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ABSTRACT 

Jolicoeur & Dell' Acqua (1998) demonstrated that encoding a few briefly presented masked 

characters for later report can produce significant interference in a concurrent speeded tone task. 

This result implies that encoding requires a capacity limited cognitive mechanism also required 

for the tone task. Six experiments explore the nature of this capacity limited cognitive 

mechanism using the locus of. cognitive slack logic (Pashlcr & Johnston, 1989; McCann & 

Johnston, 1992). The combined results indicate that the capacity limited cognitive mechanism 

involved in encoding takes the form of a processing bottleneck that affects a stage after 

rudimentary perceptual processing but before response selection. A model is proposed which 

assumes a processing bottleneck at the stage where implicitly coded stimulus information is 

C.."<plicitly coded by the observer, a stage referred to as 'short-term consolidation' (STq. The 

implications of these 6'iclings on other phenomena in the dual-task literature are also discussed. 

iv 



ACKNOWLEDGEMENTS 

My sincerest thanks to Pierre Jolicoeur for his support and guidance throughout the years. I 

would also like to thank Marg Ingleton and the other members of the Jolicoeur lab, past and 

present, for helping make even the biggest crisis seem surmountable. 

V 



For my parents 

vi 



TABLE OF CONTENTS 

Abstract ................................................................................................................................................................................ iv 
Ackllowledgements ................................................................................................................... v 
Dedication ........................................................................................................................................................... vi 
List of Tables .......................................................................................................................... viii 
List of Figures ............................................................................................................................................................................................................................................... ix 
Introduction ..................................................................................................................... , ................... I 
Experiment 1 ............................................................................................................................ 33 

l\tlethod .......................................................................................................................................................... 34 
Results ........................................................................................................................................................... 37 
Discussion .................................................................................................................................................... 41 

Experiment 2 ............................................................................................................................. 42 
Method .......................................................................................................................................................... 44 
Results ........................................................................................................................................................... 46 
Discussion .................................................................................................................................................... 48 

E.xp-e.riment 3 ............................................................................................................................ 49 
iY!ethod .......................................................................................................................................................... 52 
Results ........................................................................................................................................................... 53 
Discussion .................................................................................................................................................... 58 

Experiment 4 ............................................................................................................................ 59 
iYlethod .......................................................................................................................................................... 60 
Results ........................................................................................................................................................... 61 
Discussion .................................................................................................................................................... 64 

E.xp-eriment 5 ............................................................................................................................ 64 
Method .......................................................................................................................................................... 65 
Results ........................................................................................................................................................... 66 
Discussion .................................................................................................................................................... 69 

Experiment 6 ........................................................................................................................... 69 
Method .......................................................................................................................................................... 70 
Results ........................................................................................................................................................... 71 
Discussion .................................................................................................................................................... 7 4 

General Discussion ................................................................................................................... 75 
The present modd ...................................................................................................................................... 86 
The present model and the PRP paradigm ............................................................................................. 89 
The present model and the AB priming paradigm. ................................................................................ 91 
Can RS postpone STC (and vice versa)? .................................................................................................. 93 

What produces the effect of SOA on ignore trials? ................................................................................ 9 5 
Implications for our understanding of the relationship between the PRP and AB effects ............. 96 
A final word regarding the issue of selective control ............................................................................. 96 

Conclusions ................................................................................ ·-····-·················· .. ········································•···· 97 
References ..................................................................................................................................... 98 
Append:ix ..................................................................................... ·......................................................................... 103 

vii 



List of Tables 

Table 1. Task 2 response times and proportions correct for Experiment t ....................... 104 
Table 2. Task 1 proportions correct for E.~erimcnt 1. ........................................... 105 
Table 3. Task 2 response times and proportions correct for Experiment 2 ...................... 106 
Table 4. Task 1 response times and proportions correct for Experiment 2 ...................... 107 
Table 5. Task 2 response times and proportions correct for Experiment 3 ...................... 108 
Table 6. Task 1 proportions correct for Experiment 3 ............................................. 109 
Table 7. Task 2 response times and proportions correct for Experiment 4 ...................... 110 
Table 8. Task 1 response times and proportions correct for Experiment 4 ......... • ............ 111 
Table 9. Task 2 response times and proportions correct for Experiment 5 ..................... 112 
Table 10. Task 1 proportions correct for Experiment 5 .............................................. .113 
Table 11. Task 2 response times and proportions correct for Experiment 6 ............................... 114 
Table 12. Task 1 proportions correct for Experiment 6 ............................................ 115 

viii 



List of Figures 

Figure 1. Predictions of processing bottleneck models (1) ........................................ 8 
Figure 2. Predictions of processing bottleneck models (2) ......................................... 9 
Figure 3. Predictions of capacity sharing models .......................................................................... 11 
Figure 4. De Jong's (1993) argument for a bottleneck at response execution .......................... 20 
Figure 5. The paradigm used in Jolicoeur & Dell'Acqua (1998), Experiment 4 ....................... 22 
Figur.e 6 The results of Jolicoeur & Dell'Acqua (1998), Experiment 4 .................................... 24 
Figure 7. Jolicoeur & Dell'Acqua's (1998) Central Interference Thcory ................................... 27 
Figure 8. A bottleneck at short-tcnn consolidation, selective control, or both ........................ 32 
Figure 9. The paradigm used in Experiment 1 (Control block) .................................................. 35 
Figure 10. Mean RTs and proportions correct for Experiment 1 (1) ........................................... 38 
Figure 11. Mean RTs and proportions correct for E.,cperiment 1 (2) ........................................... 39 
Figure 12. Mean RTs and proportions correct for E.,cperiment 2 ................................................ .47 
Figure 13. Capacity sharing models can predict effects of SOA on task 1 accuracy .................. 51 
Figure 14. Mean RTs and proportions correct for Experiment 3 (1 ) ........................................... 54 
Figure 15. Mean RTs and proportions correct for Experiment 3 (2) ........................................... 55 
Figure 16. Mean RTs and proportions correct for Experiment 4 ................................................. 62 
Figure 17. Mean RTs and proportions correct for Experiment S ................................................. 67 
Figure 18. Mean RTs and proportions correct for Experiment 6 ................................................. 72 
Figure 19. Example of a typical attentional blink effect. ................................................................. 77 
Figure 20. The paradigm used in Shapiro et al. (1997), Experiment 1 .......................................... 79 
Figure 21. The results of Shapiro ct al. (1997), Experiment 1 ........................................................ 81 
Figure 22. The results of Shapiro et al. (1997), Experiment 2 .................................................... : ... 83 
Figure 23. The present model applied to the encoding paradigm .................................................. 87 
Figure 24. The present model applied to the PRP paradigm .......................................................... 90 
Figure 25. The present model as applied to the attentional blink paradigm ................................. 92 
Figure 26. Evidence for the independence of STC and RS ............................................................. 94 

lX 



Intt0duction 

Most cognitive tasks require encoding and for this reason there are obvious incentives for 

psychologists to understand not only how encoding operates, but how it may be affected by 

concurrent processing demands. The present work e."<plores both the extent of the involvement 

of capacity limited cognitive mechanisms in encoding, and the nature of these capacity 

limitations. 

The role of capacity limited cognitive mechanisms in encoding 

The results from several of the earlier experiments conducted in this area indicated that 

encoding docs not involve a capacity limited cognitive mechanism. In an experiment that has 

since become a classic, Posner and Boies (1971) examined the role of a capacity limited cognitive 

mechanism in letter encoding. Participants were presented with cwo letters, separated by a short 

interval, and were required to decide whether the letters were the same or different Qcttcr 

matching task). The first letter remained on the screen throughout the trial. A probe tone was 

presented at various stages during the letter matching task to which participants made a simple 

speeded response. Posner and Boies (1971) argued that if letter encoding required a capacity 

limited cognitive mechanism also required for the tone taSk, simple RTs to the: tone would be 

elevated during the encoding interval immediately following the onset of the first letter, as 

compared to at other points during the trial. The results from this experiment, however, showed 

tone RTs to be shorter during the encoding interval than in the inter-trial intei:val before the first 

letter was presented, which served as the baseline measui:e. Posner and Boies (1971) concluded 

that letter encoding does not require a central capacity limited cognitive mechanism. Posner and 

Boies' (1971) finding has been replicated a number of times (e.g. Posner & Klein, 1973; Proctor 

& Proctor, 1979). 

1 



Other researchers have provided support for Posner and Boies' (1971) conclusions using 

different experimental paradigms. For example, Pashler (1993a) presented participants with a 

high or low pitched tone followed, at an SOA of 50, 150, or 650 ms, by a Phillips display (so 

called because it was first employed by Phillips, 1974), consisting of a random 4 x 4 array of eight 

black and eight red squares. Participants made a speeded response to the tone and encoded the 

array. The Phillips display was presented for either 100 or 300 ms and then masked for 100 ms 

by a 4 x 4 array of alternating black and red squares. After an interval of 500 ms another Phillips 

display was presented which was either identical to the first or different by one square and 

participants indicated at their leisure whether it was the same or different as the one presented 

earlier in the trial. Pashler's (1993a) logic was similar to that of Posner and Boies (1971); if 

encoding requires the same capacity limited cognitive mechanism required for the tone task then 

the tone task will postpone encoding, and because the am.y is presented briefly and masked, 

ultimately reduce accuracy in the matching task. Pashler (1993a) found no effect of SOA on 

accuracy for the matching task and concluded that the encoding of visual information up to and 

including short-term memory does not require the same capacity limited cognitive mechanism 

associated with response selection. 

However the conclusions of Posner and Boies (1971) and Pashler (1993a) arc undermined by 

the results of several other experiments. Ogden, Martin, and Paap (1980), Comstock (1973), and 

Johnson, Forester, Calderwood, and Weisgerber (1983) used the same basic paradigm as -Posner 

and Boies (1971) but presented the first letter only briefly and followed it with a mask, thus 

forcing participants to encode the letter as soon as it was presented. Ogden ct al. (1980), 

Comstock, (1973), and Johnson et al. (1983}, all found probe RTs during the encoding intcrVals 

to be significantly longer than baseline, implying that encoding docs indeed involve a capacity 

limited cognitive mechanism. It seems plaUS1ole that Posner and Boies (1971) failed to find 
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interference between the encoding task and the tone task because the first letter remained on the 

screen until the response, and participants were able to avoid encoding the letter and responding 

to the tone simultaneously. In addition, Ogden et al. (1980) found that probe RT during the 

inter-trial interval (111), which served as a baseline in Posner & Boies (1971), is sensitive to the 

probability that a tone will be presented during this interval, and thus the presence or absence of 

interference in the paradigm used by Posner & Boies (1971) may be more dependent on 

participant alertness than on the processing demands of the primary task (Paap & Ogden, 1981). 

When Jolicoeur and Dell'Acqua (in press) used the same pandigm as Pashler (1993a) they 

found a significant effect of SOA on Pashler's Phillips display matching-task accuracy, with 

accuracy 7% higher at the longest SOA than at the shortest SOA. In addition, when Jolicoeur 

and Dell'Acqua (in press) made the first task more difficult by increasing the tone task from a 2 

altemative discriminations (2AD) task to a 3 altemative discrimination (3AD) task the effect of 

SOA on accuracy was even greater, accuracy rose 20% across SOAs. Jolicoeur and Dell'Acqua 

(in press) hypothesized that Pashler (1993a) may have failed to find an effect of SOA on 

matching task accuracy because the tone task was not sufficiently difficult to interfere with 

encoding. 

Thompson (1987) found converging evidence that encoding requires a capacity limited 

cognitive mechanism. In Thompson (1987) participants performed a visual search task 

(sometimes searching for a single feature, sometimes f~r a conjunction of features) while 

performing a concurrent simple response to a tone. At the end of the trial participants wcte 

presented with two stimulus arrays and had to decide which army they had just seen. As with 

Ogden et al. (1980, Exp. 3), Comstock (1973), and Johnson, et al. (1983), Thompson (1987) 

found simple RT to the tone was slowest when the tone was presented immediately following the 
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presentation of the first array, and fastest prior to the presentation of the first array, again 

implying that a capacity limited cognitive mechanism is involved in encoding. 

Although the results of Ogden et al. (1980), Comstock (1973),Johnson et al., (1983),Jolicoeur 

and Dell'Acqua (m press) and Thompson (1987) indicate that a capacity limited cognitive 

mechanism is involved in the encoding task, a number of other unrelated cognitive processes, 

such as anticipating the second stimulus, preparing to perfo:an the match, or preparing to 

respond, could also be contributing to the observed interference. Thus corroborating evidence 

from experiments with better controlled paradigms is needed before these results can be 

considered evidence that encoding requites a capacity limited cognitive mechanism. 

Jolicoeur and Dell'Acqua (1998) developed a paradigm that avoids many of the interpretive 

pitfalls inherent to earlier experiments that have c..--<amincd the role of capacity limited cognitive 

mechanisms in encoding. Jolicoeur and Dell'Acqua's (1998) paradigm is adapted from the well 

known and widely used psychological refractory period (PRP) dual-task paradigm {Welford, 1952, 

1980). 

The Psycbological Refractory Pedod (PRP} Paradigm 

The PRP paradigm was originally designed to examine basic performance deficits incurred 

under dual--task conditions but has since been developed into a powerful tool not only for 

detecting the involvement of capacity limited cognitive mechanisms, but also for assessing how 

the capacity limited cognitive mechanism constnins processing. In the PRP paradigm (Welford, 

1952, 1980) participants are presented with two stimuli. (Sl and S2) at vuying SOAs and are 

requited to make a speeded response to each (R.1 and R2). Results &om PRP paradigm 

experiments consistently show increases in task 2 response times (RTs) with decreasing SOA, a 

phenomenon referred to as the 'PRP effect> (see Pashler, 1994, fora review). Because RTs 
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increase with increased task overlap, the PRP effect shows that the same capacity limited 

cognitive mechanism is required for some aspect of the processing for both tasks. 

Three different descriptions of the capacity limited cognitive mechanism responsible for the 

PRP effect have been proposed in the literature: Processing bottleneck models, capacity sharing 

models, and strategic bottleneck models. Proponents of processing bottleneck models 

conceptualize the capacity limited cognitive mechanism responsible for the PRP effect as a 

processing bottleneck that can only process information relevant to one task at a time. When 

two concurrent tasks must complete a stage of processing that requires the capacity limited 

cognitive mechanism, or bottleneck, processing of the bottleneck stage in task 2 must wait until 

processing at the bottleneck stage for task 1 has been completed (Pashlcr, 1994; 1998). Because 

increasing task overlap increases the likelihood that task 2 processes will encounter a busy 

bottleneck , mean task 2 RTs are longer at shorter SOAs than at longer ones, which would 

explain the PRP effect. 

Proponents of capacity sharing models (e.g. Kahneman, 1973) instead conceptualize the 

capacity limited cognitive mechanism as a limited resource that can be allocated to various 

processing requirements. It is assumed that when less of the resow:ce is allocated to a given task, 

processing efficiency for that task is reduced. When two tasks simultaneously require this 

capacity limited resource for one or more stages of processing less of the resource is allocated to 

each task and processing of both tasks may be slowed to some degree. Thcrc are a number of 

different variations on this basic theme, some capacity sharing models assume that capacity is 

divided equally between concurrent tasks while others assume that the division of the resource 

between tasks is flexible and may vary according to a number of factors, such as instructions or 
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the objectives of the participants1
• In both types of capacity sharing models some slowing will be 

observed for both task 1 and task 2, and the amount of slowing will be proportional to task 

overlap, and thus capacity sharing models are also consistent with the basic PRP effect. 

Meyer and Kicras (1997) instead propose a 'strategic bottleneck' explanation of dual-task 

interference. Meyer and Kicras (1997) argue that although the cognitive system is capable of 

processing any combination of stages in parallel, participants may 'lock-out' task 2 processing 

during specific stages in order to cope with the specific demands of a given paradigm. Meyer and 

Kieras (1997) argue that because PRP paradigm experiments require a response to task 1 before a 

response to task 2, participants may 'lock-out' task 2 processing around response selection to 

ensure that a response to task 1 is made before a response to task 2. According to Meyer and 

Kieras (1997) the lock-out point may occur at any point during processing and will depend upon 

specific task instructions, a participant's goals, an prior experience. Meyer and Kiems (1997) thus 

argue that the PRP effect is the result of participants Strategically postponing task 2 response 

selection so as to guarantee that task 1 is always responded to first. At short SOAs, task 2 

response selection will be 'locked out' for longer, and hence response times will be larger than at 

longer SOAs. 

Because all three classes of models predict increased task 2 RTs with decreasing SOAs, it is 

necessary to look to more complex effcctS to distinguish between the three accounts of the PRP 

effect. Each type of model makes different predictions about how manipulations of the duration 

_of various stages of processing will affect task 2 RTs in a PRP paradigm experiment, which can 

be compared to the results of actual experiments employing the PRP paradigm. 

1 Note that a processing bottleneck model is essentially a capacity sharing model that devotes 100% of capacity to 
the first task. 
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The basic logic behind the main predictions of processing bottleneck models is shown in 

Figure 1. In all panels of Figure 1 a processing bottleneck is assumed to affect stage B of both 

tasks such that processing of stage B in taSk 2 must wait for processing of stage B of task 1 to be 

complete. The first, and arguably the most diagnostic, prediction made by processing bottleneck 

models is that manipulating the duration of a pre-bottleneck stage of taSk 2 processing will result 

in an underadditive interaction with decreasing SOA (sec Panel A of Figure 1). In the present 

context an interaction is considered to be undcradditive when the shape of the function 

converges as SOA is decreased, and when the function instead diverges as SOA is decreased the 

interaction is considered to be ovcradclitive. The basic logic behind this prediction is shown in 

Panel A of Figure 1, where the duration of stage A processing for task 2 is manipulated. At short 

SO As the bottleneck produces a period of 'cognitive slack' during which task 2 processing of 

stage A must wait for task 1 processing of stage B to be complete. This period of cognitive slack 

effectively absorbs the durational difference in the processing of stage A such that task 2 

response times for the two conditions are the same. At long SOAs, however, there is no period 

of cognitive slack to absorb the durational difference in stage A processing, and the full extent of 

durational differences in the: cwo conditions of task 2 will be rcflc:ctcd in task 2 RTs. Thus, if a 

pre-bottleneck stage of processing is manipulated there will be no difference in RTs between the 

two conditions at short SOAs accompanied by differences in the two conditions at long SOAs, 

which will result in an underadditive interaction with decreasing SOA. 

A second prediction of processing bottleneck models is that manipulating the duration of a 

post-bottleneck stage of taSk 2 will have additive effects aaoss SOAs. In Panel B of Figure 1 the 

duration of processing for stage B of task 2 is manipulated. Because there is no period of 

cognitive slack when a stage at or after the bottleneck is manipulate~ the full extent of 
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processing time differences between the two conditions will be reflected in task 2 RTs at all 

SOAs resulting in additive effects. 

A third prediction stemming from processing bottleneck models is that increasing the 

duration of a pre-bottleneck or bottleneck stage of task 1 processing will result in an overadditive 

interaction with decreasing SOA in task 2 RTs (sec Panel A of Figure 2). In panel A of Figure 2 

the duration of stage B in task 1 is manipulated. At short SOAs stage B of task 2 will be 

postponed until all pre-bottleneck and bottleneck processing of task 1 has been completed, and 

hence any manipulation which increases the duration of pre-bottleneck or bottleneck processing 

of task 1 will be propagated onto task 2 RTs. At long SOAs, however, task 1 processing will be 

complete before task 2 processing begins and hence a manipulation of the duration of task 1 

processing will have no effect on task 2 RTs. 

Finally, processing bottleneck models predict that increasing the duration of a post-bottleneck 

stage of cask 1 processing will result in increases in task 1 RTs but not task 2 RTs (sec Panel B of 

Figure 2). In Panel B of Figure 2 the duration of stage C of task 1 processing is manipulated. 

Because increasing the duration of post-bottleneck stages of task 1 does not add to the 

postponement of task 2, no difference in task 2 processing times will be observed under these 

conditions. Processing bottleneck models also predict that there will be no effect of SOA on task 

1 accuracy or response times in any conditions because task 1 processing is not affected by the 

demands of performing task 2. 

The prediction made by capacity sharing models as to how a task 2 difficulty manipulation will 

affect RT depends upon the extent to which the stage of task 2 processing affected by the 

difficulty manipulation overlaps with task 1 processing. 

Figure 3 illustrates the predictions of capacity sharing models when the duration of a stage of 

task 2 processing is manipulated. Panel A illusttatcs the predicted outcome when the 
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manipulated stage completely overlaps with task 1 processing at short SOAs while Panel B 

illustrates the predicted outcome when the manipulated stage of task 2 never overlaps with task 1 

processing. The enclosed areas labeled ''Task 1" and ''Task 2" represent the total amount of 

processing resources required for the completion of each task. The height of these regions 

represents the proportion of resources assigned to the task, and the width represents the amount 

of processing time required. Because it is assumed that completing a given task always requires 

the same total amount of resources, the area of the region representing each task ( calculated by 

multiplying the proportion of resources allocated to the task by time) must remain constant 

across conditions. Thus reducing the proportion of resources allocated to a given task must be 

matched by an increase in the amount of processing time required for the task (and vice versa). 

The light gray areas represents the stage of task 2 processing affected by the difficulty 

manipulation. When S 1 is presented, the capacity limited resources arc allocated exclusively to 

task 1 processing until S2 is presented. At short SOAs processing of task 1 will not be complete 

at the onset of S2, and the resources must be divided between the two tasks. This results in a 

reduction in the proportion of resources allocated to task 1 (represented by the decrease in height 

of the region) with a simultaneous increase in the proportion of resources allocated to cask 2. 

When task 1 processing is complete, all of the resources are allocated to task 2. At long SOAs 

both task 1 and task 2 arc completed with exclusive access to the full extent of the resources. 

Panel A illustrates the predicted outcome when the stage of task 2 processing affected by a 

~culty manipulation completely overlaps with task 1 processing at short SOAs but not at long 

ones. There is a larger effect of the difficulty manipulation at short SOAs than at longer ones 

because the duration of processing time for the manipulated stage must be increased at short 

SOAs to compensate for the decrease in the proportion of the resources allocated to task 2 

Thus an ovcradditive intmction with decreasing SOA is predicted by capacity sharing models 
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when the stage of wk 2 processing that is manipulated completely overlaps with task 1 

processing. Panel B illustrates the predicted outcome when the manipulated stage of task 2 

processing never overlaps with task 1 processing.. Here, the difference in processing rime for the 

two conditions is the same at all SO As, because the manipulated stage of task 2 is always 

completed when task 2 has exclusive access to the resources. This results in additive, instead of 

overadditive, effects with SOA. Thus depending on whether the manipulated stage overlaps with 

task 1 processing (Panel A) or does not (Panel B) different patterns m~y be observed in task 2 

RTs2
• 

One important distinction between the capacity sharing account that predicts additive effects 

between a task 2 difficulty manipulation and SOA {Panel B of Figure 3) and the account 

submitted by processing bottleneck models is that this capacity sharing account predicts 

significant effects of SOA on task 1 RTs, while the processing bottleneck model predicts no 

effect of SOA on task 1 processing when additive effects on task 2 processing arc observed. A 

capacity sharing account which predicts a decrease in resources assigned to each task during the 

period where both tasks require the capacity limited mechanism necessarily predicts an increase 

in task 1 RTs at short SOAs, because RTs will be slowed as a .result of having fewer resources 

assigned to task 1 processing, and the probability of such slowing increases as SOA decreases. 

Processing bottleneck models, on the other hand, predict that in all situations, including when 

additive effects arc observed, usk 1 processing will be unaffected by all task 2 manipulations, and 

thus task 1 RTs should remain constant across SOAs. Thus when additive effects are obscived, 

we argue that an examination of the corresponding pattcm in task 1 RTs may be used to 

2 The intermediate ~ whett theEe is partial overlap between the uwiipulated stage of task 2 and task 1 processing.. 
which is not illustt2ted, can produce either additive effects like in the no overlap condition or partial ovecadditivity. 
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distinguish between a processing bottleneck account and a capacity sharing account of the 

interference. It is important to note that although a capacity sharing model may be used to 

account for either an overadditive interaction or additive effects between a task 2 difficulty 

manipulation and SOA, a capacity sharing model cannot be reconciled with an underadclitive 

interaction with decreasing SOA. 

One clear prediction of Meyer and Kieras (1997) is that if response order constraints are 

removed in a PRP paradigm experiment, such that participants may respond to each stimuli in 

the order they please, that no interference will be observed. Tius is because inherent to Meyer 

and Kieras' (1997) model is the assumption that "lock-out" points, which produce bottleneck-like 

interference, are only imposed in the PRP paradigm because of strict response-order instructions 

given to participants before the experiment. However, in a recent study conducted in our lab 

participants were presented with a letter and a tone in random order at varying SOAs and were 

required to make a speeded forced choice response to each. Participants were given no 

instructions co respond to one cask stimulus before the other. In fact because stimulus order was 

random participants had an incentive to respond to the first stimulus that was presented, rather 

chan the letter first on all trials or the tone first on all trials. Meyer and Kicras (1997) clearly 

predict no interference in this paradigm, because response order is not specified. The results 

from two experiments of this type show clear and substantial PRP effects for both stimulus order 

conditions. Participants responded to the first stimulus that was presented on 90% of the trials, 

and hence were clearly not pre-imposing a strategic "lock-out" point at response selection for a 

specific stimulus, and yet clear evidence of dual-wk interference was still observed. This finding 

cannot be reconciled with Meyer and Kicras (1997) who predict no interference under these 

rucumstanccs, and for this reason Meyer and Kicas:t (1997) model of the PRP effect may be 

rejected. 
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The vast majority of empirical evidence indicates that the capacity limited cognitive 

mechanism responsible for the PRP effect takes the form of a processing bottleneck. All of the 

predictions that stem from processing bottleneck models have been home out empirically. The 

best evidence for a processing bottleneck comes from the large number of experiments that have 

produced underadditive interactions between a task 2 difficulty manipulation and decreasing 

SOA, implying that the capacity limited cognitive mechanism responsible for the PRP effect 

takes the form of a processing bottleneck. Such interactions could not be produced if capacity 

sharing was the source of the PRP effect, because these models predict additive or overadditive 

(depending on the specific instantiation of the model), but not underadditive, effects with 

increased task overlap. 

The pattern of additivity and interactions across a wide variety of PRP paradigm experiments 

further implies that the processing bottleneck responsible for the PRP effect occurs sometime 

after the completion of rudimentary perceptual processing and before the completion of 

response selection. Experiments in which the duration of task 2 perceptual processing is 

manipulated consistently produce underadditive interactions with decreasing SO.A, placing the 

locus of the bottleneck sometime after this perceptual processing has been completed (see Panel 

A of Figure 1). Experiments in which a variable believed to affect the duration of task 2 

response selection is manipulated, however, typically produce additive effects with SOA 

McCann and Johnston (1992) manipulated the compatibility of the S-R mapping in a PRP 

paradigm experiment. On each trial participants were presented with a high or low pitched tone 

followed, at varying SOAs, by either an arrow pointing left or right (easy condition), or the letter 

M or T (hard condition) at fixation. Participants made a speeded response to the pitch of the 

tone followed by a speeded response to the visual stimulus. In the easy S-R mapping condition 

participants pressed the left hand key if the arrow pointed left, and the right hand key if the arrow 
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pointed right. In the hard S-R mapping condition participants pressed the left hand key if the 

letter was an T, and the right hand key if the letter was a M. McCann and Johnston (1992) found 

the S-R mapping manipulation to produce additive effects with SOA, implying that the locus of 

the PRP bottleneck precedes the completion of response selection. Pashler and Johnston 

(1989), who manipulated response repetition in task 2 and Pashler (1989), who manipulated 

response modality (vocal/ manual) in task 2 also found additive effects with SOA. These patterns 

of additivity between manipulations of the duration of response selection and SOA imply that the 

processing bottleneck occurs at or before response selection (sec Panel B of Figure 1 ). 

