. 

None of the interactions were statistically significant: Condition Order and ITI, 

F(2,44)=0.72, p=.493, partial-ŋ
2
=.032; Condition Order and Block F(2,44)=1.46, p=.243, 

partial-ŋ
2
=.062; ITI and Block F(4,88)=0.55, p=.700, partial-ŋ

2
=.024; and Condition Order, 

ITI, and Block, F(4,88)=0.91, p=.460, partial-ŋ
2
=.040.  

Summary: Single-target task Training  

Examination of single-target tasks indicated that performance did improve within a 

single session of 120 trials under two conditions.  1) When a simpler task was completed 

first.  In the current experiment this occurred when the letter X task was completed before 

the white letter identification task: improvements were apparent in both the white letter and 

letter X tasks under this condition.  2) When a simple task was completed.  In the current 

experiment performance improvements were noted in the letter X task irrespective of 

whether it was completed before or after the white letter identification task.  It is also worth 

noting that performance in a simple task was associated with higher sensitivity following a 

comparatively more complex task: X sensitivity was higher following white letter 

identification.  

Dual-target task 

To examine the impact of the single-target tasks upon dual-target performance, T1 

and T2 performance as a function of T2 ITI is displayed in Figure 4.1:3.  T1 and T2 
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performance is reported with respect to the order of single-target conditions, white letter or 

letter X first.  Overall, both T1 and T2 performance appeared to be higher when the white 

letter condition was completed first and T2 performance was higher at longer ITIs.  These 

patterns were examined separately for T1 and T2. 
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Figure 4.1:3 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

inter-target intervals of 300, 600, and 1200ms following the presentation of T1 in the 

RSVP.  Accuracy is displayed as a function of groups completing the White letter single-

target training first (white first) and those completing letter X single-target training first (X 

first).  Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 

1994). 

T1 analysis indicated non-significant main effects of Condition Order, 

F(1,22)=2.66, p=.117, partial-ŋ
2
=.108; and ITI, F(2,44)=0.54, p=.59, partial-ŋ

2
=.024; and a 

non-significant Condition Order by ITI interaction, F(2,44)=0.73, p=.490, partial-ŋ
2
=.032.  

T2 analyses were based upon sensitivity rates and not arcsine transformations for the dual-

task as there was not a unity of variance concern as was evident in the single-target tasks.  

The analyses indicated a non-significant main effect of Condition Order, F(1,22)=0.796, 

p=.382, partial-ŋ
2
=.035; a significant main effect of ITI, F(2,44)=30.17, p<.001, partial-

ŋ
2
=.578; and a non-significant Condition Order by ITI interaction, F(2,44)=0.04, p=.963, 
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partial-ŋ
2
=.002.  These results suggest that T2 sensitivity was lower when it was presented 

within 600ms of T1, performance at each ITI being statistically different to all other ITIs 

after Bonferroni corrections.  Whilst there was a pattern of higher performance when the 

white letter task was completed first, this did not significantly impact upon dual-target 

accuracy. 

Impact of Prior RSVP Experience 

Despite the type of single-target task not having a differential effect on dual-target 

performance, it may be the case that single-target task completion, as opposed to no single-

target task completion, does impact upon dual-target performance.  To determine whether 

there was a difference in dual-task performance with and without single-target exposure, 

the dual-target performance from the first 120 trials of Experiment 3.2 was compared with 

the current dual-target performance.  The results from the current experiment were 

collapsed across single-target condition order.  T1 proportion correct (Panel A) for training 

and no training as well as T2 sensitivity (Panel B) by T2 ITI are presented in Figure 4.1:4.  

Overall, there appears to be little variation in dual-target performance with and without 

training.  There is evidence of an interaction for T2, no training being associated with lower 

sensitivity at early ITIs and higher sensitivity at later ITIs.  

With respect to T1, there was a non-significant effect of Training, F(1,37)=0.26, 

p=.613, partial-ŋ
2
=.007; a significant effect of ITI, F(2,74)=5.67, p=.005, partial-ŋ

2
=.133; 

and a non-significant Training by ITI interaction, F(2,74)=2.40, p=.098, partial-ŋ
2
=.061.  

The significant effect of ITI corresponds to AB interference and must be attributed largely 

to Experiment 3.2, despite the non-significant interaction, as the effect was non-significant 

in Experiment 4.1. 
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Figure 4.1:4 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

inter-target intervals of 300, 600, and 1200 ms following the presentation of T1 in  the 

RSVP .  Accuracy is displayed as a function of groups completing the single-target training 

(Exp. 4.1 Overall) and those not completing single-target training (Exp. 3.2 First 120 

Trials).  Error bars represent the within subject 95% confidence intervals (Loftus & 

Masson, 1994). 

With respect to T2, there was a non-significant effect of Training, F(1,37)=1.11, 

p=.299, partial-ŋ
2
=.029; a significant effect of ITI, F(2,74)=73.62, p<.001, partial-ŋ

2
=.666; 

and a significant Training by ITI interaction, F(2,74)=8.41, p=.001, partial-ŋ
2
=.185.  These 

results reflect a significant AB effect;  there were significant differences between sensitivity 

at all ITIs after Bonferroni correction, and an interaction between training and ITI whereby, 

in the absence of training, sensitivity was lower at an ITI of 300, t(37)=2.71, p=.010, 

Cohen’s d=0.89. 

Summary 

There are three major points to take from Experiment 4.1.  1) The time interval prior 

to presentation of a target influences target report.  That is, longer foreperiods appear to 

lead to greater performance. 2) Single-target RSVP exposure does influence later single-

target performance, both with respect to overall accuracy and within-task learning.  When a 
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more difficult task was completed first, subsequent accuracy in a simpler task was higher.  

Within-task learning occurred when a simpler task was completed prior to a more complex 

task or when a simpler task was completed in isolation.  These two observations can be 

characterised using a strategy development model, whereby exposure to a complex task 

draws upon more advanced strategies than exposure to a simpler task.  In the current 

context, following completion of the white letter task, letter X sensitivity was higher, 

suggesting the strategy required for white letter identification was beneficial for the letter X 

detection. Furthermore, following completion of the letter X task, performance in the white 

letter identification task showed signs of improvement, therefore the strategy required for 

the letter X task required development to be appropriate for the white letter task.   

3) The third point is that single-target RSVP exposure did not lead to overall 

advantages in a dual-target task.  However, RSVP exposure did lead to an advantage in T2 

processing at an ITI of 300ms.  This can be considered as the peak of interference of the 

AB, thus, in light of a strategy development model, it appears that single-target exposure 

led to more adaptive strategies for the dual-task at short ITIs.  

This can be examined a step further using the existing data.  Utilising the second 

half of trials from the dual-target task in Experiment 3.2, dual-target performance following 

single- and dual-target RSVP exposure can be compared.  These data are displayed in 

Figure 4.1:5: T1 proportion correct (Panel A) as well as T2 sensitivity (Panel B) by T2 for 

single- and dual-target training.  Overall, there appears to be little difference between 

experiments for T1 whereas T2 sensitivity at ITIs of 600 and 1200 is higher in Experiment 

3.2; that is, following more dual-target practice.   

With respect to T1, there was a non-significant effect of Training, F(1,37)=0.28, 

p=.600, partial-ŋ
2
=.008; a significant effect of ITI, F(2,74)=3.94, p=.024, partial-ŋ

2
=.096; 

and a significant Training by ITI interaction, F(2,74)=3.43, p=.038, partial-ŋ
2
=.085.  The 
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ITI effect relates to higher performance at ITI 600 (significant after Bonferroni 

corrections), and the interaction reflects that this higher performance was only evident in 

the Experiment 3.2, Second 120 trials. 
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Figure 4.1:5 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

inter-target intervals of 300, 600, and 1200 ms following the presentation of T1 in the 

RSVP.  Accuracy is displayed as a function of groups completing single-target training 

(Exp. 4.1 Overall) and those completing dual-target training (Exp. 3.2 Second 120 Trials).  

Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 

With respect to T2, there was a non-significant effect of Training, F(1,37)=1.84, 

p=.184, partial-ŋ
2
=.047; a significant effect of ITI, F(2,74)=79.53, p<.001, partial-ŋ

2
=.682; 

and a significant Training by ITI interaction, F(2,74)=4.62, p=.013, partial-ŋ
2
=.111.  The 

ITI effect reflects lower sensitivity at shorter ITIs (at each ITI sensitivity was statistically 

higher after Bonferroni correction), and the interaction relates to greater sensitivity at ITIs 

600 and 1200 in the second 120 trials of Experiment 3.2: ITI 600, t(37)=2.30,p=.028, 

Cohen’s d=0.75; ITI 1200, t(37)=2.08,p=.045, Cohen’s d=0.68. 

Dual-target task Strategy Development 

Before these results are concluded, we can examine the claim regarding strategy 

development.  In accordance with a capacity sharing model (e.g., Tombu & Jolicoeur, 
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2005), a regular AB should be characterised by interference between T1 and T2 which 

should be evident in a correlation between T1 and T2 performance, at least at short ITIs 

whilst the interference is at its maximum.  As, following the single-target tasks, T2 

performance at ITI 300 was higher than when a dual-target task was completed in isolation, 

examining the relationship between T1 and T2 performance might uncover a difference in 

task strategy.  This can be achieved by examining the correlation between T1 and T2 

performance at each level of ITI.  For a comparison, the Experiment 3.2 (n=15) 

correlations between T1 and T2 were: ITI 300 r=.64*, ITI 600 r=.51* (single-tailed), and 

ITI 1200 r=.59*; and those for Experiment 4.1 are (n=24): ITI 300 r=.14, ITI 600 r=.02, 

and ITI 1200 r=-.12; *p<.05. 

Thus, interference in Experiment 3.2 was characterised by significant positive 

correlations between targets at all ITIs, indicating higher T1 accuracy to be associated with 

higher T2 accuracy.  This was not the case in Experiment 4.1, with small positive or 

negative correlations, none of which were significant.  This is consistent with different 

approaches to the dual-target task, whereby prior single-target exposure leads to an AB 

pattern in which target performance is unrelated, raising the question of whether this can 

actually be considered interference.  However, before too much more consideration is 

warranted, replication is desirable. 

Summary and Conclusion 

In summary, the pattern of results suggests that exposure to more complex RSVP 

tasks is associated with greater subsequent RSVP performance.  The observations of greater 

foreperiod leading to enhanced performance and exposure to more complex tasks leading to 

enhanced performance is consistent with the idea of task preparation.  Conditions which 

facilitate task preparation either through time allowance or the provision of greater 

resources appear to result in increased accuracy.  A lack of relationship between T1 and T2 
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in dual-target performance following the single-target task also suggests that prior RSVP 

impacts upon task strategies.  Experiment 4.2 was conducted to replicate and examine these 

results by administering an alternative single-target task. 

Experiment 4.2  

This experiment attempted to examine the strategy preparation model.  Using two 

counterbalanced single-target tasks, participants were required to detect the presence of B, 

F, or Y in one condition and the letter X in the other condition.  Participants were instructed 

as to the particular letter they were to search for, one letter on any given trial.  It was 

considered that searching for changing targets in one condition would be more complex 

than searching for a single letter: renewing the visual filter required every 40 trials (e.g., Di 

Lollo et al., 2005a), thus drawing upon more resources.  In line with the notion that more 

complex tasks increase the availability of resources, it was anticipated that letter X 

detection would be enhanced following the BFY condition but completion of the letter X 

condition would not enhance BFY detection.  Following the single-target conditions, a 

dual-target task was completed.  T1 in the dual-target task was always the identification of 

a white letter whereas T2 was the letter X for half the participants and B, F, or Y for the 

other half.  The dual-target task was completed to provide supporting evidence regarding 

the impact of prior single-target RSVP exposure upon dual-target performance. 

Method 

Participants 

Thirty university students, 24 females, with an average age of 23.6 years (SD = 4.2) 

participated in this research.  All were naïve RSVP observers. 

Materials and Procedure 

Material and stimulus details were as in the previous experiments.  In the single-
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target conditions participants were required to 1) detect the presence of a black letter X or 

2) detect the presence of a black letter B, F, or Y which was modified every 40 trials.  In 

the dual-target task, all participants were required to identify a white letter and half the 

participants were required to detect the presence of a letter X whereas the other half were 

required to detect the presence of the B, F, or Y.  The single-target conditions (1 and 2) 

were counterbalanced to examine transfer effects and half the participants completing BFY 

first were assigned to the dual-target BFY condition, the other half to the dual-target X 

condition and similarly for those completing condition X first (see  

Table 4.2.1).  

Table 4.2.1 Allocation of participants to single- and dual-target conditions in Experiment 

4.2.  These include two types of single-target tasks: detection of B,F, Y letters and detection 

of the letter X, and two types of dual-target tasks: both requiring identification of a white 

letter and one requiring detection of B,F,Y and the other, detection of X.  The two single-

target conditions were counterbalanced between participants so that half completed the 

dual-target BFY task and half completed the dual-target X task. 

First single-target condition Second single-target condition Dual-target condition Sequence Code 

BFY X White + BFY BxB 

BFY X White + X Bxx 

X BFY White + BFY xBB 

X BFY White + X xBx 

 

There were 120 trials in each condition.  A white letter appeared in every trial.  In 

the BFY condition, the target letter was randomly allocated in blocks of 40 trials so that the 

order was varied between participants.  In both single-target tasks there were 40 catch trials 
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when no X or BFY was presented.  Participants were given five practice trials in their first 

condition.  Short breaks were given between blocks of 40 trials and between conditions. 

Results and Discussion 

Single-target tasks 

Despite the four condition order groups in the dual-target task, single-target 

performance was analysed in two groups: BFY first versus X first.  Sensitivity estimates for 

BFY and X detection for the three ITI intervals and order of condition completion are 

presented in Figure 4.2:1.  This figure suggests that BFY sensitivity was not affected by 

order of completion or position within sequence (ITI, see panel A) whereas X sensitivity 

appears to be higher following the BFY condition as predicted (see Panel B).   
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Figure 4.2:1 Target sensitivity at ITIs of 300, 600, and 120ms following a white letter in the 

RSVP for groups completing the BFY then X conditions and the X then BFY conditions.  

Panel A depicts the sensitivity for the letters BFY and panel B depicts the sensitivity to the 

letter X.  Error bars represent the within subject 95% confidence intervals (Loftus & 

Masson, 1994). 

To examine the statistical significance of these patterns a 2 (Condition Order; BFY 

then X, X then BFY) by 2 (Target; BFY, X) by 3 (ITI; 300, 600, 1200ms) mixed ANOVA 
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was conducted upon arcsine transformed sensitivity values as in Experiment 3.2 (Winer et 

al., 1991).  This indicated that there was a non-significant effect of Condition Order, 

F(1,28)=1.96, p=.172, partial-ŋ
2
=.065, a non-significant effect of Target, F(1,28)=1.00, 

p=.325, partial-ŋ
2
=.035,  and a significant effect of ITI, F(2,56)=3.55, p=.035, partial-

ŋ
2
=.112, reflecting higher sensitivity when greater time was available between the 

unattended white letter and the target. 

There was a significant interaction effect of Condition Order by Target, 

F(1,28)=4.27, p=.048, partial-ŋ
2
=.132, a non-significant interaction effect of Condition 

Order by ITI, F(2,56)=1.52, p=.228 partial-ŋ
2
=.052, a non-significant interaction effect of 

Target by ITI , F(2,56)=0.265, p=.768, partial-ŋ
2
=.009, and a non-significant 3-way 

interaction effect of Condition Order by Target by ITI, F(2,56)=2.31, p=.109, partial-

ŋ
2
=.076.  The Condition Order by Target interaction reflects higher letter X sensitivity 

following completion of the BFY condition compared with sensitivity following 

completion of the letter X task.  This was expected and supports the idea that the BFY task 

was drawing upon more resources.  The added resources could then aid development of 

more adaptive strategies, resulting in higher subsequent accuracy in a simpler task, similar 

to the white letter condition in Experiment 4.1.   

Single-target task Foreperiod 

These results suggest that, although it was predicted that BFY would be more 

difficult to detect than the letter X, there was no statistical difference between them.  There 

was, however, an effect of ITI.  To examine this ITI result, instead of examining the ITI 

effect which makes references to the unattended white letter, performance can be examined 

with reference to the onset of the RSVP sequence: the foreperiod.  Sensitivity estimates 

were generated for foreperiod by grouping performance based upon the number of items 

displayed before the target which are equivalent to time intervals.  These are displayed in 
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Figure 4.2:2.  Overall, there appears to be limited difference between the targets BFY or X 

and sensitivity is higher at longer foreperiods. 
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Figure 4.2:2 Target sensitivity at foreperiods of 1200 to 2800ms following the first RSVP 

item for groups completing the BFY then X conditions and the X then BFY conditions.  

Panel A depicts the sensitivity for the letters BFY and panel B depicts the sensitivity to the 

letter X.  Error bars represent the within subject 95% confidence intervals (Loftus & 

Masson, 1994). 

These patterns were analysed using a 2 (Condition Order; BFY then X, X then 

BFY) by 2 (Target; BFY, X) by 6 (Foreperiod; 1200, 1500, 1800, 2100, 2400, 2800 ms) 

mixed ANOVA.  This indicated a non-significant effect of Condition Order, F(1,28)=0.15, 

p=.698, partial-ŋ
2
=.05, a non-significant effect of Target, F(1,28)<0.01, p=.953, partial-

ŋ
2
<.001,  and a significant effect of Foreperiod, F(5,140)=6.06, p<.001, partial-ŋ

2
=.178.  

Planned comparisons indicated that sensitivity at foreperiods of 1200, 1500, and 2400ms 

was statistically lower than at 2800ms, suggesting that sensitivity was higher when more 

time was available before target presentation: 1200, F(1,28)=7.75, p=.010, partial-ŋ
2
=.217; 

1500, F(1,28)=10.33, p=.003, partial-ŋ
2
=.270; 2400, F(1,28)=4.45, p=.044, partial-

ŋ
2
=.137. 

None of the interactions were statistically significant: Condition Order by Target, 
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F(1,28)=1.36, p=.254, partial-ŋ
2
=.046, Condition Order by Foreperiod, F(5,140)=1.39, 

p=.231 partial-ŋ
2
=.047, Target by Foreperiod , F(5,140)=0.75, p=.589, partial-ŋ

2
=.026; 

Condition Order by Target by Foreperiod, F(5,140)=1.35, p=.246, partial-ŋ
2
=.046.  

Overall, the results indicate that the more time available before the presentation of the 

target, the higher the sensitivity. 

Single-target task Training 

To determine whether learning took place within the single-target conditions, 

sensitivity across trial blocks for BFY and letter X conditions were examined as in 

Experiment 4.1.  These are displayed in Figure 4.2:3.  Similarly to the Experiment 4.2 

patterns, ITI appeared to influence performance when the more complex task was 

completed first, BFY detection, for both BFY and X and trial block had little influence 

under this condition, whereas sensitivity was higher at later trial blocks when the simpler 

task was completed first, X detection, for both BFY and X and there was little influence of 

ITI.  However, analyses did not support these observations. 

These patterns were examined using a 2 (Condition Order: BFY first, X first) by 2 

(Target: BFY, X) by 3 (Block: 40, 80, 120) by 3 (ITI: 300, 600, 1200 ms) mixed ANOVA.  

Overall, there was a non-significant main effect of Condition Order, F(1,28)=2.62, p=.152, 

partial-ŋ
2
=.072; a non-significant effect of Target, F(1,28)=0.88, p=.355, partial-ŋ

2
=.031; a 

significant effect of Block, F(2,56)=3.41, p=.040, partial-ŋ
2
=.109; and a significant effect 

of ITI, F(2,56)=3.37, p=.042, partial-ŋ
2
=.107.  Post-hoc tests indicated that overall, 

sensitivity was lower in the first 40 trials than in the final 40 trials (significant after 

Bonferroni correction), suggesting improvement across the 120 trials.  The effect of ITI 

reflects higher sensitivity with longer intervals between the unattended white letter and the 

target. 
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Figure 4.2:3 Target sensitivity to BFY (Panels A & B) and letter X (Panels C & D) when 

BFY was completed first (Panels A & C) and when the letter X task was completed first 

(Panels B & D) for each temporal interval between the white letter and letter X (ITIs 300, 

600, and 1200) as a function of trial blocks.  Error bars represent the within subject 95% 

confidence intervals (Loftus & Masson, 1994). 

None of the two- or three-way interactions were statistically significant: Condition 

Order by Target, F(1,28)=3.73, p=.064, partial-ŋ
2
=.118; Condition Order by Block, 

F(2,56)=0.19, p=.826, partial-ŋ
2
=.007; Condition Order by ITI, F(2,56)=1.51, p=.230, 

partial-ŋ
2
=.051; Target by Block, F(2,56)=2.17, p=.123, partial-ŋ

2
=.072; Target by ITI, 

F(2,56)=0.36, p=.702, partial-ŋ
2
=.013; Block by ITI, F(4,112)=0.36, p=.834, partial-

ŋ
2
=.013; Condition Order by Target by Block, F(2,56)=0.31, p=.738, partial-ŋ

2
=.011; 

Condition Order by Target by ITI, F(2,56)=1.50, p=.232, partial-ŋ
2
=.051; Condition Order 



Chapter 4 70 

by Block by ITI, F(4,112)=2.10, p=.133, partial-ŋ
2
=.070; Target by Block by ITI, 

F(4,112)=0.67, p=.614, partial-ŋ
2
=.023.   

The four-way, Condition Order by Target by Block by ITI was statistically 

significant, F(4,112)=5.06, p=.001, partial-ŋ
2
=.153.  This reflects limited sensitivity 

differences across blocks at ITI 1200 in the BFY condition when it was completed first, in 

contrast to lower accuracy in Block 40 at ITI 1200 in the letter X condition when it was 

completed first.  Essentially, when a greater foreperiod was available there was no 

improvement across blocks when the BFY condition was completed first and this was not 

the case for the letter X condition where significant improvement is evident.  Thus, there is 

evidence that the single-target performance improved over the course of the two, single-

target RSVPs.   

Dual-Target Task 

Overall, there was a significant increase in sensitivity over the course of the 120 

trials suggesting that some learning had occurred with exposure to the single-target RSVP 

task.  T1 and T2 dual-target performance as a function of ITI is presented in Figure 4.2:4.  

Performance is also summarised by the order of single-target task completion and type of 

dual-target T2 task.  There are four different groupings based upon  

Table 4.2.1. T1 performance appears to be influenced by the type of T2 task, with 

higher sensitivity at shorter ITIs for the BFY T2 dual-target task, whereas T2 performance 

is invariant between tasks and clearly shows lower sensitivity at shorter ITIs.  The type of 

dual-target task appeared to influence T1 accuracy with higher correct report for the BFY 

dual-target condition.  There was no consistent pattern for T2. 



Chapter 4 71 

0 300 600 900 1200
0.0

0.2

0.4

0.6

0.8

1.0

T1: BxB

T1: Bxx

T1: xBB

T1: xBxP
ro

p
o
rt
io

n
 T

1
 C

o
rr

e
c
t

0 300 600 900 1200
0.0

0.5

0.6

0.7

0.8

0.9

1.0

T2: BxB

T2: Bxx

T2: xBB

T2: xBx

T
2
 S

e
n
s
it
iv

it
y
 (
A
')

Inter-target Interval (ms)

A: T1 Identification B: T2 Detection

 

Figure 4.2:4 Proportion Correct T1 (Panel A) and T2 Sensitivity (Panel B) as a function of 

inter-target interval (ms) for groups based upon the order of preceding single-target tasks 

and the  type of T2 task in the dual-target task.  B corresponds to BFY detection and x 

corresponds to letter X detection.  For example, BxB indicates single-target BFY then x 

detection followed by the dual-target white letter identification and BFY detection.  Error 

bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994).  Both 

T1 and T2 accuracy for each ITI between the order of preceding single-target tasks groups 

has been offset for clarity.  There were no differences in the timing of the ITIs between 

groups. 

T1 analyses indicated a non-significant effect of T2 task, F(1,28)=0.27, p=.848, 

partial-ŋ
2
=.030; a non-significant effect of ITI, F(2,56)=1.85, p=.167, partial-ŋ

2
=.067; and 

a non-significant T2 task by ITI interaction, F(2,56)=1.44, p=.217, partial-ŋ
2
=.143. 

T1 performance was collapsed by dual-target T2 task to examine the pattern of 

higher performance for the BFY versus the X task evident in Figure 4.2:4.  These analyses 

indicated a non-significant effect of T2 task, F(1,28)=0.68, p=.417, partial-ŋ
2
=.024; a non-

significant effect of ITI, F(2,56)=1.90, p=.160, partial-ŋ
2
=.063; and a significant T2 task by 

ITI interaction, F(2,56)=3.61, p=.034, partial-ŋ
2
=.114.  The interaction reflected an AB 

effect in the T2 letter X group (lower accuracy at 300 than 1200 ms, significant after 
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Bonferroni correction) but not in the T2 BFY group which is consistent with the pattern in 

the figure. 

T2 analyses indicated a non-significant effect of T2 task, F(1,28)=0.01, p=.945, 

partial-ŋ
2
<.001; a significant effect of ITI, F(2,56)=94.62, p<.001, partial-ŋ

2
=.784; and a 

non-significant T2 task by ITI interaction, F(2,56)=0.44, p=.852, partial-ŋ
2
=.048.  This 

reflects a clear AB in both dual-task T2 conditions, post-hoc tests indicated that sensitivity 

at longer ITIs was statistically greater than at shorter ITIs, significant after Bonferroni 

correction. 

Overall, neither the type of single-target task, nor the type of dual-target task had a 

significant effect upon performance.  Therefore the next step is to examine the dual-target 

performance with and without exposure to the single-target task in order to provide 

replicating evidence for the pattern of higher T2 performance at shorter lags when the 

single-target task was completed in Experiment 4.1. 

Impact of Prior RSVP Experience  

The evidence from Experiment 4.1 indicated that exposure to single-target RSVPs 

led to higher T2 sensitivity at an ITI of 300ms.  To examine this pattern in the current data 

set, the first 120 trials from Experiment 3.2 were utilised:  T1 proportion correct (Panel A) 

for training and no training as well as T2 sensitivity (Panel B) by ITI are presented in 

Figure 4.2:5. 

Overall, there appears to be little overall variation in dual-target performance with 

and without training.  There is evidence of an interaction for T1, with higher accuracy at 

1200ms in the no training condition, and also for T2, no training being associated with 

lower sensitivity at early ITIs and higher sensitivity at later ITIs.  This provides a similar 

pattern to that in Experiment 4.1 and the same analyses were conducted to test these 

patterns. 
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Figure 4.2:5 T1 proportion correct identification (Panel A) and T2 sensitivity (Panel B) at 

inter-target intervals of 300, 600, and 1200 ms following the presentation of T1 the RSVP 

for those completing single-target training (Exp. 4.2 Overall) and those not completing 

single-target training (Exp. 3.2 First 120 Trials).  Error bars represent the within subject 

95% confidence intervals (Loftus & Masson, 1994). 

With respect to T1, there was a non-significant effect of Training, F(1,43)=0.65, 

p=.426, partial-ŋ
2
=.015; a significant effect of ITI, F(2,86)=5.22, p=.007, partial-ŋ

2
=.108; 

and a significant Training by ITI interaction, F(2,86)=4.38, p=.015, partial-ŋ
2
=.092.  The 

significant effect of ITI may correspond to AB interference although the relationship 

between T1 and T2 needs to be examined to make this inference.  Pairwise comparisons 

indicated the difference to relate to higher performance at 1200 compared with 300 ms 

(significant after Bonferroni correction).  Inspection of the within subject error bars 

indicates that the interaction reflects higher performance in the no training group at an ITI 

of 1200ms. 

With respect to T2, there was a non-significant effect of Training, F(1,43)=3.16, 

p=.083, partial-ŋ
2
=.068; a significant effect of ITI, F(2,86)=122.01, p<.001, partial-

ŋ
2
=.739; and a significant Training by ITI interaction, F(2,86)=5.25, p=.007, partial-

ŋ
2
=.109.  These results reflect a significant AB effect (significant differences between 
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sensitivity at all ITIs after Bonferroni correction) and inspection of the within subject error 

bars indicates that the interaction between training and ITI corresponds to higher sensitivity 

after single-target training at an ITI of 300ms. 

These results replicate the finding that single-target RSVP exposure impacts upon 

dual-target performance, increasing the sensitivity to T2 at short ITIs.  Examining the 

relationship between T1 and T2 performance may shed some light on this finding. 

Dual-target Strategy Development 

When the relationship between dual-target T1 and T2 was examined in Experiment 

4.1, correlations indicated that following single-target RSVP exposure, performance was 

unrelated.  The correlations with respect to Experiment 4.2 (n=30) were: ITI 300 r=.11 ITI 

600 r=.19 and ITI 1200 r=.40*; *p<.05.  The only significant correlation was at ITI 1200 in 

the BFY dual-target task.  At this ITI there should be minimal interference, thus a 

significant correlation at this point is unlikely to be related to AB interference and is 

potentially related to an individual ceiling effect.  In conjunction with Experiment 4.1, the 

findings suggest that the impact of single-target RSVP exposure upon dual-target RSVP 

task is to bias performance towards single-target processing rather than dual-target 

processing.  Although there are limited overall performance differences in the dual-target 

task, it would appear that strategies are altered by single-target experience.  This may relate 

to the specific cognitive approach to the task but alternatively it may be related to an 

unavailability of the same level of resources as when the dual-target task is completed in 

isolation.  The impact of single-target tasks may be to reduce these resources, restricting the 

strategies than can be applied.  For both Experiments 4.1 and 4.2, there was a limited 

association between T1 and T2 performance in the dual-target task.  As the AB supposedly 

reflects interference and the data do not suggest interference, it invites the question as to 

what is being measured. 
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One way of conceptualising the findings is that two single-target strategies are being 

performed in the dual-target task, potentially in a parallel fashion whereas the AB models 

generally suggest this to be a serial process (e.g., Chun & Potter, 1995).  With respect to 

preparation, the resources commonly shared in the dual-target task are being partitioned to 

tackle each task independently.  This being the case, the appearance of an AB may be a 

consequence not of ITI but of the foreperiod in which preparation takes place.  In the nature 

of an RSVP sequence, when T2 is presented at short ITIs, not only is it temporally closer to 

T1, it is also closer to the onset of the sequence.  Similarly, T2 presentations at longer ITIs 

are further from each of these points, affording less interference but also greater foreperiod 

which may maximise preparation for target processing.  The data from Experiment 4.1 and 

4.2 as a function of foreperiod and ITI is presented in Figure 4.2:6, Panel A. 

The nature of the ITIs dictates that there are no ITI 1200 trials under 1500 ms of 

foreperiod and similarly no ITI 300 trials over 2100 ms, thus only two estimates exist at 

preparation intervals of 1500ms (ITI 300 and 600) and 2800ms (ITI 600 and 1200) in 

Figure 4.2:6.  Apparent in this figure is the pattern of progressively higher sensitivity at 

longer foreperiods which are not influenced by T2 ITI. These patterns were supported by 

two, 2 (Foreperiod) by 2 (ITI) repeated measures ANOVAs and a single, one-way ANOVA 

examining the ITI effect at a foreperiod of 2100ms: 

 1) Foreperiod (1500, 2100) by ITI (300, 600); a significant effect of Foreperiod, 

F(1,53)=46.84, p<.001, partial-ŋ
2
=.469; a non-significant effect of ITI, F(1,53)=1.00, 

p=.322, partial-ŋ
2
=.019; and a significant Foreperiod by ITI interaction, F(1,53)=4.10, 

p=.049, partial-ŋ
2
=.071.  The significant interaction reflects higher ITI 600 sensitivity at a 

Foreperiod of 2100.   
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2) Foreperiod (2100, 2800) by ITI (600, 1200)
1
; a significant effect of Foreperiod, 

F(1,52)=24.47, p<.001, partial-ŋ
2
=.320; a non-significant effect of ITI, F(1,52)=0.23, 

p=.632, partial-ŋ
2
=.004; and a non-significant Foreperiod by ITI interaction, F(1,52)=0.43, 

p=.514, partial-ŋ
2
=.008. 

3) ITI (300, 600, 1200): a non-significant effect of ITI, F(2,104)=1.70, p=.187, 

partial-ŋ
2
=.032. 
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Figure 4.2:6 T2 sensitivity (A’) by Inter-target Interval (ITI) and Foreperiod (ms).  ITI 

reflects the time interval between T1 and T2 and Foreperiod reflects the time interval from 

the commencement of the display to the presentation of T2.  There are three Foreperiod 

groupings; less than 1500, 1600 to 2100, and 2200 to 2800 ms.  Panel A depicts the 

collective data from Experiments 4.1 and 4.2 (n=54) and Panel B depicts Experiment 3.2 

data (n=15).  Error bars represent the within subject 95% confidence intervals (Loftus & 

Masson, 1994). 