However, there is some debate in the literature as to whether the processing bottleneck affects 

a stage before the completion of response selection, or later at the response execution stage. 

Some researchers have argued against a response execution bottleneck based on the additive 

effects of response selection manipulations and SOA (e.g. Pashlcr, 1989; Pashler &Johnston, 

1989; McCann & Johnston, 1992) because if the postponement was occurring later, at response 

execution, then manipulations that affect the duration of response selection should produce 

underadditive, not additive, effects with decreasing SOA. In addition, although response 

sdcction manipulations for task 1 variables have been found to propagate onto task 2 RTs in a 

number of experiments, response execution manipulations for task 1 have not, implying that 

response selection occurs at or before the PRP bottleneck, whereas response execution occurs 

after the PRP bottleneck (Pashler, 1994). Karlin and Kcstcnbaum (1968) ~pulated the 

number of response alternatives in task 1 and found the manipulation to produce roughly 

equivalent increases in ask 1 and task 2 processing, however Van Selst and Jolicoeur (1997) failed 

to replicate this result. Other experiments which have manipulated the difficulty of executing the 

task 1 response (e.g. Pashler & Christian, 1994), have found only a slight impact of these 

manipulations on task 2 RTs. Because processing bottleneck models clearly stipulate that 
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increasing the duration of pre-bottleneck or bottleneck stages of task 1 processing will be 

reflected in task 2 RTs whereas manipulations of post-bottleneck stages will no~ the results of 

Karlin and Kestenbaum (1968) indicate that the processing bottleneck is at or before response 

selection and the results of Pashler and Christian (1994) indicate that the processing bottleneck 

occurs before, but not at, response execution. 

When Karlin and Kestenbaum (1968) manipulated the number of response alternatives in task 

2 of a PRP paradigm experiment, such that task 2 involved simple RT in some blocks and a 2AD 

in other blocks, an underadditive interaction between the response selection manipulation and 

decreasing SOA was observed, implying that the response selection manipulation affected a stage 

before a processing bottleneck. However there is experimental evidence that strongly suggests 

that Karlin and Kestenbaum's (1968) result may have been an artifact of using simple RT. Van 

Selst and Jolicoeur (1997) and Schuben (1996) replicated the paradigm utilized by Karlin and 

Kestenbaum (1968) but included a 3AD condition in task 2 in addition to simple RT and 2AD. 

Although there was some suggestion of an underadditive interaction with decreasing SOA 

between the simple RT and 2AD conditions (as was found in Karlin and Kcstenbaum•s 

experiment) the results &om the 2AD and 3AD conditions were clearly additive. Van Selst and 

Jolicoeur (1997) speculate that Karlin and Kestenbaum•s (1968) observation of underadditivity 

may have resulted from participants making anticipatory responses to the tone in the simple RT 

condition at long SOAs (when the participant could be certain that the presentation of the tone 

was imminent). Indeed Van Sclst and Jolicoeur (1997) found a dramatic increase in the number 

of anticipatory responses made in the simple RT condition at long SOAs. The authors argue that 

such anticipatory responses could have reduced mean RTs for the simple RT condition at long 

SOAs in Karlin and Kcstcnbaum's (1968) experiment, res~ting in a larger difference between the 

simple RT and 2AD conditions at long SOAs and an underadclitivc interaction with decreasing 
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S0A. In 2AD and 3AD conditions, however, anticipatory responses are rare (the stimulus must 

be presented before an appropriate response can be made in tasks involving choice) and thus the 

results from these conditions are more likely to reflect actual processing constraints. Van Selst 

and Jolicoeur (1997) thus conclude that Karlin and Kestenbaum's (1968) finding of 

undcradditivity .between a response selection manipulation and decreasing SOA arc not reliable. 

Better evidence for a processing bottleneck at response execution is provided by De Jong 

(1993). De Jong (1993) conducted four PRP paradigm experiments in which participants made a 

speeded response on some trials ('go' trials) and no response on other trials (cno-go' trials). The 

identity of St determined whether a given trials was a 'go' trial or a 'no-go' trial (for example, in 

Experiment 1 participants made a speeded response when St was a 'B' and no response when S1 

was a 'D'). De Jong (1993) reasoned that if response execution, like response selection, required 

a capacity limited cognitive mechanism then more interference will be observed on a 'go' trial, 

where response execution is required, than on a 'no-go' trial where response execution is not 

engaged. Indeed, in all four experiments De Jong (1993) observed smaller PRP effects on 'no-go' 

trials than on 'go' trials indicating that response execution contributes to the interference 

observed in PRP paradigm experiments. In order to reconcile this finding with others in the 

literature which clearly show response selection manipulations to be additive with SOA (.unplying 

that the last encountered bottleneck is at response selection where the S-R manipulation exens its 

effect) De Jong (1993) developed a dual-bottleneck model that includes a processing bottleneck 

_at both response selection and response execution. Because the response selection bottleneck 

and the response execution bottleneck are assumed to affect consecutive stages7 the dual­

bottleneck model predicts that the response execution bottleneck will only be encountered when 

the duration of task 1 response execution is longer than the duration of wk 2 response selection 

(see Figure 4). Thus an underadditive interaction between a response selection manipulation and 
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decreasing SOA is predicted when rask 1 response execution takes more time than task 2 

response selection, and additive effeas between a response sdection manipulation and SOA are 

predicted when task 1 response execution takes the same or less time than task 2 response 

selection. Assuming chat the model shown in Figure 4 is accurate, the duration of response 

execution can be estimated by calculating the avenge inter-response interval when the second 

task involves simple RT. Based on the results of Karlin and Kestenbaum, De Jong (1993) 

calculates the average inter-response interval to be about 200 ms. Thus according to De Jong 

(1993) response selection must take less than 200 ms in order for the response execution 

bottleneck to be encountered and underadditive effects with decreasing SOA observed. De Jong 

(1993) notes that while Karlin and Kestcnbaum (1968) clearly satisfy this condition, with average 

simple RTs of 199 ms (indicating that response selection must have ta.ken less than 200 ms), 

Pashler (1989), Pashler and Johnston (1989), and McCann and Johnston (1992) all found total 

RTs in the simplest condition to be in excess of 500 ms, making it unlikely that response 

selection took less than 200 ms to complete. De Jong (1993) thus concludes that a dual­

bottleneck model is completely consistent with all the effects observed in PRP paradigm 

experiments and that it may be premature to argue tha.t response execution docs not constitute a 

bottleneck simply because response selection manipulations do not, typically, go undcra.dditive 

with deaea.sing SOA. 

In summary, work using the PRP paradigm reveals that a capacity limited cognitive 

mechanism, in the foan of a processing bottleneck, is involved in some aspect of the period of 

processing between rudimentary perceptual processing and the completion of the response 

selection stage. In the PRP paradigm this processing bottleneck typically postpones task 2 

response selection, resulting in inaeased task 2 RTs at shott SOAs. If De Jong (1993) is coaect, 

there is also a subsequent processing bottleneck at response execution, however this bottleneck. 
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will only affect task 2 processing in those cases where task 2 response selection is very short, and 

will therefore not be relevant in the vast majority of PRP paradigms where task 2 involves a 

choice response. 

Jolicoeur and Dell'Acqua (1998) 

By simply switching the first task from a speeded choice response task to a delayed report 

encoding task Jolicoeur and Dell' Acqua (1998) adapted the PRP paradigm to study the role of 

capacity limited cognitive mechanisms in encoding. There were a number of reasons for their 

choice. First, this type of paradigm controls for the pitfalls of earlier letter matching 

experiments, including the influence of extraneous factors such as anticipating the second 

stimulus or preparing to make a match, and the possibility that simple RT is not sensitive enough 

to detect interference. Second, J olicocur and Dell'Acqua (1998) were curious to sec if the same 

capacity limited cognitive mechanism that produces interference in the PRP paradigm was 

involved in encoding, and by using the same second task as in the PRP paradigm, this 

comparison would be possible. 

Jolicoeur and Dell'Acqua's (1998) basic paradigm, shown in Figure 5, is similar to the PRP 

paradigm, except that instead of a speeded first task, participants encoded or ignored a few 

simple characters which they report at the end of the trial. Like in most PRP paradigms, the 

second task was a speeded response to the pitch of a tone. Relatively long SOAs were utilized to 

help ensure that perceptual processing of the first stim~us was completed by the time that the 

second stimulus was presented. Jolicoeur and Dell'Acqua (1998) argued that this paradigm helps 

ensure that the only processes that will be active following the presentation of the first stimulus 

will be directly involved in cnco~ and hence any interference observed in the tone task can be 

attributed to a capacity limited cognitive mechanism required both for encoding and for the tone 

task. 
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In Experiment 4 J olicocur and Dell'Acqua (1998) presented participants with a 250 ms 

masked display of one or three items (letters on half the trials, keyboard symbols on the other 

half of the trials) followed, at an SOA of 350, 500, 650, 800, or 1200 ms, by a high or low pitched 

tone. Half of the participants encoded the letters and ignored the symbols while the other half 

encoded the symbols and ignored the letters. On every trial participants made a speeded 

response to the pitch of the tone. If it was an encode trial participants then typed in _the letters or 

keyboard symbols they had se~ if it was an ignore trial participants simply pressed the space bar. 

Mean RTs to the tone served as the main dependent variable. 

The results from Jolicoeur and Dell'Acqua (1998, Experiment 4) support the claim that 

encoding requires a capacity limited cognitive mechanism also required for the tone task. The 

significant three-way interaction between encode/ ignore, SOA, and number of items is shown in 

Figure 6. When participants had to encode the items, the effect of SOA on tone responses was 

greater in the three item condition than in the one item condition. When participants instead 

ignored the items, however, the effect of SOA was much smaller and did not differ in the three 

and one item conditions. V cry similar results were found in the other experiments conducted by 

Jolicoeur and Dell'Acqua (1998). In every experiment in Jolicoeur and Dell'Acqua (1998) task 2 

RTs were slower on encode trials than on ignore trials and the effect of SOA was always greater 

on encode trials than on ignore trials. In addition, task 2 RTs always showed an effect of number 

of items on encode trials but not on ignore trials. Further, similar results were found when 

letters, digits, or keyboard symbols were encoded. Because the interference is greater on encode 

trials than on ignore trials, and because more encoding results in more interference in this 

paradigm, the results from this experiment imply that the process of encoding is producing the 

majority of interference with the tone task. 
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Jolicoeur and Dcll'Acqua (1998) argue that a number of other possible sources for the 

interference can also be ruled out. First, early perceptual processing is not likely the source of the 

interference both because the letter presentation was always complete before the tone was 

presented and because S 1 and S2 were presented in different modalities. Also, early sensory 

processing presumably took place on ignore trials of Experiment 7 but the effects of SOA were 

negligible in that experiment. Second, response selection can be ruled out as the source of the 

interference because no online response was needed for the encoding_ task. Third, the retention 

of the material is an unlikely source for the interference because retaining material produces a 

constant demand on cognitive resources, yet task 2 RTs decrease significantly with increasing 

SOA. Thus Jolicoeur and Dcll'Acqua (1998) concluded that their results are most consistent with 

the locus of interference at the encoding stage, which they refer to as 'short-term consolidation! 

Note, however, that there is a small but significant effect of SOA on ignore trials in Jolicoeur 

and Dell'Acqua (1998, Experiment 4) (sec Figure 6). To establish that this effect was not the 

result of participants accidentally encoding the items on a small proportion of ignore trials, 

Jolicoeur and Dell'Acqua (1998) conducted Experiment 4a in which participants were 

unexpc:ctcdly asked to report the: .identity of the: .items on their very last trial, which was always an 

ignore trial. Participants performed at chance for letter report and only slightly above chance for 

symbol reporr. In both cases report was significantly less than in the encode condition. The 

results imply that accidental encoding on some trials is not a likely source for the interference in 

the ignore condition of Experiment 4. Jolicoeur and Dell'Acqua (1998) found converging 

evidence for the conclusion that a process other than accidental encoding on some trials was 

3 -Mcan number of lctte%5 repottcd = .58, chance = .48, 95% confidence intemd for chance letter report was .14 to 
1.02; mean number of symbols reported = 1.38, chance = 1.0, 95% cnn6dcncc intemd for chance symbol icport 

was 1.11 to 1.64. Ten of sixteen participants pedomicd at chance in the symbol report. 
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responsible for the effect of SOA observed for ignore trials in Experiment 4 in Experiment 7, 

where blocking encode and ignore trials eliminated the effect of SOA for ignore trials. Jolicoeur 

and Dell' Acqua (1998) also argue that the interference is not occurring at a perceptual level 

because the results from a number of pilot experiments show no effect of SOA on ignore trials 

when the visual stimulus was never encoded. Jolicoeur and Dell'Acqua (1998) suggest that the 

effect of SOA observed for ignore trials is the result of the decision to encode or ignore a gi~cn 

stimulus, a process they refer to as 'selective control' (Sq. Funher, based on the results from the 

PRP literature,Jolicoeur and Dell'Acqua (1998) conclude that the same capacity limited cognitive 

mechanism required for selective control and short-term consolidation is also required for 

response selection in speeded tasks. These conclusions are formalized in Jolicoeur and 

Dell'Acqua's (1998) Central Interference Theory. 

Central Interference Theory Qolicoeur &DeJJ'A.cqua, 1998) 

Jolicoeur and Dcll'Acqua (1998) propose a model of task interactions termed 'Central 

Interference Theory', shown in Figure 7, to account for the results from their experiments as well 

as the existing literature. The component stages for this model are sensory encoding, perceptual 

encoding, selective control, short-tenn consolidation, durable storage, response selection, and 

response execution. Three of these stages, selective control, short-term consolidation, and 

response selection, arc assumed to require the same capacity limited cognitive mechanism which 

Jolicoeur and Dcll'Acqua (1998) refer to as 'central mechanism.' Processing of one of these 

stages in one task will interfere with processing of any of these stages in any concurrent tasks. 

Which stages arc encountered during the completion of a given task depend on the specific task 

requirements. 
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S enso,y en,odi11g 

Sensory encoding (SE) is assumed to be a massively parallel stage that provides the input for 

subsequent stages of processing. Basic perceptual features including colour, motion, and 

stereopsis result &om SE (e.g. Zeki, 1993; Cavanaugh, 1988; Treisman & Gelade, 1980). 

Representations at this stage arc susceptible to masking but arc not susceptible to interference 

from other sensory modalities. 

Pmepmal en,oding 

The output from sensory encoding is subjected to perceptual encoding (PE). Output from 

this stage includes pattern information, such as letter identities, and likely the activation of 

associated long-term memories (sec Pashlcr & Carrier, 1996). The output of PE is no longer 

maskablc but will fade rapidly without continued bottom-up support (e.g., Chun & Potter, 1995; 

Potter, 1976, 1993). 

S tledive ,ontrol 

Selective control (SC) determines which outputs from PE will be encoded into short-tcmi 

memory. Perceptual items that are selected by SC will be subjected to short-term consolidatio11, 

perceptual items that are not selected will decay quickly. Selective control is one of the duce 

stages assumed to require the central mechanisms. Jolicoeur and Dell'Acqua (1998) argue that it 

is interference between task 1 selective control and task 2 response selection that produced the 

effect of SOA observed for ignore trials in Experiment 4, based primarily on: their finding of null 

effects of SOA in Experiment 7, where encode and ignore trials were blocked. 

Short-lmn ,onsolidation 

Short .. term consolidation (STq is only engaged when the stimulus must be encoded. Output 

of PE selected for encoding is subjected to shott-tmn consolidation (STC). Short-tean 

consolidation copies the selected material into durable storage (DS}, the shott•teml memory 

28 



store (Colthcart, 1982, 1984). Once in DS material must be rehearsed or it will be lost. The 

results from Jolicoeur and Dell'Acqua (1998) show that STC takes time, that STC takes more 

time when more items need to be encoded, and that STC requires the same capacity limited 

cognitive mechanism required for the tone task, the so-called central processor. 

&rponse seledio11 

Response selection is engaged when a speeded response is required. Output from PE is 

subjected to response selection (RS) whenever a speeded response is required. The duration of 

RS will depend on the complexity of the contingency between stimulus and response. Response 

selection is assumed to require central processing mechanisms. 

'Ruponse executio11 

Response execution follows response selection when a speeded response is needed. Output 

from RS is subjected to response execution (RE) where the appropriate motor pathways are 

recruited and the overt response made. 

Figure 7 illustrates the assumed stages of processing for an unspccded encoding task such as 

that used for task 1 in Jolicoeur and Dcll'Acqua (1998, Experiment 4). The visual stimulus first 

passes through SE and PE, where simple and complex perceptual features are c:xtracted. 

Selective control uses the output of PE to determine whether to encode a given stimulus or 

ignore it (based on category membership). If the stimulus is to be ignored no further cognitive 

opciations arc performed on the output of PE and the representation simply decays. If the 

stimulus is to be encoded, however, the output of PE is copied into DS where is can be 

maintained until the end of the trial. According to the Ccnml Interference Theory, the 

completion of selective control and short-term consolidation will. both require ccnttal 

mechanisms and will interfere with the processing of any stages of a concw:rent task that also 
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require central mechanisms, namely selective control, short-teun consolidation, or response 

selection. 

Figure 7 also illustrates the assumed stages of processing for a speeded tone task such as that 

used for task 2 in Jolicoeur and Dell'Acqua (1998, Experiment 4). Like with unspcedcd tasks, the 

stimulus is first processing through SE and PE. However, when the task is speeded, and the 

stimulus does not need to be stored in durable storage (OS), processing instead proceeds directly 

to RS and RE. According to the Central Interference Theory, the completion of response 

selection will require the central processing mechanism and will interfere with the processing of 

any stages of a concurrent task that also require central processing. 

Jolicoeur and Dell'Acqua (1998) used computer simulations to test whether the pattern in 

mean RTs observed in Experiments 4, 6, and 7 were consistent with a processing bottleneck 

account of dual-task interference (sec Jolicoeur & Dell'Acqua, 1998, for details). The results of 

simulations of Experiments 4, 6, and 7 all provide an excellent fit to Jolicoeur and Dell'Acqua's 

(1998) data, implying that a processing bottleneck account of the interference is consistent with 

the experimental data. 

However the success of Jolicoeur and Dell'Acqua' s (1998) simulations do not provide proof 

that the capacity limited cognitive mechanism involved in encoding constitutes a processing 

bottleneck, they merely show that a processing bottleneck account is consistent with the existing 

data. Indeed Jolicoeur 2nd Dcll'Acqua (1998) concede that their experiments provide no actual 

test as to the precise nature of the capac.ty limited cognitive mechanism involved in encoding.. In 

Experiments 2 thmugh 6 of this thesis the nature of the capacity limited cognitive mechanism 

involved in encoding is explored in great detail using the locus of cognitive slack logic (Pashler & 

Johnston, 1989;McCann &Johnston, 1992). 
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First, however, we test the validity of Jolicoeur and Dell'Acqua's (1998) conclusion that the 

decision to encode or ignore requires a capacity limited cognitive mechanism. The reasons for 

this are twofold. First, Jolicoeur and Dcll'Acqua (1998) provide no direct evidence for a capacity 

limitations in the selective control stage, and thus a test of their assumption is desirable. Second, 

what we may conclude about encoding using the locus of cognitive slack logic will be greatly 

reduced if selective control and short-term consolidation both require a capacity limited cognitive 

mechanism also required for a speeded choice tone task. Figure 8 shows that if selective control 

is capacity limited in some way, then it will be difficult to use the locus of cognitive slack logic 

effectively, because the pattern in the data could potentially reflect either the nature of the 

limitation at selective control or the nature of the limitation at short-term consolidation. For 

example, Figure 8 illustrates how an undcradditive interaction between a manipulation of an early 

stage of cask 2 processing and decreasing SOA could reflect a bottleneck at selective control, 

short-term consolidation, or both. Similarly, additive effects could reflect a bottleneck at 

selective control, short-term consolidation, or both. The same problem with interpretation docs 

not arise if capacity sharing is the source of the interference, however because the PRP effect has 

been shown to be the result of a processing bottleneck, and because the encoding paradigm is 

very similar to the PRP paradigm. there is a very real possibility that the capacity limited cognitive 

mechanism involved in encoding constitutes a processing bottleneck as well. It is therefore 

critical that we employ experimental controls that will permit an accurate depiction of the locus 

of a processing bottleneck in the event that evidence for one is found. 

Recall that J olicocur and Dell'Acqua (1998) came to the conclusion that selective contro~ the 

stage at which decisions to encode or ignore specific outputs from perceptual encoding arc made, 

involves a capacity limited cognitive mechanism because of the appearance of cffcas of SOA on 

ignore trials in the experiments they conducted in which encode and ignore trials were mixed. 
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Jolicoeur and Dell'Acqua (1998) argued that the effect of SOA on ignore trials was not the result 

of occasionally accidentally encoding stimuli on ignore trials. Jolicoeur and Dell'Acqua (1998) 

concluded that because participants had to decide whether to encode or ignore on both encode 

and ignore trials, a capacity limited cognitive mechanism may be involved at the decision, or 

selective control, stage. However it is also plausible that having to switch between two sets of 

task protocols may have produced the effect of SOA observed for ignore trials, as a number of 

researchers have found evidence for interference due to task switching (e.g. Rogers & Monscll, 

1995). Experiment 1 examined Jolicoeur and Dcll'Acqua's (1998) claim that a capacity limited 

cognitive mechanism is involved in selective control by comparing the extent of interference on 

trials where onlinc selection was required to performance on trials where no onlinc selection was 

required. A brief overview of all of the present experiments is shown in Appcndi"'< B. 

Experiment 1 

In E."<periment 1 Jolicoeur and Dell'Acqua's (1998) hypothesis that selective control requires a 

capacity limited cognitive mechanism is tested. The basic paradigm, shown in Figure 9, is the 

same as that used by Jolicoeur and Dell'Acqua (1998), however whether or not selective control 

was required was manipulated across blocks. 

In 'Selection' blocks participants must make an online decision to encode or ignore one, two, 

or three briefly presented and masked red or green random consonants based on their colour 

while simultaneously pcrfonning a speeded choice ton~ task. After responding to the tone, 

participants typed the letters they saw if it was an encode trial or simply press the space bar if it 

was an ignore trial. In 'Control' blocks participants were infonncd ahead of time, by the 

presentation of either a solid or dashed fixation box before each trial, whether to encode or 

ignore the red or green random consonants while pcrfonning the same speeded tone taSk as in 

'Selection' blocks. If the fixation box was solid participants encoded the letters and repotted 
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them at the end of the triaL if the fixation box was dashed participants ignored the letters and 

pressed the space bar after making their tone response. In 'Selection' blocks selective control 

must have occurred during the trial whereas in 'Control' blocks the decision was made before the 

onset of the letters. If the decision to encode or ignore requires a capacity limited cognitive 

resource also required for the tone task, as proposed by Jolicoeur and Dell'Acqua (1998), then 

tone response times should be different in 'Selection' blocks, where an online decision was made, 

and 'Control' blocks, where it was not. If, on the other hand, selective control docs not required 

a capacity limited cognitive mechanism also required for the tone task then tone response times 

should instead be similar in 'Selection' and 'Control' blocks. The putpose of this experiment was 

to assess the capacity demands of onlinc selective control. 

Method 

An illustration of the paradigm used in Experiment 1 is shown in Figure 9. 

Participants 

Sixteen University of Waterloo students were paid $6.00 for their participation in this 

experiment. All participants reported normal hearing and normal or corrected-to-normal vision. 

Apparal1ts 

Visual stimuli were presented on a black background on a SVGA colour computer screen 

controlled by a 386 or 486 CPU. Tones were presented through the computer speaker. A 

standard computer keyboard was used to collect responses. 

Vimal S li11111/i 

The visual stimuli consisted of one, two, or three consonants (excluding Y and Z) randomly 

selected without replacement on every ~ such that a letter was not repeated within a given 

trial. On half the trials the letters were red and on the other half of the trials the letters were 

green. Red letters had a .luminaoc:c of 8.8 cd/m2 and green letters had a luminance of 9.5 cd/m2
• 
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The mask consisted of 'O's superimposed onto 1,s and was presented in the same colour as the 

stimulus. Each letter subtended 0.66 degrees of visual angle in width and 1.00 degrees of visual 

angle in height. The letters on each trial were centred at fixation. The fixation box extended 0.53 

degrees of visual angle to the left and right of the letters and 0.50 degrees of visual angle beyond 

the top and bottom of the letters. 

A11dito,y Jti11111li 

The auditory stimuli consisted of a 400 Hz tone ('low' tone) and a 1200 Hz tone ('high1 tone) 

presented through the computer speaker. There were an equal number of trials for each tone 

condition. 

Pro,ed11n 

Participants were seated approximately 60 cm from the computer monitor in a dark room 

with a computer keyboard situated in front of them. 

There were two block types in this experiment. In 'Control' blocks participants encoded or 

ignored the letters based on the style of the fixation box. Participants were instructed to encode 

the letters that followed a fixation box composed of solid lines and ignore the letters that 

followed a dashed fixation box. In 'Selection" blocks participants encoded or ignored the lem:r(s) 

depending on their colour. Half of the participants were instructed to encode the red letters and 

ignore the green ones ('red» group}, and the other half of the participants were instructed to 

encode the green letters and ignore the red one ('green» group).. Fmation boxes in 'Selection• 

blocks were always composed of solid lines. 

Each trial beg-an with the presentation of a fixation box in the centre of the saccn. 

Participants initiated each trial by pressing the space bar which caused the fixation box to 

disappear. After a 400 ms delay the visual stimulus was presented for 250 ms and then masked 

for 100 ms .. The tone was presented at a stimulus onset asynchrony (SOA) of 300, 400, 500, 600» 
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entered into a 5 (SOA) x 2 (tone localization difficulty) repeated measures .ANOVA. The main 

effect of tone localization difficulty was significant, .E(l,13) = 5.2, 12 < .05, MSE = 0.00137. 

Tone responses were more accurate in the easy tone localization condition than in the hard tone 

localization condition. 

Discussion 

The results from Experiment 5 replicate those &om Experiment 3. The effect of tone 

localization difficulty was additive with SOA and there was no effect of SOA on task 1 accuracy, 

which provides converging evidence for the claim that the capacity limited cognitive mechanism 

involved in encoding takes the form of a processing bottleneck. What's more, the finding that a 

second perceptual difficulty manipulation produced additive effects with SOA undermines 

Jolicoeur and Dell'Acqua's (1998) claim that only short-term consolidation is subject to a 

processing bottleneck in the encoding paradigm, because the additive effects imply that some 

perceptual processing is also being postponed by the bottleneck. 

Experiment 6 

The main evidence that a perceptual factor is affecting the bottleneck stage comes from the 

additive cffeas observed in Experiments 3 and 5. One possibility, however, is that we observed 

additivity in these experiments because the SOAs used were not sufficiently short. Ia 

Experiments 3 and 5 we made the shortest SOA 200 ms to avoid any interference that may result 

from the abrupt onset of the tone when the letters were still visl"blc. Howev~ in our PRP 

paradigm experiments> most of the convergence in the undemdditive intcracdons between task 2 

difficulty manipulations and dcaeasing SOA occurs within the 6m: 150 ms; if the two shortest 

SOAs were removed the pattem in the results from Experiments 2 and 4 would appear additive 

(sec Figw:es 12 and 16). Thus we may observe additive effects in the encoding paradigm simply 

because we were not probing culy enough during the encoding process. In Experiment 6 we 
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lower boundaries. These boundaries are established based on the number of observations in a 

cell, the adjusted cell mean, and cell variance. This analysis removed 2.89 % of the data. 

Mean RTs and corresponding proportions of correct tone responses are shown in Table 1. 

Mean tone RTs were entered into a 2 (control/select) x 2 (encode/ignore) x 3 (number ofletters) 

x 6 (SOA) repeated measures analysis of variance (ANOVA). The main effect ofblock type was 

significant, .E(l,15) = 5.46, p. < .05, .MSE = 13965.10, tone responses were 10 ms slower on 

Control trials than on Selection trials, however block type did not interact with any other factor 

(see Figure 10). There was a significant 3-way interaction between SOA, encode/ignore, and 

number of letters, f (2,30) = 2.80, p. < .0001, .MSE = 5458. 72 which is shown in Figure 11. 

Increasing the number of letters increased the effect of SOA for encode trials but not for ignore 

trials. The 2-way interaction between encode/ignore and number of letters was sjgnificant, 

.E(2,30) = 23.9, p. < .0001, MSE = 38935.22. Mean tone RT increased with the number of letters 

for encode trials but not for ignore trials. There was a significant 2-way interaction between SOA 

and number oflctters, f(10,1S0) = 4.86, '2 < .0001, .MSE = 3759.37. The effect of SOA on tone 

RT was greater when more letters were presented. There was also a significant 2-way interaction 

between SOA and encode/ignore, f(S,75) = 10.94, .i < .0001, MSE = 6507.11. The effect of 

SOA was greater for encode trials than for ignore trials. Tone responses were slower at shorter 

SOAs than at longer ones (.f(S,75) = 30.56, R < .0001, ~ = 12518.63), slower on encode trials 

than on ignore trials (f(l,15) = 29.85, i!. < .0001, ~ = 196896.93) and slower when more 

letters were presented (E(2,30) = 19.64, R <.0001, .MSE = 45563.35). 

Accu.racy Results 

All experimental trials were included in the accumc:y analyses. 
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Letterta.r/e 

Mean proportions of correctly reported letters across conditions are shown in Table 2. The 

mean proportion of letters correctly identified were entered into a 2 (control/select) x 3 (number 

of letters) x 6 (SOA) repeated measures ANOV A. This analysis revealed a significant 2-way 

interaction between block type and number ofletters, f(2,30) = 5.02, £? < .05, MSE = 344.21. 

For Control blocks the mean proportion of letters correctly reported increased as the number of 

letters increased, while in Selection blocks the mean proportion of letters correctly reported 

decreased as the number of letters increased. 

Tone tas/e 

Mean proportion of correct tone responses are shown in Table 1. The mean proportion of 

correct tone responses were entered into a 2 (conttol/sclect) x 2 (encode/ignore) x 3 (number of 

letters) x 6 (SOA) repeated measures ANOV A. There was a significant 4-way interaction 

between block type, SOA, encode/ignore and number oflettcrs, f(t0,150) = 2.19, ~ < .05, MSE 

= 0.00253. There was also a significant 3-way interaction between block type, SOA, and 

encode/ignore, f(S,75) = 2.35, '1 <.OS, ~ = 0.002943. 

Discussion 

The results of Experiment 1 replicate Jolicoeur and Dcll'Acqua (1998, Experiment 4). There 

is a significant three-way interaction in task 2 RTs in which the effect of SOA increases 

significantly with the number of letters on encode trials but not on ignore trials. Most 

importantly, however, tone responses on Sclcc trials arc not significantly slower than tone 

responses on Control trials (sec Figw:e 10). In fact, task 2 RTs arc slightly slower in Control 

blocks, where no online decision was needed, as compared to Selection blocks where participants 

decided to encode or ignore based on the colour of the letters. When taken together these results 

imply that selective conttol does not require a capacity limited cognitive mcchanis~ and that it is 
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some aspect of processing that follows the decision to encode or ignore in the encoding task (m 

other words some aspect of encoding) that is producing the interference. This conclusion is 

inconsistent with Jolicoeur and Dcll'Acqua,s (1998) claim that selecting material for encoding 

requires a capacity limited cognitive mechanism, and suggests that their Central Interference 

Thcoty should be modified to exclude selective control as requiring the central mechanism. In 

addition, there was a significant effect of SOA on ignore trials in Control blocks, implying that 

the effect of SOA on ignore trials observed in Jolicoeur and Dcll'Acqua (1998, Experiment 4) 

was not the result of the onlinc decision to encode or ignore requiring the same capacity limited 

cognitive mechanism required for the tone task. 

Experiment 2 

'The nature of the capacity limited cognitive mechanism involved in encoding 

In E."<pcrimcnt 2 and the next several experiments the locus of cognitive slack logic was 

applied to a combination of PRP paradigm and encoding paradigm experiments to determine the 

source of the interference observed during the encoding task. According to the locus of 

cognitive slack logic, the most diagnostic finding is a task 2 difficulty manipulation that results an 

underadditive interaction with dcaeasing SOA, which can only be produced when the wk 2 

difficulty manipulation affectS the duration of a stage of processing that precedes a bottleneck 

(see Introduction)~ It is thus desirable to use a task 2 diffic:ulty manipulation that affects an early 

stage of processing because such a. manipulation is most likely to produce an. undcra.dditivc 

intctaction with decreasing SOA if the capacity limited cognitive mechanism producing the 

interference constitutes a processing bottleneck. One way to establish that the manipulation 

affects an early stage is to first employ it in a PRP patadigm experiment A myriad of PRP 

paradigm experiments have revealed a processing bottleneck that affects a stage at or around 

response selection. Thus if a task 2 difficulty manipulation produces an undea.dditive intci:action 
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with decreasing SOA in a PRP paradigm experiment it may be concluded that the manipulation 

affects a relatively early stage before the onset of response selection (sec Introduction). In 

Experiment 2 a task 2 rone loudness manipulation was employed in a PRP paradigm experiment.. 

A perceptual difficulty manipulation (loudness) was chosen for task 2 because, according to CIT, 

perceptual processing is complete before the locus of the capacity limited cognitive mechanism at 

STC in the encoding paradigm. Loudness was chosen as the perceptual difficulty manipulation 

because PRP paradigm experiments in which the contrast of the second stimulus is manipulated 

typically result in undcradclitive interactions with deaeasing SOA (e.g., De Jong, 1993; Pashler, 

1984; Pashlcr &Johnston, 1989). 

In Experiment 2 participants were presented with an H, 0, or S at fixation followed, at an 

SOA of SO, 111, 245, 542, or 1200 ms by a high or low pitched tone presented through 

headphones. On half the trials the loudness of the tone was reduced to slightly above threshold. 

Participants made a speeded response to the identity of the letter followed by a speeded response 

to the pitch of the tone. If the loudness manipulation produces an underadditive interaction with 

decreasing SOA we may conclude that both tasks require the same capacity limited cognitive 

mechanism that constitutcS a processing bottleneck at a stage after the locus of the loudness 

manipulation. Such a finding would be particularly diagnostic because underadditivity with 

decreasing SOA cannot be reconciled with a capacity sharing account of dual-task interference. 

If the loudness manipulation produces an overadditive interaction with decrC2Sing SOA we may 

account for the interference using a capacity sharing model If the loudness manipulation instead 

produces additive effects with SOA we will use the pattcm in wk 1 R.T across SOAs to 

determine whether a processing bottleneck account or a capacity sharing account is most 

appropriate. If no effect of SOA is observed on task 1 RTs, we may conclude the additive effects 

were the result of a processing bottleneck at or before the locus of the tone difficulty 
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manipulation. If task 1 RTs are instead significantly longer at short SOAs, and postponed to a 

degree comparable to task 2 RTs, we will instead conclude that the observed interference is the 

result of capacity sharing. 

Method 

Participants 

Eight University of Waterloo students were paid $6.00 for their participation in this 

experiment. All participants reported normal hearing and normal or corrected-to-normal vision. 

ApparalllJ 

The apparatus used in Experiment 2 was identical to that of Experiment 1 except that tones 

were presented to participants through a standard pair of stereo headphones 

Vi111al S tim11/i 

The visual stimuli consisted of the letters H, 0, or S presented individually at fixation. The 

letters were always gray with a luminance of21 cd/m2 and each subtended 0.76 by 0.86 degrees 

of visual angle. 

Auditory stimuli 

The auditory stimuli consisted of a 400 Hz tone ('lou.., tone) and a 1200 Hz tone ('high' tone) 

presented through headphones. There were two loudness conditions. In the 'loud' condition the 

tones were clearly audible. In the 'quiet' condition the loudness was calibrated for each individual 

participant prior to the beginning of the experiment. 

Prottd11rt 

Participants were seated approximately 60 cm from the computer monitor in a dark room with 

a computer keyboard situated in front of them. Subjects were given headphones and adjusted 

them until they were comfortable. Participants were presented with high and low pitched tones 
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at the normal loudness until they were familiar with them. Participants then began the loudness 

calibration phase. 

Lo11dness calibration 

Participants were told that the goal of the calibration was to reduce the loudness of the tone 

to the quietest possible level where the participant could still accurately identify the pitch. 

Participants pressed the space bar to hear a sample tone. After hearing the tone they could 

choose to make it louder, quieter, to hear it again, or to accept it. To accept the tone they simply 

pressed the space bar. If they chose to make the tone louder, the control value used to control 

loudness in MEL was increased by 2% relative to the loudness control value of the tone used in • 

the 'loud' condition, if they chose to make it quieter the loudness control value was reduced by 

2%, relative to the loudness of the tone used in the 'loud' condition, and if they chose to hear it 

again the loudness was not altered. A tone was then presented at the chosen loudness level. 1bis 

procedure was repeated until the participant determined the minimum loudness level where they 

could still discriminate between the high and low pitched tones. After selecting that loudness the 

participant was presented with detailed instructions concerning how each trial would progress. 

Each trial began with a fixation marker in the centre of the computer screen. Participants 

pressed the space bar to initiate the trial. The fixation marker disappeared and following a 400 

ms delay an ~ 0, or an S, was presented in the centre of the screen. Participants were instructed 

to indicate the identity of the letter as quickly and acqiratcly as possible by pressing the '<,' key 

with the index finger of their right hand if the letter was an H11 the '> .' key with the middle finger 

of their right hand if the letter was an 0, or the '? /' key with the third finger on their right hand if 

the letter was an S. The letter remained on the screen until a valid response was made. The tone 

was presented to both cars through the headphones at an SOA of 50, 111, 245, 542, or 1200 ms 

&om the onset of the letter. Each of the five SOAs, three letters. two tone difficulty conditions, 
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and two tone pitches were utilized an equal number of times. Participants were instructed to 

indicate the pitch of the tone as quickly and accurately as possible by pressing the 'A' key for the 

high tone and the 'Z' key for the low tone. Participants had to enter a response to the letter 

before they could enter a response to the tone. After a valid response was given for both letter 

and the tone, the fixation marker for the next trial was presented. The marker consisted of two 

variable symbols which reflected letter and tone acCUiacy on the previous trial. The symbol on 

the left described letter accuracy with a'+' or'-' and the symbol on the right described tone 

accuracy with a'+' or'-'. Participants completed one block of thirty practice trials and eight 

blocks of sixty experimental trials. 

Results 

Preliminary analyses revealed no effect of tone pitch on mean RT, letter accuracy, or tone 

accuracy. Data were collapsed across these variables in the following analyses. 

RT Results 

Only trials in which both responses were correct were included in the RT analyses. Coaect 

letter RT data and correct tone RT data and letter RT data were subjccte~ sequentially, to the 

modified recursive outlier analysis suggested by Van Selst and Jolicoeur (1994) (sec Experiment 

1). This analysis removed 2.65 % of the data based on tone responses, and a further 3.052 % of 

the remaining data was removed based on letter responses. When an RT, in either task, was 

rejected as an outlier, the entire trial was rejected (i.e., both RTs were rejected). 

Tant task 

Mean RTs to the tone and the coacsponding proportions of correct tone responses arc shown 

in Figure 12 and Table 3. Mean RTs to the tone were entered into a 2 {tone difficulty) x 5 (SOA) 

repeated measures ANOVA. There was a significant 2-way intenction between tone difficulty 

and SOA, f(2,5) = 8.04, I!< .0001, MSE = 1057.63 which is plotted in Figure 12. This 
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interaction is clearly underadditive with decreasing SOA; the difference in tone RTs for the easy 

and the hard tone conditions increases from only 6 ms at the shortest SOA to 46 ms at an SOA 

of 1200 ms. Tone responses were slower in the bard tone difficulty condition than in the easy 

tone difficulty condition (f(l,10) = 57.16, ~ < .0001, MSE = 1081.01), slower at shorter SOAs 

(E(4,10) = 79.7.6, ~ < .0001, MSE = 3947.88). 

Letterta.rle 

Mean RTs to the identity of the letter and the corresponding proportions of correct letter 

responses are shown in Figure 12 and Table 4. Mean RTs to the letter were entered a 2 (tone 

difficulty) x 5 (SOA) repeated measures AN OVA. There were no effects of the experimental 

manipulation on RTs to the letter. 

Accuracy Results 

Tone ta.rk 

Mean proportion of correct tone responses are shown in Figure 12 and Table 3. Mean 

proportion of correct tone responses were entered into a 5 (SOA) x 2 (tone difficulty) repeated 

measures AN OVA. The analysis revealed no effect of the experimental manipulations on tone 

task accuracy. 

utterta.rk 

Mean proportions of correct letter responses are shown in Table 4. Mean proportion of 

correct letter responses were entered into a 5 (SOA) x 2 {tone loudness) repeated measures 

ANOV A. The analysis revealed no effect of the experimental manipulations on letter task 

accuracy. 

Discussion 

The results from Experiment 2 reveal a highly significant underadditive interaction between 

the task 2 tone difficulty manipulation and decreasing SO~ indicating that the tone difficulty 
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manipulation affected a stage before a processing bottleneck (see Figure 12). Thus in future 

experiments we can be certain not only that this tone task requires a capacity limited cognitive 

mechanism, but also that this capacity limited cognitive mechanism affects a stage after the locus 

of the tone difficulty manipulation in the PRP paradigm. 

The purpose of Experiment 2 was simply to confirm both that our tone task required a 

capacity limited cognitive mechanism, and that the difficulty manipulation was affecting an early 

stage of processing. We can now use the same tone task in an encoding paradigm experiment to 

determine if the process of encoding is subject to constraint from a similar capacity limited 

cognitive mechanism. 

Experiment 3 

In Experiment 3 participants were presented with one or three red or green letters which they 

encoded or ignored based on their colour, followed, at varying SOAs, by a loud or quiet high or 

low pitched tone. Participants made a speeded response to the tone and then entered the letters 

if it was an encode trial or press the space bar if it was an ignore trial. 

If the tone difficulty manipulation produces an undcndditive interaction with decreasing SOA 

we may conclude that encoding requires a capacity limited cognitive mechanism that produces a 

processing bottleneck sometime after t':he locus of the tone difficulty manipulation. If the tone 

difficulty manipulation produces an ovcmdditivc intcmction with dcaeasing SOA we may instead 

conclude that the capacity limited cognitive mechanism involved in encoding slows, but docs not 

halt, processing of all stages of both tasks that require the capacity limited cognitive mechanism. 

If the effects of SOA and the tone difficulty manipulation are additive, the appropriate 

conclusion would be less clear. While an overriding assumption of capacity sharing models is 

that RTs will be slowest when task overlap is greatest {which predicts an ovemdditivc interaction 

with dcaeasing SOA), capacity sharing models are also consistent with additive effects under 
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some conditions (see Figure 3). Recall that in the PRP paradigm we are able to distinguish 

between additive effects resulting from a processing bottleneck and additive effects resulting 

from capacity sharing by c.um.in.ing the effects of SOA on task 1 RTs; a significant effect of SOA 

on task 1 RTs is predicted by the capacity sharing account but inconsistent with the processing 

bottleneck account. In the present encoding paradigm, however, task 1 is not speeded, and 

therefore task 1 RTs may not be used to discriminate between the models if additive effects ~c 

found. However, the pattern in cask 1 accuracy may serve to distinguish between the two models 

in the encoding paradigm. The logic behind this assertion is shown in Figure 13. Suppose that 

capacity sharing is responsible for the interference between the encoding task and the tone task. 

The capacity sharing model that would have to be adopted to account for additive effects is 

shown in Panel B of Figure 13. At shon SOAs, when task 1 and task 2 must share the capacity 

limited resource, less processing of each task can be completed during a given period of time 

than at long SOAs when each task has exclusive access to the resource. Thus when a stimulus is 

presented briefly and masked, such as the task 1 stimulus in the encoding paradigm, less 

processing of the stimulus will be possible at short SOAs, and thus more errors in stimulus report 

are predicted. Capacit}" sharing models therefore predict more errors in rask 1 report at short 

SOAs than at long SOAs in the encoding paradigm. Processing bottleneck models, on the other 

hand, predict no impact of SOA on task 1 processing in the encoding paradigm. Thus if additive 

effects are observed in the present encoding paradigm, the pattem of task 1 accwacy may be used 

to detemline whether a pi:occssing bottleneck or capacity sharing account of the interference is 

most appropriate. 
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Method 

Partit:ipant.r 

Sixteen University of Waterloo students were paid $6.00 for their participation in this 

experiment. All participants reported normal hearing and normal or corrected-to-normal vision. 

Vif11al Sti11111/i 

The apparatus was identical to that used in Experiment 2. The visual stimuli consisted of 1 or 

3 consonants (excluding Y and Z) randomly selected without replacement on every trial. There 

were an equal number of 1 and 3 letter aials. On half the trials the letters were red while on the 

other half they were green. Red letters had a luminance of 8.8 cd/ m1 while green letters had a 

luminance of9.5 cd/m1
. The mask consisted of'0's superimposed onto '&'sand was presented 

in the same colour as the stimulus. Each letter subtended 0.76 degrees of visual angle in width 

and 0.86 degrees of visual angle in height. The visual stimuli was centred at fixation. 

A11dito,y .rti111Mli 

The auditory stimuli were identical to those used in Experiments 2. Participants completed a 

calibration procedure identical co that used in Experiment 2 to determine the appropriate tone 

intensity for the 'quiet' condition. 

Prot1d1m 

Half the participants (N =8) were instructed to encode red lettcr(s) and ignore green lettcr(s) 

while the other half of the participants (N = 8) were instructed to encode green lettcr(s) and 

~ore red letter(s). The experimental procedure was the same as in 'Selection' blocks in 

Experiment 1, with the exception of the SOAs which were either 200, 261, 395, 692, or 1350 ms 

in Experiment 3. Participants completed one block of thirty practice trials and six blocks of 

eighty experimental trials. 
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Results 

Preliminary analyses revealed no effect of whether subjects were in the 'red' or the 'green' 

group or tone pitch on mean RT, letter accuracy, or tone accuracy. Data were collapsed across 

these variables in the following analyses. 

RT Results 

Only trials on which both responses were correct were included in the RT analyses. Correct 

tone RT data were first subjected to the modified recursive outlier analysis suggested by Van Selst 

and Jolicoeur (1994). Tb.is analysis removed 3.56 % of the data. 

Mean RTs and corresponding proportions of correct tone responses are shown in Table 5. 

Mean tone RTs were entered into a 2 (encode/ignore) x 2 (number of letters) x 5 (SOA) x 2 (tone 

difficulty) repeated measures ANOV A. There was a significant 3-way interaction between SOA, 

encode/ignore, and number of letters, f(4,84) = 7.15, 12 < .0001, MSE = 13331.89 which is 

shown in Figure 14. Increasing the number of letters increased the effect of SOA for encode 

trials but not for ignore trials. There was a significant 2-way interaction between encode/ignore 

and tone difficulty, f(1,21) = 9.78, 12 < .01, Ms.a= 8281.26 which is shown in Figure 15. 

Increasing the tone: difficulty had a larger effect on tone RTs on encode trials than on ignore 

trials. There was a significant 2-way interaction between SOA and encode/ignore, f(4,84) = 

9.16, I?< .0001, MS5. = 15379.39. The effect ofSOA was greater for encode trials than for 

ignore trials. The 2-way interaction between encode/ignore and number of letters was 

significant, .E(l,21) = 36.42, p. < .0001, Ms.a= 64742.69. Mean tone RT inaeased with the 

number of letters for encode trials but not for ignore ttials. rmally, there was a significant 2-way 

interaction between SOA and number ofletters, 1:(4,84) = 9.63, I?< .0001, ,MSa = 20767 .09. 

Increasing the number ofletters inaeased the effect of SOA on tone RT. Tone RTs were 

longer at shorter SOAs (E(4,84) = 48.83, 11 < .0001, Ms.a= 32195.37), longer in the duce letter 
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condition than in the one letter condition (E(t,21) = 32.08, p. < .0001, ~ = 61549.68), longer 

in the encode condition than in the ignore condition (E(l,21) = 48.22, I2 < .0001, ~ = 
125747.47), and longer in the ha.rd tone difficulty condition than in the easy tone difficulty 

condition (f{l,21) = 10.16, J;! < .01, ~ = 211028.81). 

In order to apply the locus of cognitive slack logic we also condueted separate ANOV As on 

the encode and ignore trial data. The nature of the capacity limited cognitive mechanism 

involved on encode trials is of primary interest 

En,ode trials 

We entered the encode data into a 5 (SOA) x 2 (number of letters) x 2 {tone difficulty) 

repeated measures ANOV A. The 2-way interaction between SOA and number of letters was 

significant, f(4,84) = 12.49, I?< .0001, ~ = 21587.77. The effect of SOA was greater in the 

three letter condition than in the one letter condition. Tone responses were slower at shorter 

SOAs (f(4,84) = 48.53, 12 < .0001, MSE = 26584.77), slower in the three letter condition than in 

the one letter condition (E(l,21} = 40.38, 12 < .0001, ~ = 107080.49), and slower in the quiet 

condition than the loud condition (E(l,21) = 8.38, 12 < .Ola MS£= 83049.76). There was no 

indication of a 2-way interaction between SOA and tone difficulty (i.e. the effects were ad~ti.ve, F 

< 1) (sec Figure 15). 

Ig,,ort trials 

The data from ignore trials was entered into a 5 (SOA) x 2 (number of letters) x 2 (tone 

difficulty) repeated measures ANOV A. The interaction between SOA and tone difficulty was 

significant, E(S,2) = 3.43, 12 < .05, MSQ = 12727.73. This interaction was caused by an unusually 

small difference between tone RTs on quiet md loud trlals at an SOA of 395 ms compared to at 

other SOAs (see Table 5). Tone response times were slower at shorter SOAs (E(t,21) = 8.39, p. 
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< .01, MSE = 83049.76) and in the hard condition than in the easy tone difficulty condition 

(F(l,21) = 11.23, i! < .01, MS,E = 136260.31). 

Accuracy results 

utterta.rle 

Mean proportions of letters correctly reported are shown in Table 6. Mean proportion of 

correct letter responses were entered into a 5 (SOA) x 2 (number of letters) ,c 2 (tone difficulty) 

repeated measures ANOV A. The effect of SOA on the proportion of letters correctly reported 

was not significant, f{4,84) = 1.39, £? < 0.24, MSE = 0.00137. Letter report accuracy was thus 

not affected by task overlap. There was a significant effect of number of letters on the 

proportion of letters correctly reported, 1:(1,21) = 13.22, 12, < 0.01, MSE = 0.01435. Participants 

reported 98% of the letters on one letter trials and 94% of the letters on three letter trials. 

Tone task 

Mean proportions of correct tone responses are shown in Figure 14 and in Table 5. Mean 

proportion of correct tone responses were entered into a 5 (SOA) x. 2 (encode/ignore) x 2 

(number oflctters) x 2 (tone difficulty) repeated measures ANOVA. The analysis revealed a 

significant 2-way interaction between encode/ignore and number ofletters, f(l,21) = 10.52, p. < 

.01, MSE = 0.00199. In the one letter condition participants were more accurate on encode trials 

than on ignore trials, however in the three letter condition participants were more accurate on 

ignore trials than on encode trials. The main effect of ~one difficulty was also significant, f(1,21) 

= 6. t 5, il < 0.05, ~ = 0.00222. Participants correctly reported the pitch of the tone 97% of 

the time on quiet trials and 98% of the time on loud trials. 

Scpamte analyses were also conducted on encode and ignore trials. Mean proportions of 

con:cct tone responses for encode trials were entered into a 5 (SOA) x 2 (number of letters) x 2 

(tone difficulty) repeated measures ANOV A. The analysis revealed no effect of the experimental 
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manipulations on tone report accuracy. Mean proportions of correct tone responses for ignore 

trials were entered into a 5 (SOA) x 2 (number of letters) x 2 (tone difficulty) repeated measures 

ANOV A. There was a significant main effect of number oflctters, f(l,21) = 8.67, 12 < 0.01, 

MSE = 0.00163. Tone responses were more accurate in the th.rec letter condition (mean= .98) 

than in the one letter condition (mean = .97). There was also a significant main effect of tone 

difficulty, f{l,21) = 6.37, 12, < 0.05, M.SE = 0.00167. Tone responses were more accurate in the 

easy tone condition (mean = .98) than in the hard tone condition (mean = .97) 

Discussion 

The goal of Experiment 3 was to assess the nature of the capacity limited cognitive 

mechanism involved in the encoding paradigm using the locus of cognitive slack logic (Pashler & 

Johnston, 1989). The results of Experiment 3, shown in Figure 15, reveal additive effects of a 

task 2 tone difficulty manipulation and SOA. Because Experiment 2 revealed an undcradditive 

interaction with decreasing SOA using an extremely similar paradigm, it is argued that 

E.xperiment 3 had sufficient power to detect an interaction, and that the absence of the 

interaction is not likely the result of a type II error. In addition, there was no effect of SOA on 

letter report accuracy. A capacity sharing model of these additive effects would have to predict 

an ~ffect of SOA on taSk 1 accuracy, and thus a capacity sharing account is not, in this case, 

consistent with the pattem of interference. Meyer and Kiens' (1997) strategic bottleneck model 

may also be rejected to the extent that peripheral processes, such as phonolo~cal recoding and 

translation of motor codes, a.re not involved in the interference. The results are instead most 

consistent with the conclusion that the tone difficulty manipulation affects a stage at or after a 

processing bottleneck, and that it is this processing bottleneck that produces interference in the 

encoding paradigm. 
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The question remains as to the locus of the processing bottleneck in the encoding paradigm. 