These analyses help to identify why the T1 and T2 dual-target performance was 

unrelated following the single-target task, suggesting that what appeared to be AB 

interference was actually a foreperiod phenomenon, disguised as an AB as a consequence 

                                                 

 
1
 A single participant’s data did not have an adequate number of trials at ITI 1200 for these calculations to be 

performance, thus the sample size is smaller for this comparison. 



Chapter 4 77 

of experimental design.  The corresponding data for Experiment 3.2, consisting of only the 

dual-target task, is presented in Figure 4.2:6, Panel B.  For Experiment 3.2, there appears to 

be a significant effect of ITI above that of foreperiod which remains influential. 

Repeating the above analysis for Experiment 3.2, supported the appearance of an 

influence of ITI:  

1) Foreperiod (1500, 2100) by ITI (300, 600): a significant effect of Foreperiod, 

F(1,14)=18.90, p=.001, partial-ŋ
2
=.574; a non-significant effect of ITI, F(1,14)=1.37, 

p=.261, partial-ŋ
2
=.089; and a non-significant Foreperiod by ITI interaction, F(1,14)=3.61, 

p=.078, partial-ŋ
2
=.205. 

2) Foreperiod (2100, 2800) by ITI (600, 1200): a significant effect of Foreperiod, 

F(1,14)=51.89, p<.001, partial-ŋ
2
=.788; a non-significant effect of ITI, F(1,14)=2.40, 

p=.147, partial-ŋ
2
=.144; and a non-significant Foreperiod by ITI interaction, F(1,14)<0.01, 

p=.983, partial-ŋ
2
<.001.   

3) ITI (300, 600, 1200): a significant effect of ITI, F(2,28)=4.74, p=.017, partial-

ŋ
2
=.253. 

Therefore, although there is an apparent ITI effect in Panel B of Figure 4.2:6, it is 

only significant at 2100ms, likely due to the inclusion of both 300 and 1200ms ITIs at this 

point.  Overall, there is an AB impact for Experiment 3.2 but, as in Experiments 4.1 and 

4.2, the greatest influence is from the foreperiod. 

Summary and Conclusion 

The main findings in Experiment 4.2 include foreperiod and improvements effects 

in the single-target conditions, and an influence of the type of T2 task in the dual-target 

procedure but no influence of first single-target task completed upon dual-target 

performance.  Although there were no differences between single BFY detection and single 

letter X detection, the results indicated that T1 identification was less accurate when the T2 
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component of the dual-target task was letter X detection.  Most surprising was a lack of 

relationship between T1 and T2 target performance which would be expected in the AB.  

These findings were consistent with Experiment 4.1.   

Although single-target RSVP exposure had minimal statistical impact upon dual-

target performance in both Experiments 4.1 and 4.2, there was evidence to suggest that the 

there was a strategic influence, in that dual-target T1 and T2 performance were not related 

following the single-target task.  The most influential factor on target accuracy appeared to 

be the time interval prior to target presentation, the foreperiod, and not the ITI. 

The foreperiod result has quite substantial implications for models of the AB.  

Experimentally, it may suggest that given an adequate time interval, there may be no AB 

effect.  From a theoretical point of view, the concept that a limitation in resources restricts 

target processing (Chun & Potter, 1995) may be incorrect and the limitation really exists at 

the function of perceptual organisation for the task or the adopting of task-set (Monsell, 

1996, 2003), disruption in T2 processing occurring when this organisation is restricted.  

However, experimental evidence is required before further discussion is warranted 

(experimental evidence is supplied in Chapter 9). 

Part of the information gleaned in Chapters 3 and 4 was that the completion of more 

complex tasks was not associated with learning, but led to subsequent higher RSVP 

performance which was also not associated with learning. Specifically, improvement was 

not apparent when the white-letter or BFY single-target task was completed first.  Thus, 

utilising a more complex task may be associated with attenuated practice effects in a dual-

target task.   
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CHAPTER 5 PRACTICE IN A COMPLEX ATTENTIONAL BLINK 

TASK  

Experiment 5.1  

A ceiling level of performance was reached almost immediately in complex single-

target tasks in Chapter 4.  That is to say, target reporting accuracy was high and it did not 

increase over the sessions.  This was explained with respect to the availability of more 

resources resulting in faster development of optimal strategies.  Chapter 4 considered single 

target tasks.  The purpose of Experiment 5.1 was to determine whether performance 

improvements across trial blocks in a dual-target AB task would be attenuated if a more 

complex task, requiring more adaptive task preparation, were used.  To this end, the two 

tasks in the RSVP were: T1, to identify a white letter and T2, to detect a single black letter 

which changed identity every 40 trials.  Controlling for foreperiod, found to be influential 

in the previous chapters, would modify the RSVP employed within Chapters 3 and 4.  As 

the goals of this research relate to practice effects, the RSVP design was not modified in 

Experiment 5.1.  

Method 

Participants 

Fifteen university students participants with an average age of 24.4 years 

(SD=3.36), 6 male, took part in the current experiment. 

Materials and Procedure 

The materials and procedure were identical to Experiment 3.2 with 40 estimations at 

T2 ITIs of 300, 600, and 1200ms, with the exception that the T2 identity was changed 

every 40 trials. T2 identities were X, B, F, R, Y, and P, presented in that order.  These were 



Chapter 5 80 

chosen based on the criterion that they shared between 32 and 48 distinctive features with 

the distracter list (Gibson, 1967; Thorson, 1976).  T2 identity order was fixed between 

participants in order to maintain the same initial 40 trials, involving letter X detection, as in 

Experiment 3.2. 

Results and Discussion 

T1 and T2 performance by blocks of 40 trials and ITI is presented in Figure 5.1:1.  

Overall, there appeared to be higher T1 performance later in the experiment which 

increased gradually across the trials, whereas sensitivity to T2 revealed little evidence of 

change following the first 40 trials and demonstrates a clear effect of ITI. 
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Figure 5.1:1 Proportion correct for T1 (panel A) and T2 sensitivity (panel B) as a function 

of T2 Inter-target Intervals (ITI) of 300, 600, and 1200 ms and blocks of 40 trials.  Error 

bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994).  Note: 

scales used for Panel A and B are different with proportion correct in A and sensitivity in 

B.  ITI accuracy has been offset with respect to trial blocks in order to clearly depict 

accuracy.  There were no differences in the trials used for ITI summaries. 

T1 analyses indicated that the main effect of ITI was non-significant, F(2,28)=2.89, 

p=.072, partial-ŋ
2
=.171, the main effect of Block was significant, F(5,70)=7.72, p<.001, 

partial-ŋ
2
=.355, and the ITI by Block interaction was non-significant, F(10,140)=1.37, 
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p=.201, partial-ŋ
2
=.089.  This pattern of results is similar to Experiment 3.2 with 

significant improvements in performance across blocks; however, the magnitude of this 

effect is greatly reduced (Experiment 3.2: partial-ŋ
2
=.646), providing support for less 

improvements occurring in a more cognitively demanding task. 

T2 analyses indicated a significant main effect of ITI, F(2,24)=70.53, p<.001, 

partial-ŋ
2
=.855,  a significant main effect of Block, F(5,60)=8.04, p<.001, partial-ŋ

2
=.401; 

and a significant ITI by Block interaction, F(10,120)=2.08, p=.031, partial-ŋ
2
=.148.  This is 

consistent with Experiment 3.2 with lower performance at brief ITIs and a significant 

improvement across blocks.  However, with removal of the first 40 trials, as well as block 

120 which accounted for the interaction, the block effect was no longer significant, 

F(3,45)=1.06, p=.375, partial-ŋ
2
=.066, suggesting that learning occurred in the first 40 

trials and performance was relatively stable following this initial improvement.  In contrast 

to the T1 results, the magnitude of the learning was similar to Experiment 3.2 (partial-

ŋ
2
=.228), albeit markedly reduced after the first 40 trials.  The interaction relates to lower 

sensitivity for ITI 300 in trial block 120, suggesting that detection of the letter F was a 

more difficult task. 

Overall, these results support the association of a more complex task with 

attenuated practice effects.  This is consistent with the notion that increased complexity 

increases the cognitive demands which in turn draws upon greater resources early in the 

learning process, resulting in higher performance.  Evidence for this can be derived through 

comparison of Experiment 3.2 and Experiment 5.1 performance which is displayed in 

Figure 5.1:2.  The patterns are consistent for T1 and T2, limited ITI influence for T1 and a 

clear AB for T2.  Overall however, accuracy appears to be lower in Experiment 3.2.  
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Figure 5.1:2 T1 proportion correct (Panel A) and T2 sensitivity (Panel B) as a function of 

inter-target interval for Experiment 3.2 (White letter identification and letter X detection) 

and Experiment 5.1 (White letter identification and changing letter detection).  Error bars 

represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 

T1 analyses suggested that this was not the case with a non-significant effect of 

Experiment, F(1,28)=0.37, p=.546, partial-ŋ
2
=.013; a significant effect of ITI, 

F(2,56)=5.12, p=.009, partial-ŋ
2
=.154; and a non-significant Experiment by ITI interaction, 

F(2,56)=2.80, p=.069, partial-ŋ
2
=.091.  The main effect of ITI reflected lower performance 

at ITI 300 compared with 600 (significant after Bonferroni correction).   

However, T2 analyses were consistent with the aforementioned description, with a 

significant effect of Experiment, F(1,28)=7.51, p=.011, partial-ŋ
2
=.212; a significant effect 

of ITI, F(2,56)=98.00, p<.001, partial-ŋ
2
=.778; and a non-significant Experiment by ITI 

interaction, F(2,56)=2.47, p=.094, partial-ŋ
2
=.081.  Overall, sensitivity was higher in 

Experiment 5.1 and there was a significant AB effect with significant differences between 

all ITIs (significant after Bonferroni correction).  This indicates that changing the T2 letter 

for detection every 40 trials resulted in higher sensitivity.  For completeness, the inter-

target correlations for each ITI were calculated.  They were similar to those in Experiment 

3.2: ITI 300 r=.59* ITI 600 r=.66* and ITI 1200 r=.48; *p<.05. 
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Figure 5.1:3 T2 sensitivity (A’) by Inter-target Interval (ITI) and Foreperiod (ms).  ITI 

reflects the time interval between T1 and T2 and Foreperiod reflects the time interval from 

the commencement of the display to the presentation of T2: the three levels reflect 

groupings less than 1500, 1600 to 2100, and 2200 to 2800 ms).  Error bars represent the 

within subject 95% confidence intervals (Loftus & Masson, 1994). 

The most obvious conclusion is that the detection of a changing T2 in contrast to a 

constant T2 constitutes an easier task despite the intuitive sense that it should be more 

complex and also that it was designed to be more difficult.  One method of examining this 

conclusion follows an argument whereby if the Experiment 5.1 task is drawing upon more 

resources, the influence of the ITI effect will be greater in magnitude.  Therefore, in 

comparison to Experiment 3.2, the ITI effect would be more influential once foreperiod is 

accounted for.  These data are presented in Figure 5.1:3. Whilst the foreperiod effect is 

apparent, there remains a clear effect of ITI as well.  The patterns support the task’s 

conception as being more complex and therefore drawing upon more resources with clear 

ITI effects.  This pattern can be examined in a manner similar to that used in Chapter 4 

using two, 2 (Foreperiod) by 2 (ITI) repeated measures ANOVAs and a single, one-way 
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ANOVA examining the ITI effect at a foreperiod of 2100ms:  

1) Foreperiod (1500, 2100) by ITI (300, 600): a significant effect of Foreperiod, 

F(1,15)=7.74, p=.014, partial-ŋ
2
=.340; a significant effect of ITI, F(1,15)=9.53, p=.008, 

partial-ŋ
2
=.389; and a non-significant Foreperiod by ITI interaction, F(1,15)=0.32, p=.582, 

partial-ŋ
2
=.021.  

2) Foreperiod (2100, 2800) by ITI (600, 1200): a significant effect of Foreperiod, 

F(1,15)=40.02, p<.001, partial-ŋ
2
=.727; a significant effect of ITI, F(1,15)=9.13, p=.009, 

partial-ŋ
2
=.378; and a non-significant Foreperiod by ITI interaction, F(1,15)=0.13, p=.723, 

partial-ŋ
2
=.009.   

3) ITI (300, 600, 1200): a significant effect of ITI, F(2,30)=5.60, p=.009, partial-

ŋ
2
=.271 

Overall, foreperiod provided an influential effect as did ITI at all three foreperiods, 

suggesting there to be stronger AB interference in Experiment 5.1 compared with 

Experiment 3.2
2
 in which ITI was only significant at a foreperiod of 2100ms.  This supports 

the idea that the more complex task resulted in higher performance due to the increased 

availability of resources, suggesting that detection of a changing T2 stimulus as part of the 

dual-target task does not constitute as easier task compared to a constant T2 stimulus.   

General Discussion 

The series of experiments presented in Chapters 3, 4, and 5 investigated practice 

effects in the AB paradigm and suggest that the improvement in performance with exposure 

to RSVPs was related to the development of more adaptive target processing strategies.  

Experiments 3.1 and 3.2 provided evidence of improved performance for the AB effect 

within a single session of 240 trials.  Experiments 4.1 and 4.2 considered whether single-

                                                 

 
2
 Cross-experiment comparisons should be interpreted with caution as variations in the samples tested may 

cause spurious effects. 
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target practice would lead to greater performance in the dual-target task.  The magnitude of 

these differences was minimal; however, when considered in conjunction with Experiment 

3.2, it was evident that initial exposure to more complex tasks was associated with greater 

performance in the dual-target task: that is, less AB effect.  Specific analyses also revealed 

that dual-target performance following single-target tasks did not show a relationship 

between T1 and T2 processing, which was evidenced when only the dual-target task was 

completed.  Further analysis determined that the time prior to target presentation was the 

factor underpinning an apparent AB effect following single-target exposure.  Based upon 

the findings in the single-target tasks of Experiments 4.1 and 4.2, Experiment 5.1 examined 

whether a more difficult dual-target procedure would be associated with higher accuracy 

and less improvement.  Accuracy was higher when compared to Experiment 3.2 and 

significant improvements were apparent for T2 only in the first 40 trials of Experiment 5.1 

rather than a gradual improvement across the 240 trials as evident in Experiment 3.2.  

This series of experiments raises some important points.  1) There is an 

improvement in dual-target RSVP performance over the course of a single, 240-trial 

experimental session.  2) The type of task and previous RSVP experience does influence 

RSVP performance.  3) The time preceding target appearance is an influential factor in 

RSVP performance. 

1) Improvement within a single, dual-target RSVP session raises the possibility that 

between group comparisons may be uncovering differences in this improvement and not the 

AB per se.  Previous research has suggested improvements to be related to an acquired 

distinctiveness of the specific target (Maki & Padmanabhan, 1994).  In the current results, 

this improvement was minimised when the T2 task was altered every 40 trials (Experiment 

5.1), suggesting acquired distinctiveness to be a potentially adequate explanation for the 

single-session improvement in Experiment 3.2 in which T2 was held constant.  However, 
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counter to what might be expected by an acquired distinctiveness account, Experiment 

5.1was associated with higher performance: thus, changing T2 did not result in a continual 

reinstatement of the original AB pattern.   Thus, the specific target stimulus may have a 

role; however, there appears to be a more general factor at play as well.  In light of the 

single-target tasks in Experiments 4.1 and 4.2, it is reasonable to suggest tasks requiring a 

more general strategy such as the identification of any white letter or detection of different 

letters, leads to strategies in which skills can be transferred to alternate tasks. 

Three AB models can be considered with respect to these findings.  The first relates 

to a limitation in available resources when it comes to target consolidation; thus, whilst T1 

is being processed T2 can not and it is at this stage that information is lost (Chun & Potter, 

1995).  This account considers RSVP output to occur in a two-stage process: this first stage 

including a more or less resource-independent examination of all RSVP items and the 

second stage including a resource-dependent consolidation of items matching the pre-

defined target stimuli.  The second model relates to an overinvestment of resources towards 

the RSVP.  The premise of the two-stages remains necessary; however, the loss of 

information is brought about by an overinvestment of resources to the RSVP through which 

irrelevant items receive more attention than necessary, resulting in interference (Olivers & 

Nieuwenhuis, 2006).  And the third also concerns irrelevant items as the source of 

disruption.  The attentional control model suggests that successful RSVP target processing 

requires the maintenance of a target-specific filter which allows items with target features 

into the second stage as suggested by Chun and Potter.  Thus, T1 is processed successfully.  

However, following T1, distracter items disrupt the filter and until this is reconfigured, T2 

will not be consolidated (Di Lollo et al., 2005a).   

The resource limitation model could account for the Experiment 3.2 findings on the 

grounds that exposure leads to greater automation in processing of T2.  Whilst a resource 
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limitation account can be seen to make similar predictions as the acquired distinctiveness 

account of Experiment 5.1, if considered in conjunction with the finding that single-target 

white-letter identification led to subsequently higher single-target letter X detection, it may 

be the case that greater resources are drawn upon.  Drawing upon greater resources, 

accuracy would be higher and therefore this model could account for the results.  The 

overinvestment model may account for the Experiment 3.2 findings in that, with practice, 

less resources are applied to irrelevant items; however, the introduction of a new T2 

throughout a session would intuitively lead to greater investment and should therefore lead 

to a greater AB which was not the case in Experiment 5.1.  With respect to the attentional 

control, practice with a single T2 may lead to a more robust filter, thus T2 performance 

would improve as in Experiment 3.2.  Applied to a changing T2, potentially a filter 

designed to process more variable stimuli would be created, which may be more resistant to 

the influence of distracter items, which could account for the Experiment 5.1 findings. 

Whilst each of the models can easily account for the improvement for a single-

target task, a reduced AB effect in the dual-target task is more problematic.  This reduction 

can be explained with reference to a greater investment of resources to combat a more 

demanding task which is consistent with the resource limitation and attentional control 

models but not the overinvestment model.  Therefore, improvement within a dual-target 

RSVP including identification of a white letter and detection of a letter X appears to be a 

function of suboptimal resource application.  Through the above discussion it is reasonable 

to suggest that what changes within the 240 trial session is the ability to apply adequate 

resources to the task.  This is supported in the Experiment 5.1 data in that this resource 

application occurred sooner when the task required more complex organisation.  Further to 

this, it can be hypothesised that practice effects would be greatly attenuated for more 

adaptive tasks such as those requiring identification of two white letters. 
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2) The series of experiments provided evidence that type of task and previous RSVP 

experience does influence RSVP performance.  As mentioned above, it appeared that 

exposure to a more demanding task led to subsequently higher RSVP accuracy.  However, 

completion of simpler tasks first appeared to have a negative impact upon subsequent 

performance: practice effects being evident in the single-target white letter condition 

following letter X detection but not when it was completed first. 

The impact of single-target RSVP exposure upon dual-target exposure was also 

interesting.  Based on the premise that as T1 processing should be interfering with T2 

processing, correlations were performed between the two targets to examine the prospect of 

differing dual-target strategies following single-target exposure versus when it was 

completed in isolation.  There were significant inter-target relationships when the dual-

target task was completed (Experiment 3.2), consistent with a dual-target performance cost.  

However, following single-target tasks, the relationships were not significant, bringing into 

question the validity of dual-target interference.  As an AB was apparent in both these 

situations, the pattern of T2 performance was investigated further by examining the period 

of time prior to T2 presentation: the foreperiod.  It was apparent that following the single-

target task, dual-target performance appeared to constitute two single-target tasks rather 

than a dual-target task.  Thus, single-target task completion had biased future dual-target 

performance to operate in an independent fashion, inconsistent with resource sharing 

models of dual-target performance (e.g., Tombu & Jolicoeur, 2005).  The specific 

conclusion to be drawn from this is the impact of single-target exposure upon dual-target 

processing as well as the effect of foreperiod. 

3) The time preceding target appearance is an influential factor in RSVP 

performance. When ITI was examined with reference to foreperiod, it appeared that the 

effect of ITI was an artefact of the overall presentation time within the RSVP.  Thus, the 



Chapter 5 89 

impact of the single-target tasks appeared to be that it biased dual-target strategies in a 

manner that allowed for somewhat parallel T1 and T2 consolidation, the stage of the AB 

ordinarily considered to be serial in fashion (Chun & Potter, 1995).  When the Experiment 

3.2 data were examined in this manner, the influence of ITI was minimal, with foreperiod 

being particularly influential.   

In conjunction, these findings indicate that previous RSVP exposure does impact 

upon subsequent performance, not only in resultant accuracy but also in the strategic 

approach to the task.  Therefore, experiments utilising single-target RSVPs in order to 

estimate baseline performance are problematic.  Baseline performance may be better 

estimated via alternative means, for example altering exposure duration to determine a 

certain level of accuracy (Badcock et al., 1988).  If considered necessary, it would be better 

to be conducted following the dual-target procedure, but again this is then likely to be 

overestimated due to more adaptive strategies developed over the course of the dual-target 

task. 

With respect to AB models, consider an experiment in which each T2 was 

consistently presented at longer foreperiods.  The current findings suggest that ITI would 

have a limited influence, suggesting a re-evaluation of the current AB accounts.  If there is 

no AB cost when given adequate foreperiod then the attentional control model (Di Lollo et 

al., 2005a) may be most applicable in the sense that given adequate filter preparation, there 

is no slip into exogenous control with the attentional system configured to maintain 

endogenous control.  Endogenous control is that driven by the individual with respect to 

task goals whereas exogenous control is that driven by external factors such as irrelevant 

stimuli.  The impact of foreperiod is explicitly explored in Chapter 9. 

The basis of the attentional control model (Di Lollo et al., 2005a; Di Lollo et al., 

2005b) is largely derived from the concepts of endogenous and exogenous attentional 
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control.    These concepts are drawn upon heavily in accounting for performance costs that 

come about with task-switching (Monsell, 1996, 2003), where task-switching corresponds 

to changes in task-set.  Monsell suggests that adopting a task-set relates to opting for one 

specific task rather than another, for example, making the judgement as to whether a 

number is greater than or less than five versus whether the number is odd or even (Rogers 

& Monsell, 1995).  The more time available for this process, the less is the resultant cost 

when a task-switch is involved.  In the current situation, the availability of resources may 

facilitate the adoption of task-set, with more complex tasks and more time drawing upon 

and allowing for the utilisation of more resources.  The AB paradigm, in contrast to the 

task-switching, involves the same task repeated multiple times therefore practice could be a 

function of more rapid adoption of task-set.  Implicit in this argument is a transfer from 

different task-sets: more complex tasks being beneficial to this adoption and less complex 

tasks actually being detrimental.  This is consistent with the reinstatement of the AB noted 

by Maki and Padmanabhan (1994).  When distracter items from the learned target category 

(Greek letters) were introduced, a significant effect was noted.  The practiced stimulus-set 

was no longer a reliable cue as to target identity; therefore, task-set required more resource 

or preparation to establish.  Thus there may be something general which benefits from 

RSVP practice as well as something specific to the task or stimulus as suggested by Maki 

and Padmanabhan. 

Task Preparation 

In an attempt to tie the findings together in a meaningful way, consider that a given 

RSVP task requires the preparation for search, consolidation, and report of one or more 

specified categories of targets.  The stimuli in the RSVP can be perceived as a blur to the 

unprepared or inattentive observer.  Based upon the assumption that a limited capacity of 

cognitive resources is available for task performance, three concepts are relevant: 1) 
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Existing strategies, 2) Strategy development, and 3) Preparation time. 

1) Existing strategies reflect a level of individual differences in perceptual abilities 

in, as well as previous experience with, RSVP or similar tasks.  This represents a baseline 

level for task-specific performance.  2) Strategy development relates to task-specific 

training.  A task-specific strategy will be a product of existing strategies and practice.  

Practice with a specific task leads to the development of enhanced task-specific strategies 

and the more difficult the specific task, the more adaptive these strategies are.  This 

development is limited by the availability of cognitive resources, restricted by individual 

capacity and task-specific requirements.  More difficult or complex tasks draw upon greater 

resources, thus, development is more rapid.  3) Preparation time reflects the time required 

to execute available strategies.  This is dependent upon the skill level of existing strategies 

through perceptual abilities and strategy development.  The data in this series of 

experiments suggest that the more time available the higher target reporting accuracy will 

be.  However, this is unlikely and would probably operate in an inverted U-shaped fashion: 

with too little time, the strategies are under-prepared and performance is below-optimal; 

with adequate preparation time, the strategies are at their optimal for processing efficiency; 

and with too much time, processing would again be below-optimal.  The latter below-

optimal performance reflects limitations in sustaining optimal processing efficiency over 

prolonged periods of time. 

With application to the current series of results, the variation of performance in the 

early stages of all experiments reflects existing strategies.  Furthermore, Experiments 4.1 

and 4.2 suggested that the existence of more adaptive strategies was associated with 

enhanced performance with simpler tasks: e.g., when the White letter or BFY conditions 

were completed prior to the letter X condition.  Strategy development was evidenced in all 

experiments in which improvements were apparent in the later stages of the session or 
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condition following practice.  Comparison between single-target and no training indicated 

that exposure to a single-target task led to poorer performance.  Also in support of strategy 

development with respect to greater resource availability leading to better strategy 

development, more difficult tasks were associated with greater improvements in accuracy.  

This was apparent for the single-target tasks in Experiments 4.1 and 4.2, in a comparison of 

the dual-target tasks in Experiments 3.2, 4.1, and 4.2, and in the results of Experiment 5.1.   

The final component of the task preparation of explanation is execution time.  In the 

single-target training conditions in Experiments 4.1 and 4.2 there was evidence of an ITI 

effect for T2 when T1 should not have been attended to.  This reflected greater target 

sensitivity when T2 was presented later in time.  Further to this, in the dual-target task there 

was a large effect of foreperiod.  In summary, when a greater foreperiod was available 

sensitivity was higher. 

Overall, a task preparation explanation of adaptive strategies including existing 

strategies, strategy development, and execution time, accounts for the current results.  In 

summary, demanding tasks draw upon a high level of cognitive resources for target 

processing.  Less demanding tasks call upon fewer resources.  The recruitment of greater 

resources leads to the development of individually optimal task-specific processing 

strategies.  If subsequently faced with a less demanding task, the previously developed 

existing strategies lead to advantages in performance.  If subsequently faced with a more 

demanding task, the development of existing strategies is required.  On any given trial, 

performance is a product of these existing strategies and the time given for strategy 

execution. 

The utility of these findings is applicable to successive series of RSVP procedures 

as well as group differences research.  The evidence in Chapter 2 suggested that the type of 

improvement apparent in Chapters 3, 4 and 5 is limited in dyslexic readers and that overall 
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differences in the task may be related to this lack of improvement rather than mechanisms 

underpinning the AB as suggested by others (e.g., Hari et al., 1999).  This being the case it 

would indicate an alternative approach to understanding the disorder, potentially related to 

some general learning mechanism (e.g., Nicolson & Fawcett, 2007). 

Summary and Conclusion 

Chapter 3, 4, and 5 have examined performance improvements within a single 

RSVP session, the main findings being 1) RSVP performance improves over the course of 

a single, 240-trial experimental session, 2) single-target RSVP exposure does influence 

subsequent RSVP performance, and 3) the time preceding target appearance is an 

influential factor in RSVP performance.  Furthermore, practice effects appear to be 

attenuated in more complex tasks.  To consolidate these findings a task preparation model 

was used to characterise RSVP performance including three components: 1) Existing 

strategies, 2) Strategy development, and 3) Preparation time. 
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CHAPTER 6 TARGET EQUALITY 

Experiment 6.1  

Different expertise with the specific target stimuli employed may impact upon the 

AB effect.  In Chapter 2 it was apparent that dyslexic readers took longer to rapidly name 

letters compared with control readers and furthermore, this was significantly correlated 

with the magnitude of the AB such that longer naming times were associated with deeper 

AB patterns.  Thus, equating target processing difficulty for each individual would be a 

useful tool for avoiding this confound.  Similarly, the experiments in Chapter 3, 4, and 5 

suggested that perceptual abilities are likely to play a key role in RSVP performance.  

Therefore, this chapter is concerned with equating target difficulty between individuals by 

altering the exposure duration of the items in the RSVP.  Exposure duration was selected 

on the basis of maintaining similarities to other RSVP experiments (e.g., Arnell & Duncan, 

2002) as well as familiarity with letters and numbers.  Utilising such over-learned stimuli 

avoids the time that might be taken to train observers with unfamiliar stimuli such as Gabor 

patches. 

The tasks employed included a single-target task and a three stepped dual-target 

task.  In the single-target task, participants were asked to identify one number (1, 2, 3, or 4) 

in a series of letters.  The exposure duration of item presentation was adjusted in an 

adaptive manner to control for individual processing speeds. In the dual-target task, 

participants were asked to identify two numbers in a series of letters and the exposure 

duration of items determined in the single-target condition was utilised
3
.   

Although a speed of processing component is suggested to be involved in AB 

                                                 

 
3
 This research was conducted prior to Chapter 4, thus the impact of single-target tasks upon dual-target tasks 

was unknown at this stage. 
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performance (Arnell & Duncan, 2002; Hommel et al., 2006; Wong, 2002), the specific 

impact of individual differences in processing speed upon the AB have not been 

considered.  Intuitively, individuals with a better ability to rapidly determine target 

identities should be considered to be at an advantage in the AB.  This is consistent with a 

resource limited explanation in that faster processing would be associated with a shorter 

AB as the resources would be devoted to T1 processing for lesser time.  If the AB reflects a 

phenomenon more than speed of processing, then controlling for individual differences in 

speed of processing may result in a similar AB pattern in all individuals.  However, this 

will not necessarily be the case as fast speed of processing may also be associated with 

individuals skilled in attentional control.  If so, shorter AB effects may be associated with 

faster processing.  In either instance, the particular underpinnings may be difficult to 

ascertain. 

General Method 

Participants 

There were 21 children aged between 6 and 12 years (M = 8.64, SD = 1.22; min = 6 

years 11 months, max = 11 years, 0) in this experiment.  Nine were male.  They were 

recruited from local primary schools and were participating in a holiday research program 

(Project K.I.D.S.) at The University of Western Australia.  These children took part in all 

procedure reported in Experiment 6.1 

Stimuli  

Stimuli were presented using a personal computer programmed in C, using a 

monitor running at 70 hertz (14.2ms/frame).  The stimuli consisted of black (luminance of 

<1 cd/m
2
 measured using a Pritchard PR 650 colorimeter), uppercase characters of Arial 

font, subtending 1.34º of visual angle in height and 0.95º width at a viewing distance of 

30cm.  Targets (T1 and T2, although, in the single-target Step T1 was replaced by a letter) 
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were randomly selected from the numbers 1, 2, 3, and 4.   Distracter items were randomly 

selected letters of the alphabet, excluding I, O, and Q as they do not provide adequate 

masking properties, and Z and E as they may be confused with the targets (2 and reversals 

of 3).  All characters were presented on a light-grey background (CIE 1931 2˚ x=0.290, 

y=0.296, luminance 17.4 cd/m
2
). 

Procedure  

Dependent upon the task, participants were required to monitor a RSVP sequence 

and determine the identity of one (in the single-target task) or two (in the dual-target task) 

numbers, presented within a series of letter distracters.  Participants pressed a button to 

initiate each trial.  A ‘Ready?’ cue appeared centrally on the screen followed by seven to 14 

items before the T1 position and 22 items following the T1 position.  T2 was placed at a T2 

lag of 5, 10, 15, or 20 items following the T1 position.  These numbers correspond to 

different time intervals, dependent upon observer single-target processing speed: faster 

single-target processing corresponding with shorter time intervals. 

All conditions were completed in two, half-hour sessions on a single day.  The 

single-target task was always completed prior to the dual-target task , for which the order of 

the first two steps was counterbalanced across two groups of children and step 3 was 

always conducted last. 

Single-target task 

Accuracy in the single-target task was estimated by adjusting the exposure duration 

of all stimuli within the RSVP using a parameter estimation by sequential testing (PEST) 

procedure set at 70% correct identification (see Treutwein, 1995).  There were two separate 

runs of 50 trials.  Exposure duration commenced at 156.2ms (11, 14.2ms frames) and was 

adjusted in accordance with the PEST algorithm and participant responses.  Duration 

thresholds were estimated as the average of the last four staircase reversals and the lower 
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threshold from the two runs was used in the dual-target Steps.  T1 was replaced by a letter 

and T2 always appeared as a digit.  T2 appeared from position 12 to 29 in the sequence and 

was always followed by at least two items.  Participants were required to search for a single 

digit (T2) and report it when prompted at the end of each trial. Responses were entered by 

the participant using a button box with four options labelled 1, 2, 3, and 4.  Each run 

consisted of 3 blocks of 17, 17, and 16 trials respectively.  The median exposure duration of 

the stimulus, derived from the single-target task was 56.8ms (4 frames).  The durations 

ranged from 28.4 to 99.4ms (2 to 7 frames).   