According to Jolicoeur and Dell'Acqua's (1998) Central Interference Theory, the processing 

bottleneck is at short-tctrn consolidation, the stage that copies selected outputs of perceptual 

encoding to durable storage, the short-tenn store, for later report. As it stands, Central 

Interference Theory asserts that perceptual processing is complete before short-term 

consolidation begins, and thus cannot easily be reconciled with the result from Experiment 3, 

which implies that the tone difficulty manipulation affects a stage at or after the bottleneck stage. 

One possibility is that the tone loudness manipulation used in Experiments 2 and 3 is somehow 

distinct from other perceptual difficulty manipulations and that typically perceptual factors affect 

perceptual encoding, a stage before the bottleneck. In this case we should be able to find a task 2 

manipulation that produces an underadclitive interaction with decreasing SOA in an encoding 

paradigm. Another possibility is that the encoding stage is not distinct from some complex 

perceptual processing. Indeed, there is evidence &om PRP paradigm experiments that some 

complex perceptual discriminations occur at stages after initial perceptual encoding (e.g. McCann 

& Johnston, 1992). 

Experiment 4 

In Experiment 3 we found a tone loudness manipulation to produce additive effects with SOA 

in the encoding paradigm, implying that the tone loudness manipulation affects a stage at or after 

a processing bottleneck. This finding is inconsistent with Jolicoeur and Dcll'Acqua's (1998) QT 

which predicts that perceptual processing is complete before the bottleneck at STC is engaged. 

To resolve this issue we .replicated Experiments 2 and 3 using a different task 2 perceptual 

difficulty manipulation. These experiments serve three important purposes. First, and most 

obviously, we may be able to replicate the teSUlts from Experiment 3 and provide further suppott 

for our argument that the capacity limited cognitive mechanism involved in encoding takes the 
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form of a processing bottleneck. Second, by using a different perceptual difficulty manipulation 

in Experiment 5 we can determine if perceptual manipulations typically affect the bottleneck 

stage in an encoding paradigm, and adjust our conceptualization of the bottleneck stage 

accordingly. Finally, if our new perceptual manipulation produces an underadditive interaction 

with decreasing .SOA in an encoding paradigm, we will have extremely compelling converging 

evidence that the capacity limited cognitive mechanism involved in encoding takes the form of a 

processing bottleneck. 

In Experiment 4 we use a PRP paradigm identical to that of Experiment 2, except that the 

second stimulus was two 800 Hz tones presented at different loudness, to both cars 

simultaneously. The participant perceived a single tone localized on the side of the louder of the 

two tones. Participants made a speeded response to the identity of a letter and then a speeded 

response to the apparent locus Qeft or right) of the tone. The difficulty of the localization task 

was manipulated by varying the relative loudness of the two tones; in the 'hard, tone localization 

condition the loudness of the two tones was more similar than in the 'easy' tone localization 

condition. If we find an undcradditivc interaction between the tone localization difficulty 

manipulation and decreasing SOA we can then use this same task 2 difficulty manipulation in an 

encoding paradigm to further our understanding of the processing bottleneck involved in 

encoding. 

Method 

Partitipt111tr 

Fifteen University of Waterloo students were paid $6.00 for their participation in this 

experiment. All participants reponed normal hearing and normal or coaected-to-normal vision. 

Vima/ Sti111116 

The appantus and visual stimuli were identical to those used in Experiment 2 
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A11dilo,y flim11/i 

The auditory stimuli consisted of a 800 Hz tone presented to both ears simultaneously through 

headphones. One tone was always presented more loudly than the other, which acated the 

perceptual of a single tone originating from the side of the louder tone. The loudness of the 

louder of the two tones was constant across trials, on 'easy' tone localization trials the control 

value for the loudness of the quieter tone was set to 30% of the control value for the loudness of 

the louder tone, on 'hard' trials the control value for the loudness of the quieter tone was set to 

70% of the control value for the loudness of the louder tone. There were an equal number of 

trials with the louder tone in the right and left ear. 

Proced11n 

The procedure was identical to Experiment 2 with two exceptions. First, there was no 

loudness calibration phase. Second, task 2 involved making a speeded response to the apparent 

locus of a tone; participants pressed the 'Z' key with the middle finger of their left hand if they 

heard a tone to the left and the 'X' key with the index finger of their left hand if they heard a tone 

to the right. 

Results 

Preliminary analyses revealed no effect of tone pitch on mean RT, letter accuracy, or tone 

accuracy. Data were collapsed across these variables in the following analyses. 

RT Results 

Only trials in which both responses were correct were included in the RT analyses. Coaect 

letter RT data and correct tone RT data were subjected, sequentially, to the modified recursive 

outlier analysis suggested by Van Sclst and Jolicoeur (1994). This analysis removed 3.5% of the 

data was removed based on tone responses, and a further 2. 75% of the remaining data was 
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removed based on letter responses. When an RT, in either task, was rejected as an outlier, the 

entire trial was rejected (i.e., both RTs were rejected). 

Tone/ask 

Mean RTs to the tone and the corresponding proportions of correct tone responses are shown 

in Table 7. Mean RTs to the tone were entered into a 2 (tone localization difficulty) x 5 (SOA) 

repeated measures ANOV A. There was a significant 2-way interaction between tone difficulty 

and SOA (E(4, 56) = 9.43, '1 < .0001, ~ = 1447.07), plotted in Figure 16, which is clearly 

underadditive with decreasing SOA; the difference in tone RTs for the quiet and the loud tone 

conditions increases from only 35 ms at the shortest SOA to 145 ms at an SOA of 1200 ms. 

Tone responses were slower in the hard tone localization difficulty condition than in the easy 

tone localization difficulty condition (E(l,14) = 53.74, '2 < .0001, .MS.E = 7763.15), and slower at 

shorter SOAs (E(4,56) = 58.09, l2 < .0001, ~ = 4917.80). 

Lttter task 

Mean RTs to the identity of the letter and the corresponding proportions of correct letter 

responses are shown in Table 8. Mean RTs to the letter were entered a 2 (tone localization 

difficulty) x 5 (SOA) repeated measures ANOVA. There was a. significant interaction between 

tone localization difficulty and SOA, f(4,56) = 6.84, l2 < .0001, ~ = 664.94. The effect of 

SOA was greater in the hard tone localization difficulty condition than in the easy tone difficulty 

condition. Finally, letter responses were slower at shorter SOAs (E(4,56) = 6.84, l:t = 0.0001, 

~= 1361.15) 
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Accuracy Results 

Toneta.rk 

Mean proportions of correct tone responses arc shown in Table 7. Mean proportion of 

correct tone responses were entered into a 2 x 5 repeated measures ANOVA. There were no 

effects of the experimental manipulations on tone response accuracy. 

'Letter ta.rk 

Mean proportions correct for the letter task are shown in Figure 8. Mean proportion of 

correct letter responses were entered into a 2 x 5 repeated measures ANOVA. Letter responses . 

were less accurate at shorter SOAs (f(4,56) = 5.28, p < .01, ~ = 0.000450). 

Discussion 

The results from Experiment 4 reveal an underadditive interaction between the tone 

localization difficulty manipulation and decreasing SOA (see Figure 16). This result indicates that 

the tone locali2ation difficulty manipulation affects a stage before the PRP bottleneck. We can 

now replicate Experiment 3 in Experiment 5 using this new perceptual difficulty manipulation. 

Experiment 5 

In Experiment 5 participants encoded or ignored three consonants based on their colour and 

then make a speeded response to the apparent location of a tone. On half the trials localizing 

the tone is made more difficult. If we observe an undcradditivc interaction between .the tone 

localization difficulty manipulation and decreasing SOA we will also have co~vcrging evidence 

for the claim that the capacity limited cognitive mechanism involved in encoding is a processing 

bottleneck, and the conclusions of Jolicoeur and Dell'Acqua (1998) regarding the processes 

involved in the bottleneck stage need not be challenged. If additive effects between the tone 

localization task and SOA are observed in Experiment 5, accompanied by no effect of SOA on 

letter report accuracy, we will also have converging evidence that the capacity limited cognitive 
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mechanism involved in encoding takes the form of a processing bottleneck, and that the tone 

localization task affects a stage at or after this bottleneck. However, this evidence that a second 

perceptual difficulty manipulation affects the bottleneck stage in an encoding task will force the 

re-evaluation of Jolicoeur and Dell'Acqua's (1998) assumption that the capacity limited stage in 

encoding is only responsible for copying the output of perceptual encoding to the short-term 

store. Finally, if an ovendclitivc interaction between the task 2 difficulty manipulation is 

observed it may be condudcd that capacity sharing is responsible for the interference observed in 

the encoding paradigm. 

Method 

Partiapants 

Fourteen University of Waterloo students were paid $6.00 for their participation in this 

experiment. All participants reported normal hearing and normal or corrected-to-noanal vision. 

Vimal S ti11111/i 

The apparatus was identical to that in Experiment 2. The visual stimuli were identical to those 

used in Experiment 3 except three consonants were presented on every trial. 

ANdito,y ilin1u/i 

The auditory stimuli were identical to those used in Experiments 4. 

Protedlm 

Half the participants (N = 7) were instructed to encode the red letters and ignore the green 

letters while the other half of the participants (N = 7) were insuuctcd to encode the green leuers 

and ignore the red letters. The experimental procedure was identical to that of Experiment 3 

except there was no loudness cahbration phase. 
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Results 

Preliminary analyses revealed no effect of whether subjects were in the 'red' or the 'green' 

group, or tone pitch on mean RT, letter accuracy, or tone accuracy. Data were collapsed across 

these variables in the following analyses. 

RTResults . 

Only trials on which both responses were correct were included in the RT analyses. Correct 

tone RT data were first subjected to the modified recursive outlier analysis suggested by Van Selst 

and Jolicoeur (1994). This analysis removed 3.51 % of the data. 

Mean RTs and corresponding proportions of correct tone responses are shown in Table 9. 

Mean tone RTs were entered into a 2 (encode/ignore) x 5 (SOA) x 2 (tone localization difficulty) 

repeated measures ANOV A. There was a significant 2-way interaction between SOA and 

encode/ignore, .E(4,52) = 2.90, ~ < .05, MSE = 14540.94, which is shown in Figure 17. The 

effect of SOA was greater for encode trials than for ignore trials. Tone responses were slower at 

shoner SO As (f ( 4,52) = 14.6, 12 < .0001, MSE = 18667 .35) slower for encode trials than for 

ignore trials (E(l,13) = 32.87, 12 < .0001, MSE = 60175.47), and slower in the hard tone 

localization difficulty condition than in the easy tone difficulty manipulation (E(1, 13) = 24.63, I! 

< .001, MSE = 102409.40). 

In order to apply the locus of cognitive slack logic we also conducted separate ANOV As on 

the encode and ignore trial data. We are primarily interested in the nature of the capacity limited 

cognitive mechanism involved on encode trials. 

En,ode lriak 

Mean response times for encode trials were entered into a 5 (SOA) x 2 (tone localization 

difficulty) repeated measures ANOV A. Tone responses were slower at shorter SOAs (l:(4,52) = 
11.55, '1 < .0001, MSE = 22609.983), and slower in the hard tone localization condition than in 
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the easy tone localization condition (E(t,13) = 33.69, 12 < .0001, MSE = 474927.62). The 

interaction between tone localization difficulty and SOA was not significant (i.e., additive effects 

were observed, F < 1 ). 

Ignore trials 

The data from ignore trials was entered into a 5 (SOA) x 2 (tone localization difficulty) 

repeated measures AN OVA. Tone response times were slower at shorter SOAs (E(4,52) = 5.~5, 

p < 0.01, MSE = 10598.32) and slower in the hard tone localization condition than in the easy 

tone localization condition (E(l,13) = 17.23, ~ < .001, ~ = 74978.39). 

Accuracy Results 

Letter tmle 

Mean proportions of letters correctly reported are shown in Table 10. Mean proportion of 

correct letter responses were entered into a 5 (SOA) x 2 (tone localization difficulty) repeated 

measures ANOV A. The analysis revealed no effect of the experimental manipulations on letter 

task accuracy. 

Tone task 

Mean proportions of correct tone responses arc shown in Table 9. Mean proportion of correct 

tone responses were entered into a 5 (SOA) x 2 (encode/ignore) x 2 (tone localization difficulty) 

repeated measures ANOVA. There was a main effect of tone locali2ation difficulty, f(1,13) = 

4.57, 12 < .05,. MS& = 0.003388. Tone responses were more accumtc in the easy tone 

locali2ation condition than in the bard localization difficulty condition. 

Separate analyses were also conducted on encode and ignore trials. Mean proportions of 

correct tone responses for encode trials were entered into a 5 (SOA) x 2 (tone localization 

difficulty) repeated measures ANOV A. There were no effects of the experimental manipulations 

on tone localization accmacy. Mean proportions of correct tone responses for encode trials were 
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entered into a 5 (SOA) x 2 (tone localization difficulty) repeated measures ANOV A. The main 

effect of tone localization difficulty was significant, .E(l,13) = 5.2, 12 < .05, MSE = 0.00137. 

Tone responses were more accurate in the easy tone localization condition than in the hard tone 

localization condition. 

Discussion 

The results from Experiment 5 replicate those from Experiment 3. The effect of tone 

localization difficulty was additive with SOA and there was no effect of SOA on task 1 accut2cy, 

which provides converging evidence for the claim that the capacity limited cognitive mechanism 

involved in encoding takes the form of a processing bottleneck. What's more, the finding that a 

second perceptual difficulty manipulation produced additive effects with SOA undermines 

J olicocur and Dell'Acqua's (1998) claim that only short-term consolidation is subject to a 

processing bottleneck in the encoding paradigm, because the additive effects imply that some 

perceptual processing is also being postponed by the bottleneck. 

Experiment 6 

The main evidence that a perceptual factor is affecting the bottleneck stage comes from the 

additive effects obsen·ed in E.xperiments 3 and 5. One possibility, however, is that we observed 

additivity in these experiments because the SOAs used were not sufficiently short. In 

Experiments 3 and 5 we made the shortest SOA 200 ms to avoid any interference that may result 

from the abrupt onset of the tone when the lettCIS wcr~ still visible. However, in our PRP 

pamdigm experiments, most of the convergence in the underadditive interactions between task 2 

difficulty manipulations and decreasing SOA occurs within the first 150 ms; if the two shortest 

SOAs were removed the pattern in the results &om Experiments 2 and 4 would appear additive 

(see Figures 12 and 16). Thus we may observe additive effects in the encoding paradigm simply 

because we were not probing early enough during the encoding process. In Experiment 6 we 
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replicated Experiment 3 using the same SOAs as employed in Experiments 2 and 4. If additive 

results are again found, our conclusion that some perceptual processing is occurring at the 

bottleneck stage in the encoding paradigm will be supported. If an underadditivc interaction with 

decreasing SOA is observed we will instead conclude that the processing bottleneck occurs after 

perceptual processing. Finally, if an overadditivc interaction with decreasing SOA is observed, it 

may be concluded that the interference is the result of capacity sharing. 

Method 

P artiapant.r 

Ten undergraduates from the University of Waterloo were paid $6.00 for their participation in 

this experiment. 

Vimal dim11/i 

The apparatus was identical to the one used in Experiment 2. The visual stimuli were 

identical to those used in Experiment 3. 

A11dito,y .ffi11111/i 

The auditory stimuli were identical to those used in Experiment 3. 

Proftdurr 

The procedure was identical to that of Experiment 3 except that we instead used the SOAs 

from Experiments 2 and 4, which were 50, 111, 245, 542, and 1250 ms. Unlike in Experiment 3, 

in Experiment 6 the letters would still be present on the screen when the tone_ was presented on 

about half the trials (those trials where the SOA was less than the 250 ms). 

Results 

Preliminary analyses revealed no effect of whether subjectS wctc in the 'red' or the 'green' 

group or tone pitch on mean RT, letter accmacy~ or tone acc:macy. We were therefore able to 

collapse across these variables in the following analyses. 
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RT Results 

Only trials on which both responses were correct were included in the RT analyses. Correct 

tone RT data were first subjected to the modified recursive outlier analysis suggested by Van Sclst 

and Jolicoeur (1994). This analysis removed 3.156 % of the data. 

Mean RTs and corresponding proportions of correct tone responses arc shown in Table 11. 

Mean tone RTs were entered into a 2 (encode/ignore) x 5 (SOA) x 2 (tone difficulty) repeated 

measures ANOV A. The 3-way interaction between SOA, encode/ignore, and tone difficulty is 

significant, f(4,36) = 4.53, 12 < .01, MSE = 1921.94 (see Figure E6 Ft). The effect of SOA was 

much more dramatic on encode trials, particularly in the hard tone difficulty condition. Toe 3-

way interaction between encode/ignore, number of letters, and SOA was also significant, f( 4,36) 

= 4.0, i! < .01, MSE = 3583. 73. The effect of SOA was greater in the three letter condition 

than in the one letter condition for encode trials but not ignore trials. The 2-way interaction 

between SOA and encode/ignore was signific211t, f(4,20) = 6.02, i! < .001, MSa = 4833.67. 

The effect of SOA was greater on encode trials than on ignore trials. The 2-way interaction 

between encode/ignore and number oflctters was also significant, f(l,9) = 11.46, 12 < .01, ~ 

= 13471.8. Tone RTs were slower in the three letter condition than in the one letter condition 

for encode trials but not for ignore trials. Tone responses were slower at shorter SOAs (F(4,20) 

= 14.5, ~ < .0001, ~ = 18993.43), slower in the encode condition (f(l,5) = 35.8, ~ < .001, 

MSE = 31913.900), and slower in the bard tone difficulty condition (E{t,9) = 19.98, ~ < .01, 

MSE = 24981.23). 

In order to apply the locus of cognitive slack logic we also conducted separate ANOV As on 

the encode and ignore trial data. We arc primarily inteICStcd in the nature of the capacity limited 

cognitive mechanism involved on encode trials. 

71 



950 --r-----------------------, 
--Encode hard 

850 ---+- Encode easy 

I 750 

··O··· Ignore hard 
• • ,o-. • Ignore easy 

I ;:I 

I 
I 

650 

550 

'IJ. •••...... 

<>- IJ.... ••• •• -~::::-::::~':':':":~--.a._:.;:.:.:.:.;:.:.:.:,:.:.:.:,.:.:£ • •.. --··········D•.................. ················-0 
• 0- ••...... 

············o-•············································-<> 
450 

350 ...._ _____________________ _ 

50 245 

.. 

542 
SOA(ms) 

······-o-··································· 
.. a.. -· ... . . ... 

1200 

···c 
0.92 ...._ _____________________ _ 

50 245 542 
SOA(ms) 

1200 

F«"7' 18. Me1111 mmm liar (111p pa,/) "1lli p,opo,do,ts tllf1Ut {bollm,, pt,t,u/) flt a j,maio,, of '1l&tllle/ pm, 14114 
141k dij/iaJrJ, "1lli m111111Ms o,u,t ag,,dmltg (SOA) for th,.,. 141/,.;,, Exp,i,,,t,r,6. Ttirk 1 ll&tlt,rig is plottd 
itt th, boltlJIII pabel 

72 



En,odelrial.r 

Mean correct response times were entered into a 5 (SOA) x 2 (number of letters) x 2 (tone 

difficulty) repeated measures ANOV A. Most importantly, the 2-way interaction between SOA 

and tone difficulty was not significant (i.e., the cffeas were additive, f(4,36) = 1.34, ~ < 0.27). 

The 2-way interaction between SOA and number of letters was also significant, f(4,36) = 3.96, ~ 

< .01, .MSE = 5110.63. The effect of SOA was greater on three letter trials than on one letter 

trials. Tone responses were slower at shorter SOAs than at longer SOAs, (E(4,36) = 12.96, p. < 

.001, MSE = 17955.54), slower in the three letter condition than in the one letter condition, 

.E(l,9) = 10.66, ~ < .01, ~ = 28972.13, and slower in the hard tone difficulty condition than in 

the easy tone difficulty condition, (E(l,9) = 15.89, ~ < .01, .MSE = 18076.01). 

Ignorr trials 

Mean correct response times were entered into a 5 (SOA) x 2 (number of letters) x 2 (tone 

difficulty) repeated measures ANOV A. Most importantly, the 2-way interaction between SOA 

and tone difficulty was not significant (E(4,36) = 1.4, ~ < 0.256). Tone responses were slower at 

shoncr SOAs than at longer SOAs (E(4,20) = 4.79, it< 0.01, .MSE = 8288.24), and slower in the 

hard tone clifficu!ty condition than in the easy tone difficulty condition (f(l,9) = 24.11, '2 < .001, 

~ =8896.04) . 

.Accuracy Resu/.ts 

Lttttr ""'"'9 

Mean proportions of letters coaectly reported are shown in Table 12. Mean proportion of 

correct letter responses were entered into a 5 (SOA) x 2 {tone localization difficulty) repeated 

measures AN OVA There was a significant effect of number of letters on the proportion of 

letters correctly reported, F(l,9) = 19.98, ~ < 0 .. 01. A laiger proportion of the letters were 

reported on three letter trials than on one letter trials .. 
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Tone act11ra9 

Mean proportion of conect tone responses were entered into a 5 (SOA) x 2 (encode/ignore) 

x 2 (tone difficulty) repeated measures ANOV A. Tone responses were less accurate in the hard 

tone difficulty condition than in the easy tone difficulty condition (E(l ,9) = 5.12, 12 < 0.05). 

Encode trials 

Mean proportions of correct tone responses for encode trials were entered into a separate_ 5 

(SOA) x 2 (number of letters) x 2 (tone difficulty) repeated measures ANOVA. There were no 

effects of the experimental manipulations on tone report accuracy for encode trials. 

Ignore trials 

Mean proportion of correct tone responses for encode trials were entered into a separate 5 

(SOA) x 2 (number of letters) K 2 (tone difficulty) repeated measures ANOVA. Tone responses 

were less accurate in the hard tone difficulty condition than in the easy tone difficulty condition 

(E(l,5) = 9.60, 12 < .05, MSE = 0.00384). 

Discussion 

The results from Experiment 6 show that a task 2 perceptual difficulty manipulation still 

produces additive effects with SOA even when the SOAs are very short (see Figure 18). Thus it 

may be concluded that the stage being affected by the perceptual difficulty manipulations occurs 

at or after, and not before, a processing bottleneck. 

The goal of the present series of experiments was to gain an understanding of the role-of a 

capacity limited cognitive mechanism in encoding and to establish a locus for the mechanism. 

The experiments establish that encoding requires a capacity limited cognitive mechanism and that 

this mechanism takes the form of a processing bottleneck (Experiments 3, 5,, and 6). We now 

tum to the theoretical implications for these findings. 
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General Discussion 

In Experiments 2 to 6 we found that the same perceptual difficulty manipulations that 

produced underadditive interactions with decreasing SOA in the PRP paradigm e..~periments 

(Experiments 2 and 4) produced additive effects with SOA and no effects of SOA on task 1 

accuracy in the encoding paradigm experiments (Experiments 3, 5 and 6). When the locus of 

cognitive slack logic (Pashler & Johnston, 1989; McCann & Johnston, 1992) is applied, these 

results imply that the tone difficulty manipulations used in the present experiments exert their 

effects at or after a processing bottleneck (based on the additivity in Experiments 3, 5, and 6) and 

that this bottleneck is both btfon the PRP bottleneck at response selection (based on the 

underadditive interactions with decreasing SOA in Experiments 2 and 4) and diffmnt from the 

PRP bottleneck at response selection (based on the fact that the PRP bottleneck is not 

encountered in the encoding paradigm experiments because no speeded response is required for 

task 1). In addition the results from Experiment 1 imply that making a decision to encode or 

ignore based on colour does not require a capacity limited cognitive mechanism and thus some 

rudimentary sensory processing must occur before the bottleneck stage. 

The results from the present experiments thus clearly indicate the presence of a processing 

bottleneck with a locus somewhere betwet.-n rudimcntaty sensory processing and the onset of 

response selection. Further, the locus of this bottleneck is at or before the locus of the tone 

difficulty manipulations used in Experiments 3, 5, an~ 6, as these tone manipulations produced 

additive effects aaoss SOA in encoding paradigm experiments. A number of recent studies that 

have employed the attentional blink (AB) paradigm (e.g., Broadbent & Broadbent, 1987; 

Raymond, Shapiro. & Amell, 1992) suggest that a capacity limited cognitive mechanism is 

involved in the conversion of implicitly coded stimulus features into explicitly coded stimulus 

features. It seems plaUS1ble that such a stage could also constitute a processing bottleneck in the 
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encoding paradigm. If so, then Jolicoeur and Dcll'Acqua's (1998) Central Interference Theory 

(01) may be adapted to include a processing bottleneck which postpones the translation of 

implicitly coded stimulus information during short-term consolidation (STq 

En,oding and the Attentional Blink (AB) paradigm 

In the attentional blink (AB) paradigm participants are presented with multiple targets 

embedded among non-targets in a rapid serial visual presentation (RSVP) str~ which displays 

a succession of brief stimuli in the same location at a rate of about 10 stimuli per second. Targets 

are typically distinguished from non-targets by colour, shape, or alphanumeric class. Participants . 

are required to make judgments about the targets for report at the end of the trial. Targets arc 

presented with a varying number of intcrvening non-targets. Results from AB paradigm 

experiments consistently show marked decreases in target detection accuracy during the 500 ms 

following the presentation of a preceding target, a phenomenon referred to as the 'attentional 

blink' ( sec Figure 19). 

Like the PRP effect, the attentional blink may be attributed to a capacity limited cognitive 

mechanism, as task overlap increases the magnitude of the effect Originally, the capacity limited 

cognitive mechanism involved in the attentional blink was assumed to prevent all processing of 

subsequent stimuli for a brief period of time, much in the same way that visual input is 

temporarily blocked when we blink our eyes (Raymond, Shapiro, & Amcll,-1992). However 

subsequent research has revealed that although the attentional blink may indeed serve to intetfcrc 

with certain types of processing, other types of processing may proceed unhindered during the 

blink interval. 

Shapiro, Driver, Ward, and Sorenson (1997) were among a group of researchers who 

speculated that the 'eye blink' analogy used to descnbe the AB phenomenon may be too 

simplistic and that certain types of implicit stimulus processing may still be posstble during the 
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blink interval, even if stimuli presented during this interval were not explicitly coded by the 

observer (for a review of other AB models see Jolicoeur, 1998). To test this hypothesis, Shapiro 

et al. (1997) studied the extent to which a target presented during the blink interval that can not 

be accurately reported, serves to prime subsequent targets in an AB paradigm experiment. If all 

processing of subsequent stimuli is prevented during the blink interval then targets presented 

during the blink that ,annot be reported by the participant should not prime subsequent targets. 

In Experiment 1, which is illustrated in Figure 20, Shapiro et al. (1997) presented participants 

with 13 to 23 stimuli in an RSVP stream. Each stimulus was presented for 15 ms, with an inter­

stimulus interval (ISi) of75 ms (11 stimuli/second). In each stream there were three targets 

referred to as Tl, T2, and T3. Tl was a white digit, T2 was a black upper case letter, T3 was a 

black lower case letter that either had the same name as T2 (match condition) or a different name 

than T2 (mismatch condition). The remaining non-targets were all black digits. Participants were 

required to report Tl, T2, and T3 at the end of each trial. A random number of distractors, 

ranging from seven to fifteen, preceded Tl. T1 served to produce a 'blink' for T2, which was 

always the third stimulus that followed Tl (thus T2 was always presented 270 ms after Tl) and 

T3 was always the sixth stimulus to follow T2 (thus T3 was always presented 540 ms after Tl). If 

the original assumption about the attentional blink is accurate, and processing of incoming 

stimuli is halted during the blink int~ then when T2 is missed T2 should not be sufficiently 

processed to prime T3 and thus there should be no difference between T3 accun.cy on T2-match 

and TI-mismatch trials Q.e., no priming). If: on the other hand, complex information is implicitly 

coded during the blink, then missed T2s may still affect T3 processing, and T3 accuracy will be 

higher on match trials than on mismatch trials (i.e.. priming will occur). 
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The results from Shapiro et al. (1997, Experiment 1) are shown in Figure 214
• As is clear &om 

the figure, Shapiro et al. (1997) found a very different pattern in T3 accuracy when T2 was missed 

than when T2 was reported accurately. When T2 was missed (33% of the trials), T3 accuracy was 

significantly higher in the match condition than in the mismatch condition, indicating that T2s 

that couldn't be reported because of the blink were still able to prime T3. Thus Shapiro et al. 

(1997) concluded that T2s that were not explicitly coded were still implicitly coded to the level ~f 

meaning during the attentional blink. 

When T2 was reported accurately (67% of the trials), however, T3 accuracy was higher in the 

mismatch condition than in the match condition, an effect referred to as 'repetition blindness' 

(RB). Repetition blindness is often observed in experiments which use RSVP streams consisting 

of simple alphanumeric characters (Shapiro et al., 1997). Kanwisher (1987) argues that RB results 

from the participants' inability to create cwo separate episodic tokens (i.e., specific instances of a 

category such as the capital letter 'A' or the lower case letter 'b') of stimuli of the-same type (i.e., 

abstract category such as the letter A or the letter B) in rapid succession. Thus Shapiro ct al. 

(1997) speculate that RB was observed in Experiment 1 because coding the token for T2 ( e.g .. , an 

upper case 'A'), interfered with coding the token for a subsequent target of the same type (e.g., a 

lowercase 'a'), which resulted in more errors when T2 and T3 were the same type (had the same 

name, match condition) than when T2 and T3 were different types (had different names, 

mismatched condition). 

In Experiment 2 Shapiro ct al. (1997) used a similar AB paradigm as in Experiment 1, with the 

exception that in Experiment 2 the stimuli consisted of words instead of letters and digits, and T2 

"'The cbta shown in Figmc 21 wu couected to allow for possil>le case-confusion eaon (see Shapiro et al., 1997). 
Although this adjustment reduced acomcy estimates in all conditions, the pattem of significant effects was not 
changed. • 
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was either semantically related to T3 (related condition) or not semantically related to T3 

(unrelated condition). All related pairs of words were shown to produce significant facilitatory 

priming in an unrestricted viewing paradigm (Shelton & Martin, 1992). When T2 was missed in 

Experiment 2, accuracy at detecting T3 was again higher in the related condition than in the 

unrelated condition, implying implicit semantic coding even in stimuli outside of the participants 

awareness (see Figure 22). Unlike in Experiment 1, however, when T2 was reported correctly, T3 

accuracy was higher in the related condition than in the unrelated condition (i.e., priming 

occurred). This discrepancy is, however, consistent with Kanwishcr (1987) who suggests that RB 

only occurs when two successive stimuli arc different tokens from the same type, because T2 and 

T3 in Experiment 2 were never of the same type. Shapiro ct al. (1997) concluded that stimuli 

that cannot be reported due to the attentional blink arc still implicitly coded to the level of 

meaning. 

Maki, Frigen, and Paulson, (1997) also used an AB-priming paradigm to examine the extent 

to which stimuli presented during the blink are processed implicitly. Maki ct al. (1997) always 

used words as both the targets and the distractors, and included a condition in so~e experiments 

where a semantically related clistractor preceded a target. In addition to replicating the basic 

findings of Shapiro et al. (1997), namely that targets that cannot be reported by the participant 

can still prime subsequent targets that are semantically related, Maki et al. (1997) demonstrated 

that semantically related distractors, if presented immediately preceding a tar~t, could also prime 

the target, although disttactor priming only lasted for 100 ms, as compared to 400 ms found 

when a target primed another target. Thus Maki ct al.'s (1997) findings further illustrate that even 

briefly presented distractors arc processed semantically and coded implicitly. 

The results from clccuophysiological experiments support the claims of Shapuo ct al. (1997) 

and Maki et al. (1997). Luck, Vo~ and Shapiro (1996) exarnfo,.d whether the N400 peak, a 
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peak associated with semantic processing, can be elicited during the attentional blink. The N400 

peak (which appears 400 ms after the stimulus) is unique in that it is only observed when there is 

a mismatch between a word and a previously established semantic contcXt (Luck ct al., 1996). 

For example a N400 peak would be produced after the sentence "Giraffes have brown spots and 

long kettles,, but not after the sentence "Giraffes have brown spots and long necks." Because 

the N400 peak results from semantic processing, a stimulus that evokes an N400 peak must have 

been processed to semantics. Luck et al. (1996) measured participants' ERPS during trials in an 

AB experiment which used words as the critical stimuli. At the beginning of each trial 

participants were presented with a context word (e.g., 'CHAIR? to set the semantic context of 

the trial. Participants were presented with RSVP streams of twenty seven-character strings of 

consonants or digits at a rate of one stimulus every 83 ms. The distractors were seven randomly 

selected consonants presented in blue (e.g., 'GTRWPLK'). Tl, which served to produce a 'blink' 

for T2, was a digit repeated seven times (e.g., '3333333') and T2 was a three to seven letter word 

presented in red which was either related to the context word (e.g., 'TABLE') or unrelated to the 

context word (e.g., 'KITE'). Tl was either the firs½ the seventh or the tenth stimulus in the 

RSVP strc:im and T2 was either the third the or seventh string to follow Tl. There was both an 

experimental condition, in which participants reported the identity of Tl and T2 at the end of the 

trial and a control condition in which participants ignored T1 and only reported T2. ERPs were 

recorded at fifteen standard electrode sites. Luck et al., (1996) found the typical 'blink' pattern in 

T2 accw:acy for experimental trials, and substantial N400 peaks on Wltclated trials in both the 

experimental and the control conditions. Most importantly, there was no effect of T1 "-T2 lag on 

the size of the N400 peaks, indicating that stimuli presented during the blink, indicating which 

often cannot be reported by the participant, arc still processed to semantics. Luck et al.'s (1996) 

findings were replicated by Vogel, Luck, and Shapiro (1998). 
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Thus the results from Shapiro et al. (1997), Maki et al. (1997) and Luck et al. (1996) all indicate 

that complex stimulus information is coded implicitly even when participants possess no explicit 

code of the stimulus features. In addition, the results indicate that it is the development of 

explicit codes that is prevented during the attentional blink, implying that the development of 

explicit codes requires a capacity limited cognitive mechanism. The primary tasks in both the AB 

paradigms used by Shapiro et al. (1997), Maki ct al. (1997), and Luck ct al. (1996) and the 

encoding paradigm used in Experiments 3, 5, and 6 of the present work, are essentially the same; 

in both paradigms participants must select a stimulus for encoding based on colour or 

alphanumeric class and must encode it for report at the end of the trial. It is thus reasonable to 

conclude that the capacity limited cognitive mechanisms involved in target processing in the AB 

paradigm will also be involved in the encoding task of the encoding paradigm used in 

Experiments 3, 5, and 6, and thus that the encoding task used in the encoding paradigm also 

requires a capacity limited cognitive mechanism for the conversion of implicitly coded stimulus 

information into explicit codes. Because the encoding task in the encoding paradigm interferes 

with completion of the tone task, the tone task may also be assumed to require this same capacity 

limited cognitive mechanism for the transformation of implicitly coded tone information into 

explicit codes. 

To account for the results of the present experiments I propose a revised version of Jolicoeur 

and Dell'Acqua's (1998) Central Interference Theory in which it is assumed that converting 

implicit codes to explicit codes requires a capacity limited cognitive mechanism that produces a 

processing bottleneck. One way to modify the model is to modify the definition of short-term 

consolidation (STq to include the ttansformation of implicit codes to explicit codes. Because we 

also assume that the duration of STC will be directly related to how quickly explicit codes may be 

formed, the tone difficulty manipulations may be assumed to have their locus at STC; more 
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ambiguous implicit codes fonned in the hard tone conditions will take longer to consolidate than 

a tone with stronger implicitly activated codes (m the easy tone condition). Thus the new model 

is entirely consistent with the additive effects between the tone difficulty manipulations and SOA 

found in Experiments 3, 5, and 6.. The model can also account for a wide variety of findings in 

both the PRP and the AB literatures. 

The present model 

The present model assumes a similar set of stages as Jolicoeur and Dell'Acqua's (1998) Central 

Interference Theory (Cl1), which arc shown in Figure 23. Stimuli arc first processed through 

sensory encoding (SE) and perceptual encoding (PE) which implicitly codes stimulus 

characteristics up to the level of meaning. At this point stimulus information is not explicitly 

available to the observer. This assumption is strongly supported by the results of Shapiro et al. 

(1997), Maki et al. (1997), and Luck ct al. (1996), who found that stimuli that could not be 

reported were coded implicitly to the level of meaning during the attentional blink. It is assumed 

that explicit coding is required before controlled processes, such as response selection, may be 

engaged. Selective control (Sq serves to select a subset of the implicit codes to be passed 

th.rough short-term consolidation {STC) which translates the implicit codes into explicit codes. 

The results from Experiment 1 imply that the SC stage docs not require a capacity limited 

cognitive mechanism, contrary to the suggestions of J olicocur and Dell'Acqua (1998). Selective 

control may operate on any feature implicitly coding during SE/PE, selectively passing stimuli 

that meet a preset criteria th.rough shott-tcml consolidation (STq. Shott-term consolidation 

translates the selected subset of the implicit codes into explicit codes, and the output becomes 

part of short-teml memory. Short-term consolidation constitutes a processing bottleneck which 

postpones STC for subsequent stimuli until STC for the current stimuli has been completed. The 

duration of STC will depend on the relative strength of the implicit codes being transformed 
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such that more highly activated implicit codes may be translated more quickly than implicit codes 

with less activation. Thus factors that affect the strength of implicit coding, such as stimulus 

contrast or loudness, will have their locus at STC. The output of STC becomes part of short­

term memory, however active maintenance is necessary for the stimulus to remain part of short­

term memory for more than a few seconds. Once a stimulus is coded explicitly, controlled 

processes may be performed. If it is a speeded task, the output of STC forms the basis for 

response selection (RS). Response selection also constitutes a processing bottleneck (the 'PRP 

bottleneck') such that the system can only select a response to one stimulus at a time. After RS is 

complete, response execution (RE) may be performed. Note that all stimuli whose features must 

be explicitly known to the participant are assumed to be processed through the bottleneck stage 

at STC regardless of whether a speeded or unspeeded response is required. Thus this model 

predicts interference between any two tasks that both require a stimulus to be explicitly coded. 

Figure 23 shows the presumed interaction between tasks on an encode trial in the encoding 

paradigm. The encoding stimulus is presented first. The letters are implicitly coded co the level 

of meaning in SE and PE. Selective control then selects stimuli matching the pre-set colour 

criterion for explicit processing. Once selected. the stimulus enters STC and is explicitly coded. 

While the system is occupied performing STC on the visual stimulus, STC of the tone is 

postponed. After the completion of STC the visual stimulus is part of short-tcml memory and 

may be reported, however ongoing maintenance is required if the delay between encoding and 

report is more than a few seconds. At short SOAs the tone is presented before STC of the visual 

stimulus has been completed, and thus STC for the tone is postponed until STC for the visual 

stimulus has been completed. At long SOAs tone processing may proceed unhindered. As soon 

as STC is available, STC for the·tone takes place and implicit tone features become explicitly 

available for further processing. Short-tenn consolidation in the easy tone condition will take less 
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time than STC in the hard tone conditions because tones in the easy condition will have more 

implicit activation than tones in the hard condition. Because the tone manipulation is affecting a 

stage at or after the bottleneck, the full extent of processing time differences in the two 

conditions will be observed in RTs both at short and long SOAs. Thus the model predicts that a 

tone difficulty manipulation will produce additive effects across SOAs on encode trials. Panel B 

of Figure 23 shows the presumed interaction between an encoding task and a speeded tone task 

when participants instead ignores the encoding stimulus. Like on encode trials, the encoding 

stimulus is implicitly coded up to the level of meaning by SE and PE. However these implicit 

codes arc not selected for explicit coding by SC and simply fade after a few hundred milliseconds. 

Because no bottleneck is encountered on ignore trials (because STC is not necessary for the 

ignore task) the tone may be fully processed upon arrival without postponement. The difference 

in tone RTs in the easy and hard conditions will again be additive, however overall RTs arc much 

faster in the ignore condition than in the encode condition. 

The present model and the PRP paradigm 

The present model can easily be reconciled with the undcradditive interaction between the 

tone difficulty manipulation and decreasing SOA observed in Experiment 2 and 4 (see Figure 24). 

The difficulty manipulation produces an undcradditive interaction with decreasing SOA because 

at short SO As the differences in the duration of STC for the two difficulty manipulations is 

absorbed in the period of cognitive slack produced by the processing bottleneck at response 

selection. At longer SOAs both bottlenecks have passed before the presented of the second 

stimulus and the full extent of durational differences between the two tasks with be reflectc:d in 

task 2 RTs, and an undcradditive inteaction between the difficulty manipulation and deaeasing 

SOA is observed. In any dual-task experiment the effect of a difficulty manipulation will always 

reflect the relationship between the locus of the difficulty manipulation and the !tZSt processing 
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bottleneck encountered while completing the task. In the PRP paradigm the bottleneck at 

response selection is always the last bottleneck encountered and thus all manipulations that affect 

a stage before response selection will produce an underadditive interaction with decreasing SOA, 

even manipulations such as those in Experiments 2 and 4 which arc presumed to affect STC, a 

stage which produces a processing bottleneck itself. Thus the present model is consistent with 

the results of Experiments 2 and 4, as well as other results from the PRP literature which show 

underadditive interactions between pre-response selection factors and decreasing SOA. 

The present model and the AB primingparadig,,r 

The revised CIT model is also consistent with the results of Shapiro et al. (1997), Maki et al., 

(1997), and Luck ct al. (1996). An illustration as to how the model can account for the results of 

Shapiro ct al.'s (f997) Experiment 1 is shown in Figure 25. The first few stimuli processed 

implicitly but are not selected because they do not meet the preset criteria for encoding. Finally, 

Tl is presented and meets the selection criteria (white digit) and is thus passed to STC for 

translation into an explicit code and short-term memory. Short-tenn consolidation produces a 

processing bottleneck which prevents subsequent stimuli from being translated to explicit codes 

and be encoded until STC for Tl is complete. This bottleneck is the 'attention blink'. T2 is 

presented 270 ms after Tl. T2 is processed to the level of meaning implicitly, however Tl still 

occupies STC and thus STC for T2 is prevented and T2 is not coded explicitly and cannot be 

reported later on. When T3 is presented some 500 ms after T2, the STC bottleneck is free and 

T3 can be encoded. Previous implicit activation of T3 by a related T2 serves to increase T3 

accuracy. At the end of the trial Tl and T3 will have bad exclusive access to STC and thus they 

can be reported. T2, however, was presented while STC was being performed on Tl and thus 

could not be processed by STC and is not explicitly encoded and consequently cannot be 

reported. 
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Can RS postpon, STC (and via vma)? 

In the present model both short-tenn consolidation (STq and response selection (RS) are 

assumed to constitute processing bottlenecks. One question concerns the extent to which the 

capacity limited cognitive mechanisms involved in RS and STC are related to one another. 

Jolicoeur (1998) posits, in an adaptation of CIT to fit AB models, that RS in one task can 

postpone STC in another. Jolicoeur's (1998) argument for the postponement ofSTC by RS is 

based on the results of several AB paradigm experiments which showed larger attentional blinks 

when Tl was speeded than when Tl was unspcedcd (f2 was always unspccded). Jolicoeur 

(1998) asserts that because an unspeedcd T2 can be affected by requiring RS in Tl, RS in Tl 

must somehow interact with STC in T2. However the combined results of Experiments 2 to 6 of 

the present work imply that STC and RS produce independent bottlenecks, as a very different 

pattern in wk 2 RTs are observed when both STC and RS are required (underadditive 

interactions with decreasing SOA in Experiments 2 and 4) compared to when only STC was 

required (additive effects in Experiments 3, 5, and 6). As is shown in Figure 26, ifSTC and RS 

required the same capacity limited cognitive mechanism additive effects of the tone manipulation 

are predicted in both the PRP paradigm experiments and the encoding paradigm experiments, 

however our PRP paradigm experiments produced highly significant undcradditive interactions 

with decreasing SOA. When the results from Jolicoeur (1998) arc carefully cxamifled it appeais 

as though requiring a speeded response to Tl produces a deeper (although not longer) attentional 

blink. This result indicates that requiring a speeded response to T1 reduced the likelihood of 

detecting T2 considerably without affecting the duration of the interference. If RS produced 

additional stage of postponement, however, then the duration of the attentional blink should 

have been increased. A plausible explanation of the effect of RS on the attentional blink may be 

that maintaining response mappings in a speeded task reduces processing efficiency at short 
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SOAs which results in a general decrease in the likelihood of detecting T2. This argument is 

supported by a wide variety of dual-task experiments which show mild but consistent 

interference resulting from increasing the complexity of task preparation (e.g. De Jong, 1993). 

For the moment we thus maintain that STC and RS require separate capacity limited cognitive 

mechanisms. 

What prod11ce.r the effect of SOA on ignore lrial.r? 

Experiment 1 was designed to determine whether the decision to encode or ignore the 

stimulus (selective control) produced the significant effect of SOA on ignore trials in Jolicoeur 

and Dell'Acqua (1998, Experiment 4). As is shown in Figure 10, trials that required online 

selection ('Select' trials), did not take longer or produce more interference with the tone task than 

trials where no online sdection was required (''Control' trials), indeed 'Select' trials were an 

average of 10 ms faster than 'Control' trials. This result implies that selection based on colour 

does not produce postponement, and thus cannot be responsible for the effect of SOA on ignore 

trials. In addition, even in 'Control' blocks when the decision to encode or ignore was not made 

on line there was still a significant effect ofSOA on ignore trials. This finding strongly suggests 

that the effect of SOA observed on ignore trials in Jolicoeur and Dell'Acqua (1998, Experiment 

4), as well as in the encoding paradigm experiments in this thesis, was not the result of a capacity 

limited cognitive mechanism being involved in selective control When Jolicoeur and Dcll'Acqua 

(1998, Experiment 7) blocked encode and ignore trials, the effect of SOA on ignore trials was 

eliminated. Because the effect of SOA on ignore trials is dependent upon having to perfoan an 

encode/ignore task in conjunction with a tone task, it is plaUS10le that the effect of SOA on 

ignore trials results from having to switch between two different sets of task requirements. There 

is ample empirical evidence which indicates that switching between tasks can have significant 

effects on performance (sec Rogers &Mo~ 1995). 
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lmplkations far 011r 11ndernanding of the relationship behlltm the PRP tjfad and the AB tjfod 

For a number of years after the attentional blink was first observed, researchers typically 

assumed that the attentional blink and the PRP effect were unrelated. This conclusion was not 

wholly unfounded as evidence at that time suggested that the PRP effect occurred solely as the 

result of a processing bottleneck at response selection, and thus was apparently not relevant to 

the results of AB paradigm experiments which had always used unspeedcd responses. More 

recent work, however, has found a number of commonalties between the pattem in interference 

resulting &om the AB paradigm and the PRP pandigm. In addition, the results from the 

experiments reported here suggest that the same bottleneck stage of processing, STC, is required 

for both the unspeeded tasks used in the AB paradigm and the speeded tasks used in the PRP 

paradigm. 

A final word regarding the irS11e of 1eledi111 ,ontrol 

Thus far the present model has been applied to paradigms where the decision to encode or 

ignore a stimulus is based on highly learned categorical feature of the stimulus, such as the 

stimulus' colour or its alphanumeric class. In these situations the model predicts that the decision 

to encode or ignore may be completed by selective control (Sq because the selection feature will 

be coded by sensory encoding (SE) and perceptual encoding (PE). However if the selection 

criterion is sufficiently complex, the stimulus may need to pass through shott-term consolidation 

(STq before the selection feature may be classified. For example, if participants were asked to 

encode numbers whose name starts with a consonant (e.g. '3>, 21') and asked to ignore numbers 

whose name starts with a vowel (e.g. 't>, '18') selective control per sc may not be posS1olc, as 

short-tcnn consolidation (STq of the number may be needed before the participant would be 

able to determine if the number's name started with a consonant or a vowel. Because both to-bc­

cacoded and to-be-ignored stimuli will require STC in complex selection situations, the model 
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predicts that a complex selection criterion will produce more similar interference in ignore trials 

and encode trials than a highly learned selection criterion. However encode trials will likely still 

show more interference, particularly at long SOAs, because of the capacity demands of 

maintaining stimuli for later report. The model thus predicts that in complex selection criterion 

situations irrelevant stimuli ( e.g. stimuli that do not need to be encoded) may not be ignored. It 

may be interesting to test this prediction empirically. 

Conclusions 

The present series of experiments explored the nature and extent of dual-task interference 

during encoding. It was found that the same task 2 difficulty manipulations that produced 

underadditive interactions with decreasing SOA in the PRP paradigm experiments produced 

additive effects in the encoding paradigm experiments. Because there is no converging evidence 

for a capacity sharing account of this interference ( there was never an effect of SOA on task 1 

accuracy in the encoding paradigm experiments), these results are interpreted as evidence for a 

processing bottleneck at a stage after the completion of rudimentary perceptual processing but 

before the onset of response selection. In the present model it is proposed that this bottleneck 

affects short-term consolidation, the stage which translates implicit stimulus codes into explicit 

form. Because it is assumed that a stimulus must be consolidated to be accessible in short-term 

memory and available for the application of controlled processing, the present model predictS 

that a vast number of cognitive tasks will be susccpa'ble to producing or being postponed by this 

processing bottleneck in dual-task situations. 
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Table 1. Task 2 response times (RTs) and proportions correct for Experiment 1. 

SOA (ms) 300 400 500 600 800 1000 Mean 

Control blocks 

RT (ms) Encode 3 850.02 753.75 700.51 748.95 657.66 526.23 706.19 

Encode 2 670.37 572.02 565.44 582.43 496.11 469.10 559.24 

Encode 1 663.29 505.99 516.31 514.64 452.90 429.33 513.74 

Ignore 3 500.39 448.26 444.43 436.26 392.81 395.76 436.32 
Ignore 2 534.83 455.16 463.46 431.04 404.17 396.67 447.56 

Ignore 1 501.54 438.67 440.81 448.23 420.67 395.44 440.90 

Proportion Encode 3 0.938 0.962 0.969 0.988 0.992 0.992 0.974 
correct Encode 2 0.992 0.992 0.977 0.993 0.983 0.984 0.987 

Encode 1 0.984 0.975 0.966 0.988 0.992 0.973 0.980 

Ignore 3 0.979 0.984 0.987 0.938 0.969 0.973 0.972 

Ignore 2 0.992 0.945 0.993 0.972 1.000 0.973 0.979 

Ignore 1 0.992 0.969 0.961 a.en 0.984 0.977 0.977 

Selection blocks 
RT (ms) Encode 3 863.17 738.40 626.80 695.10 604.20 492.35 670.00 

Encode 2 644.18 568.17 533.58 523.86 467.55 454.01 531.89 

Encode 1 567.87 "488.09 488.96 517.29 436.01 436.53 489.13 
Ignore 3 510.01 428.15 420.21 436.58 392.39 402.14 431.58 
Ignore 2 472.70 437.48 438.64 413.79 391.86 411.45 427.65 
Ignore 1 512.83 432.71 433.82 431.94 381.89 381.16 429.06 

Proportion Encode 3 0.993 0.982 0.993 0.964 0.980 0.951 a.en 
corred Encode2 0.982 0.960 0.984 0.988 0.988 0.946 0.975 

Encode 1 0.979 0.984 0.961 0.961 0.980 0.984 0.975 
Ignore 3 0.982 0.980 0.989 0.961 0.980 1.000 0.982 

lgnore2 o.9n 0.990 o.sn 0.996 0.955 0.974 0.978 

Ignore 1 0.978 0.968 0.956 0.972 o.9n 0.974 0.971 
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Table 2. Task 1 proportions correct for Experiment 1. 

SOA(ms) 300 400 500 600 800 1000 Mean 

Proportion Control 1 0.762 0.985 0.775 0.868 0.988 0.899 0.880 
Correct Control 2 0.923 0.915 0.969 0.872 0.866 0.929 0.912 

Control 3 0.863 0.946 0.986 0.973 0.981 0.950 0.950 
Select 1 0.988 0.982 0.812 0.994 0.898 0.986 0.943 
Seled2 0.926 0.986 0.915 0.889 0.925 0.979 0.936 
Select 3 0.819 0.928 0.982 0.923 0.811 0.911 0.896 

Mean 0.880 0.957 0.906 0.920 0.911 0.942 
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Table 3. Task 2 response times (RTs) and proportions correct for Experiment 2. 

SOA(ms) 50 111 245 542 1200 Mean 

RT (ms) Easy 762.68 698.63 611.82 506.65 428.08 601.57 

Hard 767.52 723.00 655.38 618.15 495.51 651.91 

Mean 765.10 710.81 633.60 562.40 461.80 

Proportion Easy 0.928 0.927 0.924 0.928 0.882 0.918 
Corred Hard 0.907 0.888 0.891 0.876 0.889 0.890 

Mean 0.917 0.907 0.907 0.902 0.885 
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Table 4. Task 1 response times and proportions correct for Experiment 2. 

SOA{ms) 50 111 245 542 1200 Mean 

RT (ms) Easy 542.83 548.33 566.44 591.28 651.18 580.01 

Hard 535.44 538.70 564.84 589.95 643.86 574.56 
Mean 539.13 543.52 565.64 590.61 647.52 

Proportion Easy 0.958 0.959 o.9n 0.977 0.968 0.968 
Correct Hard 0.969 0.968 0.969 0.971 0.977 0.971 

Mean 0.963 0.964 0.973 0.974 0.972 
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Table 5. Task 2 response times (RTs) and proportions correct for Experiment 3. 