Dual-target task: Step 1 

In the dual-target task all observers were presented with sequences of letter 

distracters with two digit targets.  The duration of item presentation was based upon the 

thresholds estimated in the single-target task.  Thus, the display for children with faster 

processing speeds was briefer in overall duration than that for the children with longer 

processing speeds.  

Method 

Stimulus and Procedure 

The general characteristics of the stimuli were as in the General Method, with the 

exception that the duration of item exposure determined in the single-target task was used 

in the dual-target task.  This was estimated and set for each individual.  Target positions 

were as in the single-target condition; however, T1 was always a digit and the targets were 

never the same digit.  

The procedure differed with respect to the instructions and responses to be made, 

with participants required to determine the identity of two digits within the series of letters.  

Participants were instructed that there would always be two digits and that the first was 

most important.  At the end of each trial, participants were required to indicate the identity 
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of the two targets, in order if possible, using the four alternative buttons labelled 1, 2, 3, and 

4. There were two blocks of 30 trials with 15 estimates at each T2 ITI.  Dual-target steps 1 

and 2 were counterbalanced between participants. 

Results and Discussion 

To determine whether Step order impacted upon target accuracy, independent 

sample t-tests were conducted between the two groups of children for overall T1 and T2 

accuracy.  The group which completed Step 1 first had higher accuracy for both of the 

targets: T1, M1_T1= 0.58 (SD=0.15), M2_T1=0.46 (0.15); T2, M1_T2= 0.47 (0.15), M2_T2=0.36 

(0.11).  Neither of these effects was statistically significant; T1, t(19)=1.73, p=.100, 

Cohen’s d = 0.76; T2, t(19)=1.93, p=.069, Cohen’s d = 0.85, suggesting that Step order did 

not influence identification accuracy for either target.  Therefore it was not factored into 

further analyses. 

To examine the AB effect, the accuracy of detection of T1 and T2 was calculated 

for each T2 Lag.  This was completed for raw accuracy as well as contingent accuracy.  

Raw estimates are based upon all available information whereas contingent accuracy is 

based upon only those trials for which the other target was correctly identified.  For 

example, contingent accuracy for T1 was based upon trials for which T2 was correctly 

identified.  These values are displayed in Figure 6.1:1, Panel A with raw accuracy, and 

Panel B with contingent accuracy.  The grey zones represent the within subject 95% 

confidence intervals for baseline performance (Loftus & Masson, 1994).  As the same task 

was performed for T1 and T2, T1 performance at the Lag 20 was used as an estimate of 

target accuracy without inter-target interference.  Overall, raw accuracy was lower than 

contingent accuracy, T1 was reported with greater accuracy than T2, and both targets were 

reported with higher accuracy at longer ITIs compared with shorter ITIs. 

Comparing 95% within subject confidence intervals (Loftus & Masson, 1994), raw 
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accuracy was significantly lower than contingent accuracy for both targets: T1 raw: 

M=0.53, upper=0.589: lower=0.462; T1 contingent: M=0.78, upper=0.866: lower=0.688; 

T2 raw: M=0.42, upper=0.479: lower=0.362; T2 contingent: M=0.61, upper=0.699: 

lower=0.524.  As the duration of the stimuli was set to deliver 70% accuracy, it would be 

expected that T1 overall and T2 at the later ITIs should reach this single-target accuracy.  

This being the case in the contingent and not the raw accuracy suggests that, on 

approximately 20 % of trials (the difference between raw and contingent accuracy for each 

target), children may not have been applying adequate attention to the task.  Given this 

consideration, the lower accuracy for raw detection may reflect inattention.  This provides 

an alternative rationale for using contingent accuracy to assess the AB effect.  The most 

common rationale relates to contingent performance reflecting inter-target interference and 

without this contingency, the locus of target reporting errors is difficult to specify.  Both of 

these points suggest that contingent accuracy should be used for further analyses, which it 

was. 
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Figure 6.1:1 T1 and T2 raw (Panel A) and contingent (Panel B) accuracy for each T2 Lag 

based upon the item position of T2 relative to T1.  The grey zones within the figure reflect 

within subject 95% confidence intervals surrounding mean baseline performance and error 

bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 
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The patterns were examined using a 2 (Target) by 4 (Lag; 5,10, 15, 20) analysis of 

variance.  There were significant main effects of Target F(1,20)=25.87, p<.001, partial-

ŋ
2
=.564; and Lag F(3,60)=6.85, p<.001, partial-ŋ

2
=.255; and a significant Target by Lag 

interaction, F(3,60)=5.76, p=.002, partial-ŋ
2
=.223.  The main effects reflected T1 being 

reported with higher accuracy than T2 and targets with greater number of distracter items 

between them (i.e., longer lags) being reported with higher accuracy.  The interaction 

reflected lower accuracy for T2 when it appeared closer in position to T1 which is the AB 

effect. 

The pattern of this group data suggests that the AB is recovered after a T2 Lag of 10 

items when compared to baseline performance.  This was formally tested by determining 

whether the difference between baseline and T2 performance at each lag was significant 

different from zero using one-sample t-tests.  This difference was only significant at Lag 5, 

t(20)=5.98, p<.001.  All tests were single-tailed and corrected for multiple comparisons, 

critical p=.013 (see  Rom, 1990).  Given that individual exposure durations ranged from 

28.4 to 99.4ms, this would indicate that the AB reflects speed of processing: 10 items 

representing time intervals of approximately 300 to 1000ms.  However, group summaries 

of this information may be somewhat misleading.  

To explore this point, the data were divided into three exposure duration groups: 

<45ms, >45 and < 80, and > 80.  If time and not position was an important factor, brief 

exposure durations would be associated with a greater drop in T2 accuracy. For 

completeness, both T1 and T2 contingent accuracy across ITIs for the three exposure 

duration groups are displayed in Figure 6.1:2; Panel A represents < 45ms, B: > 45 and < 

80ms, and C: > 80ms.  There were seven children in each group.  The grey zones represent 

baseline performance based upon the within subject 95% confidence intervals for T1 

accuracy at Lag 20. 
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Statistical comparisons were only conducted for T2 contingent accuracy.  There 

were significant main effects of ITI F(1,54)=10.92, p<.001, partial-ŋ
2
=.378; and Exposure 

Duration F(2,18)=2.98, p=.038, partial-ŋ
2
=.249; and a non-significant ITI by Exposure 

Duration interaction, F(6,54)=0.315, p=.93, partial-ŋ
2
=.034.  The main effect of ITI related 

to the AB effect with lower accuracy when T2 was presented in close temporal proximity to 

T1 and the main effect of exposure duration reflected a pattern of brief exposure durations 

being associated with a greater AB effect.  Overall accuracy was lower for those children 

with briefer exposure durations suggesting that speed of processing is a factor. 

One-sample t-test comparison between baseline and T2 performance at each Lag 

indicated no differences between the two shortest exposure duration groups with only T2 

performance at Lag 5 being significantly different from zero: < 45ms, t(6)=3.00, p=.012; > 

45 and < 80ms, t(6)=6.26, p<.001 (both single-tailed tests).  The >80ms group did not show 

any differences from zero when a Rom correction was used for multiple comparisons, 

p=.013 (Rom, 1990).  This suggests that an AB was evident in the two shortest but not the 

longest exposure duration groups. 

Closer examination of performance at the three levels of exposure duration suggests 

that the exposure duration assigned to the long duration group may be inaccurate.  

Inspection of Figure 6.1:2 suggests that despite an effort being made to control for 

individual differences in single-target task difficulty, as a group, those children with longer 

exposure duration demonstrated greater success in the task for both targets and avoided a 

statistically significant AB. 

Controlling for target difficulty by modifying exposure duration suggested that 

there are individual differences within the AB which appear likely to be related to speed of 

processing.  The results indicated that, independent of exposure duration, the AB effect was 

over when T2 appeared at an ITI of position 10.  This represented time periods of 



Chapter 6 104 

approximately 400, 700, and 900ms dependent upon the exposure duration.  Although it 

might be predicted that those children with faster processing speeds should have less of an 

AB, these results indicated that the cost was actually higher for these children: they 

exhibited greater inter-target interference.  In contrast, the duration of the interference, that 

is, recovery point of the AB, was briefer in the participants with faster processing speeds.  

This may suggest that children with faster processing speeds are better able to focus their 

attention towards single tasks in quick succession with a consequence of greater short term 

costs.  Alternatively, the nature of adjusting the RSVP display may have caused this 

difference.  Nevertheless, the timing of the ITI needs to be controlled before this conclusion 

can be drawn. 

Dual-target Task: Step 2 

 Step 2 was designed to control for the timing of ITIs as opposed to the number of 

distracters between targets.  Whereas T2 appearing at Lag 10 in Step 1 corresponded to 

approximately 300 to 1000ms depending upon exposure duration, the time interval in Step 

2 remained constant between participants.  Thus, whereas the interval between targets in 

Step 1 was referred to as Lag, relating to T2 item position following T1, the interval 

between targets in Step 2 will be referred to as ITI, relating to the presentation time of T2 

following T1. 

Method 

Stimuli and Procedure 

The stimuli and procedure were the same as in Step 1 with the exception of the 

specifications for the relative position of T2.  In Step 2 T2 positions were based upon time 

intervals, appearing at approximately 300, 600, 1000, or 1500ms after T1 presentation.  

Differing exposure durations meant that there were differing numbers of distracters 

between the targets.  There were two blocks of 30 trials, with 15 estimates at each ITI. 
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Results and Discussion 

To determine whether step order impacted upon target accuracy, independent 

sample t-tests were conducted between the two groups of children for overall T1 and T2 

accuracy.  The group which completed Step 1 first had higher accuracy for T1 but lower 

accuracy for T2: T1, M1_T1= 0.56 (SD=0.16), M2_T1=0.41 (0.14); T2, M1_T2= 0.39 (0.16), 

M2_T2=0.37 (0.10).  This effect was significant for T1, t(19)=2.29, p=.034, Cohen’s d =1.01, 

but not for T2, t(19)=0.37, p=.715, Cohen’s d = 0.16.  This suggests that practice effects 

were limited to the first target in this Step.  As the main aims of this research pertain to T2 

accuracy, the analysis was not adjusted for the T1 difference. 

To examine the AB effect, T1 and T2 accuracy was calculated at each ITI.  This 

was completed as raw and contingent accuracy as in Step 1.  These values are displayed in 

Figure 6.1:3; Panel A with raw accuracy and Panel B with contingent accuracy.  Baseline 

performance, within subject 95% confidence intervals for T1 performance at an ITI of 

1500ms, is indicated by the grey zones.  As in Step 1, raw accuracy was lower than 

contingent accuracy for both targets, T1 accuracy was higher than T2 accuracy, and 

performance was higher at longer ITIs. 

Comparing 95% within subject confidence intervals (Loftus & Masson, 1994), raw 

accuracy was lower than contingent accuracy for both targets: T1 raw: M=0.48, 

upper=0.53: lower=0.421; T1 contingent: M=0.69, upper=0.789: lower=0.598; T2 raw: 

M=0.38, upper=0.438: lower=0.316; T2 contingent: M=0.56, upper=0.654: lower=0.461.  

Similar to Step 1, it appears that inattention occurred on approximately 20% of trials.   

As in Step 1, the analyses were based upon contingent accuracy.  There were 

significant main effects of Target, F(1,20)=10.21, p=.005, partial-ŋ
2
=.338; and ITI 

F(3,60)=4.07, p=.011, partial-ŋ
2
=.169; and a non-significant Target by ITI interaction, 

F(3,60)=2.69, p=.054, partial-ŋ
2
=.118.  The main effects reflected T1 being reported with 
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higher accuracy than T2 and targets at greater ITIs being reported with higher accuracy.  

The main effects of target and ITI are of a greater magnitude in Step 2 where the temporal 

position is dependent upon time and not the number of items. 
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Figure 6.1:3 T1 and T2 raw (Panel A) and contingent (Panel B) accuracy for each inter-

target interval in ms.  The grey zones within the figure reflect within subject 95% 

confidence intervals surrounding mean baseline performance and error bars represent the 

within subject 95% confidence intervals (Loftus & Masson, 1994). 

The pattern of this group data suggests that the AB is recovered after a T2 ITI of 

1500ms when compared to baseline performance.  This was formally tested as in Step 1 by 

determining whether the difference between baseline and T2 performance at each ITI was 

significantly different from zero using one-sample t-tests.  This difference was significant 

at ITIs less than 1500: 300, t(20)=4.89, p<.001; 600, t(20)=3.22, p=.002; 1000, t(20)=2.79, 

p=.006.  All tests were single-tailed and corrected for multiple comparisons: critical p=.013 

(see Rom, 1990).  Given that individual exposure durations ranged from 28.4 to 99.4ms, 

this would indicate again that the AB reflects speed of processing, 10 items representing 

time intervals of approximately 300 to 1000ms. 

As in Step 1, group summaries of this information may be somewhat misleading 

and a more thorough examination of the patterns was conducted by segregating the data 
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into three exposure duration groups: < 45ms, >45 and < 80, and > 80.  There were seven 

children in each group.  T1 and T2 contingent accuracy for the four ITIs and three exposure 

duration groups is displayed in Figure 6.1:4.  Overall, brief exposure durations <45ms were 

associated with the greatest AB magnitude whereas longer exposure durations of >80ms 

were associated with lesser AB magnitude.  This is counter intuitive from a speed of 

processing standpoint. 

As in Step 1, only the T2 results were analysed.  Overall, there was a significant 

main effect of ITI, F(3, 54)=5.98, p=.001, partial-ŋ2=.249; a non-significant main effect of 

Exposure Duration, F(2,18)=2.23, p=.136, partial-ŋ2=.19; and a non-significant ITI by 

Exposure Duration interaction, F(6, 54)=1.27, p=.287, partial-ŋ2=.124.  The main effect of 

ITI related to the AB effect with lower accuracy when T2 was presented closest to T1.  The 

effect of Exposure Duration was non-significant despite the appearance of lower accuracy 

for those children with brief exposure durations. 

Closer examination of performance at the three levels of exposure duration suggests 

that the duration assignment operated more effectively in Step 2.  This is reflected in a 

more equivalent level of accuracy across groups. Inspection of Figure 6.1:4 suggests that 

T1 accuracy was similar across the groups and only T2 accuracy is visually different.  

There is a trend of a greater impact in the brief exposure duration group and in a 

comparison of < 45 and > 80ms groups, there was a statistically significant difference with 

those in the longer group showing less AB effect, F(1, 12)=3.29, p=.047, partial-ŋ
2
=.215.  
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However, when reference was made to individual baseline performance, these 

patterns did not appear to be the case.  One-sample t-test comparison between baseline and 

T2 performance at each ITI indicated no differences in the <45ms or 45 to 80ms groups (all 

p>.013).  Using the Rom correct p-values (Rom, 1990), the only difference was for the 

>80ms group at ITI 300, t(6)=4.05, p=.004 (single-tailed).  This suggests that the only 

significant AB occurred in the longest exposure duration group.  It is worth drawing 

attention to the small sample sizes and large within group variance.  A less conservative 

criterion, e.g., p=.05, would indicate differences in all groups: <45ms, ITI 600; 45 to 80ms, 

ITI 300 and 600, >80ms, ITI 300.  Therefore these findings should be interpreted with 

caution. 

The above caution noted, the distracter items within Step 2 provide a serious 

confound which can be considered here.  The nature of this presentation was such that brief 

exposure duration included more distracter items between the targets: that is, at a T2 

position of 300ms, the <45ms group observed 7 or 9 distracters before T2 whereas in the 

>80ms group there were approximately 4 or 5 distracters.  This suggests that the distracter 

items may have an interference effect or provide a greater masking effect when there are 

more presented in a short period of time. 

Dual-target Task: Step 3 

Step 3 was designed to minimize the discrepancies in the effect of distracter items 

between the targets.  In the previous Steps, children requiring brief exposure durations to 

attain single-target baseline levels demonstrated greater AB effect.  This is counterintuitive 

under the premise that the AB is reflective of processing speed.  If single-target processing 

is faster, it can be expected that consolidating resources would be available sooner for the 

second target which would result in less of an AB effect.  If the greater number of distracter 

items is underpinning this interference, removing the distracters between the targets should 
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remove this confound.  The Step 3 procedure involved the presentation of an adaptive, 

blank interval between targets with the aim of gaining an uncontaminated estimate of AB 

recovery. 

Method 

Stimuli and Procedure 

The stimuli and procedure were as in Step 1, differing by the insertion of blank 

intervals between the targets.  This interval was modified using the PEST procedure based 

on successful identification of T2, similar to that for the single-target exposure duration, 

although the staircase was based upon T2 not T1 as it was in the single-target task.  If T2 

was correctly identified, the interval was decreased by a single frame (14.2ms); if T2 was 

incorrectly identified, the interval was increased.  The sequence included, 7 to 9 distracter 

items, followed by T1, then three masking distracters followed by a blank interval, and then 

T2 and 7 to 9 distracters.  The duration of the blank interval was modified in order to 

determine the point at which T2 accuracy reached 60% correct identification.  Inter-target 

masking distracters were necessary as blank intervals do not elicit an AB (Raymond et al., 

1992).  See Figure 6.1:5 for a visual representation of this sequence.  There were two 30-

trial blocks. 

Results and Discussion 

The mean inter-target duration needed for baseline T2 performance was 800ms (min 

= 333, max = 1619, SD = 347).  In examining the individual differences in AB duration it 

would be expected that children later stages of cognitive development would have an effect 

more in line with the adult literature.  Using age as a gauge of development, it would be 

expected that older children would exhibit less of an AB.  A bivariate correlation supported 

this pattern but the relationship was not significant, r = -.348, p=.122.   
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Figure 6.1:5 A schematic representation of a typical rapid serial visual presentation for 

Step 3.  The components are 7 to 9 distracters, T1, 3 distracters to mask T1, a blank inter-

target interval, T2, and 7 to 9 distracters.  The blank interval was determined through 

parameter estimation by sequential testing. 

In maintaining the speed of processing framework, is appears likely that faster 

speed of processing would be associated with a more rapid AB recovery, and therefore, a 

brief inter-target duration.  A bivariate correlation between the inter-target duration and 

single-target exposure duration supported this pattern and was statistically significant, r = 

.441, p=.046.  This suggests that speed of processing, potentially a developing cognitive 

function (see Anderson, 1992; Salthouse, 1996), is related to the AB.  It would be desirable 

to test this relationship with an independent estimate of speed of processing procedure.  In 

the current setting, the speed of processing estimate is inherently related to the dual-target 

task, the estimate providing the target exposure durations for the dual-target task. 
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General Discussion 

The steps presented in this chapter attempted to control for individual differences in 

speed of processing within an RSVP procedure by modifying the exposure duration of all 

the items.  Target processing was equated using a single-target step and when utilised in 

dual-target procedures, there were four main findings: 1) a 20% difference in raw versus 

contingent accuracy, 2) a time confound when modifying exposure duration, 3) differential 

distracter interference when timing between participants was constant after controlling for 

exposure duration, and 4) the AB was related to speed of processing. 

1) When examining raw versus contingent accuracy rates, there was a 20% 

difference in accuracy, with contingency rates being higher and more in line with the 

expected 70% accuracy as set in the single-target task.  Thus, contingent accuracy was used 

in the analyses; however, it is worth bearing in mind that this inattention could be a factor 

which may differentiate groups.  Furthermore, it was evident in Chapter 4 that completion 

of a single-target task prior to a dual-target task impacted upon performance.  The influence 

of the single-target task appeared to bias the dual-target task to be completed as two 

statistically uncorrelated single-target tasks.  Whilst it was not evident in Chapter 4 that 

performance was any lower following the single-target task, Experiments 4.1 and 4.2 were 

conducted with adults.  Thus, the disruption of up to 20% of trials seen in Experiment 6.1 

with children may reflect this bias.  The single-target bias in children may mean that when 

faced with the dual-target task, their capacities are significantly overloaded.  Removing this 

potential bias by using a dual-target task to estimate exposure duration is therefore 

desirable.   

2) A second major finding was that modifying the exposure duration of all the items 

in a RSVP meant that the time intervals covered by the sequence is different for varying 

exposure durations.  This confounds the results such that individuals with brief exposure 
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durations only have to attend to brief RSVP sequences.  Attempting to control for this 

timing of the sequences, it was found that maintaining a full RSVP procedure meant that 

those individuals with brief exposure durations were exposed to a greater number of 

distracter items between targets, which increased the magnitude of the AB.  Thus it was 

suggested that the greater number of distracters resulted in a stronger backward masking 

effect, impacting upon the magnitude of the AB which has previously been noted: greater 

masking associated with larger effects (Giesbrecht & Di Lollo, 1998; Grandison et al., 

1997). 

3) The influence of inter-target distracters was the third main finding and led to Step 

3 in which inter-target items were dropped in order to maintain some equivalence of the 

masking of inter-target items, leaving three items to provide a masking effect.  This 

procedure allowed for the estimation of a relatively uncontaminated AB duration; however, 

as this was done via an adaptive threshold estimate, there was no AB pattern elicited.  The 

simplest way to account for each of these confounds would be to use a minimalist 

procedure as utilised by Ward, Duncan, and Shapiro (1997).  This design consists of two 

target items and their respective masks.  This design successfully elicits AB functions and 

removes the confounds associated with the distracter items. 

4) In examining the resultant inter-target durations required for AB recovery, it was 

found that these durations were related to single-target exposure durations.  This speed of 

processing measure was inherent in the inter-target duration estimate, therefore it would be 

ideal to have an independent estimate.  This finding suggests that the AB can be attributed 

in part to speed of processing limitations.  This is consistent with a two-stage model of the 

AB.  The first stage relates to the rudimentary visual representation of each item in the 

RSVP and the second relates to the consolidation of items matching the target defining 

features (see Chun & Potter, 1995).  In relating speed of processing to this model, it appears 
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likely that speed of processing impacts upon the time efficiency of first stage, the more 

rapidly a representation can be made, the faster that representation can be matched to target 

features and subsequently filtered for or rejected from consolidation.  This is consistent 

with Wong’s (2002) comparisons of the Psychological Refractory Period (PRP) and the 

AB, suggesting there to be no visual processing attentional component in the PRP as the 

target remains visible until a response is made, whereas the visual processing attentional 

component as well as a consolidation limitation are evident in the AB. 

Summary and Conclusion 

In summary, utilizing an RSVP paradigm and controlling for individual differences 

in single-target accuracy, it was evident that performance in a dual-target task was 

influenced by speed of processing, time intervals, distracter items, and inattention.  

Therefore, it is important to consider these factors in applied research.  



Chapter 7  115 

CHAPTER 7 TARGET AND INTER-TARGET INTERVAL EQUALITY 

Experiment 7.1  

Attempting to provide target equality between observers by altering the exposure 

duration of the stimulus included a number of pitfalls.  Modifying exposure duration of 

each item led to inequalities between those requiring shorter exposure durations and those 

requiring longer exposure durations to achieve the same level of target reporting accuracy.  

In modifying exposure duration, inter-target interval (ITI) was no longer based upon set 

time intervals when T2 was placed with reference to the number of items following T1. For 

individuals requiring short exposure durations an inter-item lag of ten items corresponded 

to 300ms whereas for individuals requiring long exposure durations, the same lag 

corresponded to 1000ms.  Consequently, maintaining the temporal aspects of ITI between 

participants meant that individuals requiring short exposure durations were presented with a 

greater number of items between T1 and T2 at an ITI of 300ms as compared with 

individuals requiring long exposure durations.  The number of inter-target items within a 

given temporal interval created inequalities in the interference provided by the inter-target 

items: individuals requiring shorter exposure duration showing evidence of lower report 

accuracy.  Whilst the RSVP offers a widely used paradigm adequate to examine attention 

over time, the dependence upon a series of random distracter items appears to be a 

shortcoming.  Simply dropping these distracter items to be replaced by backward masking 

stimuli removes this problem and has been demonstrated in the AB literature previously 

(e.g., Duncan et al., 1994; Ward et al., 1996, 1997). 

Ward et al. (1996) used a minimalist procedure which includes two targets and their 

respective masks.  Utilising this procedure rather than a traditional RSVP bypasses the 
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specific challenges highlighted in the previous chapter.  This procedure allows the 

flexibility to adjust the exposure duration of the two individual stimuli without interference 

within the ITI.  Furthermore, if the exposure duration of the mask is held constant, this also 

controls for the level of backward masking.  With a constant mask, the only factor to differ 

between observers is the exposure duration and ITI of the targets. 

Evidence from Chapter 4 indicated that the completion of a single-target task prior 

to a dual-target task altered the strategic approach in the dual-target task; therefore, the 

single-target method of estimating target exposure duration utilised in the previous chapter 

may be problematic and will not be used in subsequent experiments.  Accordingly, this 

experiment utilised a dual-target task to estimate target exposure duration.  The targets were 

placed at a constant ITI of one-second, an interval at which interference should be minimal.  

In doing so it was considered that similar strategies could be employed throughout the 

experiment. 

Chapters 4 and 5 also provided evidence of higher performance accuracy when the 

targets were presented at greater temporal distance from the fixation cross, that is, later in 

time or at a greater foreperiod.  This suggested that the time-interval prior to RSVP onset 

influenced overall performance.  In order to begin exploring the significance of this factor, 

the current experiment employed a randomised period of 250 to 750ms between the 

fixation cross and T1 onset which allowed for grouping during the analysis for comparison 

between short, medium, and longer foreperiods. 

Therefore, to control for target equality and AB recovery, and examine the effect of 

foreperiod in AB performance, three steps are reported.  The task was exactly the same in 

each step with observers required to report the identity of two digits, each of which was 

masked.  Step 1 utilised an adaptive procedure to estimate the exposure duration required 

for 80% correct T1 identification.  Step 2 utilised the same adaptive procedure but 
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implemented the exposure duration estimated in Step 1 in order to estimate the ITI required 

for 70% correct T2 identification at the set target exposure duration.  Step 3 utilised a 

method of constant stimuli approach to explore patterns of the AB effect in isolation as well 

as with respect to foreperiod. 

Method 

Participants 

As part of a holiday research program, 108 children aged between 6 and 10, 

participated in this research.  Two age-groups were recruited: 7 (n=58, M=7.51, SD=0.260: 

24 girls and 34 boys) and 9 year olds (n=50, M=9.35, SD=0.276: 25 girls and 25 boys). 

Apparatus 

Stimuli were presented using a personal computer, utilizing the Psychtoolbox 

(Brainard, 1997; Pelli, 1997) through Matlab 7.2 (Mathworks, 2006)to drive a ViewSonic 

E70 monitor with a 100 Hertz refresh rate (10ms/frame).  Target stimuli were the digits 1, 

2, 3, and 4 in Arial font, subtending 1.2 degrees visual angle in height and 1 degree in 

width at a viewing distance of 30cm: this size is based upon the maximum height and width 

of the digit 4.  Black targets (luminance of <1 cd/m
2
 measured using a Pritchard PR 650 

colorimeter), were presented on a light grey background (CIE 1931 2˚ x=0.290, y=0.296, 

luminance 17.4 cd/m
2
). 

Letter fragment masks 

The targets were masked using letter fragments from the Arial font.  These were 

created using FontCreator, a font editing package (High-Logic, 1997-2007), where the 26 

standard letters were split into multiple pieces.  For example, the letter M was divided into 

a vertical line ‘|’ and left and right diagonal elements ‘\ and /’.  There were 46 different 

letter pieces in total.  New masks were created on a trial by trial basis, randomly selecting 

25 font pieces and randomly displacing each vertically or horizontally from 9 to 21 pixels 
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(100 pixels subtended 0.124 degrees of visual angle in height, 0.125 in width).  The 

probability of the piece being left, right, above, or below the centre point was 0.5.  Also, 

each piece was black (as above) or white in colour (CIE 1931 2˚ x=0.292, y=0.302, 

luminance 34.1 cd/m
2
) with 0.5 probability.  The variation was included to avoid patches of 

entirely black or white pieces, which could potentially provide a uniform square that the 

target could integrate with and remain visible. 

Procedure 

Children were tested in groups of four, in two half-hour sessions, and each 

individual was seated at an individual computer.  The AB was run in three different steps 

but the procedural elements were the same in each.  A minimalist procedure, similar to that 

conducted by Ward et al. (Duncan et al., 1994; Ward et al., 1996, 1997), was conducted 

rather than the commonly presented full RSVP.  The minimalist procedure differs with 

respect to the amount of distracter information.  Whereas regular RSVPs include multiple 

distracters which mask the targets, the current procedure included only the two targets and 

their respective masks.  Therefore, a regular trial consisted of a fixation cross presented for 

1000ms, a blank interval from 250 to 750ms (foreperiod), the first target (T1) presented for 

a duration specific to the step, a letter fragment mask presented for 40ms, a second blank 

interval for a duration specific to the step (ITI), the second target (T2) with the same 

duration as T1, and a second letter fragment mask presented for 40ms.  This is represented 

schematically in Figure 7.1:1. 

Following each sequence participants were asked to key in the identity of the first 

and second target digits using a button box with labels corresponding to each of the four 

potential targets.  Participants were instructed that the first target was most important and 

that the two targets would not be the same digit on a single trial.  Feedback was presented 

as a positive sound if T1 was correctly identified and a negative sound if it was incorrect.  
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Feedback did not reflect T2 performance. 

 

 

Figure 7.1:1 Schematic representation of a single skeletal Attentional Blink trial.  The 

series includes a fixation cross, a blank foreperiod, T1 and the T1 mask, a blank inter-

target interval, followed by T2 and the T2 mask.  The target and inter-target interval 

durations varied based upon individual performance in specific steps.  

Step 1 Target Exposure Duration 

The differences between the three steps related to manipulations in target and ITI 

durations. In Step 1 target duration was adjusted using a Parameter Estimation by 

Sequential Testing (PEST; for a review see Treutwein, 1995) procedure to estimate the 

duration required for 80% correct T1 identification, and the ITI remained constant at 

1000ms.   This ITI was selected as a period of time across which interference between the 

targets would be minimal.  Target duration commenced at 100ms and in response to correct 

and incorrect identification, the duration was either decreased (making the task more 

difficult) or increased (making the task easier).  There were a total of 50 trials in Step 1 

with breaks at trials 20 and 35.  During the break periods, encouraging comments were 

presented on the screen.  Also during these periods, numbers reflecting T1 and T2 

percentage correct were presented.  Participants were not explicitly instructed that this 

reflected performance; however, they were encouraged to aim for high scores reflective of 
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high T1 performance.  These values were utilised by the experimenters in order to 

determine whether the task was being completed successfully and verbal encouragement 

was given to support successful participation. 

Step 2 Inter-target Interval  

In Step 2 the target duration was fixed using the duration estimated in Step 1 and 

the inter-target interval was adjusted using a PEST procedure to estimate the interval 

required for 70% correct T2 identification.  The inter-target interval duration commenced at 

700ms and was estimated across 50 trials with breaks at trials 20 and 35.  With reference to 

Step 1 in which the exposure duration was set to 80% accuracy, a lower performance level 

was selected.  As the PEST procedure requires performance to vary above and below the 

to-be-estimated threshold level, attempting to attain performance higher than 80% for a 

stimulus which is already set to a ceiling of 80% is theoretically impossible as performance 

should not exceed this level.  Therefore, the ITI was estimated as the time interval required 

for 70% correct T2 identification. 

The experiment was conducted across a number of days.  After the first day, an 

upper and lower limit was applied to the possible ITIs.  A lower limit was applied with 

reference to the U-shape of the AB curve.  If the duration estimated in Step 1 was too easy 

or the observer guessed appropriately, it was possible that instead of the recovery side of 

the AB curve, the threshold associated with lag-1 sparing may have been estimated.  To 

avoid this occurrence, ITIs were constrained not to go below 200ms. 

In a similar manner, an upper limit was set for the ITI.  The rationale for this was 

that, if the duration estimate was too difficult, the interval would continue to increase to a 

point where the timing of the session, as well as the actual task being performed, was 

altered dramatically.  To avoid this, an upper limit of 1700ms was set. 