SOA(ms) 200 261 395 692 1350 Mean 

RT (ms) Encode 3 hard 1150.91 1111.28 1040.42 929.08 724.92 955.55 

Encode 3 easy 1076.42 1053.93 962.05 833.25 641.91 913.40 

Encode 1 hard 884.59 828.35 786.57 786.26 688.33 758.68 

Encode 1 easy 804.63 746.19 722.73 662.34 631.54 719.79 

Ignore 3 hard 857.68 838.34 696.34 689.58 635.80 698.74 

Ignore 3 easy 709.24 667.68 632.63 564.86 536.48 676.49 

Ignore 1 hard 852.08 797.14 722.50 742.56 630.32 716.06 

Ignore 1 easy 664.66 658.98 639 .. 62 622.85 585.75 392.65 

Proportion 
correct Encode 3 hard 0.953 0.957 0.976 0.960 0.980 0.972 

Encode 3 easy 0.981 0.973 0.973 0.985 0.989 0.981 

Encode 1 hard 0.985 0.972 0.980 0.992 0.985 0.980 

Encode 1 easy 0.980 0.977 0.992 0.980 0.980 0.986 

Ignore 3 hard 0.972 0.966 0.977 0.992 0.989 0.979 

Ignore 3 easy 0.985 0.981 0.981 0.996 0.985 0.976 

Ignore 1 hard 0.969 0.966 0.965 0.962 0.972 0.975 

Ignore 1 easy 0.963 0.972 o.9n 0.988 0.988 0.583 
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Table 6. Task 1 proportions correct for Experiment 3. 

SOA(ms) 200 261 395 692 1350 Mean 
Proportion Encode 3 hard 0.943 0.925 0.953 0.954 0.941 0.943 

correct Encode 3 easy 0.932 0.937 0.937 0.952 0.947 0.941 

Encode 1 hard 0.988 0.979 0.988 0.976 0.983 0.983 

Encode 1 easy 0.976 0.985 0.992 0.977 0.992 0.984 

Mean 0.960 0.956 0.968 0.965 0.966 
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Table 7. Task 2 response times (RTs) and proportions conect for Experiment 4. 

SOA{ms) 50 111 245 542 1200 Mean 

RT (ms) Easy 545.93 537.01 551.45 563.47 583.50 556.27 

Hard 526.54 537.74 552.72 580.98 559.92 551.58 

Mean 536.24 537.37 552.09 572.23 571.71 

Proportion Easy 0.949 0.968 0.977 0.972 o.9n 0.969 
Correct Hard 0.961 0.971 0.973 0.973 0.979 0.971 

Mean 0.955 0.969 0.975 0.972 0.978 
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Table 8. Task 1 response times (RTs) and proportions correct for Experiment 4. 

SOA{ms) 50 111 245 542 1200 Mean 

RT {ms) Easy 545.93 537.01 551.45 563.47 583.50 556.27 
Hard 526.54 537.74 552.72 580.98 559.92 551.58 
Mean 536.24 537.37 552.09 572.23 571.71 

Proportion Easy 0.949 0.968 0.977 0.972 0.977 0.969" 
Correct 

Hard 0.961 0.971 0.973 0.973 0.979 0.971 

Mean 0.955 0.969 0.975 0.972 0.978 
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Table 9. Task 2 response times (RTs) and proportions correct for Experiment 5. 

SOA (ms) 200 261 395 692 1350 Mean 

RT (ms) Encode hard 937.26 911.23 882.95 794.31 734.61 852.07 

Encode easy 772.70 755.30 687.26 586.30 521.17 664.55 

Ignore hard 715.80 705.22 724.43 681.45 604.52 686.28 

Ignore easy 555.72 517.20 494.79 458.99 444.01 494.14 

Proportion Encode hard 0.795 0.851 0.787 0.803 0.856 0.818 
correct Encode easy 0.991 0.997 0.991 0.997 0.994 0.994 

Ignore hard 0.1n 0.804 0.842 0.766 0.804 0.798 

Ignore easy 0.991 0.988 0.991 0.984 0.994 0.990 
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Table 10. Task 1 proportions correct for Experiment 5. 

SOA(ms) 200 261 395 692 1350 Mean 

Proportion Encode 3 hard 0.933 0.936 0.935 0.941 0.935 0.936 
correct 

Encode 3 easy 0.921 0.931 0.938 0.928 0.926 0.929 

Mean 0.927 0.933 0.936 0.935 0.930 

113 



Table 11. Task 2 response times and proportions correct for Experiment 6. 

SOA(ms) 50 111 245 542 1200 Mean 

RT (ms) Encode 3 hard 817.48 784.33 794.65 682.19 623.05 740.34 

Encode 3 easy 755.88 686.54 717.79 654.31 541.07 671.12 

Encode 1 hard 754.26 753.21 653.05 582.68 598.39 668.32 

Encode 1 easy 679.92 632.13 593.94 519.17 504.66 585.97 

Ignore 3 hard 635.15 620.88 582.21 568.72 547.80 590.95 

Ignore 3 easy 574.37 572.47 522.68 463.91 507.47 528.18 

Ignore 1 hard 664.17 610.39 599.37 552.30 542.10 593.67 

Ignore 1 easy 567.11 573.33 521.61 485.63 479.51 525.44 

Proportion 50 111 245 542 1200 Mean 
corred Encode 3 hard 0.983 0.958 0.975 0.950 0.950 0.963 

Encode 3 easy 0.975 0.992 0.975 0.933 0.975 0.970 

Encode 1 hard 0.975 0.950 0.942 0.967 0.950 0.957 

Encode 1 easy 0.967 0.967 0.975 0.983 0.992 0.977 

Ignore 3 hard 0.958 0.958 0.942 0.983 0.942 0.957 

Ignore 3 easy 0.967 0.942 0.992 0.975 0.975 0.970 

Ignore 1 hard 0.950 0.975 0.967 0.958 0.925 0.955 

Ignore 1 easy 0.983 1.000 1.000 0.975 0.983 0.988 

114 



Table 12. Task 1 proportion correct for Experiment 6. 

SOA(ms) 50 111 245 542 1200 Mean 

Proportion Encode 3 hard 0.933 0.892 0.929 0.929 0.933 0.923 
correct Encode 3 easy 0.896 0.917 0.925 0.900 0.917 0.911 

Encode 1 hard 0.996 0.996 0.996 0.992 1.000 0.996 

Encode 1 easy 0.996 1.000 0.992 0.992 1.000 0.996 

Mean 0.955 0.951 0.960 0.953 0.963 
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Bxperiment 1: Mean respon■• tu.a ~or the tone taak (t:a■k 2) 

model is 
--> sj ( 16 ) 

KEY: 

soa ( 6) 
blktype ( 2} 
rem ny ( 2 
nlet ( 3 ) 

soa (1) = 300 (2) = 400 (3) = 500 (4) = 600 (S) = 800 (6) = 1000 
blktype (1) = Control (2) = Select 
rem ny (1) = ignore (2) = encode 
nlet Cl)= l (2) = 2 (3) = 3 

soa ( 6 ) 
607.60064 522.23680 506.08087 515.00898 458.18469 432.51231 

blktype ( 2 
517.32365 496.55111 

soa C 6) 
blktype ( 2 

620.07470 528.97458 521.82735 526.92603 470.71906 435.42020 
595.12658 515.49901 490.33438 503.09193 445.65032 429.60441 

rem ny ( 2 ) 
435.S0931 578.36545 

soa ( 6) 
rem ny ( 2) 

505.38400 440.07145 440.22811 432.97335 397.29768 397.10125 
709.81728 604.40214 571.93362 597.04461 519.07170 467.92336 

blktype ( 2 ) 
.rem ny ( 2 ) 

441.58952 429.42909 
593.05778 S63.67312 

soa ( 6) 
blktype ( 2 ) 
.rem_ny ( 2) 

512.25504 
498.51297 
727.89436 
691.74019 

nlet ( 3) 

447.36585 
432.77706 
610.58332 
598.22095 

449.56717 
430.88904 
594.08752 
549.77972 

468.20642 491.58445 561.02127 

soa ( 6) 
nlet ( 3 ) 

S61.38463 
580.51781 
680.89949 

blktype ( 2 

466.36492 
508.20633 
592.13914 

469.97730 
SOO.27840 
547.98690 

438.51166 
427.43504 
615.34040 
578.74881 

4.78.02561 
487.77865 
579.22267 
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405.88294 
388.71243 
535.55518 
502.58822 

422.87119 
4.39.92104 
511. 76185 

395.95449 
398.24802 
474.88591 
460.96081 

410.61486 
432.80450 
454..11756 



nlet ( 3 ) 
477.32000 459.09284 
503.39875 479. 77016 
571.25221 550.79032 

soa ( 6 ) 
blktype ( 2 
nlet ( 3 ) 

582.41754 472.32932 478.56430 481.43471 436.78795 412.38616 
540.35171 460.40052 461.39029 474.61652 408.95443 408.84356 
602.59882 513.58992 514.45061 506.73363 450.13783 432.88170 
558.43679 502.82274 486.10619 468.82366 429.70424 432.72731 
675.20774 601.00452 572. 46713 592.60975 525.23140 460.99275 
686.59124 583.27375 523.50667 565.83560 498.29230 447.24237 

rem_ny ( 2 ) 
nlet ( 3 ) 

434.97728 501.43555 
437.60264 545.56627 
433.94800 688.09453 

soa ( 6 ) 
rem_ny ( 2 ) 
nlet ( 3 ) 

507.18750 435.68977 437.31808 440.08743 401.28404 388.29688 
615. 58175 497.04007 502.63651 515.96380 444.45833 432.93285 
503.76319 446.31964 451.04901 422.41276 398.01283 404.05841 
657.27242 570.09302 549.50779 553.14453 481.82924 461.55060 
505.20132 438.20495 432.31723 436.41987 392.59617 398.94847 
856.59766 746.07333 663.65657 722.02548 630.92753 509;.28664 

blktype ( 2 ) 
rem_ny ( 2 ) 
nlet ( 3 ) 

440.89518 429.05939 
513.74482 489 .12629 
447.55503 427.65025 
559.24247 531.89006 
436.31836 431.57764 
706.18607 670.00300 

soa ( 6 ) 
blktype ( 2 ) 
rem_ny ( 2 ) 
nlet ( 3 ) 

501.54100 438. 67083 440.81362 448.23289 420.67411 395.43862 
512.83400 432.70871 433.82254 431.94196 381.89397 381.15513 
663.29408 505.98780 516.31499 514.63653 452.90179 429.33371 
567.86942 488.09234 488.95804 517.29107 436.01488 436.53199 
534.82928 455.16384 463.46245 431.03757 404.16964 396.66741 
472.69710 437.47545 438.63557 413.78795 391.85603 411.44940 
670.36836 572.01600 565.43876 582.42969 496.10603 469.09598 
644.17649 568.17004 533.57682 523.85938 467.55246 454.00521 
500.39483 448.26287 444.42545 436.26451 392.80506 395.75744 
510.00781 428.14702 420.20902 436.57522 392.38728 402.13951 
850.02065 753.74617 700.50882 748.95499 657.65774 526.22805 
863.17467 738.40048 626.80432 695.09598 604.19732 492.34524 
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soa 6 
DF ss MS 

5 3523001.179520 704600.235904 
75 7166427.299777 95552.363997 

F (5, 75) = 7.373970 p <= 0.000011 •••• 

blktype ( 2 ) 
DF ss MS 

1 124271. 641116 124271. 641116 
15 130227.415242 8681. 827683 

F ( 1, 15) = 14.313995 p <= 0.001803 •••• 

soa ( 6 ) 

blktype 
DF 

5 
75 

F(S,75) 

.rem_ny 
DF 

1 
15 

F(l,15) 

soa 
rem_ny 

DF 
5 

75 
F(S,75) 

blktype 
rem_ny 

DF 
1 

15 
F(l,15) 

( 2 ) 
ss MS 

20982.890772 4196.578154 
347389.396187 4631. 858616 

= 0.906025 p <= 0.481832 

2 ) 
ss MS 

5877468.779594 5877468. 779594 
1772866.972700 118191.131513 

= 49.728509 p <= 0.000004 •••• 

6 ) 
( 2 ) 

SS MS 
502112.358396 100422.471679 
1536702.038947 20489.360519 

= 4.901201 p <= 0.000619 •••• 

( 2 ) 
( 2 ) 

SS MS 
21360.550964 21360.550964 
80363.479153 5357.565277 

= 3.986988 p <= 0.064332 

soa ( 6 ) 
blktype ( 2 ) 
rem_ny ( 2 ) 

DF SS MS 
5 6572.156266 1314.431253 

75 355191.124004 4735.881653 
F(S,75) = 0.277547 p <= 0.924061 

nlet 3 
DF SS MS 

2 
30 

F(2,30) 

1789772.837809 894886.418904 
954861.844958 31828.728165 

= 28.115683 p <= 0.000000 •••• 

soa ( 6 ) 
nlet ( 3) 

OF SS MS 
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10 205131.287130 20513.128713 
150 1138998.445012 7593.322967 

F(l0,150) = 2.701469 p <= 0.004492 **** 

blktype 
nlet ( 

DF 

( 2 ) 
3 ) 

SS MS 
2 1414.322455 707.161227 

30 
F(2,30) = 

93228.285487 3107.609516 
0.227558 p <= 0.797838 

soa ( 6) 
blktype ( 2) 
nlet ( 3) 

OF 
10 

150 
F(l0,150) 

rem_ny ( 

nlet ( 3 
DF 

2 
30 

F(2,30) = 

ss 
49132.701326 
635712.754774 
= 1.159314 

2 
) 

ss 

MS 
4913.270133 

4238.085032 
p <= 0.322749 

MS 
1866208.632332 933104.316166 
904858.851235 30161.961708 
30.936460 p <= 0.000000 **** 

soa ( 6) 
rem ny ( 2 
nlet ( 3 ) 

DF 
10 

150 
F(l0,150) 

SS MS 
197743.281510 19774.328151 
991875.901201 6612.506008 
= 2.990444 p <= 0.001819 **** 

blktype 
rem ny 
nlet { 

( 2 ) 
( 2 ) 
3 ) 

DF SS MS 
2 7619.134143 3809.567072 

30 
F(2,30) = 

184516.373372 6150.545779 
0.619387 p <= 0.545016 

soa ( 6) 
blktype ( 2) 
rem ny ( 2 ) 
nlet ( 3 ) 

DF SS MS 
10 74429.664290 7442.966429 

150 
F(l0,150) 

860548.571858 5736.990479 
= 1.297364 p <= 0.236797 

---------------------END-----------------
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ZXperimant 1: lfaan reapon•• ti.ma• ~or IGRORB trial• (ta.ale 2) 

model is 
--> sj ( 16 ) 

blktype ( 2 ) _ 
soa ( 6) 
nlet ( 3 ) 

KEY: 
soa (1) = 300 (2) = 400 (3) = 500 (4) = 600 (5) = 800 (6) = 1000 
blktype (1) = Control (2) = Select 
rem_ny (1) = ignore (2) = encode 
nlet (1) = 1 (2) = 2 (3) = 3 

blktype ( 2 
439.53661 431.48201 

soa ( 6 ) 
475.38335 462.97401 426.62439 410.74474 422.76083 414.56853 

blktype ( 2 
soa ( 6 ) 

475.69260 
461.56877 
433.89923 
420.36496 
430.22718 
415. 46692 

nlet ( 3) 

475.07409 
464.37924 
419.34955 
401. 12453 
415.29448 
413.67014 

434.97728 437.60264 433.94800 

blktype ( 2 
nlet ( 3) 

435.50739 
446.84865 
436.25379 

soa ( 6) 
nlet ( 3) 

474.88694 
482.93343 
468.32967 

blktype ( 2 
soa ( 6) 
nlet ( 3) 

461. 74189 
478.49025 
432.68646 
407.85268 
425.55320 
406.71987 
487.68326 
440.14464 
459.18348 
420.12388 

434.44717 
428.35663 
431. 64221 

472.38798 
443.24252 
473.29152 

488.03199 
466.28571 
426.65848 
406.75000 
410.69903 
408.25781 
478.18359 
446.34040 
400.15000 
409.20759 

429.67247 
429.66674 
420.53397 

407.30134 
414.66574 
410.26715 
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418 .12612 
430.06493 
420.09144 

407.48884 
425.04249 
411.17426 



442.94382 
431.01280 
477. 65264 
466.07143 
409.82775 
433.11830 
422.18452 
408.66810 

blktype ( 2 
OF ss 

417.18604 
419. 07217 
459.00670 
480. 51161 
431.24018 
387.41600 
417. 99836 
413.68043 

1 9342 .237763 
15 202448.640467 

F(l,15) = 0.692193 p <= 

soa ( 6 
OF ss 

5 349201. 343136 
75 444334.273367 

F(S,75) = 11.788468 p <= 

blktype ( 2 ) 
soa ( 6 ) 

OF ss 
5 10250.941399 

75 307004.248614 
F(S,75) = 0.500853 p <= 

nlet 3 
OF ss 

2 1363.731811 
30 133434.270259 

F(2,30) = 0.153304 p <= 

blktype ( 2 ) 
nlet ( 3 ) 

DF ss 
2 8146.339415 

30 107002.255348 
F(2,30) = 1.141986 p <= 

MS 
9342.237763 

13496.576031 
0.418468 

MS 
69840.268627 
5924.456978 

0.000000 **** 

MS 
2050.188280 

4093.389982 
0.774668 

MS 
681.865905 

4447.809009 
0.858537 

MS 
4073.169708 

3566.741845 
0.332671 

soa ( 6 ) 
nlet ( 3) 

DF SS MS 
10 

150 
F(l0.150) 

31526.256237 3152.625624 
470744.011138 3138.293408 
= 1.004567 p <= 0.442268 

blktype C 2 ) 
soa ( 6 ) 
nl.et ( 3 ) 

DF SS MS 
10 

150 
F(l0,150) 

42544.522645 4254.452265 
750020.911916 5000.139413 
= 0.850867 p <= 0.580667 

--~----------END---------
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Experiment 1: Haan proporti.ona correct Eor the tone taak (ta.Jc 2) 

model is 
--> sj ( 16 ) 

blktype ( 2) 
soa ( 6 } 
rem_ny ( 2 
nlet ( 3 ) 

KEY: 
soa (l) = 300 (2) = 400 (3} = 500 (4) = 600 (5) = 800 (6) = 1000 
blktype (1) = Control (2) = Select 
rem ny (1) = ignore (2) = encode 
nlet (1) = l (2) = 2 (3) = 3 

blktype ( 2 
0.97796 

soa ( 6 ) 
0.98079 

blktype ( 2 
soa ( 6) 

0.97971 
0.97134 
0.97560 
0.97576 
0.98676 
0.97859 

rem_ny ( 2 ) 
0.97638 

blktype ( 2) 
rem ny ( 2 ) 

- 0.97576 
0.98016 

soa ( 6 ) 
rem ny ( 2 ) 

- 0.98332 
0.97826 

blktype ( 2 
soa ( 6) 
rem ny ( 2 ) 

- 0.98778 
0.96621 
0.98039 
0.96187 
0.98438 
0.97396 
0.97164 
0.97648 
0.97082 
0.98965 
0.98914 

0.97635 

0.97429 

0.98186 
0.97724 
0.97681 
0.97377 
0.97677 
0. 97165 

0.97793 

o. 97700 
0.97570 

o. 97272 
0.97587 

0.97885 
0.97923 
0.97417 
0.97638 
0.97046 
0.98291 
0.98487 
0.97526 
0.97946 
0.97115 
0.98307 

0.97621 

0.97728 
0.97514 
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0.97476 

0.96912 
0.98040 

0.98176 

0.97742 
0.98610 

0.97512 

0.97843 
0,97181 



0.98322 

nlet ( 3) 
0.97555 

blktype ( 2 
nlet ( 3) 

0.97821 
0.98309 
0.97258 

soa ( 6 ) 
nlet ( 3) 

0.98343 
0.98579 
0.97315 

blktype ( 2 
soa ( 6 ) 
nlet ( 3 ) 

0.98828 
0.97219 
0.96360 
0.98208 
0.98828 
0.97483 
0.99219 
0.96875 
0.98524 
0.98230 
0.99152 
0.97852 
0.95867 
0.97309 
0. 97796 
0.96289 
0.98047 
0.98242 

rem ny ( 2 ) 
nlet ( 3 ) 

0.97364 
0.97863 
0.97686 

blktype ( 2 ) 
r~ny ( 2 ) 
nlet ( 3) 

0.97659 
0.97983 
0.97913 
0.98704 
0.97157 
0.97360 

sea 6 ) 
rem_ny ( 2 ) 

0.96040 

0.97977 

0.97289 
0.97646 
0.97970 

0.97410 
0.97168 
0.97711 

0.97857 
0. 97600 
0.95843 
0.96641 
0.97852 
0. 97938 
0.97938 
0.97461 
0.98090 
0.99230 
0.97145 
0.96013 
0.98763 
0.98112 
o. 99110 
0.96259 
0.98034 
0.97545 

0.97145 
0.98091 
0.97542 

0.97070 
0.97507 
0.97814 
0.97479 
0.98216 
0.97725 

0. 97614 

0.96102 
0.98307 
0.98453 
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0.97424 
0.98730 
0.96274 

0.98340 
0.98148 
0.98040 

0.97711 
0.96932 
0.97893 



nlet ( 3 ) 
0.98499 
0.98186 
0.98438 
0.98720 
0.98058 
0.96571 

blktype ( 2 
soa ( 6) 
rem ny { 2) 
nlet ( 3 ) 

0.99219 
0.96894 
0.96094 
0.97656 
0.98438 
0.97656 
0.98438 
0.97545 
0.96627 
0.98760 
0.99219 
0.97309 
0.99219 
0.94531 
0.99306 
0.97154 
1.00000 
0.97266 
0.99219 
0.99219 
0.97743 
0.99306 
0.98303 
0.98438 
0.97896 
0.98438 
0.98717 
0.93750 
0.96875 
0.97266 
0.93837 
0.96181 
0.96875 
o. 98828 
0.99219 
0.99219 

( 2 ) 

0.96828 
0.97991 
0.96745 
0.97591 
0.98242 
0.97179 

0.97780 
0.96763 
0.95592 
0.97188 
0.97656 
0.97439 
0.97935 
0.98438 
0.96094 
0.96094 
0.98047 
0.98438 
0.97656 
0.98958 
0. 97743 
0.99632 
0.95461 
0.97433 
0.98220 
0.95964 
0.98438 
0.98828 
0.98828 
0.94593 
0.98220 
0.98047 
0.98915 
0.96094 
0.98021 
1.00000 
0.99306 
0.98177 
0.99306 
0.96424 
0.98047 
0.95089 

0.95843 
0.96360 
0.98524 
0.98090 
0.98816 
0.98090 

blktype 
OF 

1 
15 

F(l,15) = 

ss 
0.000745 
0.181066 
0.061750 

MS 
0.000745 
0.012071 

p <= 0.807121 

soa ( 6) 
OF SS MS 

0.97422 0.98047 0.97548 
0.97427 0.98633 0.97873 
0.98393 0. 97731 0.97349 
0.99067 0.98566 0.96515 
0.94922 0.97448 0.98633 
0.97626 0.98633 0.97154 
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5 0.010246 0.002049 
75 0.214369 0.002858 

F(S, 75) = 0.716944 p <= 0.612685 

bl.ktype ( 2 ) 
soa ( 6 ) 

OF ss MS 
5 0.008505 0.001701 

75 0.223031 0.002974 
F( 5, 75) = 0.572034 p <= 0.721171 

rem_ny 2 ) 
DF 5S MS 

1 0.000691 0.000691 
15 0.056620 0.003775 

F(l,15) = 0.182948 p <= 0.674929 

blktype ( 2 ) 
rem_ny ( 2 ) 

DF ss MS 
l 0.002332 0.002332 

15 0.056431 0.003762 
F(l,15) = 0.619945 p <= 0.443332 

soa 6 ) 
rem_ny ( 2 ) 

OF ss MS 
5 0.013065 0.002613 

75 0.243621 0.003248 
F(S,75) = 0.804425 p <= 0.550078 

blktype ( 2 ) 
soa ( 6 ) 
rem_ny ( 2 ) 

OF ss MS 
5 0.034561 0.006912 

75 0.220694 0.002943 
F(S,75) = 2.348994 p <= 0.048953 ......... 
nlet 3 

DF ss MS 
2 0.004019 0.002009 

30 0.152434 0.005081 
F{2,30) = 0.395452 p <= 0.676834 

blktype { 2 ) 
nlet ( 3 ) 

DF ss MS 
2 0.011056 0.005528 

30 0.091434 0.003048 
F(2,30) = 1.813828 p <= 0.180455 

soa ( 6 ) 
nlet ( 3 ) 

DF ss MS 
10 0.047887 0.004789 

150 0.411646 0.002744 
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F(l0,150) = 1.744954 p <= 0.075695 

blktype ( 2 ) 
soa ( 6 ) 
nlet ( 3 ) 

DF ss MS 
10 0.022578 0.002258 

150 0.382440 0.002550 
F(l0,150) = 0.885570 p <= 0.548214 

rem_ny ( 2 ) 
nlet ( 3 ) 

OF ss MS 
2 0.001400 0.000700 

30 0.044569 0.001486 
F(2,30) = 0.471299 p <= 0.628734 

blktype ( 2 ) 
rem_ny ( 2 ) 
nlet ( 3 ) 

OF ss MS 
2 0.001907 0.000954 

30 0.081307 0.002710 
F(2,30) = 0.351857 p <= 0.706245 

soa ( 6 ) 
rem_ny ( 2 
nlet ( 3 ) 

OF ss MS 
10 0.016474 0.001647 

150 0.567792 0.003785 
F(l0,150) = 0.435218 p <= 0.927308 

blktype ( 2 ) 
soa ( 6 ) 
rem_ny ( 2 ) 
nlet ( 3 ) 

OF ss MS 
10 0.055517 0.005552 

150 0.379743 0.002532 
F(l0,150) = 2.192936 p <= 0.021071 **** 

--------------------- END-----------------
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Bxperiment l: Keua. proportiOllll correct for th• encode ta•k (ta•k 1) 

model is 
--> sj (16) 

KEY: 

blktype(2) 
sea (6) 

nlet (3) 

soa (1) = 300 (2) = 400 (3) = 500 (4) = 600 (5) = 800 (6) = 1000 
blktype (1) = Control (2) = Select 
rem_ny (1) = ignore (2) = encode 
nlet ( l) = 1 ( 2 ) = 2 ( 3 ) = 3 

blktype(2) 
0.9138 

soa(6) 
0.8802 

blktype(2) 
sea (6) 

0.8494 
0.9485 
0.9099 
0.9044 
0.9446 
0.9263 

nlet (3) 
0 .9115 

blktype(2) 
nlet (3) 

0.8796 
0.9121 
0.9498 

sea (6) 
nlet (3) 

0.8752 
0.9242 
0.8411 

blktype(2) 
sea (6) 
nlet (3) 

0.7623 
0.9849 
0.7757 
0.8683 
0.9875 
0.8991 
0.9228 
0.9147 
0.9688 
0.8715 

0.9256 

0 .957 

0.911 
0.9655 
0.903 
0.9351 
0.8779 
0.9586 

0.9243 

0. 9434 
0.9364 
0.8957 

0. 9635 
0.9505 
0.9369 

0.9861 
0.982 
0 .8121 
0.9941 
0.8978 
0.986 
0.9255 
0.9864 
0.9145 
0.8886 

0.9064 

0.9227 

0.7937 
0.9417 
0.9839 
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0.9197 

0.9312 
0.88 
0.9479 

0. 9112 

0.9436 
0.8953 
0.8958 

0.9424 

0.9425 
0. 9·65 
0.9308 



0.8656 0.925 
0.9294 0.9785 
0.863 0.8193 
0.9458 0.928 
0.9856 0.9822 
0.9733 0.9225 
0.9807 0.8109 
0.9503 0.9112 

blktype (2) 
OF ss MS 
l 1.846 l.846 
15 87.29 5.81 

•F(l,15)• = 0.317213 p <= 0.581609 

soa ( 6) 
OF ss MS 
5 3567.163917 713.432783 
75 36573.06529 487.640871 

•F(5, 75)" = 1.463029 p <= 0.212049 

blktype(2) 
soa (6) 

OF ss MS 
5 2350.021468 470.004294 
75 29346.04524 391.280603 

•F(S, 75)" = 1.201195 p <= 0.316916 

nlet (3) 

OF ss MS 
2 187.991688 93.995844 
30 6771.804939 225.726831 

"F(2,30) 11 = 0.416414 p <= 0.66316 

blktype(2) 
nlet (3) 

DF ss MS 
2 3457.594638 1728.797319 
30 10326.33299 344.2111 

"F(2,30)" = 5.022491 p <= 0.01314 **** 

soa ( 6) 
nlet (3) 

OF ss MS 
10 9037.489504 903.74895 
150 102874.4398 685.829598 

"F(l0,150)" = l.317746 p <= 0.225764 

blktype(2) 
soa (6) 
nlet (3) 

DF ss MS 
10 4672.061531 467.206153 
150 77472.42286 516.482819 

"F(l0,150)• = 0.904592 p <= 0.53066 

--------------------- END -----------------
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Bxperimant 2: Mean reaponae t.i.maa for the letter taak (taak 1) 

model is 
--> sj ( 10 ) 

vollh ( 2 
soa ( 5) 

KEY: 
vollh (1) = quiet (2) = loud 
soa (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 

vollh ( 2 ) 
574.55888 580.01037 

soa ( 5) 
539.13322 543.51686 565.64117 590.61494 647.51695 

vollh ( 2) 
soa ( 5 ) 

535.44042 
538.70365 
564.83792 
589.95368 
643.85873 

542 .82602 
548.33006 
566.44443 
591.27619 
651.17516 

vollh 2 ) 
DF ss 

1 742.968553 
9 8199.327613 

F(l,9) = 0.815520 p <= 

soa ( 5 
DF ss 

4 156832.756387 
36 788995.835219 

F(4,36) = 1. 788976 p <= 

vollh ( 2 ) 
soa ( 5 ) 

DF ss 
4 282.405266 

36 23459.918741 
F(4,36) = 0.108340 p <= 

MS 
742.968553 

911.036401 
0.390023 

MS 
39208.189097 
21916.550978 

0.152445 

MS 
70.601316 

651.664409 
0.978846 

---------------------END-----------------
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ZXpezi.ment 2: Hean pzoportions cozzect ~oz the tone taak (taak 2) 

model is 
--> sj ( 10 ) 

vollh ( 2 
soa ( 5) 

KEY: 
vollh (1) = quiet (2) ~ loud 
soa (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 

vollh ( 2) 
0.89009 

soa ( 5 ) 
0.91736 

vollh ( 2) 
soa ( 5) 

0.90674 
0.88796 
0.89062 
0.87615 
0.88899 

vollh 2 ) 

OF ss 

0.91769 

0.90731 

0.92799 
0.92666 
0.92424 
0.92787 
0.88171 

1 0.019049 
9 0 .119090 

0.90743 0.90201 

MS 
0.019049 
0.013232 

F ( 1, 9) = 1.439550 p <= 0.260842 

soa ( 5 
OF ss MS 

4 o. 011058 0.002765 
36 0.090570 0.002516 

F(4,36) = 1.098866 p <= 0.372001 

vollh ( 2 ) 

soa ( 5 ) 

OF ss MS 
4 0.009991 0.002498 

36 0.082506 0.002292 
F(4,36) = 1.089851 p <= 0.376198 

------------ --- END -----------------
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Bxperiment 2: Mean proportion• correct for the letter task (task 1) 

model is 
--> sj ( 10 ) 

vollh ( 2 
soa ( 5 ) 

KEY: 
vollh (l) = quiet (2) = loud 
soa (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 

vcllh ( 2 ) 
0.97072 0.96787 

soa ( 5) 
0.96350 0.96392 

vollh ( 2) 
soa ( 5 ) 

0.96915 
0.96841 
0.96869 
0.97076 
0.97659 

0.95784 
0.95942 
0.97745 
0.97678 
0.96784 

vollh 2 ) 
CF ss 

1 0.000203 
9 0.003358 

F(l,9) = 0.545003 p <= 

sea ( 5 
CF ss 

4 0.002107 
36 0.027803 

F(4, 361 = 0.682080 p <= 

vcllh ( 2 ) 
soa ( 5 ) 

CF ss 
4 0. 001789 

36 0. 014439 
F(4, 36) = 1.115030 p <= 

0.97307 0.97377 

MS 
0.000203 
0.000373 

0.479174 

MS 
0.000527 
0.000772 
0.608952 

MS 
0.000447 
0.000401 
0.364576 

---------------------END-----------------
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Sxparimant 3: Mean reapon•• timaa for the ton• taak (taak 2) 

model is 
--> sj ( 22 ) 

KEY: 

sea ( 5) 
nlet ( 2 ) 
rem ny ( 2) 
vollh ( 2) 

soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
rem_ny (1) = ignore (2) = encode 

soa ( 5) 
875.02581 837.73571 775.35773 728.84804 634.38262 

nlet ( 2 ) 
722.89974 817.64023 

soa ( 5 ) 
nlet ( 2) 

801.48977 
948.56184 

rem_ny ( 2 ) 

757.66359 717.85592 703.50426 633.98515 
917.80782 832.85954 754.19183 634.78009 

687.25529 853.28468 

soa ( 5 ) 
rem ny ( 2) 

770.91466 740.53466 672.77280 654.96309 597.09123 
979.13696 934.93675 877.94267 802.73300 671.67401 

nlet ( 2) 
rem ny ( 2 ) 

691.64678 682.86380 
754.15270 952.41665 

soa ( 5 ) 
nlet ( 2 ) 
rem ny ( 2 ) 

758.36975 
783.45956 
844.60979 

1113.66412 

vollh ( 2 ) 

728.05882 
753.01050 
787.26837 

1082.60514 

819.65325 720.88671 

sea ( 5 ) 
vollh ( 2) 

681.05824 
664.48736 
754.65360 

1001.23173 

682.70770 
627.21848 
724.30083 
881.16518 

608.03938 
586.14308 
659.93092 
683.41111 

936.31309 893.77748 811.45918 786.87206 669.84445 
813.73852 781.69393 739.25629 670.82403 598.92079 

123 112 72 126 73 ms 

nlet ( 2 
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vollh ( 2 ) 
771.87014 867.43637 
673.92934 767.84408 

soa ( 5 ) 
nlet ( 2) 
vollh ( 2 ) 

868.33245 
1004.29373 
734.64709 
892.82996 

rem_ny ( 2) 
vollh ( 2 ) 

812.74219 
974.81277 
702.58499 
860.80288 

746.23582 893.07069 
628.27476 813.49867 

sea ( 5 ) 
rem_ny ( 2) 
vellh ( 2) 

854.87871 
1017.74747 

686.95060 
940.52645 

nlet ( 2) 
rem_ny ( 2 ) 
vellh ( 2) 

748.92135 
794.81892 
634.37220 
713.48648 

sea ( 5) 
nlet ( 2) 
rem_ny ( 2 ) 
vellh ( 2) 

852.07961 
857.67780 
884.58528 

1150.90965 
664.65988 
709.24132 
804.63430 

1076.41860 

sea ( 5 

817.74077 
969.81419 
663.32855 
900.05931 

743.55028 
991.32245 
622.17731 
913.51086 

797.13664 
838.34490 
828.34775 

1111.28063 
658.98099 
667.67610 
746.18898 

1053.92965 

754.53748 
868.38088 
681.17437 
797.33821 

709.42274 
913.49562 
636.12287 
842.38972 

722.50106 
696.34442 
786.57390 

1040.41733 
639.61543 
632.63030 
722.73331 
962.04612 

OF SS MS 

764. 41346 
809.33066 
642.59506 
699.05300 

716.07221 
857.67191 
593.85397 
747.79409 

742.56474 
689.57968 
786.26219 
929.08163 
622.85065 
564.85728 
662.33946 
833.24873 

4 6288909.997566 1572227.499392 
84 2704411.055389 32195.369707 

F(4,84) = 48.833963 p <= 0.000000 •••• 

nlet 2 
DF SS MS 

1 1974667.153044 1974667.153044 
21 1292543.255946 61549.678855 

F(l,21) = 32.082493 p <= 0.000013 •••• 
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659.32509 
680.36381 
608.64521 
589.19637 

633.06466 
706.62425 
561.11780 
636.72378 

630.32470 
635.80461 
688.32548 
724.92301 
S8S.75406 
536.48154 
631.53636 
641.91120 



soa ( 5 ) 
nlet ( 2 ) 

OF ss HS 
4 800503.653977 200125.913494 

84 1744435.593786 20767.090402 
F(4,8~) = 9.636685 p <= 0.000002 •••• 
rem_ny 2 ) 

OF ss MS 
1 6064466.941889 6064466 .. 941889 

21 2640696 .. 167295 125747.436538 
F(l,21) = 48.227360 p <= 0.000001 •••• 
soa 5 ) 
rem_ny ( 2 ) 

OF ss MS 
4 563777. 239776 140944.309944 

84 1291868.470607 15379.386555 
F(4,84) = 9 .. 164495 p <= 0.000003 •••• 
nlet 2 ) 

rem_ny ( 2 ) 

OF ss HS 
1 2357763. 776863 2357763.776863 

21 1359596.031851 64742.668183 
F(l,21) = 36. 417464 p <= 0.000005 **** 

soa 
nlet 

( 5 ) 
( 2 ) 

rem_ny 
OF 

4 
84 

F(4,84) 

( 2 ) 
SS MS 

381541.882031 95385.470508 
1119879.032254 13331.893241 

= 7.154683 p <= 0.000052 •••• 

vollh 2} 
OF SS MS 

l 2146062.384493- 2146062.384493 
21 4431604.925689 211028.805985 

F(l,21) = 10.169523 p <= 0.004415 •••• 

soa ( 
vollh 

OF 
4 

84 
F(4,84) 

5 ) 
( 2 ) 

SS MS 
111041.406298 27760.351575 
1227734.851821 14615.891093 

= 1.899327 p <: 0.118109 

nl.et 
vollh 

OF 

( 2 ) 
( 2 ) 

SS MS 
150.008399 150.008399 1 

21 
F(l,21) 

250391.494152 11923.404483 
= 0.012581 p <: 0.911758 

soa ( 5) 
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nlet 
vollh 

DF 

( 2 ) 

4 
84 

F(4,84) 

rem ny 
vollh 

DF 
1 

( 2 ) 
SS MS 

25001.032676 6250.258169 
1034495.889589 12315.427257 

= 0.507515 p <= 0.730313 

( 2 ) 
2 ) 

SS MS 
B105~.534139 81054.534139 

21 
F(l,21) = 

173906.501849 8281.261993 
9.787703 p <= 0.005078 •••• 

soa 5 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 90060.683944 22515.170986 

84 948952.720707 11297.056199 
F(4,84) = 1.993012 p <= 0.102979 

nlet 2 
rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
l 1471. 419049 1471. 419049 

21 173731.805828 8272.943135 
F(l,21) = 0.177859 p <= 0.677505 

sea 
nlet 

( 5 ) 
( 2 ) 

rem ny 
vollh 

DF 
4 

84 
F(4,84) 

( 2 ) 
( 2 ) 

SS MS 
19029.201220 4757.300305 
781234.821887 9300.414546 

= 0.511515 p <= 0.727406 

---------------------END-----------------
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BxperimaDt 3: Kean reapon•• timaa for th• tODe taak (DCODB tria1a) 

model is 
--> sj ( 22 

KEY: 

soa ( 5) 
nlet ( 2) 
vollh ( 2 ) 

soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
rem_ny (1) = ignore (2) = encode 

soa ( 5) 
979.13696 934.93675 877.94267 802.73300 671.67401 

nlet ( 2) 
754.15270 952.41665 

soa ( 5) 
nlet { 2) 

844.60979 787.26837 754.65360 724.30083 
1113.66412 1082.60514 1001.23173 881.16518 

vollh ( 2 ) 
893.07069 813.49867 

soa ( 5) 
vollh ( 2 ) 

659.93092 
683. 41711 

1017.74747 969.81419 913.49562 857.67191 706.62425 
940.52645 900.05931 842.38972 747.79409 636.72378 

nlet ( 2) 
vollh ( 2 ) 

794.81892 991.32245 
713.48648 913.51086 

soa ( 5) 
nlet ( 2) 
vollh ( 2 ) 

884.58528 
1150.90965 

804.63430 
1076.41860 

828.34775 
1111.28063 

746.18898 
1053.92965 

786.57390 
1040.41733 
722. 73331 
962.04612 

soa ( 5 
DF SS MS 

786.26219 
929.08163 
662.33946 
833.24873 

4 5161356.548979 1290339.137245 
84 

F(4,84) = 

nlet 2 
OF 

1 
21 

F(l,21) = 

2233120.331913 26584.765856 
48.536788 p <= 0.000000 **** 

SS MS 
4323945.449175 4323945.449175 
2248690.242479 107080.487737 
40.380330 p <= 0.000003 **** 
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688.32548 
724.92301 
631.53636 
641.91120 



sea ( 5 I 
nlet ( 2 ) 

DF ss MS 
4 1078657.041841 269664.260460 

84 1813372.740453 21587.770720 
F(4,84) == 12.491529 p <= 0.000000 ..... 
vellh 2 ) 

DF ss MS 
1 696487.617841 696487.617841 

21 1744044.861483 83049.755309 
F(l,21) == 8.386390 p <= 0.008644 •••• 

sea { 5 ) 

vellh ( 2 ) 

DF ss MS 
4 26082.295391 6520.573848 

84 1107558.205108 13185 .216727 
F(4,84) == 0.494537 p <= 0.739749 

nlet 
vellh 

DF 

( 2 ) 

1 
21 

F(l,21) 

( 2 ) 
SS MS 

340.899701 340.899701 
200757.021698 9559.858176 

== 0.035659 p <= 0.852033 

sea 
nlet 
vellh 

( 5 ) 
( 2 ) 

DF 
4 

84 
F(4,84) 

( 2 ) 
SS MS 

12490.841246 3122.710312 
1049493.332310 12493.968242 

== 0.249937 p <= 0.908946 

---------------------END-----------------
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Bxperiaant 3: Mean reapona• timaa for the tone task (%CDIOU trial•> 

model is 
--> sj ( 22 ) 

soa C 5 ) 
nlet ( 2) 
vollh ( 2 ) 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (S) = 1350 
nlet (1) = l (2) = 3 
rem_ny (1) = ignore (2) = encode 

soa ( 5) 
770.91466 740.53466 672.77280 

nlet ( 2) 
691.64678 682.86380 

soa ( 5} 
nlet ( 2) 

654.96309 597.09123 

758.36975 728.05882 681.05824 682.70770 608.03938 
783.45956 753.01050 664.48736 627.21848 586.14308 

vollh C 2 ) 
746.23582 628.27476 

soa ( 5 ) 
vollh ( 2 ) 

854.87871 817.74077 709.42274 716.07221 633.06466 
686.95060 663.32855 636.12287 593.85397 561.11780 

nlet ( 2 ) 
vollh ( 2 ) 

748.92135 743.55028 
634.37220 622.17731 

soa ( 5 ) 
nlet ( 2) 
vollh ( 2 ) 

852.07961 
857. 67780 
664.65988 
709 .24132 

soa ( 5 

797.13664 
838.34490 
658.98099 
667.67610 

722.50106 
696.34442 
639.61543 
632.63030 

OF SS MS 

742.56474 
689.57968 
622.85065 
564.85728 

4 1691330.688363 422832.672091 
84 1763159.194083 20989.990406 

F(4,84) = 20.144491 p <= 0.000000 **** 

nlet C 2 ) 
OF SS MS 

1 8485.480732 8485.480732 
21 403449.045317 19211.859301 

F(l,21) = 0.441679 p <= 0.513545 
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630.32470 
635.80461 
585.75406 
536.48154 



soa ( 5 ) 
nlet ( 2 ) 

OF ss MS 
4 103388.494167 25847.123542 

84 1050941.885587 12511.212924 
F{4,84) = 2.065917 p <= 0.092514 

vollh 2 ) 
OF ss MS 

1 1530629.300792 1530629.300792 
21 2861466.566054 136260.312669 

F(l,21) = 11. 233126 p <= 0.003022 **** 

soa ( 5 ) 

vollh ( 2 ) 

OF ss MS 
4 175019.794851 43754.948713 

84 1069129.367420 12727.730565 
F(4,84) = 3.437765 p <= 0.011858 •••• 

nlet 
vollh 

( 2 ) 

OF 
1 

21 
F(l,21) 

( 2 ) 
SS MS 

1280.527746 1280.527746 
223366.278281 10636.489442 

= 0.120390 p <= 0.732065 

soa 
nlet 
vollh 

( 5 ) 
( 2 ) 

DF 
4 

84 
F(4,84) 

( 2 ) 
SS MS 

31539.392650 7884.848162 
766237.379166 9121.873561 

= 0.864389 p <= 0.488871 

---------------------END-----------------
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Bxperimant 3: Mean proport:iona correct ~or the tone t&at (ta.Jc 2) 

model is 
--> sj ( 22 ) 

KEY: 

soa ( 5) 
nlet ( 2) 
rem_ny ( 2 ) 
vollh ( 2) 

soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
rem ny (1) = ignore (2) = encode 
vollh (1) = quiet (2) = loud 

soa ( 5 ) 
0.97347 

nlet ( 2) 
o. 97730 

soa ( 5) 
nlet ( 2) 

0.97434 
0.97261 

rem ny ( 2 l 
- o. 97720 

soa ( 5) 
rem ny ( 2 l 

- 0.97217 
0.97478 

nlet ( 2) 
rem ny ( 2) 

- 0.97224 
0.98236 

soa ( 5) 
nlet ( 2) 
rem ny ( 2 ) 

- 0.96607 
0.97827 
0.98261 
0.96694 

vollh ( 2 ) 
0.97343 

soa ( 5) 
vollh ( 2) 

0.96977 
0.97718 

nlet ( 2) 
vollh C 2) 

0.97047 

0. 97745 

0 .97176 
0.96918 

0. 97755 

0. 97107 
0.96987 

0.98216 
0.97275 

0.96901 
0.97314 
0.97452 
0.96522 

0.98131 

0.96522 
0.97572 

0.97760 

0.97844 
0.97676 

0.97478 
0.98042 

0.97090 
0.97865 
0.98598 
0.97486 

0.97441 
0.98079 
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0.98196 

0.98054 
0.98339 

0.98459 
0.97934 

0.97503 
0.99415 
0.98605 
0.97262 

0.97650 
0.98743 

0.98336 

0.98139 
0.98533 

0.98337 
0.98335 

0.98017 
0.98657 
0.98261 
0.98409 

0.98127 
0.98545 



0.97475 0.97212 
0.97985 0.98278 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

0. 97710 0.96901 0.97242 0.97676 0.97844 
0.96243 0.96143 o. 97641 0.97624 0.98409 
0.97158 0.97452 0.98447 0.98433 0.98433 
0.98278 0.97693 0.97710 0.99053 0.98657 

rem_ny ( 2 ) 
vollh ( 2 } 

0.97278 0.97408 
0.98161 0.98102 

soa ( s ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.97052 0.96556 0.97056 0.97693 0.98034 
0.96901 0.96488 0.97827 0.97607 0.98220 
0.97382 0.97658 0.97899 0.99225 0. 98640 
0.98054 0.97486 0.98258 0.98261 0.98450 

nlet ( 2 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.96665 0.97891 
0.98284 0.96533 
0.97782 0.98540 
0.98187 0.98017 

soa ( 5 ) 
nlet ( 2 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.96935 0.96556 0.96453 0.96178 0.97204 
0.97169 0. 96556 0.97658 0.99208 0.98864 
0.98485 0.97245 0.98030 0.99174 0.98485 
0.95317 0.95730 0.97624 0.96040 0.97955 
0.96279 0.97245 0.97727 0.98829 0.98829 
0.98485 0.98072 0.98072 0.99621 0.98450 
0.98037 o. 97658 0.99167 0.98037 0.98037 
0.98072 0.97314 0.97348 0.98485 0.98864 

soa ( 5 
OF ss MS 

4 0.021085 0.005271 
84 0.211330 0.002516 

F(4,B4) = 2.095238 p <= 0.088601 

nl.et 2 
OF ss MS 

1 0.000005 0.000005 
21 0.037479 0.001785 

F(l,21) = 0.003004 p <= 0.956807 
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soa ( 5 } 
nlet ( 2 ) 

OF ss MS 
4 0.001585 0.000396 

84 0.144714 0.001723 
F(4,84) = 0.229963 p <= 0.920850 

rem_ny 2 ) 
OF ss MS 

l 0.000028 0.000028 
21 0.039050 0.001860 

F(l,21) = 0.014979 p <= 0.903755 

soa 5 ) 
rem_ny ( 2 ) 

OF ss MS 
4 0.002951 0.000738 

84 0.160900 0.001915 
F(4,84) = 0.385209 p <= 0.818656 

nlet 2 } 

rem_ny ( 2 
OF ss MS 

1 0.020972 0.020972 
21 0.041853 0.001993 

F(l,21) = 10.522725 p <= 0.003886 •••• 

soa ( 5 ) 
nlet ( 2 ) 
rem_ny ( 2 ) 

OF ss MS 
4 0.005388 0.001347 

84 0.107390 0.001278 
F(4,84) = 1.053613 p <= 0.384707 

vollh 2 ) 
DF ss MS 

1 0.013665 0.013665 
21 0.046671 0.002222 

F(l,21) = 6.148513 p <= 0.021712 **** 

soa ( 5 ) 

vollh ( 2 ) 

DF ss MS 
4 0.001424 0.000356 

84 0.156223 0.001860 
F(4,84) = 0.191379 p <= 0.942285 

nlet ( 2 ) 

vollh ( 2 ) 
DF ss MS 

l 0.001700 0.001700 
21 0.037325 0.001777 

F(l,21) = 0.956648 p <= 0.339167 

soa ( 5 ) 
nlet ( 2 ) 
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vollh 2 ) 

DF ss MS 
4 0.008804 0.002201 

84 0.157480 0.001875 
F(4,84) = 1.174024 p <= 0.328170 

rem_ny ( 2 ) 

vollh 2 ) 

DF ss MS 
1 0.000197 0.000197 

21 0.034943 0.001664 
F(l,21) = 0 .118279 p <= o .. 734329 

soa 5 ) 

rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 0.001753 0.000438 

84 0.131452 0.001565 
F(4,84) = 0.280059 p <= 0.890128 

nlet 2 
rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
1 0.005766 0.005766 

21 0.056406 0.002686 
F(l,21) = 2 .146611 p <= 0.157697 

soa ( 5 } 
nlet ( 2 ) 

rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 0.007250 0.001813 

84 0.141091 0.001680 
F(4,84) = 1.079160 p <= 0.372088 

---------------------END-----------------
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Experiman1: 3: Hean propo.rtiona co.r.rect for the tone uak (BRCOD& trials) 

model is 
--> sj ( 22) 

soa ( 5 ) 
nlet ( 2) 
vollh ( 2 ) 

KEY: 
soa (1) 
nlet (1) 

= 200 (2) = 261 (3) = 395 (4) = 
= l (2) = 3 

rem_ny (1) = ignore (2) = encode 

soa ( 5 ) 
0.97254 0.96970 0.97822 o. 98011 

nlet ( 2 ) 
0.98106 0.97197 

soa ( 5 ) 
nlet ( 2 ) 

0.97917 0.97348 0.98485 0.98674 
0.96591 0.96591 0.97159 0.97348 

vollh ( 2 ) 
0.97348 0.97955 

soa ( 5 ) 
vollh ( 2 ) 

0.96780 0.96402 0.97538 0.97727 
0.97727 0.97538 0.98106 0.9B295 

nlet ( 2 ) 
vollh ( 2 ) 

0.98182 0.96515 
0.98030 0.97879 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

0.98485 0.96970 0.97727 0.99242 
0.95076 0.95833 0.97348 0.96212 
0.97348 0.97727 0.99242 0.98106 
0.98106 0.9734B 0.96970 0.98485 

soa { 5 ) 
DF ss MS 

4 0.009533 0.002383 
84 0.180050 0.002143 

F(4,84) = l.111851 p <= 0.356435 

nlet 2 
OF ss MS 

l 0.009091 0.009091 
21 0.044381 0.002113 

F(l,21) = 4.301560 p <= 0.050565 
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692 (5) = 1350 

0.98201 

0.98106 
0.98295 

0.98295 
0.98106 

0.98485 
0.98106 
0.97727 
0.98485 



soa ( 5 ) 

nlet { 2 ) 
DF ss MS 

4 0.003851 0.000963 
84 0 .116288 0.001384 

F (4, 84) == 0.695434 p <= 0.597201 

vollh 2 ) 

DF ss MS 
1 0.004040 0.004040 

21 0.050821 0.002420 
F(l,21) = 1.669568 p <= 0.210355 

soa ( 5 ) 

vollh ( 2 ) 

DF ss MS 
4 0.002273 0.000568 

84 0.144255 0.001717 
F(4,B4) = 0.330853 p <= 0.856502 

nlet ( 2 ) 

voll.h ( 2 ) 

DF ss MS 
1 0.006313 0.006313 

21 0.069381 0.003304 
F(l,21) = 1.910825 p <= 0.181398 

sea ( 5 ) 

nlet ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 0.012626 0.003157 

84 0.147790 0.001759 
F(4,84) = 1.794107 p <= 0.137631 

--------------------- END -----------------
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Bxperillant 3: Hean proportion• correct ~or the tone 1:&ak (IGROBB tr.ial.a) 

model is 
--> sj ( 22) 

( 5 ) sea 
nlet 
vollh 

( 2 ) 
( 2 ) 

KEY: 
sea (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
rem_ny (1) = ignore (2) = encode 

sea ( 5) 
0.97159 

nlet ( 2) 
0.97008 

sea ( 5) 
nlet ( 2) 

0.96591 
0. 97727 

vollh ( 2 ) 
0.97083 

sea ( 5) 
vollh ( 2) 

0.96970 
0.97348 

nlet ( 2) 
vollh ( 2) 

0.96288 
0.97727 

sea ( 5) 
nlet ( 2 l 
vollh ( 2) 

0.96591 
0.97348 
0.96591 
0.98106 

0.97064 

0.98144 

0.96780 
0.97348 

0.98068 

0.96591 
0.97538 

0.97879 
0.98409 

0.96591 
0.96591 
0.96970 
0.98106 

soa ( 5 
DF 

4 
84 

F(4,84) 

ss 
0.011143 
0.172885 

= l.353472 p <= 

nlet ( 2 
DF 

l 
21 

F(l,21) = 

ss 
0.014205 
0.034406 
8.669729 p <= 

0.97348 

0.96780 
0.97917 

0.96780 
0.97917 

0.95833 
0.97727 
0.97727 
0.98106 

MS 
0.002786 
0.002058 
0.257097 

MS 
0.014205 
0.001638 
0.007743 
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0.98390 