Threshold estimation was completed in a number of alternative steps.  Ideally, the 
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stimulus staircase settled and the average of the final three reversals was taken as the 

threshold.  Ordinarily this was completed twice in Step 1 from which the more stable 

threshold, based on reversals and convergence in performance, was taken as the duration 

estimate.  If the second target duration estimate was unstable, determined with reference to 

the first target duration estimate, and time permitted, a third estimate was conducted.  If 

time did not permit and a consistent statistical mode could be derived, this was then used as 

the threshold.  The consistency of this statistical mode was based upon eye-ball judgement 

of the staircase with reference to this modal value.  A similar scenario occurred for Step 2; 

however, ordinarily Step 2 was completed only once. 

Step 3 Attentional Blink Pattern 

In Step 3, again, the target duration was fixed using the duration estimated in Step 1 

and a method of constant stimuli was used to select six inter-target intervals.  These 

intervals were percentages of the ITI estimated in Step 2: 0, 25, 50, 75, 100, and 150% of 

this estimate and will be referred to as Lag 0, 25, 50, etc. Ten estimates were taken at each 

inter-target Lag and, time permitting, Step 3 was completed twice. 

Results and Discussion 

Step 1: Estimation of Target Duration Threshold 

Each child completed either 1 (n=10), 2 (n=96) or 3 (n=2) sessions of the target 

duration threshold estimation.  Summary statistics for all 208 sessions completed as well as 

the final session for each individual are presented in Table 7.1.1.  This table provides a 

reference point for comparisons as well as an overall summary of the apparent patterns.   
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Table 7.1.1 Step 1 Target duration staircase descriptive statistics for all sessions completed 

as well as the final session for each participant.  Threshold variables correspond to the 

mean value of the final three reversals in the staircase.  Overall values correspond to the 

specific calculation across all durations within an individual staircase.  Means and 

Standard Deviations as well as Medians (Med) and Inter-quartile ranges (IQR) have been 

included to give an idea of the skewness of the distributions.  Summaries for the Threshold 

variable have fewer data points as those which failed to converge were removed. 

Variable All Sessions Final Session Only 

 n M SD Med IQR min max n M SD Med IQR 

Overall Duration in milliseconds 

 Threshold 168 65.42 46.90 57.5 39.8 10.0 327.0 88 62.80 48.69 55.8 36.2 

 Threshold SD - 7.54 6.04 6.0 2.6 0.0 50.2 - 8.26 7.33 6.2 2.3 

 Mean 208 77.73 44.67 64.0 36.2 33.0 293.0 108 73.68 43.61 62.3 25.8 

 Mode - 75.90 52.06 60.0 60.0 20.0 400.0 - 69.60 45.45 60.0 45.3 

 Median - 75.19 47.79 60.0 45.0 25.0 310.0 - 70.23 45.03 60.0 35.0 

 Min - 32.98 25.53 40.0 30.0 10.0 100.0 - 30.09 23.78 30.0 30.0 

 Max - 126.44 65.27 100.0 10.0 100.0 640.0 - 124.72 74.31 100.0 10.0 

Target Performance as proportion correct 

 T1 - 0.80 0.05 0.80 0.04 0.46 0.88 - 0.80 0.05 0.81 0.04 

 T2 - 0.80 0.08 0.82 0.10 0.38 0.98 - 0.81 0.09 0.82 0.10 

Number of Target Reversals 

  - 1.35 1.28 1 2 1 7 - 1.42 1.27 1 1 

Session Duration  in minutes 

 - 5.53 0.93 5.52 0.90 3.68 8.98 - 5.35 1.00 5.46 1.34 

- corresponds to the value in above cell. 

On average, threshold estimates indicated that an exposure duration of 60 to 70ms 

was necessary for 80% correct identification of T1.  Whilst both T1 and T2 performance 

were, across the whole sample, at the desired accuracy, there was a large degree of 
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variation, ranging from 46% to 88% for T1 and from 38% to 98% for T2.  This indicates 

greater variability within T2 performance which may relate to the instruction to prioritise 

T1 as well as some AB-like interference between targets.  A correlation indicated that 

higher T1 performance was associated with higher T2 performance (n=104, r=0.275, 

p=0.005).  This test was conducted after screening for participants who performed at least 

three standard deviations below the mean for T1 and T2 identification: none were removed.  

This relationship was statistically significant; however, the variance accounted for was 

minimal (7.5%) and inspection of a scatter plot also suggested there to be limited weight in 

the relationship.  Therefore it can be concluded that T1 and T2 performance are very 

weakly related, suggesting that a 1000ms inter-target interval was appropriate for minimal 

inter-target interference. 

Participants were instructed to input T1 and then T2 following each sequence.  At 

times it appeared that the children were guessing and, from a theoretical point of view, loss 

of target order has been considered as a more sensitive reflection of interference between 

targets (Akyurek & Hommel, 2005).  Despite the above suggestion of independence 

between the accuracy of target report, target reversals were apparent and may be indicative 

of interference.  Target reversals are defined as trials for which T1 is reported as T2 identity 

and T2 is reported as T1 identity, essentially, trials for which the target identity is processed 

correctly and order information is lost.  To determine whether the rate of target reversals 

was different to the number expected by guessing, the number of target reversals was 

calculated as a proportion of those trials for which T1 was incorrectly identified.  The likely 

hood of making a reversal error by guessing when T1 is incorrectly identified is 1 in 9.  

Therefore, the rate of making a reversal by guessing is proportion T1 incorrect multiplied 

by 1/9.  On average, the rate of target reversals was 0.13 (SD=.12) which is significantly 

greater than would be expected by chance which is .02 (SD=.01), t(107)=10.43, 
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p<.001.Cohen’s d=1.42.  Although approximately 10% of incorrect T1 responses resulted 

in target reversals, this was significantly greater than chance suggesting some interference 

between targets.  

Approximately 20% of participants failed to obtain a threshold based on the final 

three reversals of the staircase, thus, they did not manage to get the procedure to converge.  

In these circumstances, the statistical mode of all staircase durations was utilised.  The most 

common value represented one of the most stable features of the staircase, being a value 

that the staircase usually varied above and below.  The overall mode reflected a longer 

duration than the threshold estimate, 70 to 80ms versus 60 to 70 ms in duration.  To 

examine the equivalence of these estimates, the standard deviation to each to these 

measures was taken within subsequent blocks of five trials.  These are presented in Figure 

7.1:2.  Similar patterns are apparent for each estimate, with decreasing variation to 

estimates across trial blocks.  A 2 (Estimate: threshold, mode) by 10 (Block) ANOVA was 

used to examine the statistical significance of these patterns.  This indicated a significant 

effect of Estimate, F(1,167)=4.37, p=.038, partial-η
2
=.026; and significant effect of Block, 

F(9, 1503)=93.15, p<.001, partial-η
2
=.358; and a significant interaction between Estimate 

and Block, F(9, 1503)=16.70, p<.001, partial-η
2
=.091.  These results suggest that there was 

less overall variation to the mode of the staircase compared with the threshold estimate, 

variation to the estimates decreased over the trial blocks, and variation to the mode 

increased after 40 trials, whereas variation to the threshold estimate remained stable after 

40 trials, as judged using the Loftus and Masson (1994) error bars.  Overall, there is less 

variation to the mode.  Therefore, in the absence of staircase convergence, the mode 

provides a comparable estimate of exposure duration.  However, this is not ideal as is 

evident after 40 trials, where the deviation from the mode increases while that from the 

threshold decreases.  Comparisons based upon only variation to the threshold estimate 
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indicate that variation does not decrease after 40 trials (significant after Bonferroni 

correction). 
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Figure 7.1:2 Standard deviation of staircase values from Threshold and Mode duration 

estimation within blocks of 5 consecutive trials.  Error bars represent the within subject 

95% confidence intervals (Loftus & Masson, 1994).  This figure is based upon only the data 

for which a threshold was achieved (n=168). 

Step 2: Estimation of Inter-target Interval Threshold 

Restricted by screen refresh rate and variable threshold estimation success, target 

durations utilised in this step were rounded up or down from the threshold estimate or 

selected from a clear mode in the staircase.  With respect to rounding, a judgement was 

made based upon examination of the reversals, mode, and median estimates as well as 

variation across the staircase.  The value was increased if there was evidence of limited 

success below or at this whole number or decreased if there was evidence of moderate 

success below or at this whole number.  Consequently, the average duration utilised in the 

final staircase for each child was 47.2ms (SD=19.2)
4
. 

                                                 

 
4
 For all sessions completed this value was 47.0ms (SD=19.9). 
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Each child completed either 1 (n=91) or 2 (n=17) sessions of the inter-target interval 

threshold estimation.  Summary statistics for all 125 sessions completed as well as the final 

session for each individual are presented in Table 7.1.2.  On average, threshold estimates 

indicated that an ITI of 620ms was necessary for 70% correct identification of T2 when 

target duration was set for T1 to be correctly identified 80% of the time.  Considering target 

performance accuracy, there appeared to be some interference in T1 performance with 

accuracy of 76%.  T2 performance was as expected at 72%.  There was large variation in 

target accuracy between participants, approximately 44 to 94%, with very similar patterns 

between targets.  A correlation indicated that higher T1 performance was associated with 

higher T2 performance (n=108, r=0.836, p<0.001).  As in Step 1, this test was conducted 

after screening participants who performed at least three standard deviations below the 

mean for T1 and T2 identification; however, there were no outliers.  This relationship was 

statistically significant, accounting for 70% of variation in performance, suggesting a 

strong relationship between T1 and T2 performance which is in line with AB models.  

Inspection of a scatter plot supported this assertion with a clear association across the entire 

range of variation.  

 Children committed an average of two target reversals per session.  As a proportion 

of the errors, this equated to 0.18 (SD=.17) which is significantly greater than would be 

expected by chance which was .03 (SD=.01), t(107)=9.78, p<.001.Cohen’s d=1.35, and 

significantly higher than the Step 1 rate, t(107)=2.46, p=.016.Cohen’s d=0.31.  If accepted 

as a measure of interference, this suggests greater interference in the ITI estimate step 

which is consistent with the high relationship between T1 and T2 performance noted above.  

Overall, the incidence of reversals is greater than chance suggestive of inter-target 

interference and there was an increased rate in Step 2 which is consistent with greater inter-

target interference which was expected. 
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Table 7.1.2 Step 2 Inter-target interval staircase descriptive statistics for all sessions 

completed as well as the final session for each participant.  Threshold variables 

correspond to the mean value of the final three reversals in the staircase.  Overall values 

correspond to the specific calculation across all durations within an individual staircase.  

Means and Standard Deviations as well as Medians (Med) and Inter-quartile ranges (IQR) 

have been included to give an idea of the skewness of the distributions.  Summaries for the 

Threshold variable have fewer data points as those which failed to converge were removed. 

Variable All Sessions Final Session Only 

 n M SD Med IQR min max n M SD Med IQR 

Overall Inter-target interval in milliseconds 

 Threshold 60 646.2 327.6 582.0 465.3 208.0 1640.0 58 620.9 302.6 576.0 414.0 

 Threshold SD - 30.8 46.8 18.9 21.6 5.2 270.0 - 23.0 20.2 18.6 21.0 

 Mean 125 893.3 259.9 837.0 382.5 573.0 1550.0 108 869.8 231.8 819.0 313.0 

 Mode - 739.4 468.5 670.0 537.5 200.0 1950.0 - 704.4 422.6 630.0 500.0 

 Median - 760.2 369.4 700.0 600.0 200.0 1550.0 - 734.3 338.3 680.0 400.0 

 Min - 451.4 202.0 500.0 450.0 200.0 700.0 - 450.7 200.4 500.0 450.0 

 Max - 959.4 336.3 800.0 400.0 700.0 1900.0 - 920.1 301.4 705.0 400.0 

Target Performance as proportion correct 

 T1 - 0.76 0.11 0.76 0.14 0.44 0.94 - 0.76 0.10 0.76 0.12 

 T2 - 0.72 0.11 0.74 0.12 0.43 0.91 - 0.72 0.09 0.74 0.12 

Number of Target Reversals 

  - 1.98 1.68 1 2 0 9 - 2.05 1.74 2 2 

Session Duration  in minutes 

 - 5.24 1.03 5.10 1.39 3.87 9.27 - 5.16 0.93 5.09 1.39 

- corresponds to as in above cell. 

Overall, Step 2 appeared to be a much more taxing task for the participants.  This 

could be expected considering the significant interference between the targets in 

comparison to limited interference in Step 1.  This is problematic for the staircase method 
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which requires uniformly attentive participants across the session for optimal results.  In 

comparison to Step 1 where 20% of participants failed to reach a threshold based on the 

mean of the final three reversals, in Step 2 there were 54% who failed to do so.  As in Step 

1, variation to the thresholds achieved and overall modal values was examined within 10 

blocks of 5 trials across the session.  These are presented in Figure 7.1:3. 

Inspection of Figure 7.1:3 suggests a limited difference between threshold and mode 

estimates.  There was less variation to the mode within the first 30 trials; however, 

following this, there was less variation to the threshold based upon the final three reversals.  

This pattern is supported using a 2 (Estimate: threshold, mode) by 10 (Block) ANOVA 

with a non-significant effect of Estimate, F(1,59)=3.59, p=.063, partial-η
2
=.057; and 

significant effect of Block, F(1, 9)=37.58, p<.001, partial-η
2
=.389; and a significant 

interaction between Estimate and Block, F(9, 531)=13.18, p<.001, partial-η
2
=.183.   The 

main effect of block indicates that variation to the threshold or mode estimates reduces 

across the 50 trials; however, the interaction reflects that this is true for variation to the 

threshold but not for variation to the mode.  Pairwise comparisons based upon only the 

mode variation indicated that variation reached a minimum after 20 trials, whereas 

variation to the threshold reached a minimum after 40 trials (significant after Bonferroni 

correction).  Inspection of the Loftus and Masson (1994) error bars suggests that there was 

less variation to the threshold estimate after 40 trials, suggesting that the final 10 trials 

provided no added accuracy in estimate. 
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Figure 7.1:3 Standard deviation of staircase values from Threshold and Mode inter-target 

interval (ITI) estimation within blocks of 5 consecutive trials. Error bars represent the 

within subject 95% confidence intervals (Loftus & Masson, 1994).  This figure is based 

upon only the data for which a threshold was achieved (n=60). 

Step 3: Estimation of AB Pattern 

Overall Descriptives 

Of the 108 participants, 4 children either did not have sufficient time to commence 

or complete Step 3, 25 children completed a single, 60 trial session, and 79 children 

completed two, 60 trial sessions.  The general descriptive statistics for performance in all 

sessions and the mean of all sessions or the final session for individuals are presented in 

Table 7.1.3.  As most children completed two sessions, means of these sessions could be 

calculated provided target duration and inter-target interval were constant in each.  

Circumstances where the values were not constant came about through human 

errors in entering the values as well as when performance was close to ceiling and the target 

duration was reduced in the second session in a crude attempt to reduce target performance 

to the expected baseline of 80%.  Reductions in appropriate target durations may have 
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arisen due to improvements in applications of attention or perceptual strategies towards the 

task as suggested in Chapter 5.  There were nine sessions for which these parameters were 

not consistent, therefore these were not included in further analyses. 

From Table 7.1.3, for the mean of the two sessions or the final session for each 

child, the mean target duration was 52ms and the mean inter-target interval was 610ms.  If 

T2 processing did not interfere with T1 processing it would be expected that T1 

performance should be in the range of 80% in line with Step 1 estimation.  This was not the 

case with both T1 and T2 performance at 66 and 61% respectively, suggesting mutual 

interference, although greater interference for T2 which is consistent with the AB effect. 

Overall, there was evidence of more target reversals than in the previous steps with 

approximately four per session.  The rate of reversals for T1 incorrect trials was .25 

(SD=.14) which was significantly higher than chance which was .04 (SD=.02), 

t(103)=14.81, p<.001, Cohen’s d=2.11.  A one-way ANOVA indicated that the number of 

reversals between steps was different, F(2,206)=21.14, p<.001, partial-ŋ
2
=.170; within 

subject contrasts indicating that there were significantly more reversals in Step 3 compared 

with both Step 1, F(1,103)=49.83, p<.001, partial-ŋ
2
=.326, and Step 2, F(1,103)=14.63, 

p<.001, partial-ŋ
2
=.124.  The higher incidence of reversals in Step 3 is consistent with 

reversals being sensitive to inter-target interference.  The closer temporal proximity of 

targets in Step 3 compared with previous steps predicts that there would be a greater 

number of reversals in Step 3 (Akyurek & Hommel, 2005). 
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Table 7.1.3 Step 3 Target Duration, Inter-target Interval (ITI), T1 and T2 performance, and 

session duration descriptive statistics for all sessions completed (most children completed 

two sessions) as well as the mean all the sessions or  final session for each participant.  

Threshold variables correspond to the mean value of the final four reversals in the 

staircase.  Overall values correspond to the specific calculation across all durations within 

an individual staircase.  Means and Standard Deviations as well as Medians (Med) and 

Inter-quartile ranges (IQR) have been included to give an idea of the skewness of the 

distributions. 

Variable All Sessions (n=183) Mean of sessions or Final Session Only  (n=104) 

 M SD Med IQR min max M SD Med IQR 

Overall Duration and Inter-target Interval (ITI) estimates 

 Duration 51.15 24.86 40.00 30.00 20.00 190.00 51.92 26.52 50.00 30.00 

 ITI 620.1 290.4 570.0 330.0 210.0 2000.0 610.0 290.5 570.0 345.0 

Target Performance as proportion correct 

 T1 0.67 0.14 0.68 0.18 0.22 0.98 0.66 0.12 0.67 0.17 

 T2 0.63 0.15 0.63 0.20 0.23 0.97 0.61 0.14 0.62 0.20 

Number of Target Reversals 

  3.88 2.62 3 3 0 12 4.04 2.17 4 2.63 

Session Duration  in minutes 

 5.97 0.94 5.85 1.23 4.12 9.90 5.99 0.89 5.79 1.08 

The AB Pattern 

Based upon the ITI estimated in Step 2, T2 was displayed at six temporal lags 

relative to the offset of the T1 mask: 0, 25, 50, 75, 100, and 150% of the Step 2 ITI.  There 

are a number of potential methods that could be utilised for calculating target performance 

at each lag: raw percentage correct or contingent percentage correct target report.  Raw 
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performance is based upon all of the available data for a particular target and contingent 

performance is based upon only those trials for which the other target was correctly 

identified.  For example, calculation of T2 contingent performance would be based upon 

those trials for which T1 was correctly identified.  Contingent accuracy gives the best 

estimate of T1 processing interference upon T2 processing.  Similarly, T2 processing has 

been suggested to interfere with T1 processing (e.g., Visser et al., 2004).  As interference is 

not easily inferred using raw calculations, both T1 and T2 contingent performance was 

used.  Contingent correct performance for each target as a function of inter-target lag is 

presented in Figure 7.1:4.   
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Figure 7.1:4 Overall T1 and T2 contingent proportion correct for each level of inter-target 

lag as a percentage of the inter-target interval estimated in Step 2.  The grey zone 

represents the within subject 95% confidence intervals for baseline T1 performance at an 

inter-target lag of 150.  Error bars represent the within subject 95% confidence intervals 

(Loftus & Masson, 1994). 

Relative to the baseline performance derived from contingent T1 performance at lag 

150, there appears to be evidence of an AB: T2 performance is below this level from lags 0 
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to 50.  T1 performance also appears to be influenced by the inter-target lag when it is 

presented immediately before T2.  As AB performance varied substantially across 

participants, an attempt was made to capture patterns of variation between participants 

rather than summarise potentially misleading group data. 

Faced with a multitude of potential summary methods, T1 and T2 performance at 

Lag 100 was selected.  Performance at this point should be at a controlled level of difficulty 

between participants at a point where the AB effect is minimal.  A two-step cluster analysis 

was performed based upon these variables which resulted in three groups, reflecting low, 

medium, and high accuracy on both T1 and T2.  Cluster summaries are presented in Table 

7.1.4.  T1 and T2 contingent accuracy are presented as a function of inter-target lag in 

Figure 7.1:4.  Panels A, B, and C depict T1 and T2 accuracy for the low, medium, and high 

accuracy groups respectively.  

Table 7.1.4 Descriptive statistics for the three resultant groups derived from a two-step 

cluster analysis based upon T1 and T2 contingent, ordered performance at a Lag of 100  of 

the inter-target interval estimated in Step 2.  These variables relate to low, medium, and 

high performance for both T1 and T2 performance. 

  T1 T2 

Cluster n M SD Importance* M SD Importance* 

High 51 0.92 0.06 1 0.86 0.11 2 

Medium 35 0.72 0.09 2 0.81 0.10 3 

Low 18 0.61 0.16 3 0.51 0.09 1 

* Importance of cluster with Bonferroni Adjustment 
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The clusters reflected low, medium, and high accuracy for both T1 and T2 

performance, with the high being most important with respect to T1 performance and the 

low being most important for T2 performance (see Table 7.1.4).  It is worth noting that the 

Medium Performance Level group had lower T1 compared with T2 performance overall, 

perhaps indicative of an alternate strategy, trading off T1 performance rather than T2 

performance which is most commonly reported in the literature.  Inspection of Figure 7.1:5 

suggests that there was some interference in T1 processing with respect to T2 lag as there 

was for T2: accuracy was influenced by inter-target lag. The pattern of AB performance 

across lags based upon these clusters suggests that these groupings did differentiate 

between AB patterns: the low group displaying the largest effect; medium, a slight effect; 

and high performance, a limited effect.  The low performance group also show evidence of 

two relative peaks in performance, the first at Lag 50 and the second at Lag 150. 

To examine the statistical significance of these patterns, a mixed 3 (Accuracy Level: 

High, Medium, Low) by 2 (Target: T1 and T2) by 6 (Lag: 0, 25, 50, 75, 100, and 150) 

analysis of variance was conducted.  This indicated that were statistically significant effects 

for Accuracy Level, F(2,101)=31.51, p<.001, partial-ŋ
2
=.384; Target, F(1,101)=34.28, 

p<.001, partial-ŋ
2
=.253; and Lag, F(5,505)=10.24, p<.001, partial-ŋ

2
=.092.  Thus, overall, 

accuracy levels were different between different accuracy level groups, T1 was reported 

with greater accuracy than T2, and Lag influenced target reporting with greater accuracy at 

longer inter-target intervals. 

There was a statistically significant two-way interaction between Accuracy Level 

and Target, F(2,101)=3.23, p=.044, partial-ŋ
2
=.060, reflecting higher T1 performance in the 

High Accuracy Level group in contrast to lower T2 performance in the Low Accuracy 

Level group.  There was also a statistically significant Accuracy Level by Lag interaction, 

F(10,505)=2.61, p=.019, partial-ŋ
2
=.041.  This reflects the two-peaked function in the Low 
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Accuracy Level group which denied the significance of the overall lag effect for this group.  

The third two-way interaction effect for Target by Lag was not statistically significant, 

F(5,101)=2.06, p=.069, partial-ŋ
2
=.020, suggesting that the overall effect of lag was similar 

for both T1 and T2. 

There was also a significant three-way interaction for Accuracy Level by Target by 

Lag, F(10,505)=3.05, p=.001, partial-ŋ
2
=.057.  Inspection of within subject contrasts 

suggests that this interaction reflects a lower performance at Lag 100 for T1 Medium and 

Low accuracy levels, as well as for T2 for the Low accuracy level (see Figure 7.1:5).  This 

pattern can also be related to the difference in the Medium accuracy level group’s 

descriptives (see Table 7.1.4), which suggested this group to be trading off T1 accuracy in 

favour of T2 accuracy, in opposition to the more common pattern (lower T2 accuracy). 

Although minimal in magnitude, the interaction may be highlighting a subsequent loss of 

information, apparent under particularly cognitively taxing steps, which follows a regular 

AB.  This is similar to that observed in Chapter 6.  Essentially this may relate to a ‘double 

AB effect’ where performance returns to baseline, dips down, and the returns to baseline 

again. 

An alternate examination of the AB effect is with respect to a baseline performance.  

In the current experiment, the expected maximum target accuracy should be reflected in T1 

contingent report at an inter-target lag of 150.  The within subject 95% confidence intervals 

surrounding this mean are represented in the grey zones in Figure 7.1:5.  With reference to 

these, one-sample t-tests can be conducted to determine whether the difference between 

baseline and T2 performance at each lag is statistically different to zero.  The point at 

which this difference is not different to zero reflects a return to baseline accuracy and thus, 

AB recovery.  The statistics for these comparisons are presented for overall and accuracy 

level groups in Table 7.1.5. 
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Table 7.1.5 Inferential statistics for one-sample t-tests comparing the difference between 

baseline accuracy, T1 contingent correct at an inter-target lag of 150, and T2 contingent 

accuracy across all inter-target lags.  Separate t-values are reported for overall and 

accuracy level groupings, low, medium, and high. 

  One-sample t-value 

Grouping df Lag 0 Lag 25 Lag 50 Lag 75 Lag 100 Lag 150 

Overall 103 7.66* 3.54* 2.71* 3.35* 1.78 2.97* 

Low 17 2.22 2.39 1.04 3.12* 4.36* 2.45 

Medium 34 6.08* 1.37 1.77 2.18 -0.30 1.16 

High 50 5.31* 2.48 1.87 0.95 0.31 1.90 

* corrected p<.009 (Rom, 1990) 
    

Rom corrections for multiple comparisons (see Rom, 1990) provide a conservative 

estimate of the AB patterns apparent in the current data set.  This alternate method of 

examining the significant of the AB pattern suggests that as a group (Overall), the AB 

interference was over after an average of 600ms; however, T2 report was lower at Lag 150 

perhaps suggested a second episode of interference at longer ITIs.  With respect to the 

accuracy level groupings, low accuracy was associated with significant interference at lags 

of 75 and 100 and not at the traditional early lags which was evident in the medium and 

high accuracy level groups.  In the medium and high groups, T2 accuracy was only affected 

when it immediately followed T1, suggesting very short AB interference.  The lack of 

effects at the accuracy level groupings may suggest that this summary is misleading; 

however, it may be more accurate.  Therefore, replication is necessary to build up an 

understanding of the AB using the employed methodology before inferences can be drawn 

from the data. 
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Target Reversals and the AB Pattern 

The reported information gives a broad description of the patterns of AB 

performance apparent using this experimental design. Another variable which is also 

reported in the literature is the number of target reversals.  Target reversals are instances in 

which the identity of both targets is correctly reported however the order of target 

appearance is entered incorrectly: T2 first and T1 second.  The differences between 

observed and expected rates of target reversals as a proportion of T1 errors are reported in 

Figure 7.1:6. For completeness and a reference for comparisons Panel A displays overall 

target reversals, Panel B displays target reversals by performance level clusters, and Panel 

C displays reversals as a function of foreperiod, to be discussed in a later section. 

Overall, there was evidence of a higher rate of reversals when the targets were 

presented close together, that is, at shorter inter-target lags.  This effect was statistically 

significant F(5,515)=6.93, p<.001, partial-ŋ
2
=.042.  However, after Bonferroni corrections, 

none of the pairwise comparisons indicated a difference.  If reversals are considered as 

being sensitive to the AB (Akyurek & Hommel, 2005), the data suggests that overall, the 

AB was not recovered in this time frame.  However, reversals did not reduce to the rate that 

would be expected by guessing which would be evidenced by difference between observed 

and expected rates of zero.  Potentially, this is an unrealistic expectation as in Step 1 where 

minimal interference was apparent in the relationship between T1 and T2, rates of reversals 

were significantly above guessing rates. 
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With respect to the accuracy level groups, the low performance group appear to 

have a lower rate of reversals.  A mixed 3 (Accuracy Level: High, Medium, Low) by 6 

(Lag: 0, 25, 50, 75, 100, and 150) ANOVA examined these patterns.  This indicated a 

significant effect of Accuracy Level, F(2,101)=6.30, p=.003, partial-ŋ
2
=.111; a significant 

effect of Lag, F(5,505)=2.84, p=.015, partial-ŋ
2
=.027.  The Accuracy level effect relates to 

lower rates of reversals in the Low accuracy group compared with the High accuracy 

group: Pairwise comparison, Mean difference = 0.11, p=.003.  This result is difficult to 

account for.  There was evidence to suggest a greater AB effect in the Low accuracy group 

which would intuitively be associated with greater reversals.  This was not the case, 

potentially suggesting independence between AB interference and incidence of target 

reversals. 

Whilst there was a significant main effect of Lag suggested higher rates of reversals 

when targets were presented at short inter-target lags, after Bonferroni corrections, no 

significant differences were apparent.  Clearly evident in examination of the error bars in 

Figure 7.1:6 is less variation at later lags, consistent with AB interference.  The Accuracy 

Level by Lag interaction was non-significant, F(10,505)=1.01, p=.438, partial-ŋ
2
=.020. 

Foreperiod and the AB Pattern  

With longer time periods to target presentation, reporting accuracy was higher in 

Chapters 4 and 5, suggesting foreperiod to be an influential factor in AB performance.  In 

the current data-set, foreperiods summarised into three periods: Short, less than 400ms; 

Medium, 400 to 600ms; and Long, greater than 600ms.  T1 and T2 raw (Panels A, B, & C) 

and contingent (Panels D, E, & F) performance across the six lags is presented as a function 

of foreperiod in Figure 7.1:7. 

When examining the AB effect per se, it was argued that successful T1 processing 

could not be inferred to be interfering with T2 processing in the raw accuracy calculations; 
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therefore, contingent accuracy was used.  However, whilst it has been speculated that the 

difference between raw and contingent accuracy may reflect inattention (Chapter 6), this 

assertion has not been tested.  An alternative explanation is that this difference reflects 

unsuccessful task preparation.  That is, performance is higher for contingent accuracy as 

those trials for which task preparation was unsuccessful has been removed.  Thus, 

examining both contingent and raw accuracy with respect to foreperiod may provide some 

insight into the accuracy level discrepancies. 
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Figure 7.1:7 T1 and T2 raw proportion (top) and contingent correct (bottom) for each level 

of inter-target lag as a percentage of the inter-target interval estimated in Step 2.  Raw 

performance is broken down as a function of within-subject groups (n=63) and contingent 

performance is broken down as a function of the available data at each foreperiod: Panel 

D, T1 n=25, T2 n=33; Panel E, T1 n=52, T2 n=58; and Panel F, T1 n=41, T2 n=49.  The 

three foreperiods included are short, <400ms (Panels A & D); medium, 400 to 600ms 

(Panels B & E); and long, >600ms (Panels C & F).  The grey zones represent the within 

subject 95% confidence intervals for baseline T1 performance at an inter-target lag of 150.  

Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 
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In the programming of the visual display, foreperiods were randomly selected and 

there were some cases for which the particular interval did not coincide with a particular 

lag.  This resulted in only 63 cases for which there was appropriate raw data across all 

combinations of foreperiod, target, and lag.  There were only 7 appropriate cases for the 

contingent data. Therefore the analysis was based upon raw target performance.  In this 

case, the locus of the lower accuracy is ambiguous.  Therefore, this analysis must be treated 

as an exploratory investigation and a more careful design is required for more reliable 

conclusions to be drawn. 

Across both raw and contingent performance, there appears to be greater accuracy 

when participants were given a longer time interval between fixation and T1 presentation.  

There also appears to be a divergence between T1 and T2 performance with increasing 

foreperiod: that is, at short foreperiods, neither target is clearly reported with greater 

accuracy than the other, whereas at longer foreperiods, T1 report is clearly more accurate 

than T2.  The grey zones within Figure 7.1:7 represent the within subject 95% confidence 

intervals for baseline T1 performance at an inter-target lag of 150.  For both raw and 

contingent accuracy, this baseline shows a clear trend of higher accuracy at longer 

foreperiod.  This pattern is more dramatic with respect to the raw data, providing support 

for the notion that the discrepancy between raw and contingent accuracy may be reflective 

of unsuccessful preparation rather than inattention.  It is also apparent that the discrepancy 

between raw and contingent accuracy, as judged with reference to baseline performance, 

reduces with increasing foreperiod. 

A 3 (Foreperiod: short, medium, and long) by 2 (Target: T1 and T2) by 6 (Lag: 0, 

25, 50, 75, 100, 150) repeated measures ANOVA was conducted to examine the statistical 

significance of the raw accuracy patterns in Figure 7.1:7. This indicated that there were 

significant main effects of Foreperiod, F(2,124)=3.86, p=.024, partial-ŋ
2
=.059; Target, 
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F(1,62)=10.80, p=.002, partial-ŋ
2
=.148; and Lag, F(5,310)=31.91, p<.001, partial-ŋ

2
=.340.  

Thus, overall, a simple contrast indicated that performance was higher at the long compared 

with the short foreperiods, T1 performance was greater than T2 performance, and 

performance for both targets was higher at longer Lags. 

There were significant interaction effects between Foreperiod and Target, 

F(2,124)=7.26, p=.001, partial-ŋ
2
=.105; and Foreperiod by Lag, F(10,620)=2.29, p=.012, 

partial-ŋ
2
=.036; and a non-significant interaction effect between Target and Lag, 

F(5,310)=1.57, p=.168, partial-ŋ
2
=.025.  The three-way interaction effect of Foreperiod by 

Target by Lag was also non-significant, F(10,620)=1.08, p=.374, partial-ŋ
2
=.017.  The 

Foreperiod by Target interaction reflects higher T1 performance at longer Foreperiods, 

whereas T2 performance is invariant across foreperiods.  This may be indicative that the 

appearance of T1 initiates a new foreperiod, leaving the time preceding T1 as relatively 

irrelevant to T2 performance. 

The Foreperiod by Lag interaction reflects higher performance for the long 

foreperiod at Lags 25 and 150, and lower performance for the short foreperiod at Lag 75.  It 

is logical that performance at the longest ITI with the greatest preparation time would be 

superior in light of limited inter-target interference and greater time for task preparation; 

however, accounting for higher performance at Lag 25 is less obvious.  It may reflect Lag 1 

sparing, high T2 performance when it occurs within 100ms of T1 (e.g., Visser et al., 

1999b).  In this instance, Lag 1 sparing may be a function of adequate preparation: at a 

longer foreperiod, observers may be optimally prepared to process both targets.  Therefore, 

when the target appears within a temporal interval appropriate for both to be recorded as a 

single episode, sparing occurs.  Under preparation at shorter foreperiods restricts this 

sparing. 

Lower performance at short foreperiods at Lag 75 may relate to greater AB 
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interference at this point.  Whilst the interaction between Foreperiod and Lag is unrelated to 

either T1 or T2, inspection of Figure 7.1:7 and the interaction between Foreperiod and 

Target suggests that T1 performance is more influenced by foreperiod.  The Foreperiod by 

Lag interaction effect size is minimal; however, considered in conjunction with the 

Foreperiod by Target interaction, the results appear to suggest a difficulty prioritising T1 in 

a potentially under prepared observer. 

The alternative method previously utilised for examining the AB effect, comparing 

T2 performance to a specified baseline, can be conducted for both raw and contingent 

performance.  Therefore, using T1 accuracy at Lag 150 as an index of baseline 

performance, the difference between this baseline and T2 accuracy at each lag was 

subjected to a one-sample t-test to determine whether T2 performance was statistically 

different to baseline performance.  The inferential statistics are displayed in Table 7.1.6. 

Table 7.1.6 Inferential statistics for one-sample t-tests comparing the difference between 

baseline performance T1 accuracy at an inter-target lag of 150, and T2 accuracy across all 

inter-target lags.  Tests raw and contingent accuracy are reported for the three levels of 

foreperiod: short, less than 400ms; medium, 400 to 600ms; and long, greater than 600ms. 

  One-sample t-value (df) 

Accuracy Foreperiod Lag 0 Lag 25 Lag 50 Lag 75 Lag 100 Lag 150 

Raw <400 5.74(89)* 2.51(94) 0.95(95) 0.93(91) -0.86(98) 0.63(100) 

 400-600 8.26(103)* 3.85(102)* 3.71(101)* 0.92(102) 1.27(102) 2.71(103)* 

 >600 10.35(97)* 3.15(96)* 4.75(95)* 3.35(93)* 3.07(92)* 1.46(97) 

Contingent <400 2.50(53) 1.84(68) -0.90(68) -0.22(62) -1.25(71) -0.73(77) 

 400-600 4.40(78)* 1.68(84) 2.43(79) 0.71(84) 0.89(83) 2.65(84) 

 >600 5.23(65)* 1.87(76) 3.11(76)* 3.00(75)* 3.12(77)* 1.52(80) 

* corrected p<.009 (Rom, 1990) 
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The raw and contingent one-sample t-tests do not mimic each other.  For the raw 

accuracy, significant differences are apparent at all levels of foreperiod with longer 

foreperiods being associated with longer AB effects.  For the contingent accuracy, 

significant differences are only evident at foreperiods greater than 400ms.  This is only 

when the T2 immediately follows T1 in the medium foreperiod condition, and at the long 

foreperiod differences are apparent at this same point, Lag 0, as well as Lags 50, 75, and 

100.  If foreperiod is considered to fulfil a task preparatory process, the longest foreperiod 

would then relate to optimal performance at which point there is a) interference when the 

two targets are in closest temporal competition, b) evidence of Lag 1 sparing when T2 is 

presented at approximately 150ms following T1, and c) a significant AB from 

approximately 300 to 900ms.  The point of recovery is not easily defined between Lag 100 

and 150.  Nevertheless, the pattern at the longest foreperiod exhibits the clearest AB effect 

in both raw and contingent accuracy.  Therefore, performance at shorter foreperiods is 

characterised by greater variation which is consistent with unsuccessful or inadequate 

preparation. 

Target Reversals, Foreperiod, and the AB Pattern 

Target reversals can also be examined by foreperiod and the difference between 

expected and observed rates for T1 incorrect trials are presented in Panel C of Figure 7.1:6.  

It is apparent that rate of reversals is higher at the longer foreperiod, supposedly when the 

system is more optimally prepared.  A repeated measures ANOVA examining the effect of 

foreperiod for rates of reversals could not be conducted as only 9 individuals had T1 

accuracy available for each level of foreperiod by lag.  An alternative estimate that does not 

take into account rates is simply the total of the reversals observed at each lag.  Although 

there are limitations, A 3 (Foreperiod: <400, 400-600, >600) by 6 (Inter-target Lag: 0, 25, 

50, 75, 100, 150) repeated measure ANOVA supported that patterns apparent in the rate 



Chapter 7 146 

summaries.  There were significant effects of Foreperiod, F(2,204)=154.71, p<.001, partial-

ŋ
2
=.603; and Lag, F(5,510)=15.85, p<.001, partial-ŋ

2
=.135.  The Foreperiod by Lag 

interaction was not statistically significant, F(5,510)=1.48 p=.143, partial-ŋ
2
=.014.  

Pairwise comparisons indicated that there were a greater number of reversals at the longest 

foreperiod, p<.001, and no difference between the short and medium foreperiods, p=.966.  

Pairwise comparisons indicated that there were a greater number of reversals and lags 0, 25, 

and 50, compared with lags 75, 100, and 150, p<.02, and there were no differences within 

these groupings: reversals at lags 0, 25, and 50 were not statistically different, p>.40, and 

reversals and lags 75, 100, and 150 were not statistically different, p=1.00.  All these tests 

were adjusted for multiple comparisons using the Bonferoni technique. 

Whilst further evidence is required for suitable analyses to be conducted upon rate 

summaries, speculation surrounding the result of a greater number of reversals at the longer 

foreperiod warrants discussion.  Immediately, the finding is unintuitive.  If longer 

foreperiods are associated with more advanced preparation then it might be expected that 

fewer reversals would occur at long foreperiods.  This was not the case.  A possible 

explanation is based upon the notion that the occurrence of reversals requires a level of 

successful target processing.  Given that target report was more accurate at the longer 

foreperiod, this elevated the possibility for target reversals.  Overall, the cognitive process 

related to identifying targets and making target reversals does not appear to be efficiently 

organised at foreperiods less than 600ms, and therefore, targets are often missed. 

This explanation is feasible when the evidence considered is the number of reversals 

but as the pattern occurred in the rate data, controlling for target accuracy, the account falls 

down.  Also consistent with a level of successful processing for target reversals is the lower 

rate of target reversals in the Low accuracy group and this finding is based upon the rate 

data.  One potential way to reconcile the patterns of lower accuracy associated with lower 



Chapter 7 147 

reversals and higher accuracy associated with higher reversals is to consider a task-

preparation framework.  If the mechanism responsible for target reversals was one of the 

later mechanisms to be established in task-preparation, more reversals would be expected at 

longer foreperiods.  Therefore, in circumstances where task-preparation was difficult, such 

as short-foreperiods or a difficult task, the mechanism would not be established and fewer 

reversals would be expected.  This scenario is a plausible explanation for the lower rate of 

reversals noted in the Low accuracy group as well as the higher rate noted at longer 

foreperiods. 

Potentially it is task preparation afforded by foreperiod which contributes to the 

incidence of target reversals in this data set.  Task difficultly may modify the required 

preparation time.  A simpler task may require less preparation whilst a more difficult task 

may require longer preparation.  An explanation that is consistent with a task preparation 

account is that an increased foreperiod allows the individual to prepare for the presentation 

of both T1 and T2 and set about prioritising target processing.  Evident at the foreperiods 

greater than 600ms was higher T1 relative to T2 report (see Figure 7.1:7) which is 

consistent with the instruction to prioritise T1.  Shorter foreperiods may be associated with 

inadequate preparation, which may be associated with an incomplete dual-target strategy.  

The incomplete dual-target strategy may be capable of processing both targets poorly, not 

relying on the cognitive process responsible for target reversals.  Therefore there is a trade-

off associated with adequate preparation: target reporting accuracy is enhanced, however, 

target reversals increase.  The concept of engaging the ‘target reversal mechanism’ at 

longer foreperiods may aid in defining the specific process involved.   

In summary, examining the time between fixation and the presentation of T1, i.e., 

the foreperiod, suggested that this is an influential factor, with longer foreperiods being 

associated with higher target report, Lag 1 sparing, and increased target reversals.  With 
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respect to increased target accuracy, this was confined to T1 and not T2.  It appears that 

longer foreperiods afford more optimal task preparation.  Overall, the foreperiod analyses 

were of an exploratory nature and specific investigations are required to provide support for 

the suggested patterns.  

General Discussion 

The general aim of this study was to employ a more stringent procedure to the AB 

methodology.  This procedure involved controlling for individual differences in target 

processing as well as AB recovery.  Employed successfully, this procedure should result in 

a clearer interpretation of experimental effects, especially with respect to developmental 

and group difference research.   

Overall, controlling for individual differences in target exposure duration as well as 

the ITI, using a minimalist AB procedure, proved to be difficult but successful.  Children 

aged from 6 to 10 required an average target exposure duration of approximately 50ms to 

achieve an accuracy of 80%.  Utilising this exposure duration, the children required 

approximately 600ms between the first and second targets in order to achieve a second 

target recall of 70%.  Utilising the target duration and ITI parameters, T2 was then 

presented at specific levels of the estimated ITI to estimate the AB pattern.  Across all 

observers, there was a clear AB pattern; however, large variation between participants 

suggested that the group summary may be misleading.  When the sample was clustered 

with reference to a level of baseline accuracy, different AB patterns were apparent.  The 

Low accuracy group was associated with the largest effects, with both targets showing a 

two-peaked pattern across inter-target lags. The Medium accuracy group was associated 

with an apparent trade-off on T1, with overall accuracy being higher for T2; however, a 

moderate AB pattern was still observed.  The High accuracy group was associated with 

little interference and a gradual increase in T2 performance with greater inter-target lags. 
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Task Difficulty   

The differential patterns for varying levels of accuracy can be considered as 

differences due to task difficulty.  This difficulty was dependent upon the success of the 

threshold estimation, which was a major difficultly for the current research for two reasons.  

The first is that children show fluctuations of attention which can be quite damaging in 

staircase methods of threshold estimation (e.g., Roach et al., 2004). The previous chapter 

suggested that children are inattentive on approximately 20% of trials.  A practical solution 

to the problem is to utilise a method of constant stimuli approach to threshold estimation 

which is less sensitive to inattention.  However, it was also apparent in this investigation 

that the discrepancy between raw and contingent performance, previously considered to 

reflect inattention (see Chapter 6), may reflect unsuccessful preparation.  This will be 

reviewed later in the discussion. 

Practice effects 

The second major difficulty relates to improvements in task performance with 

practice.  Two pieces of research have reported on practice effects in the AB: Chapters 3, 4, 

and 5 of this thesis as well as Maki and Padmanabhan (1994); however, these procedures 

involved traditional RSVP procedures complete with distracters whereas the current 

experiment applied a minimalist procedure.  Improvements within the current experiment 

were noted, with a comparison between original target duration estimates in Step 1 being 

approximately 60ms and durations in Step 3 being approximately 50ms.  These estimates 

are limited by monitor refresh rates and simply rounding to the next nearest rate may be 

insufficiently sensitive to obtain accuracy estimates.  Aside from implementing monitors 

running at higher frequencies, making estimates of these improvements and factoring them 

into the interpretation of the results is a reasonable solution.  An alternative to this would be 

to control for difficulty by adjusting a parameter which is easier to vary on a continuous 
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scale.  An example of this is visual contrast.  Decreasing the contrast of a Gabour patch, for 

example, makes the extraction of information more challenging and provides a stimulus 

with the potential for continuous manipulation of task difficulty (Wolfgang, personal 

communication). 

Target Reversals 

Target reversals were also examined with respect to accuracy groupings.  Target 

reversals have been reported to occur when T1 and T2 are presented at brief ITIs, related to 

the operation of an attentional gating mechanism (Akyurek & Hommel, 2005).  Lower 

reversal rates were associated with lower accuracy rates and therefore, more difficult target 

processing.  Furthermore, greater numbers of reversals were apparent at the longest 

foreperiod.  To date, target reversals have been reported in common RSVP procedures 

including distracters as masking stimuli.  As letter fragment masks were implemented in the 

current procedure, this provides evidence of target reversals in the absence of confusable 

distracters.  Given that target reversals were less frequent at high task difficultly and were 

more frequent at the longest foreperiod, when greater than 600ms was available before T1 

processing, it appears that target reversals may only occur under optimal task preparation 

conditions.  Therefore, longer foreperiods may support the development of ‘task-set’ 

(Monsell, 1996, 2003).  Monsell defines task-set as opting for one task over another.  In the 

current context this relates to preparing the cognitive system to determine the identity of 

two target digits.  Demanding task difficulty and shorter foreperiods were associated with a 

lower incidence of target reversals, potentially relating to an under-developed task-set.  

Therefore, in applied research, comparison of target reversals between groups may 

highlight difference in task preparation abilities provided the level of task difficulty can be 

controlled between individuals. 
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Foreperiod 

The final factor to be examined was the effect of the time between the fixation cross 

and presentation of T1, labelled the foreperiod.  Chapters 4 and 5 suggested that a 

potentially important factor in performance in cognitive tasks is the time available for task 

preparation.  In line with this, the foreperiod was divided into three intervals, short, 

medium, and long, and AB performance was examined with respect to these groupings.  

Overall, foreperiod had the greatest impact upon T1 with higher overall performance at 

longer foreperiods, the magnitude of which was greatest at longer ITIs.  T2 was relatively 

unaffected by this factor.  Whilst foreperiod was and can be controlled for by randomising 

the fixation to T1 interval, it is likely that there are also individual differences in an 

associated preparation ability.  With the same rationale as controlling for target duration 

and ITI, foreperiod represents another factor which may be confounding experimental 

differences.  For example, if a specific group took longer to prepare for the task and this 

factor was not accounted for, the final results are confounded by differences in preparation: 

rather than a deficit specific to the task.  As an example, this explanation can account for 

AB differences apparent between dyslexic and control readers (e.g., Chapter 2; Hari et al., 

1999).  If dyslexic readers needed longer preparation time they would not only have 

difficulties with T2 processing but also with T1 processing.  This was the pattern, albeit 

non-significant, in Chapter 2 and T1 performance was not reported by Hari et al.  

Furthermore, if practice effects are related to a gradual rise to optimal task preparation as 

suggested in Chapter 5, then the difference between dyslexic and control observers in the 

first but not the second half of the experimental session in Chapter 2 is consistent with 

slower task-preparation. 

Inattention or Unsuccessful Preparation? 

A further point arising in the current investigation was the basis for the discrepancy 
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between raw and contingent accuracy.  Uniformly, raw accuracy is lower than contingent 

accuracy.  In Chapter 6 it was suggested that this might reflect inattention.  However, in 

light of a task preparation account of foreperiod, it appears that this discrepancy may relate 

to success in task preparation, with unsuccessful preparation being inherent with raw 

accuracy.  The major difference with respect to contingent accuracy across foreperiods 

related to variation in performance more so than overall accuracy levels.  The opposite was 

true of the raw accuracy.  Thus, it appears that higher contingent accuracy may reflect this 

calculation filtering out trials on which preparation was unsuccessful.  Therefore, 

controlling for foreperiod should result in less discrepancy between raw and contingent 

accuracy. 

Summary and Conclusion 

In a series of three steps, individual differences in target exposure duration and ITI 

to AB recovery were controlled in an AB experiment.  Children required an average target 

exposure duration of approximately 50ms to correct identify targets at 80% accuracy and an 

average inter-target interval of approximately 600ms to correctly identify the second target 

at 70% accuracy.  The success of these threshold estimations influenced the overall AB 

pattern observed.  An exploratory examination of foreperiod, suggested that the time 

afforded for task preparation was an influential factor underpinning AB performance.  It 

was also evident that target reversals occurred with less frequency for more difficult tasks 

and greater frequency at longer foreperiods, suggesting the occurrence of target reversals to 

be indicative of more optimal task preparation.  The applied methodology indicates that 

these three factors may be potentially influential in developmental and group difference 

research into the AB, and therefore must be considered. 
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CHAPTER 8 PARAMETER ESTIMATION VIA PEST AND MOCS 

Experiment 8.1  

Between 20 and 40% of the threshold estimation in Chapter 7 was unsuccessful.  

This utilised an adaptive technique to estimate target exposure duration inter-target interval 

(ITI).  The lack of success may have been a result of working with children but as the goal 

is to develop a procedure applicable to any population, children provide a good test of the 

methodology.  However, adaptive procedures such as parameter estimation by sequential 

testing (PEST) are quite sensitive to inattention (Roach et al., 2004); therefore, it may be 

more fruitful to use a method of constant stimuli (MOCS).  As the PEST procedure is 

susceptible to inattention whereas the MOCS is less so, testing the equivalent of these 

procedures in adults is likely to offer a more valid comparison. 

Where the PEST procedure gathers a single-point estimate of the threshold based 

upon many observations hoped to be around a selected threshold, the MOCS procedure 

gathers a series of observations, at a range of stimulus intensities, to which a psychometric 

curve can be fitted (Wichmann & Hill, 2001a, 2001b).  The weakness of this method is that 

the information gained from a single observation is not as strong as with the PEST; 

however, the strength is that lapses in attention have a limited effect upon threshold 

estimation, such lapses sending a PEST staircase away from the point of interest. 

Experiment 8.1 is concerned with examining the equivalence of the two 

methodologies.  By utilising each independently using the AB methodology developed in 

the previous chapters, comparisons of the specific estimates can be made, therefore the 

equivalence of the methods tested.  Secondary aim relates to the investigation of practice 

effects.  The experiments presented in Chapters 3, 4, and 5 suggested that practice was 
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attenuated in more complex tasks.  In Experiment 8.1 the target exposure duration required 

for 75% correct identification will be implemented thus, the level of task difficult is similar 

to what was considered a complex task in Chapters 3, 4, and 5.  Therefore, exploring 

practice effects within Experiment 8.1 will test the notion of attenuated practice within 

difficult tasks.  In line with this notion, practice effects would not be expected using this 

design. 

Method 

Participants 

Sixteen university students aged between 21 and 42 (M=26.19, SD=6.13), 5 males, 

participated in this experiment. 

Apparatus 

Stimuli were presented using a personal computer running Matlab 6.5 (Mathworks, 

2003) to control the VSG2/3 board (Cambrige Research Systems Limited), driving a Sony 

Trinitron Multiscan 20se monitor.  This monitor was set to operate at 150 hertz 

(6.667ms/frame).  Target stimuli were the letters A, B, and C in Arial font, subtending 1 

degree visual angle in height and 1 degree in width at a viewing distance of 60cm.  Black 

targets (luminance of <1 cd/m
2
 measured using a Pritchard PR 650 colorimeter) were 

presented on a light grey background (CIE 1931 2˚ x=0.290, y=0.296, luminance 17.4 

cd/m
2
).  The targets were masked using letter fragment composites as described in Chapter 

7 (page 117).   

Procedure 

The AB was run in three different steps.  A regular trial consisted of a fixation cross 

presented for 200ms, a variable blank interval (250 to 750ms: Foreperiod), the first target 

(T1) presented for a duration specific to the step, a letter fragment mask presented for 

40ms, a second blank interval for a duration specific to the step (ITI), the second target (T2) 
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with the same duration as T1, and a second different letter fragment mask presented for 

40ms.  This is represented schematically in Figure 8.1:1. Following the display participants 

were asked to key in the identity of the first and second target letters using a three buttoned 

box.  Participants were instructed that the first target was most important and the two 

targets were never the same letter within a single trial. 

 

Figure 8.1:1 Schematic representation of a single skeletal Attentional Blink trial.  The 

series includes a fixation cross, a blank foreperiod, T1 and the T1 mask, a blank inter-

target interval, followed by T2 and the T2 mask. 

The specifics of the three steps related to manipulations in target and ITI durations.  

Step 1) The target exposure duration was adjusted using either Parameter Estimation by 

Sequential Testing (PEST; Treutwein, 1995) or Method of Constant Stimuli (MOCS) to 

estimate the duration required for 75% correct T1 identification and the ITI was held 

constant at 1000ms.   This ITI was selected as a period of time across which interference 

between the targets would be minimal.  In the PEST procedure, the target duration 

commenced at 100ms and in response to correct and incorrect identification, the duration 

was either decreased or increased as appropriate.  The threshold was based upon the 

average of the final three reversals in the staircase.  In the MOCS procedure, the target 

duration was fixed at exposure durations of approximately 13.33, 26.67, 40.00, 53.33, and 

66.67ms. With 15 presentations at each exposure duration, a logistic function was fitted to 
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extract a threshold estimate using the psignifit toolbox for Matlab (Wichmann & Hill, 

2001a, 2001b).  Both the MOCS and PEST procedures ran for 75 trials in Step 1 with no 

breaks.  Step 1 was repeated until a clean estimate was reached.  The clarity of this estimate 

was judged against the consistency of the staircase or fit of a logistic function, as well as by 

comparison to previous estimates if alternative estimates had been conducted (see below for 

sequence of steps and type of estimate used).  As over estimation of this duration is 

problematic for later steps, making the task too easy, estimates were more likely to be 

rounded down when a threshold lay between two screen refresh values.  Values were not 

rounded down if the PEST or MOCS data suggested that identification would drop to a 

level below the desired 75% accuracy. 

Step 2) The target exposure duration was fixed using the estimate obtained in Step 1 

and the ITI was adjusted using a PEST or MOCS procedure to estimate the interval 

required for 60% correct T2 identification.  In the PEST procedure, the ITI duration 

commenced at 700ms and a ‘blocker’ was set in place at 250 ms so that the procedure did 

not estimate the lag 1 sparing aspect of the U-shaped AB function.  When the T1 and T2 

tasks do not require a shift in task-set, essentially the type of stimulus and response to that 

stimulus (see Monsell, 1996, 2003), T2 accuracy is high if it is presented within 150ms of 

T1 (Visser et al., 1999b).  This is referred to as lag 1 sparing which is reflected in a U-

shaped function, which includes two 60% points which the PEST could potentially 

estimate.  Placing a restriction on the shortest ITI aids the PEST procedure in estimating the 

60% point of AB recovery rather than the point at lag 1 sparing.   

An upper blocker was not set as the accuracy of duration estimates meant that this 

was not a problem; however, if the duration estimate from Step 1 was too difficult (i.e., 

below the necessary 60% for Step 2) the nature of the PEST dictates that the Step 2 ITI will 

increase across the 75 trials.  When exposure duration is restricted by screen refresh rate, it 
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is possible that the selected exposure duration is below the desired 75%.  If this level is 

below 60%, the PEST procedure does not function as stimulus intensities equating to levels 

of accuracy above 60% can not be achieved. 

In the MOCS procedure, the ITI was fixed at intervals of 280, 420, 560, 700, and 

840 ms.  There were 15 trials at each level of ITI.  Both the MOCS and PEST procedures 

ran for 75 trials without breaks.  As in Step 1, the ITI estimate was repeated until a clean 

value was obtained. 

Step 3) This step is designed to measure the AB pattern.  The target duration was 

fixed using the duration estimated in Step 1 and a MOCS procedure was used to present 

seven ITIs.  These intervals were scaled to the ITI estimated in Step 2: 0, 25, 50, 75, 100, 

125, and 150% of Step 2 ITI and will be referred to as Lag 0, 25, 50, etc. Ten presentations 

were given at each Lag, resulting in 70 trials.  

In order to compare the two estimation methods, participants completed 10 sessions 

of Step 3 utilising one method (PEST or MOCS) followed by 3 sessions utilising estimation 

in the alternative method.  The 10 sessions allowed for a comprehensive evaluation of the 

practice effects under this procedure and the 3 sessions allowed for a simple comparison 

between the two methods.  Half the participants completed PEST then MOCS, the other 

half completed MOCS then PEST.  This allowed for both between and within subject 

comparisons. 

A fourth step, to be reported in Chapter 9, was also completed.  There were 250 

trials in Step 4 which was completed twice.  For those participants completing the PEST 

procedure first, Step 4 was completed following the 10 Step 3 sessions, and repeated 

following the 3 Step 3 MOCS sessions.  For those participants completing the MOCS 

procedure first, Step 4 was completed as the first task and as the last task.  Overall, the 

entire series of sessions ran for approximately 2 hours and was completed in single (n=4) or 
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multiple sessions depending upon participant availability. 

Results and Discussion 

PEST and MOCS parameter estimation 

In order to make comparisons between the PEST and MOCS procedures it is useful 

to consider a) the number of sessions required for a clean estimate, b) consistency of the 

estimates: whether the duration and ITI values are similar between procedures, and c) the 

success of the estimate.  The success of the estimate gauged by examining T1 performance 

at Lag 150 when interference is minimal where performance should be 75% and T2 

performance at Lag 100 at which performance should be 60%.  Values resembling these 

desired thresholds suggest that the methodologies employed were acting as intended.  This 

information is presented for estimates completed first and second in Table 8.1.1. 

The values in Table 8.1.1 suggest that an average of 2 sessions was required for 

both duration and ITI estimates to achieve a consistent estimate.  In the case of the first 

estimate, this consistency related to the previous session of same methodology (PEST or 

MOCS) and in the case of the second estimate, this consistency was related to the first 

estimate using the alternate method as well as previous session estimates derived from the 

same methodology.  The average duration estimate is approximately 35ms, the average ITI 

estimate is just over 500ms, and the estimates for duration appear to be slightly low with 

corresponding T1 performance at 70% rather than 75, whereas the average ITI performance 

is close to 60%.  Overall, the methods appear to function equally well.   
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Table 8.1.1 Descriptive statistics, M(SD), reflecting the number of sessions to attain a 

threshold (Sessions), the resultant threshold (Estimate), and a corresponding performance 

estimate, proportion correct (Correct). The Estimate variable reflects to the target 

exposure duration (Duration) of T1 in Step 1 or the inter-target interval (ITI) of T2 in Step 

2.  The Correct variable reflects the proportion correct raw target performance in Step 3.  

The values are displayed as a function of whether the particular step was completed First 

or Second in the series of tasks.  

  PEST MOCS 

  Sessions Estimate Correct Sessions Estimate Correct 

Duration First 2.38(0.92) 32.5(7.51) 0.70(0.13) 2.13(0.64) 38.33(9.92) 0.70(0.05) 

 Second 1.50(0.53) 38.33(9.92) 0.70(0.10) 2.00(0.76) 31.67(10.54) 0.71(0.14) 

ITI First 2.25(0.89) 463.33(139.52) 0.64(0.12) 2.00(1.07) 526.67(128.63) 0.61(0.08) 

 Second 1.50(0.53) 572.5(155.39) 0.66(0.16) 2.13(0.99) 575(226.38) 0.52(0.12) 

 

Chi-square tests indicated that there was no statistically significant difference 

between the number of sessions required to estimate duration or ITI with either PEST or 

MOCS and this was not dependent upon method order; duration: χ
2
(1)=0.62, p>.05, Φ

2
=.10 

and ITI: χ
2
(1)=0.84, p>.05, Φ

2
=.12.  Similarly there were no significant differences with 

respect to duration and ITI, or T1 and T2 performance.  The statistics are displayed in Table 

8.1.2. 

Overall, the results indicate there is no method dependent difference in parameter 

estimation of exposure duration and ITI.  The effect size related to the Method variable for 

the T2 performance shows a trend in the direction of the MOCS procedure providing 
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shorter estimates for which accuracy was lower.  Although this effect did not reach 

significance at a ITI of 100, this can be further investigated by examining the AB patterns 

measured in Step 3. 

Table 8.1.2 ANOVA statistics related to the effect of Method Order (PEST � MOCS, 

MOCS � PEST) and Method (PEST, MOCS) upon Exposure Duration (Step 1), Inter-

target Interval (ITI, Step 2), and T1 and T2 accuracy (Step 3).  

 Method Order Method 
Method Order by Method 

Interaction 

Variable F p partial-η
2
 F p partial-η

2
 F p partial-η

2
 

Exposure Duration 1.86 .194 .117 0.10 .758 .007 0.10 .758 .007 

Inter-target Interval 0.45 .515 .031 0.22 .645 .016 1.27 .279 .083 

T1 0.01 .910 .001 <0.01 .966 <.001 <0.01 .929 .001 

T2 1.45 .249 .094 4.33 .056 .236 0.84 .374 .057 

note: all degrees of freedom = 1,14 

PEST and MOCS AB pattern estimation 

The current procedure allows for a between subjects comparison of the impact of 

the two parameter estimation methods upon the AB pattern.  The can be based upon the 

first ten sessions of Step 3, for which half the participants’ parameters were based upon 

PEST and half based upon MOCS.  Raw and contingent calculations were conducted for 

both T1 and T2.  Raw calculations were based upon every trial whereas contingent 

performance is strictly concerned with interference based upon only those trials for which 

the other target was correctly identified, e.g., contingent T1 performance is the proportion 

of correct T1 responses when T2 is correctly identified.  Both raw (top: panels A & B) and 
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contingent (lower: panels C & D) accuracy were calculated for both T1 (left: panels A & C) 

and T2 (right: panels B & D) and is displayed across seven inter-target lags for those 

completing PEST and MOCS procedures in Figure 8.1:2. 

For both T1 raw and contingent accuracy, PEST parameter estimations appear to 

result in higher performance than that of MOCS parameter estimation.  As Step 1 was 

designed to set raw T1 accuracy at 75%, the PEST procedure appears to be the more 

accurate.  To determine the statistical significance of this pattern, a baseline level of 

performance was estimated based upon mean T1 raw performance at ITIs 125 and 150 was 

calculated.  This provides an estimate of accuracy at a temporal interval for which the AB 

should not significantly influence accuracy.  This difference between this baseline and 75% 

accuracy, the intended threshold estimate, was then compared with zero using a one-sample 

t-test.  This t-test which was conducted independently for accuracy derived from PEST and 

MOCS estimates, revealed PEST to be the more accurate method, not significantly different 

from zero: PEST, M=0.04, SD=0.14, t(7)=0.77, p=.465; whereas MOCS was, M=0.10, 

SD=0.06, t(7)=4.56, p=.003. 

With respect to T2, there appears to be very little difference between PEST and 

MOCS parameter estimation for either raw or contingent accuracy.  To determine whether 

there was a statistical difference, the difference between a T2 raw accuracy baseline, the 

mean of lags 125 and 150, and 60% accuracy was compared to zero as for T1.  This 

suggested that neither procedure was significantly different from the intended threshold 

level: PEST, M=-0.08, SD=0.12, t(7)=-1.82, p=.112; MOCS, M=-0.04, SD=0.08, t(7)=-

1.53, p=.170.  Thus, examining the raw accuracy suggests that PEST is the more 

appropriate procedure to estimate target exposure duration, whereas PEST or MOCS is 

suitable for estimating ITI. 
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Figure 8.1:2 Overall Raw (Panels A & B) and Contingent (Panels C & D), T1 (Panels A & 

C) and T2 (Panels D & D) proportion correct across the seven inter-target intervals for 

those participants completing 10 sessions of Step 3 based upon PEST or MOCS parameter 

estimation.  The inter-target lag reflects percentages of the single-point inter-target 

interval estimated in Step 2 (60% correct T2 identification).  Error bars represent the 

within subject 95% confidence intervals (Loftus & Masson, 1994). 

Contingent Accuracy 

As this investigation was specifically concerned with the effect of parameter 

estimation method upon the AB and therefore target interference, only contingent accuracy 
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statistics are presented
5
.  All the main effects were statistically significant: Method, 

F(1,14)=7.05, p=.019, partial-η
2
=.335, Target, F(1,14)=37.06, p<.001, partial-η

2
=.726; 

Lag, F(6,84)=9.41, p<.001, partial-η
2
=.402.  These reflects overall higher performance 

following the PEST method in comparison to the MOCS, higher T1 performance in 

comparison to T2, and an overall AB effect. 

The contingent performance interactions were as follows: Method by Target was 

non-significant, F(1,14)=1.62, p=.224, partial-η
2
=.104; Method by Lag was statistically 

significant, F(6,84)=2.32, p=.040, partial-η
2
=.142; Target by Lag was statistically 

significant, F(6,84)=20.04, p<.001, partial-η
2
=.589; and Method by Target by Lag was non-

significant, F(6,84)=0.81, p=.563, partial-η
2
=.055.  The significant Method by Lag effect 

relates to less of an overall AB effect following the PEST Method: PEST, F(6,42)=4.41, 

p=.002, partial-η
2
=.386; MOCS, F(6,42)=7.45, p<.001, partial-η

2
=.515.  This is consistent 

with the finding of lower T1 accuracy reflecting a more difficult task, associated with 

briefer parameter estimation for which greater interference would be expected.  The 

significant Target by Lag interaction relates to a larger AB for T2 compared with T1 which 

was relatively unchanged across inter-target lags.  Overall, parameters estimated via the 

MOCS procedure were associated with lower T1 performance and greater AB interference. 

Within Subjects 3 Session PEST versus MOCS 

Following each method of parameter estimation, all participants completed at least 3 

sessions of Step 3 which can therefore be compared within subjects in order to further 

examine the effect of method.  Despite the large difference in amount of practice (some 

1000 additional trials) between the repeated sessions, failure to find differences would point 

to an influence of task novelty in parameter estimation.  As raw T1 accuracy was closest to 

                                                 

 
5
 When conducted with raw accuracy, the pattern of results was identical except that there was a non-

significant interaction between Method and ITI. 
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the desired 75% for those observers completing PEST threshold estimation first (see Figure 

8.1:2, panel A), PEST estimation may be most congenial to learning the task.   

Contingent T1 and T2 accuracy following PEST and MOCS threshold estimation is 

presented as a function of inter-target lag in Figure 8.1:3. T1 accuracy is presented in 

panels A and C, and T2 accuracy is presented in panels B and D.  Performance following 

PEST is presented in the top two panels, A and B, and performance following MOCS is 

presented in the lower two panels, C and D. 

Figure 8.1:3 suggests that there is minimal difference in AB pattern whether the 

PEST or MOCS procedure was used in threshold estimation and whether the PEST or 

MOCS procedure was completed first.  The statistical significance of these patterns were 

examined in a mixed 2 (Method Order: PEST first, MOCS first) by 2 (Parameter 

estimation: PEST, MOCS) by 2 (Target: T1, T2) by 7 (Lag: 0 to 150) ANOVA. 

The main effects of Method Order and Parameter estimation were non-significant: 

Method Order, F(1,14)=0.33, p=.577, partial-η
2
=.023; Parameter estimation, F(1,14)=1.47, 

p=.245, partial-η
2
=.095.  The main effects of Target and Lag were statistically significant: 

Target, F(1,14)=46.15, p<.001, partial-η
2
=.767; Lag, F(6,42)=10.96, p<.001, partial-

η
2
=.439.  These results reflect that T1 performance was higher than T2 and the overall, 

performance was lower at short lags than at long lags. 

The Target by Lag interaction was statistically significant, F(6,84)=19.38, p<.001, 

partial-η
2
=.581, reflecting a greater AB effect upon T2.  The following two-way 

interactions were not statistically significant: Method Order by Parameter estimation, 

F(1,14)=4.11, p=.062, partial-η
2
=.227; Method Order by Target, F(1,14)=1.60, p=.227, 

partial-η
2
=.102; Method Order by Lag, F(6,84)=0.86, p=.525, partial-η

2
=.058; Parameter 

estimation by Target, F(1,14)=0.47, p=.504, partial-η
2
=.033; Parameter estimation by Lag, 

F(6,84)=1.62, p=.151, partial-η
2
=.104.   
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Figure 8.1:3 Contingent proportion correct T1 (panels A & C) and T2 (panels B & D) 

identification following PEST (top: panels A & B) and MOCS (lower: panels C & D) 

parameter estimation as a function of inter-target interval.  The inter-target lag reflects 

percentages of the single-point inter-target interval estimated in Step 2 (60% correct T2 

identification).  Error bars represent the within subject 95% confidence intervals (Loftus & 

Masson, 1994). 

None of the higher-order interactions were statistically significant: Method Order by 

Parameter estimate by Target, F(1,14)=0.87, p=.366, partial-η
2
=.059; Method Order by 

Parameter estimation by Lag, F(6,84)=0.84, p=.544, partial-η
2
=.056; Method Order by 

Target by ITI, F(6,84)=0.51, p=.797, partial-η
2
=.035; Parameter estimate by Target by Lag, 

F(6,84)=1.65, p=.144, partial-η
2
=.105; Method Order by Parameter estimate by Target by 
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Lag, F(6,84)=1.25, p=.287, partial-η
2
=.082. 

There were no statically significant effects that differentiated the two methods of 

parameter estimation.  Therefore, the PEST and MOCS procedures perform similarly in 

estimating exposure duration and ITI in the reported AB procedure. 

Improvements with practice 

To determine whether practice effects were attenuated in the more difficult task, the 

average of sessions 1 and 2 was compared against that of sessions 3 and 4.  Overall these 

four sessions reflect 280 trials which is similar to what might be utilised in a regular AB 

procedure.  Contingent accuracy as a function of trial set and inter-target lag is presented 

for T1 and T2 in Figure 8.1:4.  Overall, there appears to be no difference between the first 

and second 140 trials. 

Analyses supported this pattern with a non-significant effect of Half, F(1,15)=2.09, 

p=.169, partial-η
2
=.122; a significant effect of Target, F(1,15)=38.21, p<.001, partial-

η
2
=.718; and Lag, F(6,90)=5.22, p<.001, partial-η

2
=258.  The significant effect of Target 

related to higher T1 accuracy than T2, and the Lag effect related to lower accuracy at 

shorter lags compared with longer lags. 

There was a non-significant interaction between Half and Target, F(1,15)=0.55, 

p=.470, partial-η
2
=.035; a significant interaction between Half and Lag, F(6,90)=2.31, 

p=.040, partial-η
2
=.133; a significant interaction between Target and Lag, F(6,90)=11.58, 

p<.001, partial-η
2
=.436; and a non-significant interaction between Half and Target and Lag, 

F(6,90)=0.34, p=.914, partial-η
2
=.022.  The significant Half by Lag interaction relates to 

lower accuracy at lags of 25 and 50 in the second 140 trials and the Target by Lag 

interaction relates to lower T2 accuracy at shorter compared with long lags whereas T1 

accuracy remained relatively constant and higher across lags. 



Chapter 8 167 

0 25 50 75 100 125 150
0.0

0.2

0.4

0.6

0.8

1.0

First 140 Trials

Second 140 Trials

C
o
n
ti
n
g
e
n
t 
C

o
rr

e
ct

0 25 50 75 100 125 150

A:T1|T2 B:T2|T1

Inter-target  Interval: Percentage of  Inter-target  Interval estimated in Step 2
 

Figure 8.1:4 T1 (Panel A) and T2 (Panel B) contingent correct performance for the first 

140 and second 140 trials as a function of inter-target interval.  The inter-target lag 

reflects percentages of the single-point inter-target interval estimated in Step 2 (60% 

correct T2 identification).  Error bars represent the within subject 95% confidence 

intervals (Loftus & Masson, 1994). 

Overall, practice did not have a significant impact upon AB performance in this 

experiment.  Therefore, practice effects were attenuated in an AB task when the level of 

target processing was set at 75% accuracy.  This is consistent with a notion that difficult 

tasks draw upon more resources earlier in performance, manifesting near optimal accuracy 

earlier in exposure to a task in contrast to simpler tasks in which optimal accuracy is 

achieved later, evidenced by significant improvement with continued task exposure (see 

Chapters 3, 4, and 5).  It should be noted that the practice effects were examined following 

parameter estimation, some 200-300 experimental trials.  Therefore, comparisons between 

the practice effects in Experiment 8.1 and earlier chapters are confounded by extra practice, 

through which the effect may diminish. 

Caution must be taken in utilising AB models derived from full RSVP procedures to 

account for findings derived from minimalist procedures, although the evidence suggests 

that the results are difficult to differentiate (Ward et al., 1997).  Ward et al. did suggest that 
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the re-inclusion of distracters introduced repetition blindness, a failure to report T2 when it 

has the same identity as T1 (e.g., Kanwisher, 1987), suggesting that distracters are 

responsible for differential effects.  Thus the difference between the minimalist and full 

RSVP practice effects may relate to this distracter influence.  Overall, performance 

differences with exposure to this minimalist procedure are slight and are unlikely to 

substantially bias group difference research; however, it is worth maintaining an awareness 

of such potential. 

Summary and Conclusion 

In a three-step procedure of threshold estimation, target exposure duration and ITI, 

and AB pattern measurement, there were very limited differences between PEST and 

MOCS procedures of threshold estimation.  The critical difference between the two was a 

more accurate estimation of target exposure duration using the PEST procedure.  Overall, 

each may be useful in deriving between-subject equality for parameters in the AB.  Practice 

effects were also examined to establish whether improvements with practice were 

attenuated in a more demanding AB task.  The improvement was attenuated, suggesting 

that controlling for the task difficultly by altering exposure duration may be the critical 

factor in attenuating practice effects. 
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CHAPTER 9 PREPARATION IN THE ATTENTIONAL BLINK 

It appears to be the case that when a longer period of time is available before the 

presentation of the first target, target reporting accuracy is higher.  This was initially 

evident in the single-target practice experiments reported in Chapter 4 and further examined 

with reference to experiments in Chapters 3, 5, and 7.  This time interval may be referred to 

as the foreperiod.  In light of the discussion in Chapter 5, it appears that the length of 

foreperiod affects task preparation, more specifically, the development of task-set (Monsell, 

1996, 2003).  Monsell defines adopting a task-set as opting for one task rather than any 

other, for example, determining whether a target digit is less than or greater than five versus 

whether the target digit is an odd or even number (Rogers & Monsell, 1995).  This 

terminology has derived from the task-switching literature; however, recently it has been 

employed with respect to the AB. 

Di Lollo and colleagues suggest that variations from endogenous to exogenous 

attentional control are responsible for AB interference (Di Lollo et al., 2005a; Di Lollo et 

al., 2005b; Ghorashi et al., 2007; Kawahara, 2002; Kawahara et al., 2006a; Kawahara et al., 

2006b; Kawahara et al., 2003).  In this sense, endogenous control refers to observer driven 

information processing relating to the maintenance of task goals.  The adoption of task-set 

is considered to be driven by endogenous control.  In contrast, exogenous control refers to 

stimulus driven information processing relating, for example, to interference from distracter 

information.  Thus, whilst endogenous control is maintained, multiple targets can be 

processed in succession and it is only the appearance of distracter stimuli which appear in a 

full rapid serial visual presentation which causes the loss of target information.  In this case, 

the distracter items push the system into an exogenously controlled state and optimal target 

processing can not be resumed until endogenous control is reinstated. 
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With respect to the finding that longer foreperiods lead to higher accuracy, it may 

be that the AB reflects inadequate endogenous control related to incomplete task 

preparation.  One potential hypothesis arising from this finding is the idea that given 

adequate preparation time, there would be no AB effect.  The aim of the experiments 

presented in Chapter 9 was to examine the impact of controlling for foreperiod in the AB.  

For the purpose of exposition, this chapter is presented as two experiments although it was 

actually conducted as four separate conditions.  The first experiment reports on a method 

for estimating individual foreperiod durations whereas the second experiment examines the 

impact of controlling foreperiod upon the AB effect. 

The components of the AB addressed thus far include the exposure duration of 

target items and the inter-target interval (ITI) required for T2 recovery.  Both these factors 

are subject to individual differences, therefore there is reason to believe that foreperiod is 

likewise.  The method chosen for estimating this interval is reported in Experiment 9.1 and 

involves target exposure duration estimates at a series of foreperiods.  The premise is that 

short exposure durations will be required at optimal foreperiods.  Therefore, the pattern of 

exposure duration estimates should follow an exponential decay function, in that exposure 

durations at short foreperiods will be long, quickly dropping at greater foreperiods, and 

remaining relatively flat beyond optimal preparation times. 
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Experiment 9.1  

Method 

Participants 

Sixteen university students aged between 21 and 42 (M=26.30, SD=6.09), 5 males, 

participated in this experiment. 

Apparatus 

Stimuli were presented using a personal computer running Matlab 6.5 (Mathworks, 

2003) to control the VSG2/3 board (Cambrige Research Systems Limited), driving a Sony 

Trinitron Multiscan 20se monitor.  This monitor was set to operate at 150 hertz 

(6.667ms/frame).  Target stimuli were the letters A, B, and C in Arial font, subtending 1 

degree visual angle in height and 1 degree in width at a viewing distance of 60cm.  Black 

targets (luminance of <1 cd/m
2
 measured using a Pritchard PR 650 colorimeter) were 

presented on a light grey background (CIE 1931 2˚ x=0.290, y=0.296, luminance 17.4 

cd/m
2
).  The targets were masked using letter fragment composites as described in Chapter 

7 (page 117). 

Procedure 

The design presented in Experiment 9.1 will be referred to as the foreperiod 

procedure.  This was conducted in the context of a dual-target task.  A trial consisted of a 

fixation cross presented for 200ms, a blank interval presented for a duration specific to the 

condition (foreperiod), the first target (T1) presented for a duration specific to the step, a 

letter bit mask presented for 40ms, a second blank interval for a duration specific to the step 

(ITI), the second target (T2) with the same duration as T1, and a second letter bit mask 

presented for 40ms.  This is represented schematically in Figure 9.1:1.  Following the 

display participants were asked to key in the identity of the first and second target letters 
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using a three buttoned buttonbox.  Participants were instructed that the first target was more 

important and the two targets were never the same letter within a single trial. 

 

Figure 9.1:1 Schematic representation of a single skeletal Attentional Blink trial.  The 

series includes a fixation cross, a before T1 blank interval, T1 and the T1 mask, a blank 

inter-target interval, followed by T2 and the T2 mask.  The foreperiod, target and inter-

target interval durations varied based upon individual performance in specific steps.  

The foreperiod procedure included a series of Parameter Estimation by Sequential 

Testing (PEST; see Treutwein, 1995) procedures estimating the T1 exposure duration 

required to achieve 75% correct identification.  Five different staircases were completed, 

one at each specific foreperiod: that is, time interval between the fixation cross and the 

onset of T1 (see Figure 9.1:1).  The foreperiods were 100, 300, 500, 700, and 900ms.  

Exposure durations commenced at 100ms and there were 50 trials in each staircase, which 

were randomly presented within a 250 trial block, with self-terminating breaks at 50 trial 

intervals. The threshold derived from each staircase was based upon the average of the final 

three reversals or, in the case when three reversals was not achieved, the average of the 

final five trials. 

The foreperiod procedure was conducted in conjunction with the PEST and Method 

of Constant Stimuli (MOCS) comparison reported in Chapter 8.  In Chapter 8, this 

procedure was conducted twice in order to examine the reliability of the estimate.  The 
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procedure was completed at different stages of the experiment for the two groups of 

observers in Chapter 8.  For those participants completing the PEST procedure first, the 

foreperiod procedure was completed following approximately 900 dual-target trials and 

repeated following approximately 400 further trials.  For those participants completing the 

MOCS procedure first, foreperiod procedure was completed as the first task and as the last 

task, separated by approximately 1300 dual-target trials.  Overall, the series of sessions ran 

for approximately 2 hours and was completed in single or multiple sessions depending 

upon participant availability. 

With respect to foreperiod estimation,  non-linear curves were fitted to the data for 

each individual’s two sessions using Graphpad Prism (Softward Makiev, 2005) selecting 

the one-phase exponential decay function.  Decay functions were fitted as best as possible, 

with unstable staircase estimates being excluded.   This stability was based upon the 

success of the staircase: the optimal scenario being a descending pattern with consistent 

performance over the final 10 trials and a problematic pattern being erratic peaks and 

troughs across the 50 trials.  

Results and Discussion 

As the foreperiod procedure was completed at different stages within a separate 

investigation dependent upon whether the PEST or MOCS procedures was utilised first and 

it was repeated, T1 threshold estimates are presented as a function of foreperiod, 

experimental group (PEST and MOCS), and session number (first or second) in Figure 

9.2:1.  In both the first and second sessions, T1 thresholds appear to be lower when greater 

preparation time is given.  Overall, those completing the task without any preceding 

practice (MOCS) appear to have higher thresholds overall. 
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Figure 9.1:2 T1 threshold estimations as a function of five Foreperiod (ms), grouped by 

position of Step 1 within the experimental session: PEST first had more preceding practice 

and MOCS first started this experiment with Step 1.  As the 250 trial task was completed 

twice, both the First Session (Panel A) and Second Session (Panel B) are displayed.  Error 

bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 

Based upon the criteria detailed in the method, a complete set of thresholds were not 

available for four observers.  Thus, the repeated measures analysis was based upon groups 

of 7 PEST and 5 MOCS.  The statistical significance of these patterns was assessed via a 

mixed 2 (Task Order: PEST, MOCS) by 2 (Session Number: First, Second) by 5 

(Foreperiod: 100, 300, 500, 700, and 900ms) ANOVA.  This indicated that there was a 

non-significant effect of Task Order, F(1,10)=2.90, p=.120, partial-η
2
=.225; a significant 

effect of Session Number, F(1,10)=12.84, p=.005, partial-η
2
=.562; and a significant effect 

of Foreperiod, F(4,40)=31.68, p<.001, partial-η
2
=.760.  These suggested that thresholds 

were lower in the second session and thresholds were lower at greater foreperiods.  

Pairwise comparisons indicated the thresholds at foreperiods of 100 and 300ms were 

significantly higher than longer times, 500ms thresholds were lower than 700ms thresholds, 

and 900ms thresholds were significantly lower than 500ms thresholds (all significant after 
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Bonferroni correction). 

None of the interaction effects were statistically significant: Task Order by Session 

Number, F(1,10)=0.03, p=.858, partial-η
2
=.003; Task Order by Foreperiod, F(4,40)=2.20, 

p=.086, partial-η
2
=.180;  Session Number by Foreperiod, F(4,40)=0.90, p=.476, partial-

η
2
=.082; Task Order by Session Number by Foreperiod, F(4,40)=1.40, p=.260, partial-

η
2
=.121.  

Characterising Individual Foreperiod: Fitting a Decay Function 

The exponential decay functions failed to converge for four observers.  Overall, the 

average half-life corresponded to 440ms (SD=231) and the average R
2
 was .84 (SD=.13).  

Therefore, this provided a successful methodology of foreperiod control, although some 

modifications will be required to ensure that decay functions could be fitted for all 

individuals.   

In summary, the described technique offers a suitable procedure to control for 

individual differences in foreperiod, potentially reflecting preparation ability.  Experiment 

9.2 was designed to determine what happens when this foreperiod is controlled. 

Experiment 9.2  

Experiment 9.1 provided a proof of concept regarding a technique to individually 

control for the preparation period in an AB task.  Experiment 9.2 was exploratory in nature, 

examining the AB when foreperiod, as estimated through the technique demonstrated in 

Experiment 9.1, was individually estimated and manipulated.  Utilising the decay function, 

an individual’s foreperiod was set to a specific level.  There are a total of four different 

conditions which comprise Experiment 9.2.  Each of the conditions is characterised by 

different foreperiod manipulations: 1) a random foreperiod between 250 and 750ms, 2) a 

fixed single foreperiod of 2-half-lives of the decay function, 3) a mixed foreperiod of 1- and 
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2-half-lives of the decay function, and 4) a fixed single foreperiod of 1-half-life of the 

decay function.  These are presented as four between subject conditions. 

Method 

Participants 

University students were tested in all conditions.  In Condition 2, 12 people were 

initially tested; however, 2 individuals’ foreperiod estimation was unsuccessful and the 

associated data was not analysed.  Demographic information for each condition is presented 

in Table 9.2.1 

Table 9.2.1 Demographic information for age and the number of males across each of the 

four experimental conditions: 1. Random foreperiod, 2. Fixed foreperiod of 2 half-lives, 3. 

Mixed foreperiod of 1 and 2 half-lives, and 4. Fixed foreperiod of 1 half-life. 

  Age  

Condition n M SD Min Max Males 

1. Random 16 26.3 6.09 21 42 5 

2. Fixed 2 10 27.3 7.70 19 41 6 

3. Mixed 11 23.3 5.76 18 36 4 

4. Fixed 1 10 23.4 3.10 19 28 3 

 

Apparatus and Procedure 

The AB was estimated in a series of four steps designed to estimate and control for 

individual differences in foreperiod, target exposure duration, and ITI, and then measure 

the AB.  The labelling of the Step procedures is adjusted from previous chapters in order to 
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include the foreperiod procedure as Step 1.  The dual-target task was held constant across 

all variable estimates.  Participants were required to identify two backward masked targets 

as described in Experiment 9.1 and depicted in Figure 9.1:1.  The four steps were 

conducted as follows.  The specific condition details are summarised in Table 9.2.2. 

Step 1 Foreperiod Estimation 

Foreperiod was estimated by first determining the exposure duration required for 

75% T1 accuracy at a series of foreperiods and selecting a specific half-life of the modelled 

decay function to this data, as demonstrated in Experiment 9.1.  The specific details were 

refined across the four conditions. 

Condition 1: Random foreperiod of 250-750ms 

The foreperiod procedure for Condition 1 is reported in Experiment 9.1; however, 

this information was not utilised for subsequent AB estimates for Condition 1.  Rather than 

a half-life value, a random foreperiod was utilised with foreperiod varying from 250 to 

750ms.  This provides a similar foreperiod method to traditional AB experiments.  The ITI 

was held constant at 1000ms in all conditions, an interval at which there is minimal 

interference between targets (see Chapter 7, page 123). 

Condition 2: Fixed single foreperiod of 2 half-lives of decay function. 

Participants firstly completed a 200 trial Step 1 in order to estimate foreperiod.  The 

precise details of the foreperiod estimate were modified in comparison to Condition 1.  Five 

different foreperiods were utilised covering a broader foreperiod range: 150, 400, 650, 900, 

and 1150 ms.  There was a 40 trial staircase for T1 duration estimation at each interval.  

Exposure durations commenced at 80ms and the number of trials in each staircase was 

reduced by 10 trials as a trade-off to shorten the process.  The foreperiod selected was 

based upon 2 half-lives of the fitted function.   
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Condition 3: Mixed foreperiod of 1- and 2-half-lives of decay function 

The procedure was the same as in Condition 2 with the exception that the 

foreperiods extracted were one- and two-half-lives of the decay function.  These two 

foreperiods were randomly assigned on each trial in subsequent Steps. 

Condition 4: Fixed single foreperiod of 1 half-life of decay function. 

The procedure was the same as in Condition 2 with the exception that the foreperiod 

was estimated using six foreperiods, 150, 300, 450, 600, 900, and 1200 ms with 40 trials at 

each interval.  This was altered in order to gain greater sensitivity in measuring the 

foreperiod.  As in Condition 2, there was a single foreperiod estimated; however, this 

reflected one-half-life of the decay function.   

Step 2 Target Exposure Duration Estimation 

Step 2 estimated the exposure duration required for 75% correct T1 identification.  

Foreperiod for each Condition was set as outlined under Step 1.  Both PEST and MOCS 

procedures were used in conjunction, commencing with PEST which was then checked 

with MOCS.  For the PEST procedure, Condition 1 estimates commenced from 100ms 

whereas all other conditions commenced from 80ms.  A third MOCS session was run if a 

satisfactory fit to the psychometric function was not achieved.  A threshold was selected by 

extracting the 75% accuracy point from a logistic fit of the data (Wichmann & Hill, 2001a, 

2001b).  The sessions consisted of 70 trials for Condition 1 and 50 trials in all other 

conditions.  In Condition 1, the MOCS procedure included 15 estimates at the five 

exposure durations; 13.33, 26.67, 40.00, 53.33, and 66.67ms, whereas there were only 10 

estimates in subsequent conditions.  The ITI was set at 1000ms as in Step 1.  In Condition 

1, half the observers received only PEST procedures, the other half receiving only MOCS 

procedures.  
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Step 3 Inter-target Interval Estimation 

Step 3 estimated the ITI required for 60% correct T2 detection.  The exposure 

duration of both targets was held constant at a duration estimated in Step 2 and the 

foreperiod was set by condition as outlined in Step 1.  In order to estimate the recovery ITI, 

MOCS was utilised first, including five ITIs: 280, 420, 560, 700, and 840ms.  A threshold 

was selected by extracting the 60% accuracy point from a logistic fit as in Step 2.  If the 

psychometric function was unstable or included a problematic influence of Lag 1 sparing, 

the MOCS estimate was then supported with PEST, commencing at 700ms.  Lag 1 sparing 

refers to high level of T2 report at short ITIs.  Basically, T2 has been spared from the AB 

effect (Visser et al., 1999b).  In Step 3, a problem can occur wherein Lag 1 sparing creates 

a U-shaped function rather than a logistic function.  This results in a poorly fitting function.  

As in Step 2, each of these sessions consisted of 70 trials in Condition 1 and 50 trials in 

subsequent conditions. In Condition 1, half the observers received only PEST procedures, 

the other half receiving only MOCS procedures. 

Step 4 Attentional Blink Pattern Estimation 

Step 4 utilised the information gained in the preceding three Steps in order to 

estimate the AB pattern.  Foreperiod and exposure duration were held constant, whereas the 

ITI was modified in a MOCS procedure.  In Conditions 1, 2, and 4, T2 was presented at 7 

percentages of the Step 3 ITI estimation: 0, 25, 50, 75, 100, 125, and 150.  These will be 

referred to as Inter-target Lags to avoid confusion with the ITI estimated in Step 3.  For 

example, if the Step 3 ITI was 500ms, the Inter-target Lags would correspond to 0, 125, 

250, 375, 500, 625, and 750ms.  There were 10 estimates at each lag, resulting in 70 trials 

per session and this was completed three times.  In Condition 3, T2 was presented at 4 

percentages of the Step 3 ITI estimation: 25, 50, 75, and 125.  There were 40 trials at each 

of the two foreperiods. Participants completed three sessions of 80 trials.  This 
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manipulation was made in order to balance trials between the two foreperiods utilised in 

Condition 3. 

Results and Discussion 

Overall Descriptives between Conditions 

Descriptive statistics reflecting the estimates within each of the four conditions are 

reported in Table 9.2.3.  These include: from Step 1, the fit value of the decay function (R-

squared) and the half-life estimate, Step 2 the exposure duration estimate, Step 3 the ITI 

estimate, and Step 4 T1 raw accuracy and the level of T2 accuracy at lags suitable for 

measurement checks.  The decay functions showed a high average fit (R
2
>.80) and mean 

single half-life estimates ranged from 250 to 470ms.  Target exposure durations were 

approximately 35ms and ITIs were quite consistent around 545ms.  One-way ANOVAs 

indicated that there was no difference between the conditions for any of these variables: F-

values are reported in Table 9.2.3. 

The relative success of the exposure duration and ITI estimates can be assessed with 

respect to the accuracy level obtained in Step 4 when the AB pattern was estimated.  T1 

raw accuracy at the longest lag should provide a performance estimate uncontaminated by 

inter-target interference.  Therefore, this value should be similar to the level of desired 

accuracy in Step 2.  One-sample t-tests indicated that T1 raw accuracy at Lag 150 was not 

significantly different to the expected accuracy of 75%, t(35)=1.85, p=.073.   In Step 3, a 

threshold was set for the ITI at which T2 accuracy was 60%.  Therefore, T2 raw accuracy 

at Lag 100 would be expected to reach this level.  This was not the case, t(35)=2.16, 

p=.038.  As inter-target lags of 150 and 100 were not included in Condition 3, T1 and T2 

values at 125 were compared with expected accuracy levels.  This was significant for T1, 

t(46)=5.11, p<.001, but not for  T2, t(46)=1.12, p=.269. 
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Table 9.2.3 Condition decay function fit value (R-squared), single-half-life value derived 

from decay function (Half-life), target exposure duration (Duration), and inter-target 

interval (ITI).  The half-life, exposure duration, and inter-target interval are presented in 

millisecond units.  Raw proportion correct accuracy is included for T1 at inter-target lags 

of 150 and 125, and for T2 at inter-target lags of 100 and 125.  Expected levels of raw T1 

accuracy at long ITIs should be close to .75 and raw T2 accuracy around inter-target lag 

100 should be close to .60.  One-way ANOVA F-values are also presented examining any 

difference between the four conditions on each of the included variables.  None were 

statistically significant. 

Condition R-squared Half-life Duration ITI Lag 150 Lag 100 Lag 125 

     T1 T2 T1 T2 

1. Random 0.84 440 35 551 0.72 0.57 0.69 0.62 

2. Fixed 2 0.81 472 35 545 0.70 0.55 0.68 0.62 

3. Mixed 0.84 300 32 540 - - 0.64 0.60 

4. Fixed 1 0.83 253 35 538 0.70 0.57 0.60 0.62 

F-value 0.06 1.83 0.21 0.02 1.08 0.09 0.22 2.73 

         

Therefore, T1 accuracy at the longest inter-target lag where performance should be 

relatively unaffected by inter-target interference was not statistically different from the 

expected value of 75%.  T1 accuracy was significantly lower at Lag 125 which would be 

expected when the targets were temporally closer.  T2 accuracy at an Inter-target Lag of 

100 was significantly lower than the expected 60% accuracy level.  This may relate to a 

different task approach when the temporal predictability of T2 presentation is removed: in 
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Step 3 the ITI was relatively predictable whereas in Step 4 the ITI range was much wider.  

Therefore, accuracy might be expected to be lower at an inter-target lag of 100 in Step 4.  

At Lag 125, T2 accuracy was not significantly different to the expected accuracy level.  In 

conjunction with the difference at Lag 100, it is most likely that the relative unpredictability 

of the ITI in Step 4 prolonged the inter-target interference. 

The AB effect in Target Accuracy 

T1 and T2 contingent accuracy as a function of Inter-target Lag is presented in 

Figure 9.2:1 for all four conditions.  Contingent accuracy is based upon those trials for 

which the other target was correctly reported.  For example, T2 contingent accuracy is 

based upon those trials for which T1 was correctly identified; thus, processing interference 

from T1 can be inferred.  Baseline performance was calculated as the average T1 

contingent performance at ITI 125 and 150.  As both T1 and T2 involve the same task, T1 

accuracy at longer ITIs should reflect a level of performance relatively uncontaminated by 

inter-target interference.  Contingent accuracy was selected as contingent T2 accuracy is 

required to infer an impact of correct T1 processing and there is a substantial scaling 

difference from raw to contingent accuracy.  Therefore, data points with error bars residing 

outside of this baseline zone can be considered as lower than expected performance. 

Overall, T1 report was higher than T2 and there is some evidence of lower accuracy 

at short lags for T2 but not for T1.  There appears to be a greater AB effect, that is, lower 

T2 accuracy at short lags, in Conditions 1 and 3, and only a very small effect in Conditions 

2 and 4.  The statistical significance of these patterns was examined using a 4 (Condition: 

random, fixed 2-half-lives, mixed, fixed 1-half-life) by 2 (Target: T1, T2) by 7 (Inter-target 

Lag: 0, 25, 50, 75, 100, 125, 150) or 4 (Inter-target Lag: 25, 50, 75, 125) mixed ANOVA.  

This was conducted twice, once for 7 inter-target lags and once for 4 inter-target lags to 

cover Condition 3 in which the number of inter-target lags was reduced in order to have an 
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equal mix of the two foreperiods.  The inferential statistics are presented in Table 9.2.4.  

The significant effects indicated that T1 was reported with higher accuracy than T2, target 

accuracy was higher at longer Inter-target Lags, and T1 accuracy was less influenced by ITI 

compared with T2: T2 showed a clear pattern of lower accuracy at short Inter-target Lags 

which returned to the level of T1 accuracy at longer Lags. 
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Figure 9.2:1 T1 and T2 contingent identification accuracy as a function of inter-target lag, 

reflecting percentages of the inter-target interval estimate required for 60% correct T2 

identification in Step 3.  Four conditions are presented: 1. Random foreperiod in Panel A, 

2. Fixed foreperiod 2-half-lives in Panel B, 3. Mixed foreperiod 1 and 2-half-lives in Panel 

C, and 4. Fixed foreperiod 1-half-life in Panel D.  The grey zones represent the within 

subject 95% confidence intervals for baseline T1 performance at an inter-target lag of 150.  

Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 1994). 
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Table 9.2.4 Inferential statistics and effect-size (partial-) for the 4 (Condition: random, 

fixed 2-half-lives, mixed, fixed 1-half-life) by 2 (Target: T1, T2) by 7 (Inter-target Lag: 0, 

25, 50, 75, 100, 125, 150) or 4 (Inter-target Lag: 25, 50, 75, 125) mixed analysis of 

variance.  Two separate ANOVAs are reported, one examining the 7 inter-target lags in 

Conditions 1, 2, and 4, and the other examining the 4 inter-target lags in all conditions. 

 7 Inter-target Lags: Condition 1, 2, & 4 4 Inter-target Lags: All Conditions 

Variable F(df) p-value partial-η
2
 F(df) p-value partial-η

2
 

Condition (C) 0.23(2,33) .794 .014 0.24(3,43) .868 .016 

Target (T) 58.71(1,33) <.001 .640 74.21(1,43) <.001 .633 

Lag (L) 3.58(6,198) .002 .098 7.36(3,129) <.001 .146 

C x T 0.25(2,33) .779 .015 1.00(3,43) .400 .065 

C x L 1.19(12,33) .291 .067 0.96(9,43) .477 .063 

T x L 14.17(6,198) <.001 .300 13.47(3,129) <.001 .238 

C x T x L 1.60(12,198) .094 .088 1.58(9,129) .127 .099 

Two alternative methods of examining the AB effect are to consider T2 

performance with reference to an estimate of baseline accuracy and examine the magnitude 

of the effect.  Using one-sample t-tests to examine whether the difference between average 

T1 accuracy at Lags 125 and 150 (or 125 in Condition 3) baseline and T2 accuracy at each 

Inter-target Lag is different from zero gives an estimate of the recovery point of the AB.  
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The AB magnitude, that is, the extent of T2 interference, can be estimated as the average of 

these differences.  The relevant inferential and descriptive statistics for each condition are 

presented in Error! Not a valid bookmark self-reference. 

Table 9.2.5 Inferential statistics for one-sample t-tests comparing the difference between 

baseline performance T1 accuracy at an inter-target lag of 150, and T2 accuracy across all 

inter-target lags.  These are displayed overall for the four foreperiod conditions (Random, 

Fixed 2 half-lives, Mixed 1 and 2 half-lives, Fixed 1 half-life  as well as the breakdown of 

the two foreperiods in the Mixed Foreperiod condition.   The mean AB magnitude for each 

condition is also displayed. 

 One-sample t-test values Magnitude 

Condition df Lag 0 Lag 25 Lag 50 Lag 75 Lag 100 Lag 125 Lag 150 M(SD) 

1. Random 15 7.47* 4.68* 5.51* 2.33 4.44* 3.30* -0.55 0.13(0.09) 

2. Fixed 2 9 3.51* 3.09 2.28 1.40 1.21 1.62 3.31 0.12(0.11) 

3. Mixed  10 - 5.58** 6.57** 5.59** - 2.30 - 0.16(0.07) 

Short 10 - 4.10** 5.11** 3.75** - 0.35 - 0.16(0.11) 

Long 10 - 5.80** 5.93** 5.36** - 2.30 - 0.15(0.06) 

4. Fixed 1 9 2.66 3.20 1.63 2.18 2.55 0.60 0.26 0.11(0.14) 

* corrected p<.007, ** corrected p<.013 (Rom, 1990) 

- not applicable 

Note: one-sample t-tests may not appear to reflect the patterns in Figure 9.2:1 as the error bars in the figure are 

estimated across all inter-target lags whereas the variation of the t-test is based upon the specific variance at each 

individual lag. 
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Comparing T2 accuracy with an estimate of baseline accuracy indicated that there 

were differences between the conditions.  These comparisons were the driving force 

between the condition manipulations. 

Condition 1: Random foreperiod of 250-750ms 

When observers were exposed to a random foreperiod ranging between 250 and 

750ms, there was statistically lower T2 accuracy at all Inter-target Lags except for 75 and 

150.  This reflects a reasonable AB effect, convincing recovery occurring by lag 150.  

Condition 2: Fixed single foreperiod of 2 half-lives of decay function. 

In order to control for any influence of foreperiod within the AB, the foreperiod was 

set to 2-half-lives of each individual’s decay function.  Comparison of T2 accuracy to 

baseline indicated lower performance only at Lag 0 indicating very limited inter-target 

interference effect.  Controlling for foreperiod in a fixed fashion provided a controlled 

period of time for task preparation as well as making the presentation time of T1 

completely predictable.  Therefore, both of these factors needed to be considered to provide 

a clear understand of this finding. 

Condition 3: Mixed foreperiod of 1- and 2-half-lives of decay function 

In order to reduce the predictability of T1 presentation, two foreperiods were 

included in Condition 3 with equal probability of occurring on each trial.  One- and 2-half-

life foreperiods were used and only 4 inter-target lags utilised in order to keep the number 

of trials for each foreperiod/lag combination comparable to Condition 2.  Comparisons of 

T2 accuracy to baseline indicated that this prompted significantly lower T2 accuracy at lags 

less than 125.  Therefore, it appeared that reinstating the unpredictability of T1 resulted in a 

significant AB effect. 

T1 and T2 accuracy with respect to the breakdown of foreperiod within the mixed 

foreperiod condition is displayed in Figure 9.2:2.  A 2 (Foreperiod) by 2 (Target) by 4 
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(Inter-target Lag) ANOVA indicated that there was a non-significant effect of Foreperiod, 

F(1,10)=0.93, p=.357, partial-η
2
=.085; a significant effect of Target, F(1,10)=80.47, 

p<.001, partial-η
2
=.889; and a significant effect of Inter-target Lag, F(3,30)=6.75, p=.001, 

partial-η
2
=.403.  These results suggest that foreperiod did not make a significant difference 

in target accuracy, whereas the target and lag effects are similar to other results: T1 was 

reported with higher accuracy than T2 and overall accuracy was lower at shorter inter-

target lags. 

There were significant interactions between Foreperiod and Inter-target Lag, 

F(3,30)=3.46, p=.029, partial-η
2
=.257; as well as Target and Inter-target Lag, F(3,30)=5.68, 

p=.003, partial-η
2
=.362.  None of the other interactions were statistically significant: 

Foreperiod by Target, F(1,10)=1.09, p=.322, partial-η
2
=.098; Foreperiod by Target by 

Inter-target Lag, F(3,30)=2.89, p=.052, partial-η
2
=.224.  The Foreperiod by Inter-target Lag 

interaction is potentially spurious in nature, relating to lower overall accuracy at Lag 50 at 

the longer foreperiod.  The Target by Inter-target Lag interaction is consistent with other 

results relating to limited variation in T1 accuracy across lags, whereas T2 accuracy was 

lower at short lags and higher at long lags. 

Overall, there appeared to be very limited differences between the different levels of 

the mixed foreperiod condition, and the patterns of results were similar to those in 

Condition 1 characterised by a random foreperiod.  Furthermore, one-sample t-tests 

examining the difference between T2 accuracy across lags and an estimate of baseline 

performance suggested a similar length of AB effect, and no difference in the AB 

magnitude, t(10)=0.20, p=.884. 
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Condition 4: Fixed single foreperiod of 1 half-life of decay function. 

The final test examined whether giving a shorter foreperiod relative to Condition 2 

would also reinstate a significant effect.  Through comparisons of T2 accuracy to baseline it 

was evident that the shorter foreperiod did not reinstate the effect: T2 accuracy was not 

significantly lower than baseline at any of the lags.  Thus, it appeared that predictability of 

T1 presentation was the key factor in establishing significant AB effects: when T1 

presentation time was unpredictable, an AB effect was significant. 

Comparisons of T2 accuracy to baseline provide an indication as to the length of the 

AB effect whereas AB magnitude gives a reflection of how much T2 accuracy is reduced 

by T1 processing.  Calculated as the average difference between baseline and T2 accuracy, 

the greatest magnitude was evident in Condition 3 and limited differences were apparent 

between the other conditions (see Two alternative methods of examining the AB effect are 

to consider T2 performance with reference to an estimate of baseline accuracy and examine 

the magnitude of the effect.  Using one-sample t-tests to examine whether the difference 

between average T1 accuracy at Lags 125 and 150 (or 125 in Condition 3) baseline and T2 

accuracy at each Inter-target Lag is different from zero gives an estimate of the recovery 

point of the AB.  The AB magnitude, that is, the extent of T2 interference, can be estimated 

as the average of these differences.  The relevant inferential and descriptive statistics for 

each condition are presented in Error! Not a valid bookmark self-reference. 

Table 9.2.5.  A one-way ANOVA indicated that there was no significant difference 

between the conditions, F(3,46)=0.38, p=.768, η
2
=.026. 
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The AB effect in Target Reversals 

Akyurek and Hommel (2005) suggest that the occurrence of target reversals is more 

sensitive than target accuracy to the presence of the AB effect.  Target reversals are defined 

as the occurrence of T2 identity being reported as T1 and T1 identity being reported as T2.  

Essentially, the identity of both targets is established correctly; however, the sequence 

information of presentation order is lost.  The difference in rate of observed and expected 

target reversals as a proportion of T1 errors is reported as a function of Inter-target Lag for 

the four conditions in Figure 9.2:3.  Expected accuracy is based upon the probability of 

making a target reversal when T1 was reported incorrectly: 1 in 4.  Overall, there is 

evidence of a higher proportion of target reversals at shorter lags compared with longer 

lags.  There appears to be very little difference between conditions. 

A 4 (Condition) by 4 (Lag) ANOVA indicated a non-significant effect of Condition, 

F(3,43)=0.20, p=.896, partial-η
2
=.014; a significant effect of Lag, F(3,129)=3.77, p=.012, 

partial-η
2
=.081; and a non-significant Condition by Lag interaction, F(9,129)=0.99, p=.449, 

partial-η
2
=.065.  Pairwise comparisons indicated that there was a greater rate of reversals at 

an inter-target lag 75, compared with 125: mean difference =0.10, p=.031.  Therefore the 

incidence of target reversals follows a similar time course to the AB effect, appearing to be 

related inter-target lag.  A similar condition pattern was suggested by a 3 (Condition) by 7 

(Lag) ANOVA indicating a non-significant effect of Condition, F(2,33)=0.20, p=.819, 

partial-η
2
=.012.  However, the effect of Lag was non-significant, F(6,198)=1.86, p=.089, 

partial-η
2
=.053; as was the Condition by Lag interaction, F(12,198)=1.16, p=.314, partial-

η
2
=.066.  With respect to target accuracy, the AB effect did recover within the measured 

time intervals.  However, with respect to target reversals this does not appear to be the case 

suggesting that target reversals may not be sensitive to the AB. 
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Inter-target  Lag: Percentage of Inter-target  Interval estimated in Step 2

Inter-target  Lag: Percentage of Inter-target  Interval estimated in Step 2

A: Random Foreperiod (250-750ms) B: Fixed 2 half-lives Foreperiod (M=719, SD=430ms)

C: Mixed Foreperiod (300 & 405ms) D: Fixed 1 half-lives Foreperiod (M=360, SD=122ms)

 

Figure 9.2:3 Difference between rates of observed and expected target reversals as a 

portion of T1 errors by inter-target lag, reflecting percentages of the inter-target interval 

estimate required for 60% correct T2 identification in Step 3.  Four conditions are 

presented: 1. Random foreperiod in Panel A, 2. Fixed foreperiod 2-half-lives in Panel B, 3. 

Mixed foreperiod 1 and 2-half-lives in Panel C, and 4. Fixed foreperiod 1-half-life in Panel 

D.  Error bars represent the within subject 95% confidence intervals (Loftus & Masson, 

1994). 

For completeness, target reversals for the two foreperiod levels within Condition 3 

are displayed in Panel C of Figure 9.2:2.  Analyses determined that there was a non-

significant effect of Foreperiod, F(1,20)=0.001., p=.981, partial-η
2
<.001; and a significant 

effect of Lag, F(3,30)=3.00, p=.046, partial-η
2
=.231.  The Foreperiod by Lag interaction 

was also significant, F(3,30)=5.60, p=.004, partial-η
2
=.359.  Inspection of the within 
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subject error bars did not give a clear indication of the interaction.  Pairwise comparisons 

indicated that reversal rates were significantly lower at lag 125 compared with 75 at the 

short foreperiod, mean difference = .19, p=.007; and reversal rates were lower at lag 50 

compared with 75 at the longer foreperiod, mean difference = .16, p=.002.  Reversal rates 

were significantly lower at Lag 125 for the short foreperiod compared with long foreperiod, 

t(10)=2.96, p=.014, Cohen’s d=.66.  Examination of a greater number of Inter-target Lags 

is necessary to shed some light on the exact nature of target reversals between the two 

levels of foreperiod.  The most critical result is that there was a non-significant difference 

between target reversals at the two levels of foreperiod in the mixed condition. 

The overall average number of reversals observed per condition was higher than 

would be expected if observers were simply guessing.  This suggests that reversals may be 

indicative of inter-target interference; however, as the time course of reversals rates did not 

mimic that of accuracy rates, which brings into question the relationship between target 

reversals and the AB per se.  Reversal rates were associated with differences in task-

preparation in Chapter 7: lower reversals rates suggested to occur in under prepared 

observers and higher rates suggested to occur in prepared observers.  An AB-like 

interference was apparent in both these situations.  Therefore, the incidence of reversals can 

be associated with more optimal preparation.  Although it was considered that controlling 

for foreperiod would facilitate preparation, potentially the preparation required in the 

current methodology was at a level for which the development of task-set is incomplete.  

Investigations with longer foreperiods would help to clarify this point. 

A further pattern worth drawing attention to is the discrepancy between T1 and T2 

accuracy.  A shared capacity model of target processing resources is considered to offer the 

best explanation of the relationship between T1 and T2 performance in dual-target tasks 

(Tombu & Jolicoeur, 2005).  Tombu and Jolicoeur demonstrated that if the shared 
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component of the task was delayed in T2, T1 responding was faster.  With respect to task 

preparation, it might be expected that optimal preparation would be associated with less 

discrepancy between T1 and T2 performance given successful dual-target task preparation.  

The specific preparatory function may be a more balanced allocation of resources between 

targets.  Alternative, it may provide coordination of central processing so as to avoid the 

necessity for parallel application to targets.  Nevertheless, the average difference between 

T1 and T2 accuracy at each inter-target lag for the four conditions provided some support 

to this notion:  Condition 1 M=0.14, SD=0.09, Condition 2 M=0.12, SD=0.10, Condition 3 

M=0.18, SD=0.07, and Condition 4 M=0.12, SD=0.11.  However, between conditions the 

effect was not statistically different, F(3, 43)=0.88, p=.458, η
2
=.058.  More powerful 

manipulations in predictability may shed some light on a relationship between preparation 

and resource sharing.  Overall, controlling for foreperiod did result in less discrepancy 

between T1 and T2 performance as well as dramatically reduced AB effect when T2 

accuracy was compared to baseline. 

General Discussion 

The evidence in this chapter indicates that given a predictable and individually fitted 

foreperiod to T1 presentation, the AB effect is heavily attenuated and in one condition, not 

statistically significant.  The major factor contributing to this effect is the predictability of 

T1 presentation.  Foreperiod was estimated by fitting decay functions to target exposure 

duration estimates collected at varying foreperiods.  Controlling for foreperiod utilising a 

single value based upon the 1- or 2-half-lives of the decay function significantly attenuated 

the AB effect.  In contrast, when 1- and 2-half-life foreperiods were mixed, a significant 

AB was apparent. 

It is apparent that observers are capable of processing two targets presented in close 

temporal proximity.  Although the evidence in Chapters 4, 5, and 7 suggested that adequate 
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foreperiod facilitated target report, in Chapter 9 the temporal predictability of T1 was most 

critical.  This is a preliminary result and further investigation should be conducted to 

determine whether adequate foreperiod can compensate for target predictability.  Using the 

employed methodology, this pattern is not predicted by traditional models of the AB, and 

therefore some modification is required.  Three classes of AB models are worth considering 

in this context: resource limitation, resource overinvestment, and attentional control. 

1) Resource limitation models propose that a limited capacity of resources is 

available for target consolidation.  If these resources are occupied processing T1 while T2 

is waiting to be consolidated, i.e., within approximately 500ms, the necessary T2 details 

will be lost and it will be incorrectly reported (Chun & Potter, 1995).  This form of model 

suggests that successful target report occurs in two stages: the first stage including a 

resource-independent examination of all RSVP items and the second stage involving a 

resource-dependent consolidation of items matching the attributes of the target stimuli.  

Resource limitation models would predict an attenuated AB under circumstances where 

fewer resources were necessary for target consolidation such as for an easier task.  As target 

difficulty was set to 75% accuracy in the current procedure, it appears that this model can 

not account for the lack of an AB effect apparent when foreperiod was held constant. 

A related model applicable to the AB is a resource sharing model (e.g., Tombu & 

Jolicoeur, 2005).  Resource sharing is constrained by similar capacity limitations as the 

aforementioned 2-stage model; however, in contrast to the resources being available for T1 

and then T2, resources are deployed to both targets.  With a common instructional emphasis 

towards correct T1 processing, T2 performance is usually more affected by close temporal 

proximity between the targets.  However, Tombu and Jolicoeur have demonstrated that this 

is not always the case with a prolongation of the T2 precentral processing stage leading to 

more rapid responses to T1.  In this scenario the sharing nature is demonstrated by an 
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increase in T1 speed when the normally shared resource need is delayed for T2.  Whilst the 

idea of resource sharing is useful in accounting for the current findings, the limitation 

appears to be one of task preparation and not target consolidation.  Potentially task 

predictability allows for better coordination of resource deployment which is ordinarily 

messy with unpredictable targets locations. 

2) Overinvestment models rest upon a similar set of assumptions as the resource 

limitation models; however, T2 consolidation is considered to fail via an overinvestment of 

resources to the RSVP through which irrelevant items receive over-attention, resulting in 

interference (Olivers & Nieuwenhuis, 2006).  The evidence for this model follows an 

attenuation of the AB when participants are required to perform an unrelated task.  Under 

these circumstances, it is reasoned that less resources are available to attend to the RSVP; 

therefore, only items matching the targets receive adequate attention to be processed, 

resulting in less interference. 

The currently adopted minimalist procedure includes only targets and their 

respective masks.  Whilst it is difficult to posit that the masks are over-attended to as the 

overinvestment model might suggest, it is not out of the question to suggest that an 

overinvestment of resources results in a greater masking effect, making target consolidation 

more difficult.  In fact, it is possible that this greater masking effect due to over-attention 

may be an alternate explanation to the attenuated AB in the presence of other tasks.  

Without the availability of resources, the regular masking imposed by over-attention to the 

distracter items of the RSVP does not occur; therefore, the difficulty of the task is reduced.  

The presence of more distracters in shorter time intervals provides support for this line of 

reasoning in Chapter 6, with greater distracters leading to lower T2 accuracy.  Whether or 

not this is the case, it is not obvious that an overinvestment model can account for the lack 

of an AB effect given adequate preparation time.  This model would suggest that in the 
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absence of distracters, the AB would be significantly attenuated which is not always the 

case. 

3) The attentional control model proposes irrelevant items to be the source of 

performance disruption.  It posits that successful RSVP target processing requires the 

maintenance of a visual filter, set up for the specific target-attributes, which allows items 

with target features to be consolidated.  Consolidation roughly equates to access into the 

second stage of processing as suggested by Chun and Potter (1995).  Thus, T1 is usually 

processed successfully.  However, following T1, distracter items disrupt the filter and until 

it is reconfigured, T2 will not be consolidated (Di Lollo et al., 2005a).  Di Lollo et al.’s 

evidence derives from accurate report of multiple targets when there are no distracter items 

between them.  Thus, the AB limitation for this model reflects attentional control for target 

processing.  This appears to offer some insight into the lack of an AB effect associated with 

favourable task-preparation conditions. 

Based upon the notion of a visual filter, similar to attentional gating mechanisms 

reported in earlier dual-target investigations (Broadbent & Broadbent, 1987; Reeves & 

Sperling, 1986; Weichselgartner & Sperling, 1987), the function of the foreperiod may be 

to organise this filter.  The more time available for task-preparation, the more robust is the 

filter.  More complex tasks would require more preparation time to organise a robust filter.  

In this sense, the AB effect may not relate to inter-target interference but rather inadequate 

task-preparation.  If dual-target task preparation was incomplete at the appearance of T1, 

then further preparation would be required following this time, consistent with explanation 

of task switching (Monsell, 2003).  Therefore, if the endogenous control of a visual filter 

can be considered synonymous with the development of task-set, task-set can account for a 

higher incidence of target reversals with more optimal preparation in Chapter 7.  However, 

as target reversal rates were not clearly associated with the presence of an AB effect, a 



Chapter 9 198 

further concept incorporating target temporal predictability is required to account for the 

AB observed in Experiment 9.2. 

The conceptual nature of task-set, whilst useful in accounting for target reversals, 

does not fully encompass perceptual information which was influential in Experiment 9.2.  

When foreperiod, potentially the development of task-set, was controlled on an individual 

basis, the temporal predictability of T1 was a determining factor as to whether a significant 

AB effect was apparent.  Therefore, a concept encompassing at least the temporal 

predictability of targets is required.  There are a number of other pieces of perceptual 

information that are also critical in the AB.  These include modality, intensity, and spatial 

location. 

The existence of cross-modal AB effects between auditory and visual modalities is a 

debated topic (Arnell, 2001, 2006; Arnell & Duncan, 2002; Arnell & Jolicoeur, 1999; 

Arnell & Larson, 2002; Soto-Faraco & Spence, 2002).  Overall, it appears that there are 

some modality specific mechanisms as well as some shared resources; therefore, with 

respect to the AB, an influence of stimulus modality is apparent.  Stimulus intensity also 

plays a critical role in the AB, e.g., decreased contrast being associated with larger AB 

effects (Christmann & Leuthold, 2004) and when spatial uncertainty is added to the AB 

paradigm, the effect is larger (Visser et al., 1999b; Visser et al., 2004).  Finally, temporal 

predictability of T1 was demonstrated to reduce the AB effect in the current investigation 

as well as previous investigations (Martens, Elmallah, London, & Johnson, 2006; Martens 

& Johnson, 2005).  The impact of variation in temporal location of a target stimulus is well 

documented in reaction time literature (for a review see Niemi & Naatanen, 1981).  The 

most relevant point appears to be that within a single block of mixed temporal target 

positions, reaction times will be slowest at the shortest temporal position and fastest to the 

longer temporal positions.  This mimics the accuracy effect noted within the current 
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experiments with respect to the foreperiod estimation as well as T2 accuracy across lags.  

Therefore, perceptual expectations play a key role in the AB and a concept such as 

perceptual-set may provide an account of the current results. 

Perceptual-set can be defined as knowledge or expectations regarding the physical 

characteristics of the to-be-processed information.  This includes information pertaining to 

modality and intensity, as well as temporal and spatial location.  Specifically, uncertainty 

related to temporal location exerted a significant cost in the dual-target task in Experiment 

9.2.  The evidence reviewed above suggests that uncertainty related to modality, intensity, 

and spatial location may have a similar influence.  Perceptual-set is likely to develop with 

task experience.  With continued exposure to the task, a representation of the physical 

characteristics each target and the relationship between the targets will be established.  

Regarding temporal predictability, if a target occurs at a range of locations, accuracy would 

be expected to be highest at the later periods of this range as evidenced in foreperiod 

investigations (e.g., Experiment 9.1; Niemi & Naatanen, 1981).  This may be a form of 

response bias, similar to that suggested recently with respect to inhibition of return (Taylor, 

2007).  Inhibition of return refers to a slower reaction time to a second target when it occurs 

in the same spatial location as a first target.  Taylor suggested that this reflects a 

conservative response bias.  Although the ITI is commonly balanced within AB 

investigations, if foreperiod is not controlled, adequate preparation is only likely to be 

afforded for those targets presented at longer ITIs.  Therefore, there is a potential confound 

which may contribute towards the pattern of the effects commonly reported. 

Derived from the concept of perceptual-set is the hypothesis that if T1 and T2 

presentation times were perfectly predictable, then there would be no overall cost in 

performance.  Therefore, not only does the temporal predictability of T1 impact upon T2 

accuracy, so does the temporal predictability of T2 presentation.  A direct test for a 
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temporal predictability hypothesis would be to estimate accuracy at each inter-target lag in 

a block by block procedure where lags were not randomly assigned to each trial but were 

perfectly predictable within each block.  Using this methodology, precisely the same 

perceptual-set could be adopted for each trial within a block.  Under these conditions it 

would be predicted that there would be no cost to either T1 or T2 performance except 

within the initial trials of the block during which the observer is establishing perceptual-set. 

Therefore, explanation of the finding of limited AB interference at an individually 

selected and predictable T1 foreperiod, as well as the reinstatement of AB interference 

when the predictability is removed, appears to require the concept of perceptual-set.  

Essentially, perceptual-set must be available to predict the physical attributes of the targets, 

most importantly, temporal location.  Task-preparation associated with task foreperiod does 

not appear to act directly upon perceptual-set; however, longer foreperiods may facilitate a 

more rapid development of perceptual-set which could be examined by careful comparison 

of early learning rates. 

Task Preparation in the Attentional Blink 

A task-preparation account of the AB posits that reduced conscious awareness of 

the second of two targets arises through inadequate preparation for the task.  This is 

hypothesised to include expectations regarding the physical attributes of the target stimuli 

(perceptual-set).  This is based upon the observed patterns in the significance of the AB 

effect with respect to a suggested predictability of perceptual-set.  A significant AB was 

observed when perceptual-set was unpredictable.  If the appropriate perceptual-set can not 

be established, under difficult preparatory conditions, e.g., unpredictable stimulus 

attributes, it appears that a trade-off between the two targets must be made.  Less of a trade-

off occurs when the stimulus attributes are more predictable.  In the case of the AB, task 

instructions commonly bias the trade-off to favour T1 at the cost of T2. 
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Overall, rather than the commonly accepted position that the AB reflects a 

limitation due to target consolidation; a task-preparation account suggests that stimulus 

predictability underpins the AB.  The AB is a phenomenon that has been explained in 

multiple ways.  Resource limitation models suggest a bottleneck at target consolidation, 

overinvestment models suggest distracter interference, and the attentional control model 

suggests a loss of endogenous control.  If the overinvestment model can be conceptualised 

as being underpinned by task difficulty driven by distracter interference, a task-preparation 

model appears to account for the AB patterns, as less preparation is required for a less 

demanding task. 

One of the strongest limitations to this discussion lies in the comparison of models 

derived from full RSVP experiments in comparison to minimalist procedures as that 

adopted in Chapters 7, 8, and 9.  Whilst similar assumptions appear to hold between the 

two methodologies (Ward et al., 1997), specific comparison of the two methods along with 

the task-preparation procedures would be useful.  It is worth noting that the specific 

controls implemented for target and ITIs are more difficult to attain in full RSVP as evident 

in Chapter 6, making such comparisons challenging. 

Summary and Conclusion 

The evidence reported within this investigation suggests that the AB effect can be 

attenuated to the point of non-significance when an individually selected and predictable 

foreperiod is provided prior to target presentation.  A task-preparation model, concerned 

with the defining of perceptual-set appears to offer a sufficient account of these findings as 

well as existing results in the literature. 
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CHAPTER 10 APPLYING THE ATTENTIONAL BLINK: OVERVIEW 

The primary aim of this thesis was to establish specific characteristics of a particular 

paradigm, known as the Attentional Blink (AB), for which individual and group differences 

may exist.  This aim was borne out of the observation that numerous applications of the 

procedure had been made to specific populations such as people with dyslexia (Hari et al., 

1999; Lacroix et al., 2005; Visser et al., 2004), attention deficit hyperactivity disorder 

(Armstrong & Munoz, 2003; Hollingsworth et al., 2001; Li et al., 2005; Li et al., 2004; 

Mason et al., 2005), specific language impairment (Lum, Conti-Ramsden, & Lindell), and 

schizophrenia (Li et al., 2002; Wynn et al., 2006; Zorrilla et al., 2003).  Potentially 

problematic in many of these applications was a relative disregard for the intricacies 

inherent in applying such a procedure and attempting to interpret the results with respect to 

existing AB models without first establishing whether basic differences between the groups 

might bias the results towards an AB difference conclusion.  Such basic differences were 

readily apparent in Chapter 2, in which a commonly adopted AB procedure was applied to 

dyslexia. 

Application to Dyslexia 

In an attempt to replicate and extend upon the work of Hari et al. (1999), a white 

letter identification and black letter X detection dual-target, rapid serial visual presentation 

(RSVP) procedure was applied.  Also included were a single-target detection task to 

estimate and control for simple RSVP performance, and a rapid letter naming task to 

examine whether group differences in letter naming might account for AB differences 

(Denckla & Rudel, 1976; Waber et al., 2000).  Allowance was made for examining practice 

effects within a single experimental session, and signal detection calculations were used to 

control for potential bias differences between groups (Macmillan & Creelman, 1991; 



Chapter 10 204 

Stanislaw & Todorov, 1999).   

Initial inspection of the results indicated that dyslexic readers had lower reporting 

accuracy compared to control readers and the rapid naming of letters was significantly 

associated with the AB effect.  This relationship did bias people with dyslexia to perform 

more poorly on the AB with slower naming times associated with larger AB interference.  

However, when single-target baseline performance was factored into dual-target sensitivity, 

the overall difference between the groups was not significant.  When controlling for single-

target performance, the only factor that differentiated between the groups was that people 

with dyslexia appeared to be slower to learn the task: differences only apparent in the first 

but not the second half of the experimental session.  Overall, this evidence indicated that 

there were a number of factors to be considered before direct conclusions regarding an AB 

deficit in dyslexic could be drawn.  The most important factors included target equality and 

practice.  Practice was addressed first. 

Practice in the Attentional Blink 

The next step of enquiry led to examination of the practice effects in the AB.  Maki 

and Padmanabhan (1994) had suggested that improvements in AB performance were due to 

an acquired distinctiveness of the targets; however, this research considered practice over a 

series of up to 30 session of 256-trials.  Chapters 3, 4, and 5 examined practice in a single 

AB session of 240 to 360 trials. 

It was quickly evident, supporting the practice effect apparent in Chapter 2, that 

target reporting accuracy was significantly higher in the second half of a short AB 

experiment, and the improvements in T1 identification were associated with improvements 

in T2 detection, suggesting dual-target performance to be improving rather than RSVP 

performance per se.  To examine whether improvements were only dual-target in nature, 

the transfer of single-target task experience to subsequent dual-target performance was 
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examined.  These experiments indicated that prior RSVP experience had a significant 

impact upon performance.  Completion of more complex tasks led to higher subsequent 

target reporting accuracy.  Great complexity of task was associated with an attenuated 

pattern of learning within that task and an attenuated pattern of learning in subsequent 

tasks.  Most important was the finding that completion of single-target tasks led to an 

independence in target processing in a dual-target task.  That is, following single-target 

completion, the correlation between T1 and T2 performance was non-significant, a 

correlation that was apparent when the dual-target task was completed in isolation and that 

would be expected if the processing of one target was interfering with the other. 

In exploring this target independence, it was apparent that where a regular AB effect 

reflects inter-target interference at short inter-target intervals (ITI), dual-target performance 

following a single-target task was unrelated to ITI.  Under these circumstances, the 

foreperiod, or time between RSVP onset and target presentation, was the most influential 

factor.  Examination of this foreperiod proved to account for the biases apparent in dual-

target performance following single-target exposure, in that the AB effect was merely an 

artefact of this foreperiod, with increased reporting accuracy at greater foreperiods.  

Inherent in the employed RSVP was that brief foreperiods and short ITIs co-occurred, as 

did long foreperiods and long ITIs.  However, when foreperiod was taken into account, ITI 

did not significantly affect target recall.  Nevertheless, the transfer effects between different 

types of single-target tasks suggested that more complex tasks led to higher subsequent 

performance and attenuated practice effects. 

This idea was tested in Chapter 5 using a more complex dual-target task: white 

letter identification and the detection of a changing black letter.  Attenuated practice effects 

within the more demanding procedure were apparent, with more sensitive performance 

overall and a stronger ITI effect in comparison with a simpler task: white letter 
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identification and detection of a single black letter.  The results were summarised in a three 

step model to account for RSVP performance: 1) Existing strategies, 2) Strategy 

development, and 3) Preparation time.  It was suggested that in application of the AB, each 

of these factors needs to be considered before an AB difference can be concluded. 

Task Equality 

Evident in Chapter 2, with respect to the relationship between rapid letter naming 

and the magnitude of the AB effect, as well as in the summary in Chapter 5 relating to 

existing strategies, the next component to examine was that of task equality.  Initially, this 

involved an attempt to equalise the target processing difficultly between participants 

(Chapter 6). 

Using adaptive psychophysical procedures, the exposure duration of each item in a 

single-target RSVP task was altered in order to achieve 70% accuracy.  Essentially, if a 

response was correct, the exposure duration was reduced and if a response was incorrect, 

the exposure duration was increased.  This was continued using an algorithm associated 

with parameter estimation by sequential testing (PEST; see Treutwein, 1995).  This could 

then be implemented in a dual-target procedure and the baseline performance level would 

be known.  Or so it was thought.   

In implementing this technique, it was discovered that distracter items had a major 

impact upon target report.  Initially, modifying the exposure duration of every item meant 

that in RSVP sequences where target position was defined by the number of inter-target 

items, individuals requiring brief exposure durations were presented with brief sequences 

whereas individuals requiring long exposure durations were presented with long sequences.  

To counter this, rather than defining target position by item, it was fixed to specific time 

intervals.  However, this also proved to be problematic with individuals requiring brief 

exposure durations being presented with more inter-target distracter items within a given 
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time interval, compared with individuals requiring long exposure durations who were 

presented with fewer distracter items.  It was possible that the differences in distracter items 

interfered with the masking of the targets, such that individuals requiring brief exposure 

durations were exposed to more severe masking effects.  The third step managed to rectify 

this problem by removing all but three distracters between targets.  This step led to the 

adoption of a minimalist AB procedure in subsequent chapters. 

Minimalist AB design 

It has been noted that the type of distracter implemented in an RSVP procedure 

makes a difference to target report  (Di Lollo et al., 2005a; Dux & Coltheart, 2005; Ward et 

al., 1996, 1997).  Therefore, with the aim of developing equality in the AB procedure, it 

was most efficient to drop the distracter items and adopt a minimalist procedure 

demonstrated by Ward et al.  A sequence of this procedure simply includes a fixation cross 

along with the two targets and their respective masks.  Rather than using letters to mask the 

targets as these may impact upon target report, letter fragment masks were constructed by 

placing small pieces of letters on top of each other, making half of them white and half of 

them black so as the end result would not be a purely black or white patch with the 

potential for target integration.  Letter fragment masks provided a clean disruption to the 

target presentation, uncontaminated by meaning as might be associated with complete 

letters.  Thus, removing the distracters also removes individual and group differences 

associated with rejecting or ignoring distracter items. 

Utilising the minimalist procedure, target exposure duration, ITI, and the AB pattern 

could be estimated using precisely the same display and response instructions.  Two targets 

were always presented.  Chapter 7 utilised numbers and Chapters 8 and 9 utilised letters, 

and exposure duration was estimated by determining the duration required for 80% 

(Chapter 7) or 75% (Chapters 8 and 9) T1 accuracy using a PEST procedure.  In this 
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condition, T2 was presented at a fixed ITI (one second) with enough temporal distance so 

as not to interfere with T1 processing.  ITI was then estimated using the set exposure 

duration, defined as the ITI required for 70 or 60% T2 accuracy.  Utilising the exposure 

duration and ITI estimates, equivalent points surrounding this ITI could be set so as to 

examine individually sensitive temporal periods, unbiased by distracter items, individual 

differences in target processing, or ITI differences. 

Adaptive and non-adaptive psychophysical procedures 

In order to test the robustness of this procedure, the three measurements described 

(duration, ITI, and AB pattern) were conducted in a group of children.  This was 

implemented with moderate success, the adaptive PEST procedure not always returning a 

stable estimate.  An alternative procedure of threshold estimate is the method of constant 

stimuli (MOCS).  This involves performance estimates at preselected levels of stimulus 

intensity with the assumption of a psychometric relationship between accuracy at each of 

these points.  A specific stimulus intensity for a selected level of accuracy can then be 

extracted from the collected data (Wichmann & Hill, 2001a, 2001b).  MOCS is more robust 

to lapses in attention which may occur on as many as 20% of trials for children according 

to the research reported in Chapter 6.  Therefore, PEST and MOCS procedures were 

compared in Chapter 8 using the three-step AB measurements (duration, ITI, and AB 

patterns).  Overall, there were no significant differences between the two procedures.  Thus, 

a combination of both methodologies is probably the best approach.  Investigations 

examining people with dyslexia for example, who  are considered susceptible to lapses of 

attention which are problematic for adaptive procedures (Roach et al., 2004), would do well 

to opt for MOCS approaches, potentially using adaptive procedures to validate 

measurements. 
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More Practice in the Attentional Blink 

Using the experimental data acquired for testing the equivalence of the different 

threshold estimation procedures, it was also possible to test an observation made in 

Chapters 4 and 5: more complex tasks were associated with attenuated practice effects.  

The dual-target task utilised in Chapter 8 was the identification of two letter targets chosen 

from the letters A, B, and C.  T1 and T2 were never the same identity on a single trial.  On 

the surface this may appear to be a simple task; however, setting the exposure duration 

required for 75% correct identification increases the cognitive demands required for correct 

responding, making this a cognitively taxing, and therefore cognitively complex task.  

When the performance in the first and second 140 trials was compared, the AB pattern was 

not significantly different, suggesting that practice effects had been attenuated to the point 

of non-significance under these conditions.  Furthermore, comparing performance across 

700 trials, 10 short sessions, a practice effect was not apparent. 

A potentially more sensitive estimate of the practice effects may be the exposure 

duration estimates made when estimating an optimal foreperiod.  The final set of 

experiments reported in Chapter 9 was based upon the evidence from Chapters 3, 4, 5, and 

7 that the more time prior to target presentation, the greater resultant target accuracy was.  

It appeared likely that individual differences would also exist in this foreperiod.  In order to 

determine individual estimates of foreperiod, exposure duration estimates for 75% T1 

accuracy were made at foreperiods ranging from 100 to 900msec.  There was clear 

evidence of a decrease in the required exposure duration with longer foreperiods.  

Furthermore, to examine the reliability of this pattern, the procedure was completed twice 

with a large series of experimental trials between the two estimates.  When examining the 

two foreperiod sessions, not only were the patterns consistent, suggesting the preparation 

notion to be reliable, exposure durations were lower in the second session suggesting that 
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briefer preparation intervals were required for similar accuracy following practice with the 

task.  Therefore, whilst the AB pattern did not vary significantly with practice, the ability to 

prepare for the task did; and it is perhaps this difference in speed of preparation that is more 

sensitive to practice effects under these conditions.  Finally, the AB was examined when 

this foreperiod was controlled. 

Foreperiod in the Attentional Blink 

The influential impact of the foreperiod upon AB patterns was evident in Chapters 

3, 4, 5, and 7.  With respect to the AB, there was reason to hypothesise that allocating an 

adequate foreperiod may result in an attenuated AB pattern.  This was examined in Chapter 

9.  The methodology used to estimate foreperiod included estimations of exposure duration 

across a series of foreperiods.  To achieve a constant level of report accuracy, this 

procedure indicated that at short foreperiods long exposure durations were required 

whereas at long foreperiods, brief exposure durations were required.  The pattern of results 

was fitted by an exponential decay function; therefore, it was possible to fit this to 

individual data series and extract half-life estimates to provide equivalent foreperiods 

between individuals.  This period of time could then be controlled when estimating 

exposure duration, ITI, and the AB pattern. 

In doing so using a two-half-life foreperiod, the AB pattern was attenuated to a 

point of minimal significance.  Thus, it appeared that providing enough time for cognitive 

organisation for the task meant that individuals could complete a dual-target task relatively 

cost-free.  However, in utilising a single foreperiod on each trial, not only was an adequate 

time afforded but the presentation time of T1 was also made entirely predictable.  

Therefore, a subsequent experiment utilised randomly mixed foreperiods, one- and two-

half-lives, and a significant AB pattern was apparent in both conditions, indicating that 

predictability is also an important factor.  To elucidate this finding, a single preparation 
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interval of one-half-life was then utilised.  Surprisingly, this condition was also associated 

with a non-significant AB effect. Therefore it was concluded that the predictability of T1 

played a critical role in determining the AB. 

Foreperiod and Target Reversals 

As well as considering target report accuracy, the occurrence of target reversals was 

also examined.  These have been considered to be sensitive to inter-target interference, 

potentially more so than accuracy (Akyurek & Hommel, 2005).  When examined with 

respect to foreperiod breakdown in Chapter 7, it was apparent that very few target reversals 

occurred at short foreperiods and their occurrence was most prevalent at the longest 

foreperiod.  It was concluded that target reversals may be indicative of adequate task-

preparation; specifically, the development of task-set (Monsell, 1996, 2003).  Monsell 

relates task-set to opting for one task over another: most easily understood in the context of 

task-switching where different decisions or tasks must be carried out upon the same 

stimulus.  For example, given a number, one task may be to decide whether it is odd or 

even, and another task may be to decide whether it is higher or lower than 5.  The 

development of task-set is a time dependent process and even in the context of an invariant 

task such as that which occurs in the AB paradigm, preparation for the task must be 

conducted.  Given that target reversals occurred at the longer foreperiod, it was suggested 

these may be indicative of an adequately prepared task-set. 

Target reversals did not have a clear association with foreperiod or the AB effect in 

Chapter 9.  Therefore, it appeared that there were two pieces of evidence worth considering 

with respect to AB processes: one relating to target accuracy and one relating to target 

reversals.  With respect to target accuracy, it was apparent that when T1 presentation was 

unpredictable, a significant AB effect occurred.  When T1 presentation was predictable, the 

AB effect was attenuated.  Based upon this finding, the concept of perceptual-set was put 
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forward to account for the results.  Perceptual-set was defined as knowledge and 

expectation regarding the physical attributes of the to-be-processed stimulus, including 

modality, intensity, as well as spatial and temporal location.  Unpredictability of any of 

these elements was suggested to be association with a significant reduction in target 

reporting accuracy. 

With respect to target reversals, it was apparent that longer foreperiods were 

associated with increased target reversals.  Thus, in line with the concept of task-set, when 

afforded an adequate foreperiod, task-set could be established resulting in the potential for 

target reversals.  In controlling for target difficulty in Chapter 7, some individuals were 

faced with more difficult tasks, evident in lower target accuracy.  This can be considered as 

a more difficult perceptual-set as the intensity of the target stimuli is reduced.  Under these 

circumstances, the rate of target reversals was low.  Therefore, both task-set and perceptual-

set appear to be significant factors in determining the occurrence of target reversals and the 

AB.  

A preparatory model of the Attentional Blink 

In light of finding a significantly attenuated AB under conditions which afford more 

optimal task-preparation, both with respect to the stimuli to be processed (perceptual-set) 

and the task to be conducted (task-set), a preparatory model of the AB appears most 

representative of the findings.  The commonly accepted models suggesting limitations in 

target processing resources do not account for non-significant AB patterns under the 

conditions where performance is not at ceiling.  Attentional control models do suggest that 

this can be achieved but only when distracter information is not available to disrupt 

attentional control (Di Lollo et al., 2005a).  Whilst further investigation is required to test 

the preparatory model of the AB, the additional concept of perceptual-set provides a 

parsimonious account of much of the AB literature. 
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Summary 

It appears that the initial suggestion that an overall difference in the AB may not 

necessarily be a specific AB difference per se was correct.  In fact, the series of 

experiments reported suggests that there are three elements, excluding the role of distracter 

interference, which impact upon AB performance.  In the sequence that these must be 

measured in order to control for their influence, these are: foreperiod, target exposure 

duration, and practice.  These elements impact upon both the length of the AB (ITI to 

recovery) and depth of the AB (level of inter-target interference).  Difficulties or deficits in 

each one of these factors could result in the appearance of a different AB pattern; however, 

the specific implication for each varies widely and is likely to be indicative of very 

different cognitive processes. 
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CHAPTER 11 ELEMENTS OF THE ATTENTIONAL BLINK 

The experiments reported within this thesis suggest that there are five different 

elements reflected in AB performance.  Each of these elements can be related to 

independent cognitive functions.  Therefore, differences within each of these factors are 

likely to have independent implications.  This chapter provides a discussion of the 

implications surrounding the five elements: foreperiod, target equality, practice, depth of 

the AB, and length of time to AB recovery.  The opening section considers the impact of 

distracter items in the AB as their exclusion from much of the current thesis is at odds with 

much of the AB literature. 

Distracters: Physical and Meaningful Interference 

Inherent within a full rapid serial visual presentation (RSVP) is the inclusion of 

distracter items.  These are task-irrelevant stimuli which must be ignored to some degree in 

order to successfully identify the specified target items.  Target and distracter items are 

differentiated by some physical or conceptual feature.  For example, the target items may 

be presented in a white colour whereas distracters will be black, or the target items may be 

numbers whereas the distracters are letters.  The appearance of distracters is commonplace 

in AB investigations and the influence is often powerful. 

One of the earliest reported instances of distracter effects in the AB was that of 

removing the item immediately following T1 which resulted in a complete attenuation of 

the effect (Raymond et al., 1992; Seiffert & Di Lollo, 1997).  Simple keyboard stimuli 

including \ / ? < > as distracters have been demonstrated to attenuate the AB effect (Chun & 

Potter, 1995).  This can be related to the physical attributes of the stimuli.  Provided the 

distracters create some physical disruption to the target image, an AB effect will occur 

(Grandison et al., 1997).  Distracter items providing masking properties following the T1 
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stimulus are considered to lengthen the processing time of T1, resulting in a delay in T2 

processing (Grandison et al., 1997; Seiffert & Di Lollo, 1997).  Although not explicitly 

investigated within this thesis, the impact of physical masking properties of distracters in a 

full RSVP is consistent with the attempts to equate target processing difficult between 

individuals in Chapter 6.  A complementary pattern was apparent in the minimalist 

procedure applied in Chapter 7.  Overall, these data are consistent with the notion that the 

physical attributes of distracters provide a masking function.  If the target stimuli are not 

masked adequately, the overall task will be perceptually simple and an AB effect will not 

be apparent.  Therefore, the distracters provide a means of avoiding a performance ceiling 

which is necessary for observing the AB effect. 

This covers the physical nature of the distracters; however, interference between 

conceptually similar targets and distracters suggests a higher order influence.  Dux and 

Coltheart (2005) presented observers with 7-segment display stimuli, typical of digital 

clock font.  Thus, the letters ‘S’ and ‘O’ were physically identical to the numbers ‘5’ and 

‘0’.  When searching for letter targets defined by colour, the AB effect was attenuated when 

the distracters were considered numbers compared to when the distracters were considered 

letters.  More recently Coltheart and Yen reported that phonological similarity between 

targets and distracters increased the AB effect (2007).  Therefore, there is evidence that 

distracter items not only provide physical disruption to target processing but also 

conceptual and phonological confusion.  Whilst these findings are interesting within their 

own right, the specific applicability to the AB effect merely provides an added element of 

variance to the measurement.  As many models propose the AB to reflect an inability in 

consolidation of a second stimulus while processing a first, distracter interference is 

unrelated to this phenomenon.  Therefore, to ‘purely’ investigate the AB, care should be 

taken to ensure that the physical attributes of masks are abstract and meaningless in form. 
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Foreperiod 

The time period afforded between the offset of the fixation cross and the appearance 

of a target stimulus can be labelled the task foreperiod.  In a series of experiments reported 

in Chapter 9, it was apparent that when the presentation time of T1 was set to an 

individually estimated value two things occurred under slightly different conditions.  When 

the foreperiod was a constant value from trial to trial, the AB was significantly attenuated.  

When the foreperiod was mixed from trial to trial, the AB was clearly apparent and there 

were a higher proportion of target reversals.  These are defined as trials for which T1 is 

reported with T2 identity and T2 is reported with T1 identity.  Essentially, the identity of 

both targets is consolidated but the order of presentation is confused.  When foreperiod is 

constant from trial to trial, it appears to afford a predictability of target-related physical 

attributes which increases reporting accuracy.  It is in the absence of this predictability that 

the specific influence of task-set was apparent.  That is, observers committed more target 

reversal errors which was explained as adequate time for the development of task-set. 

The task-switching paradigm has thoroughly elucidated the influence of foreperiod 

upon performance.  A basic summary indicates that with long foreperiods, responses to 

targets are faster and that this speed is related to reconfiguration of the system (Monsell, 

2003).  This reconfiguration relates to the selection of appropriate task schemata (Norman 

& Shallice, 1986) or task-set (Monsell, 1996).  Therefore, the effect of foreperiod is 

preparatory in nature: a time-consuming, endogenous, task-set reconfiguration process 

(Monsell, 2003).  The reconfiguration occurs in a task-switching paradigm as there is an 

option between two tasks to be carried out.  Therefore, preparation of the system can only 

be carried out once the specific task is known.  At longer foreperiods the costs associated 

with a task-switch are less.  However, there is also evidence to suggest that long 

foreperiods are associated with benefits on non-switch trials (Koch, 2005), offering a slight 
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insight into the AB paradigm. 

In the AB paradigm, the same dual-target task must be repeated over and over.  

Therefore, any advantage that appears in this paradigm associated with foreperiod is likely 

to relate to preparation or configuration rather than reconfiguration.  This is consistent with 

higher rates of accuracy and increased target reversals at longer foreperiods in Chapter 7.  If 

longer foreperiods are associated with adequate preparation to process the identity of the 

targets, performance at longer foreperiods can be associated with a developed task-set.  

Foreperiod as a preparation may be useful in explaining other AB research indicating an 

attenuated effect. 

There are a number of instances in which the measured AB is reported to be 

attenuated.  These include manipulations to T2 such as when it is the observer’s name 

(Shapiro et al., 1997c), a negative stimulus (Ogawa & Suzuki, 2004), or a morphed image 

similar to T1 (Kellie & Shapiro, 2004).  Variations in T1 also attenuate the AB, including 

when a gap or duration judgment is required (Sheppard, Duncan, Shapiro, & Hillstrom, 

2002), and masking variations (Giesbrecht & Di Lollo, 1998; Giesbrecht, 2000; Grandison 

et al., 1997; Raymond et al., 1992; Seiffert & Di Lollo, 1997; Shapiro et al., 1994).  

Applying less attention to the task also acts to reduce the effect (Arend et al., 2006; Olivers 

& Nieuwenhuis, 2005, 2006).  Less attention may reduce the masking impact of distracter 

items.  Potentially, these findings can be related to task-set preparation. 

Intuitively, a simpler task requires less preparation, therefore a shorter foreperiod 

would be necessary to observe preparatory benefits.  Within the AB, greater costs have 

been noted when a more complex response is possible to T1 (Jolicoeur, 1998).  One way of 

conceptualising the added cost with greater response alternatives is that it requires greater 

preparation time.  As the foreperiod was identical between alternate conditions of T1 

response complexity, under-preparation may account for the larger AB effect as opposed to 
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response complexity per se.   

To examine the results mentioned previously, the preparation required to process an 

individual’s name is likely to be minimal as it is an automated process (Shapiro et al., 

1997c) similar to Stoop interference where reading a word is very difficult to inhibit (for a 

review see MacLeod, 1991).  Similarly, hyper-vigilance towards negative stimuli would 

suggest that less preparation was required for these stimuli, thus less of an AB would be 

predicted (Ogawa & Suzuki, 2004). An attenuated AB to T2 which is a morphed image 

similar to T1 would be less taxing on task-set as a similar decision would be required for 

each target (Kellie & Shapiro, 2004).  Similarly, variations in T1 can be less taxing upon 

preparation such as gap detection or duration judgment (Sheppard et al., 2002) and masking 

variations (Arend et al., 2006; Giesbrecht & Di Lollo, 1998; Giesbrecht, 2000; Grandison et 

al., 1997; Olivers & Nieuwenhuis, 2005, 2006; Raymond et al., 1992; Seiffert & Di Lollo, 

1997; Shapiro et al., 1994) can be conceptualised in terms of simpler task preparation.  

However, the physical attributes such as masking variations are more likely to be related to 

the development of perceptual-set, suggested to be independent of task-set.  The 

relationship between foreperiod and perceptual-set requires further investigation; however, 

if perpetual-set has a ‘loading’ time similar to task-set, then higher accuracy would also be 

expected at long foreperiods. 

Thus, differences associated with length of foreperiod can be related to task 

preparation and therefore some component of executive control (Monsell, 2003).  This 

preparatory effect is easily examinable.  Executive processes have been suggested to 

differentiate the cognitive functioning of some specific samples from control populations, 

e.g., Attention Deficit Hyperactivity Disorder (ADHD; Barkley, 1997).  Therefore, 

suggested AB differences associated with ADHD may be related to executive processes 

(Mason et al., 2005) rather than target processing limitations or temporal attention which 
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may have been suggested based upon resource limitation AB models (Li et al., 2005). 

Target Equality 

Within the presented series of experiments, target equality was controlled by 

altering the exposure duration of the target.  On the surface, the minimum time necessary to 

process a target appears to reflect attentional dwell time (Duncan et al., 1994; Ward et al., 

1996); however, the time intervals suggested in our research are on average below 40ms 

which is inconsistent with the slow time course suggested by Ward et al.  The methods used 

to estimate this exposure duration closely resemble that associated with inspection time in 

which a single, simple decision must be made regarding a masked stimulus (e.g, Knibb, 

1992).  This is commonly utilised as an estimate of speed of processing, posited to be 

related to intelligence (Grudnik & Kranzler, 2001) and has been implicated in theories of 

development (Anderson, 1992; Salthouse, 1996; Salthouse, Fristoe, McGuthry, & 

Hambrick, 1998).  Furthermore, this has also been associated with working memory decline 

in older adults (Salthouse & Babcock, 1991), a process also implicated in the AB (e.g., 

Vogel & Luck, 2002).   

Certainly one of the suggested components of the neurocognitive AB model 

implicates a stimulus processing factor (Hommel et al., 2006).  As slower letter naming in 

people with dyslexia (Denckla & Rudel, 1976; Waber et al., 2000) may be associated with 

more pronounced AB effects as evident in Chapter 2, it appears that a speed of processing 

deficit specific to letters may be the source of some AB discrepancy in dyslexic readers.  

Further support for differences in letter processing comes from an attenuated AB effect in 

dyslexic children when only detection of the targets was necessary (Lacroix et al., 2005).  

Whilst the AB is commonly considered to be prolonged in this group (Hari et al., 1999; 

Visser et al., 2004), it was suggested that the automaticity commonly developed for letters 

was lacking in children with dyslexia, and therefore there was shallower encoding and less 
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interference between the targets (Lacroix et al., 2005).  Similarly, the automaticity of 

processing ones own name and the lack of an AB for such stimuli (Shapiro et al., 1997c) is 

consistent with easy target processing. 

Overall it appears that speed or skill with which information can be extracted for 

successful target processing is a factor which may be contaminating AB interpretation.  

This factor is more likely related to speed of processing rather than any form of refractory 

period or even preparation ability.  In an inspection time investigation Anderson (1989) 

modified the foreperiod in two conditions.  It was either fixed or random.  Inspection time 

estimates were higher in the random foreperiod condition and the relationship between 

intelligence and speed of processing was lower; therefore, the preparation and speed of 

processing components are likely to be independent.  Whereas exposure duration was 

manipulated in the experiments reported in this thesis, there are other methods by which 

target equality can be controlled.  Target contrast sensitivity is one possibility which has 

been successfully employed recently (Bradley Wolfgang, personal communication). 

Practice in the Attentional Blink 

It has been noted that with repeated exposure to dual-target tasks, accuracy 

increases (e.g., Maki & Padmanabhan, 1994; Maquestiaux et al., 2004; Van Selst et al., 

1999).  In the AB, this can be indexed by an increasing in T2 accuracy.  Chapters 4 and 5 

suggested that practice effect could be reduced if a task requiring greater complexity was 

completed.  This suggests that in situations of greater task requirements, more resources 

may be called upon for task completion.  It is difficult to separate specific stimulus 

processing resources from task preparation resources in this instance.  As suggested by 

Maki and Padmanabhan, it may be the case that practice brings about target specific 

selection and identification improvement.  This specific component may be related to task-

set, increasing the speed at which attention can be directed towards specific targets.  
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However, it may also be the case that practice brings about better preparation for the task in 

general.  This general component may be related to perceptual-set in that a better 

representation of the physical aspects of the task is established with exposure.  It is also 

possible that both stimulus specific and general preparatory improvement occur.  The 

combination explanation best suits the data as when Maki and Padmanabhan introduced 

distracters from the target set (Greek letters), a significant AB was reinstated; however, the 

magnitude was not as great as initial performance. 

Overall, there are two points to consider: improvements in target report (selection, 

and identification) and better temporal location prediction.  Plausibly, both of these factors 

could be delineated using the preparation measurement introduced in Chapter 9.  By 

estimating the exposure duration required for correct target report at a series of foreperiods 

before and after practice, optimal exposure duration as well as optimal preparation time 

could be compared.  In this case, a reduction in preparation time would suggest more 

efficient management of temporal uncertainty. 

More complex tasks were associated with an attenuation of the practice effect.  In 

fact, when an exposure duration required for 75% correct target identification was adopted, 

there was no significant improvement with practice.  Thus, differences in the amount of 

learning to occur may relate to the task complexity or the observer’s ability to apply 

resources to the task.  Task complexity has been previously explained; however, the 

premise of the observer’s ability to apply resources is similar.  If an individual can quickly 

apply an individually optimal level of resources to the task, performance will remain 

relatively invariant with exposure.  If this is not the case, greater learning should be evident.  

This is a potential explanation for the slower learning apparent in the Dyslexic reading 

group in Chapter 2. 
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Depth of the Attentional Blink 

A common description of the differences between groups relates to the depth of the 

blink.  For example, Lacroix et al. (2005) noted a shallower AB in children with dyslexia in 

comparison to children without dyslexia, who displayed a deeper AB.  This notion refers to 

the point of maximum interference in the AB: the lowest estimate of T2 accuracy.  Recent 

evidence suggests that higher T1 accuracy is related to lower T2 accuracy (Shapiro et al., 

2006) which is consistent with a resource sharing model of dual-target performance 

(Tombu & Jolicoeur, 2005).  Similarly, the robust state hypothesis suggests a trade-off 

between T1 and T2 accuracy whereby successful T1 consolidation is associated with 

inhibition of T2 processing (Kessler et al., 2005a; Kessler et al., 2005b).  Therefore, the 

depth of the AB can be related to the sharing of resources between the two targets, 

specifically, the application of resources to T1: when more resources are devoted to T1, the 

depth of the blink will be greater; when fewer resources are devoted to T1, the depth of the 

AB will be shallower.  This is consistent with slower letter naming tasks (Denckla & Rudel, 

1976; Waber et al., 2000) and a deeper AB in people with dyslexia (Hari et al., 1999).  If 

more resources need to be devoted to T1 in order to identify the white letter, fewer are 

available to T2.  Conversely, the dyslexics the Lacroix et al. (2005) investigation only had 

to detect T1 therefore more resources could be applied to T2, resulting in less of an AB 

effect.  Attentional control models may posit that the depth of the AB is related to the level 

of endogenous disruption derived from distracter items (Di Lollo et al., 2005a; Di Lollo et 

al., 2005b).  Earlier in this chapter it has been suggested that this relates to stimulus 

masking as distinct from the AB. 

Consistent with the resource sharing account (Tombu & Jolicoeur, 2005) are 

circumstances which are conducive to task preparation presented in Chapter 9, which 

reduced the discrepancy between T1 and T2 accuracy.  This was also apparent at longer 
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foreperiods in Chapter 7.  Therefore, it appears that AB depth is related to an imbalance in 

the distribution of resources between T1 and T2.  As with longer ITIs, preparation appears 

to afford a greater balance of resources between targets.  Furthermore, based upon the 

notion of perceptual uncertainty, providing a simple perceptual-set may yield relatively 

equivalent T1 and T2 report accuracy.  This could be achieved by maintaining a constant 

foreperiod to T1 and a constant ITI to T2 and estimating the AB at varying ITIs within 

blocks of trial rather than the mixed design which is commonly utilised. 

Length of the Attentional Blink 

The length of the AB refers to the period of time following T1 for which T2 

accuracy is below what would be expected if the task was to process T2 in the absence of 

T1.  If the length of the AB can be reduced by controlling for foreperiod and stimulus 

predictability, then AB recovery reflects a combination of the time interval required to 

complete preparatory processes which were not conducted prior to T1 presentation and a 

time period derived from the amount of temporal uncertainty.  However, this may not be 

the case and a number of models have different interpretations of this recovery
6
. 

Bottleneck models suggest the duration of the AB reflects the consolidation time of 

T1 (Chun & Potter, 1995).  Until the resources are free to attend to T2, a memory trace of 

T2 may be lost.  Resource sharing models would suggest that the coordination of a shared 

processing capacity is to blame.  If T2 appears when the resources are predominantly being 

applied to T1, information will be lost similar to the bottleneck explanation (Tombu & 

Jolicoeur, 2005).  Attentional control models suggest that the length of the AB reflects the 

time necessary for the re-establishment of endogenous control of a visual filter after being 

disrupted by target irrelevant information (Di Lollo et al., 2005a; Kawahara et al., 2006a).   

                                                 

 
6
 Only cognitive explanations are discussed as these are most relevant to the experiments reported in this 

thesis. 
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More recently, the attentional control model has been explained with respect to two 

factors: task-switching and backwards masking (Kawahara et al., 2006a).  The task 

switching refers to inhibition of distracter items and subsequent attention to target items 

which occurs in a full RSVP procedure whereas backward masking is the disruptive effect 

of distracter items following the targets.  At this point it is difficult to reconcile the results 

derived from the minimalist AB procedure with the full RSVP.  With respect to the task 

switching, in the absence of preceding distracter items, this process would not occur, 

therefore independent enquiry is necessary to examine the task switching impact when 

foreperiod is controlled in the full RSVP procedure.  With respect to backwards masking, 

strong backwards masking was employed in the minimalist procedure and did not 

significantly disrupt T2 processing as was evident in Kawahara et al.’s research.  Therefore, 

it may be the case that some of the hurdles apparent for the attentional control model are 

related to task-set preparation and perceptual-set definition. 

Whilst existing models have not been directly pitted against a task-preparation 

explanation, the existing models have difficulty accounting for a significantly attenuated 

AB in the minimalist procedure presented in Chapter 9.  Therefore, based upon the premise 

that the AB relates to a disruption in optimal preparation, the length of the AB may be 

reflective of two different factors: perceptual-set and task-set. 

Perceptual-set may underpin AB length as a function of the temporal uncertainty of 

targets.  As noted in Chapter 9 and foreperiod manipulations in reaction time investigations 

(Niemi & Naatanen, 1981), correct response will be faster to events occurring at later time 

intervals within a range of temporal intervals.  Therefore, the length of the AB may not 

relate to the completion of task-set or T1 consolidation, in short, an inability to process T2 

at short ITIs, but rather a simple bias in the temporal application of attention when faced 

with uncertainty.  The length of the AB could therefore be manipulated by increasing or 
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decreasing the range of ITI. 

In accordance with task-set preparation, if task-set was not prepared prior to T1 

presentation, then the length of the AB would reflect the completion of this preparation.  As 

with task switching, if task preparation does not occur before the targets are presented, this 

process must be completed after the presentation (Monsell, 2003).  In the case of the AB, 

with inadequate preparation, T1 can be accurately reported; however, the preparation needs 

to be completed for T2 to be reported, thus the speed of this completion reflects the length 

of the AB.  If some memory trace of T2 can be maintained until after task preparation is 

complete, the target will be correctly processed.  Therefore, AB recovery would reflect the 

period of time required for subsequent or left-over preparation that did not occur before the 

presentation of T1.  In circumstances of adequate foreperiod and perceptual predictability 

of T1, an appropriate preparatory routine can be established prior to T1 presentation; 

therefore, limited costs are apparent.  Overall, the exact nature of the AB recovery remains 

to be clearly defined.  

Conclusion 

This investigation into applying the AB has developed a methodology capable of 

elucidating differences in five different elements reflected in AB performance.  These 

include foreperiod, target equality, practice, as well as depth and length of the AB.  The 

developed method involves independently estimating each of these components so that 

incidental abilities such as processing speed do not contaminate experimental implications.  

In conclusion, AB applications need to account for these components before deficits in the 

temporal limits of attention can be successfully examined, let alone concluded.
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