0.97348 
0.99432 

0.97727 
0.99053 

0.96212 
0.99242 
0.98485 
0.99621 

0.97917 

0.97538 
0.98295 

0.97348 
0.98485 

0.96212 
0.98485 
0.98864 
0.98106 



soa ( 5 ) 
nlet ( 2) 

DF ss 
0.002999 
0.153251 
0.410919 

4 
84 

F(4,84) = 

vollh 2 ) 
DF ss 

1 0.010669 
21 0.035164 

F(l,21) = 6.371683 

soa ( 5 ) 
vollh ( 2 ) 

DF ss 
4 0. 001168 

84 0.157860 
F(4,84) = 0.155371 

nlet ( 2 ) 
vollh ( 2 ) 

DF ss 
1 0.002273 

21 0.017172 
F(l,21) = 2.779449 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

OF ss 
4 0.007039 

84 0.157544 
F(4,84) = 0.938292 

MS 
0.000750 
0.001824 

p <= 0.800315 

MS 
0.010669 
0.001674 

p <= 0.019717 

MS 
0.000292 
0.001879 

p <= 0.960072 

MS 
0.002273 
0.000818 

p <= 0.110327 

MS 
0.001760 
0.001876 

p <= 0.445943 

---------------------END-----------------
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Experiment 3: Mean proportiou corzect for th• ancoda taalc (taalc 1) 

model is 
--> sj ( 22 ) 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = l (2) = 3 
rem_ny (1) = ignore (2) = encode 

soa ( 5 ) 
0.95960 

nlet ( 2) 
0.98362 

soa ( 5) 
nlet ( 2) 

0.98189 
0.93732 

vollh ( 2) 
0.96298 

soa ( 5) 
vollh ( 2) 

0.96526 
0.95395 

nlet ( 2) 
vollh ( 2 ) 

0.98280 
0.98444 

soa ( 5) 
nlet ( 2) 
vollh ( 2 ) 

0.98788 
0.94264 
0.97590 
0.93200 

0.95640 

0.94208 

0.98168 
0. 93111 

0. 96271 

0.95191 
0.96089 

0.94316 
0.94099 

0.97851 
0.92530 
0.98485 
0.93693 

0.96752 

0.99001 
0.94502 

0.97066 
0.96437 

0.98795 
0.95337 
0.99208 
0.93666 

soa ( S 
OF 

4 
84 

F(4,84) = 

ss 
0.007650 
0.115340 
l.392877 

MS 
0.001913 
0.001373 

p <= 0.243444 

nl.et 2 
OF 

1 
21 

F(l,21) = 

ss 
0.189806 
0.301399 
13.224750 

MS 
0.189806 
0.014352 

p <= 0.001544 

0.96490 

0.97672 
0.95308 

0.96506 
0.96474 

0.97617 
0.95395 
0.97727 
0.95220 

•••• 
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0.96581 

0.98778 
0.94385 

0.96201 
0.96962 

0.98347 
0.94055 
0.99208 
0.94715 



soa ( 5 ) 
nlet ( 2 ) 

OF ss MS 
4 0.009426 0.002357 

84 0.128263 0.001527 
F(4,84) = 1.543302 p <= 0.197142 

vollh 2 } 

DF ss MS 
1 0.000008 0.000008 

21 0.028017 0.001334 
F(l,21) = 0.005862 p <= 0.939694 

soa ( 5 ) 

vollh ( 2 
DF ss MS 

4 0.006727 0.001682 
84 0.165128 0.001966 

F(4,84) = 0.855480 p <= 0.494237 

nlet ( 2 ) 

vollh ( 2 ) 

OF ss MS 
1 0.000400 0.000400 

21 0.029828 0.001420 
F(l,21) = 0.281281 p <= 0.601427 

soa ( 5 ) 

nlet ( 2 ) 

vollh ( 2 ) 

OF 55 MS 
4 0.002221 0.000555 

84 0.085089 0.001013 
F(4,84) = 0.548197 p <= 0. 700821 

---------------------END-----------------
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Bxperimant: 4: Haan reaponae tima■ for the t:one t:aak (t:aak 2) 

model is 
--> sj ( 15) 

sea ( 5) 
tone eh ( 2 

KEY: 
soa 
tone eh 

(1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = easy (2) = hard 

soa ( 5 ) 
720.08552 

tone eh { 2 
521.61900 

sea ( 5) 
tone eh ( 2 

702.92466 
737.24638 

soa { 5 
DF ss 

614.74412 

627.09854 

560.37482 
669.11343 

4 1142741.208348 
56 275396.830436 

F(4,56) = 58.092088 p <= 

tone eh ( 2 ) 
DF ss 

1 417222.433230 
14 108684.116318 

F(l,14) = 53.743953 p <= 

soa ( 5 ) 

tone eh ( 2 ) 
DF ss 

4 54572.347426 
56 81036.083048 

F(4,56) = 9.428058 p <= 

540.26933 533.74925 

485.61569 469.10054 
594.92297 598.39795 

MS 
285685.302087 

4917.800543 
0.000000 **** 

MS 
417222.433230 
7763 .151166 

0.000004 **** 

MS 
13643.086856 
1447.072912 

0.000001 **** 

---------------------END-----------------
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390.07931 
535. 81195 



Experiment 4: Mean reapon•• tima• for 1:h• letter taak (taak 1) 

model is 
--> sj ( 15 ) 

KEY: 

soa ( 5 ) 
tone_eh ( 2) 

soa 
tone eh 

(1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = easy (2) = hard 

soa ( 5 ) 
536.23969 537.37486 552.08504 572.22748 571.70616 

tone eh ( 2 
556.27319 551.58010 

soa ( 5) 
tone eh ( 2 

545.93483 537.00868 551.45487 563.47255 583.49503 
526.54455 537.74105 552.71521 580.98242 559.91729 

soa ( 5 
DF ss MS 

4 37236.398784 9309.099696 
56 76224.464752 1361.151156 

F(4,56) = 6.839137 p <= 0.000148 •••• 

tone eh ( 2 ) 
OF ss MS 

1 825.939992 825.939992 
14 12474.454615 891. 032472 

F(l,14) = 0.926947 p <= 0.351993 

soa ( 5 ) 

tone_eh ( 2 ) 
OF ss MS 

4 8478.655594 2119.663899 
56 37236.836396 664.943507 

F (4, 56) = 3.187735 p <= 0.019832 •••• 

---------------------END-----------------
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Bxper:i.mant: C: Mean proportion• corzect ~or the t:one taak (taak 2) 

model is 
--> sj ( 15 ) 

soa ( 5) 
tone eh ( 2 i 

KEY: 
soa 
tone eh 

(1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = easy (2) = hard 

soa ( 5 ) 
0.92130 0.91365 

tone eh ( 2 
-0.92749 0.91459 

soa ( 5 ) 
tone eh ( 2 

-0.93487 
0.90774 

0.91545 
0.91185 

soa ( 5 
OF ss 

4 0.002753 
56 0.240727 

F(4,56) = 0.160095 p <= 

tone eh { 2 ) 
OF ss 

1 0.006242 
14 0.183870 

F(l,14) = 0.475273 p <= 

soa ( 5 ) 

tone eh ( 2 ) 
OF 55 

4 0.006409 
56 0.296811 

F(4,56) = 0.302296 p <= 

0.92708 

0.94048 
0.91368 

MS 
0.000688 
0.004299 
0.957583 

MS 
0.006242 
0.013134 
0.501839 

MS 
0.001602 
0.005300 
0.875217 

0.92153 

0.92822 
0. 91484 

---------------------END-----------------
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0.92164 

0.91844 
Q.92484 



Bxperimant 4: Mean proportions corzec1: for the letter taalc (taalc 1) 

model is 
--> sj ( 15 ) 

soa ( 5 ) 

tone eh ( 2 ) 

KEY: 
soa (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
tone eh (1) = easy (2) = hard 

soa ( 5 ) 
0.95513 0.96924 0.97487 0.97245 0.97807 

tone_eh ( 2 
0.96856 o. 97135 

soa ( 5 ) 
tone eh ( 2 -0.94895 0.96779 0.97712 0.97203 0.97690 

0.96131 0.97070 0.97263 0.97287 0.97925 

soa ( 5 
OF ss MS 

4 0.009499 0.002375 
56 0.025183 0.000450 

F(4,56) = 5.280902 p <= o. 001112 **** 

tone_eh ( 2 ) 

OF ss MS 
1 0.000294 0.000294 

14 0.003424 0.000245 
F(l,14) = 1.200421 p <= 0.291728 

soa ( 5 ) 

tone_eh ( 2 ) 

OF ss MS 
4 0.001115 0.000279 

56 0.018447 0.000329 
F(4,56) = 0.846317 p <= 0.501868 

--------------------- END -----------------
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Experiment 5: Nean response times ~or the t:one taak (t:aak 2) 

model is 
--> sj ( 14 

KEY: 

soa ( 5) 
rem_ny ( 2) 
tone eh ( 2 ) 

soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
rem ny (1) = ignore (2) = encode 
tone eh (1) = easy (2) = hard 

soa ( 5 ) 
745.37084 722.23574 697.35879 630.26308 576.07784 

rem ny ( 2) 
590.21307 758.30944 

soa ( 5) 
rem ny ( 2 ) 

635.76247 611.20897 609.61089 570.21973 524.26330 
854.97921 833.26250 785.10669 690.30642 627.89238 

tone eh ( 2 
579.34440 769.17811 

soa ( 5 ) 
tone eh ( 2 

664.21193 636.24904 591.02626 522.64542 482.58935 
826.52975 808.22243 803.69131 737.88073 669.56633 

rem_ny ( 2 ) 
tone eh ( 2 ) 

494.14136 664.54744 
686.28478 852.07144 

soa ( 5) 
rem_ny ( 2 ) 
tone eh ( 2 

555.72286 
772.70100 
715.80208 
937.25742 

517.19928 
755.29880 
705.21865 
911.22620 

494.79024 
687.26228 
724.43153 
882.95109 

soa ( 5 
OF SS MS 

458.98599 
586.30486 
681.45348 
794.30797 

4 1090176.786667 272544.196667 
52 

F(4,52) = 
970702.515646 18667.356070 
14.600043 p <= 0.000000 •••• 

rem_ny 2) 
DF SS MS 

1 1977941.206272 1977947.206272 
·13 782281.155293 60175.473484 

F(l,13) = 32.869658 p <= 0.000069 •••• 
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444.00844 
521.17026 
604.51816 
734.61450 



soa 5 ) 
rem_ny ( 2 

DF ss MS 
4 168565. 328630 42141. 332157 

52 756129. 042770 14540.943130 
F(4,52) = 2. 898115 p <= 0.030649 •••• 

tone eh ( 2 ) 
DF ss MS 

1 2522578.473216 2522578.473216 
13 1331322.295888 102409.407376 

F(l,13) 

soa ( 5 
tone eh 

DF 

= 24.632292 p <= 0.000259 •••• 
} 

( 2 ) 
SS MS 

4 31511.020173 7877.755043 
52 

F(4,52) = 
250382.882038 4815.055424 

rem ny 
tone eh 

OF 
l 

1.636067 p <= 0.179170 

( 2 ) 
( 2 ) 

SS MS 
373.433511 373.433511 

13 
F(l,13) 

118324.399995 9101.876923 
= 0.041028 p <= 0.842619 

soa ( 5) 
rem ny { 2 ) 
tone eh ( 2} 

OF SS MS 
4 17875.539245 4468.884811 

52 332997.145119 6403.791252 
F(4,52) = 0.697850 p <= 0.596914 

---------------------END-----------------
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Experiment 5: Hean :reaponae times for the tone taalt (DCOl)B trial.a) 

model is 
--> sj ( 14 ) 

soa ( 5) 
tone_eh ( 2 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
rem ny (1) = ignore (2) = encode 
tone eh (1) = easy (2) = hard 

soa ( 5) 
854.97921 

tone eh ( 2 
664.54744 

soa ( 5) 
tone eh ( 2 

833.26250 785.10669 690.30642 

852. 07144 

627.89238 

772.70100 755.29880 687.26228 586.30486 521.17026 
937.25742 911.22620 882.95109 794.30797 734.61450 

soa ( 5 
DF 

4 
52 

F(4,52) = 

tone eh 
OF 

1 

SS MS 
1044795.327748 261198.831937 
1175719.123139 22609.983137 
11.552367 p <= 0.000001 **** 

( 2 ) 
SS MS 

1230783.685024 1230783.685024 
474927.622194 36532.894015 13 

F(l,13) = 33.689740 p <= 0.000061 **** 

soa ( 5 
tone eh 

OF 
4 

52 
F(4,52) = 

) 

( 2 ) 
SS MS 

18786.398774 4696.599693 
289952.479786 5576.009227 
0.842287 p <= 0.504767 

---------------------ENO-----------------
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Bxperimant 5: lfaan reapon•• ti.mas ~or th• t:one task (IGHOU t:rial.s) 

model is 
--> sj ( 14 ) 

soa ( 5) 
tone eh ( 2 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
rem ny (1) = ignore (2) = encode 
tone_eh (1) = easy (2) = hard 

soa ( 5 ) 
635.76247 611.20897 

tone eh ( 2 
494 .14136 686.28478 

soa ( 5) 
tone eh ( 2 

555.72286 517.19928 
715.80208 705.21865 

soa ( 5 
OF ss 

4 213946.787549 
52 551112 .435278 

F(4,52) = 5.046717 p <= 

tone eh ( 2 ) 
OF ss 

1 1292168.221702 
13 974719.073689 

F(l,13) = 17.233875 p <= 

soa ( s ) 
tone eh ( 2 ) 

DF ss 
4 30600.160644 

52 293427.547371 
F(4,52) = 1.355708 p <= 

609.61089 

494.79024 
724.43153 

MS 

570.21973 524.26330 

458.98599 444.00844 
681.45348 604.51816 

53486.696887 
10598.316063 

0.001636 ...... 

MS 
1292168.221702 

74978.390284 
0.001138 •••• 

MS 
7650.040161 

5642.837449 
0.262048 

---------------------END-----------------
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Experiment S: Haan proportion• carract for the tan• taak (taak 2) 

model is 
--> sj ( 14 ) 

KEY: 

soa ( 5) 
rem_ny ( 2) 
tone eh ( 2 ) 

soa (l) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
rem_ny (1) = ignore (2) = encode 
tone eh (1) = easy (2) = hard 

soa ( 5) 
0.91592 

rem ny ( 2 ) 
- 0.95238 

soa ( 5) 
rem ny ( 2 ) 

- 0.95982 
0.87202 

tone eh ( 2 
-0.92619 

soa ( 5) 
tone eh ( 2 

0.93452 
0.89732 

rem_ny ( 2 ) 
tone eh ( 2 ) 

0.95952 
0.94524 

soa ( 5 ) 
rem_ny ( 2 ) 
tone eh ( 2 ) 

soa 
DF 

0.97619 
0.89286 
0.94345 
0.85119 

( 5 
ss 

0.91890 

0.88512 

0.95238 
0.88542 

o. 91131 

0.92560 
0.91220 

0.89286 
0.87738 

0.96131 
0.88988 
0.94345 
0.88095 

4 0.003807 
52 0.113728 

F(4,52) = 0.435173 p_<= 

rem_ny 2 ) 
DF ss 

1 0.316691 
13 2.059871 

F(l,13) = 1.998662 p <= 

0.92113 

0.95536 
0.88690 

0.92857 
0.91369 

0.97024 
0.88690 
0.94048 
0.88690 

MS 
0.000952 
0.002187 
0.782580 

MS 
0.316691 
0.158452 
0.180936 
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0.91369 

0.93452 
0.89286 

0.91667 
0.91071 

0.93452 
0.89881 
0.93452 
0.88690 

0. 92411 

0.95982 
0.88839 

0.92560 
0.92262 

0.95536 
0.89583 
o. 96429 
0.88095 



soa 5 ) 
rem_ny ( 2 

DF ss MS 
4 0.015340 0.003835 

52 0.168862 0.003247 
F(4,52) = 1.180948 p <= 0.330059 

tone_eh ( 2 ) 

DF ss MS 
1 0.015501 0.015501 

13 0.044048 0.003388 
F(l,13) = 4.574867 p <= 0.052000 

soa ( 5 ) 
tone_eh ( 2 ) 

DF ss MS 
4 0.010107 0.002527 

52 0.090067 0.001732 
F(4,52) = 1.458756 p <= 0.228145 

rem_ny ( 2 } 

tone eh ( 2 ) 
OF ss MS 

1 0.000025 0.000025 
13 0.020288 0.001561 

F(l,13) = 0.015890 p <= 0.901617 

soa ( 5 ) 
rem_ny ( 2 ) 
tone eh ( 2 ) 

DF ss MS 
4 0.006114 0.001528 

52 0 .110727 0.002129 
F(4,52) = o. 717770 p <= 0.583641 

--------------------- END -----------------
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Experiment 5: Mean proportion• corrac~ ~or the 1:one ta•k (DtCODB tri.&1■ ) 

model is 
--> sj ( 14 ) 

sea ( 5 ) 
tone eh ( 2 ) 

KEY: 
sea (l) = 200 (2) = 261 (3) = 395 (4} = 692 (5} = 1350 
tone eh (1) = easy (2) = hard 

sea ( 5) 
0.87202 0.88542 

tone eh { 2 
-0.89286 0.87738 

sea ( 5) 
tone eh ( 2 

-0.89286 
0. 85119 

0.88988 
0.88095 

sea ( 5 
OF ss 

4 0.006870 
52 0.206324 

F(4, 52) = 0.432865 p <= 

tone eh ( 2 ) 

OF ss 
1 0.008383 

13 0.046478 
F(l,13) = 2.344692 p <= 

sea ( 5 ) 

tone eh ( 2 ) 

OF ss 
4 0.006870 

52 0.115352 
F(4,52) = o. 774238 p <= 

--------------------- END 

0.88690 

0.88690 
0.88690 

MS 
o. 001718 
0.003968 
0.784239 

MS 
0.008383 
0.003575 
0.149676 

MS 
0.001718 
0.002218 
0.546964 

0.89286 

0.89881 
0.88690 

-----------------
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0.88839 

0.89583 
0.88095 



Bxpe:imant 5: Kean proportion• correct for 1:he tone taak (IGRON tr.i.da) 

model is 
--> sj ( 14 } 

sea ( 5 } 
tone eh ( 2 ) 

KEY: 
sea (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
tone eh (l) = easy (2) = hard 

sea ( 5) 
0.95982 0.95238 

tone eh ( 2 
-0.95952 0.94524 

sea ( 5) 
tone_eh ( 2 

0.97619 
0.94345 

0.96131 
0.94345 

sea ( 5 
OF ss 

4 0. 012277 
52 0.076265 

F(4,52) = 2. 092672 p <= 

tone eh ( 2 } 

DF ss 
l 0.007143 

13 0.017857 

0.95536 

0.97024 
0.94048 

MS 
0.003069 
0. 001461 
0.095025 

MS 
0.007143 
0.001374 

F(l,13) = 5.200010 p <= 0.040093 

sea ( 5 } 

tone eh { 2 ) 

DF ss MS 
4 0.009350 0.002338 

52 0.085441 0.001643 
F(4,52) = 1.422635 p <= 0.239541 

0.93452 

0.93452 
0.93452 

•••• 

---------------------END-----------------
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0.95536 
0.96429 



~z-imant 5: Mean proporUona cor~ct foz- 1:he encode taak (bale 1) 

model is 
--> sj ( 14 ) 

soa ( 5) 
tone eh ( 2 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
tone eh (1) = easy (2) = hard 

soa ( 5 ) 
0.92704 0.93335 0.93628 0.93486 0.93005 

tone _eh ( 2 
0.93599 0.92865 

soa ( 5 ) 
tone_eh ( 2 

0.93339 0.93615 0.93452 0.94134 0.93452 
0.92069 0.93054 0.93804 0.92838 0.92558 

soa ( 5 
OF ss MS 

4 0.001574 0.000394 
52 0.040330 o. 000776 

F(4,52) = 0.507438 p <= 0.730434 

tone eh ( 2 ) 
OF ss MS 

1 0.001885 0.001885 
13 0.005793 0.000446 

F(l,13) = 4.231204 p <= 0.060331 

soa ( 5 ) 

tone_eh ( 2 ) 
OF ss MS 

4 0.001285 0.000321 
52 0.028464 0.000547 

F(4,52) = 0.586931 p <= 0.673523 

--------------------- END -----------------

162 



Experimant 6: Maan reapon•• timaa ~or the tone t:aak (taak 2) 

model is 
--> sj ( 10 ) 

KEY: 

sea ( 5 ) 
nlet ( 2) 
rem_ny ( 2 ) 
vollh ( 2) 

sea 
nlet 
rem ny 
vollh 

(1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = 1 (2) = 3 

soa ( 5 ) 

(1) = ignore (2) = encode 
(1) = quiet (2) = loud 

681.04350 654.15780 623.16363 563.61361 543.00517 

nlet ( 2) 
593.34642 632.64706 

soa ( 5 ) 
nlet ( 2) 

666.36468 642.26260 591.99398 534.94708 531.16379 
695.72231 666.05301 654.33328 592.28014 554.84655 

rem_ny ( 2) 
559.55821 666.43528 

sea { 5 ) 
rem ny ( 2 ) 

610.20206 594.26477 556.46780 517.63907 519.21732 
751.88493 714.05084 689.85945 609.58815 566.79301 

nlet ( 2) 
rem_ny C 2) 

559.55103 559.56538 
627.14182 705.72874 

sea ( 5 ) 
nlet ( 2) 
rem_ny ( 2) 

615.64019 
604.76394 
717.08917 
786.68069 

vollh ( 2 ) 

591. 85591 
596. 67364 
692.66929 
735.43238 

648.31855 577.67493 

soa ( 5) 
vollh C 2 ) 

560.49015 
552.44545 
623.49780 
756.22110 

518.96790 
516.31023 
550.92625 
668.25006 

510.80101 
527. 63364 
551. 52657 
582.05946 

717.76510 692.19984 657.32113 596.47225 577.83443 
644.32189 616.11577 589.00613 530.75497 508.17590 

nlet ( 2) 
vollh ( 2 ) 
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630.99139 665.64570 
555.70145 599.64841 

soa ( 5) 
nlet ( 2 ) 
vollh ( 2 ) 

709.21.269 
726.31.751 
623.51667 
665.12712 

rem_ny ( 2) 
vollh ( 2 ) 

681.79823 
702.60145 
602.72697 
629.50457 

592.30842 704.32868 
526.80799 628.54188 

soa ( 5) 
rem_ny ( 2 ) 
vollh ( 2 ) 

649.66163 
785.86857 
570.74250 
717. 90129 

nlet ( 2) 
rem_ny { 2 ) 
vollh ( 2) 

593.66561 
668. 31718 
525. 43645 
585. 96645 

soa { 5 ) 
nlet ( 2) 
rem_ny ( 2 ) 
vollh { 2 ) 

664.16977 
635.15348 
754.25561 
817.48153 
567.11061 
574.37439 
679.92273 
755.87985 

soa ( S 

615.63212 
768.76756 
572.89742 
659. 33411 

590.95123 
740.34018 
528.17953 
671.11730 

610.38667 
620. 87758 
753.20980 
784.32532 
573.32515 
572.46970 
632.12879 
686.53944 

626.21280 
688.42945 
557.77515 
620.23711 

590.79197 
723.85028 
522.14364 
655.86863 

599.37348 
582.21C45 
653.05212 
794.64844 
521.60682 
522.68045 
593.94348 
717.79377 

DF SS MS 

567.49021 
625.45428 
502.40394 
559.10600 

560.50909 
632.43541 
474.76904 
586.74090 

552.30278 
568.71540 
582. 67765 
682.19316 
485.63303 
463.90505 
519.17485 
654.30695 

4 1101237.903576 275309.475894 
36 683763.525451 18993.431263 

!'(4,36) = 14.494984 p <= 0.000000 **** 

nlet 2 
D!' 

1 
9 

F(l,9) = 

SS MS 
154453.981001 154453.981001 
161381.937593 17931.326399 

8.613639 p <= 0.016624 **** 
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570.24303 
585.42583 
492.08455 
524.26726 

544. 94730 
610. 72157 
493.48735 
522.86446 

542.09535 
547.79924 
598. 39071 
623.05242 
479.50667 
507. 46803 
504. 66242 
541.06649 



soa ( 5) 
nlet ( 2) 

DF SS MS 
4 28785.942812 7196.485703 

36 127514.243115 3542.062309 
F(4,36) = 2.031722 p <= 0.110605 

rem_ny 
DF 

l 
9 

F(l,9) 

soa 
rem_ny 

DF 
4 

36 
F(4,36) 

nlet 
rem_ny 

DF 
1 
9 

F(l,9) 

2 ) 
SS MS 

1142270.820294 1142270.820294 
287225.108397 31913.900933 

= 35.792266 p <= 0.000207 •••• 

5 ) 
( 2 

ss MS 
116412.140484 29103.035121 
174012.165754 4833.671271 

= 6.020897 p <= 0.000814 **** 

2 ) 
( 2 ) 

ss MS 
154341.240360 154341.240360 
121246.180818 13471. 797869 

= 11. 456618 p <= 0.008066 **** 

soa 
nlet 

( 5 ) 
( 2 ) 

rem_ny 
OF 

( 2 ) 
SS MS 

57227.736936 14306.934234 
129014.592939 3583.738693 

4 
36 

F(4,36) = 3.992181 p <= 0.008812 **** 

vollh 
OF 

1 
9 

F(l,9) = 

2 ) 
SS MS 

499052.048156 499052.048156 
224831.110443 24981.234494 

19.977077 p <= 0.001556 **** 

soa ( 
vollh 

OF 

5 ) 
( 2 ) 

SS MS 
1361.958837 340.489709 
170316.413844 4731.011496 

4 
36 

F(4,36) = 0.071970 p <= 0.990161 

nlet ( 2 
vollh { 

DF 
l 
9 

F(l,9) = 

) 

2 ) 
SS MS 

2158.832086 2158.832086 
34531.290799 3836.810089 

0.562663 p <= 0.472342 

soa ( 5) 
nlet ( 2 ) 
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vollh 2 ) 
DF SS MS 

4 2475.513958 618.878490 
36 

F(4,36) = 
95749.835463 2659.717652 
0.232686 p <= 0.918159 

rem ny 
vollh 

DF 
1 
9 

F ( 1, 9) 

soa 
rem ny 
vollh 

OF 
4 

36 
F(4,36) 

nlet 
rem_ny 
vollh 

OF 
1 
9 

F ( 1, 9) 

( 2 ) 
2 ) 

SS MS 
2645.234310 2645.234310 
17917.312346 1990.812483 

= 1.328721 p <= 0.278729 

5 ) 
( 2 ) 

( 2 ) 
SS MS 

34842.315284 8710.578821 
69189.999812 1921.944439 

= 4.532170 p <= 0.004556 **** 

2 ) 

( 2 ) 
2 ) 

ss MS 
367.718466 367.718466 
28191.931036 3132.436782 

= 0.117391 p <= 0.739748 

soa 
nlet 

( 5 ) 
( 2 ) 

rem ny 
vol1h 

OF 
4 

36 
F(4,36) 

( 2 ) 
( 2 ) 

SS MS 
10382.319008 2595.579752 
228399.170455 6344.421402 

= 0.409112 p <= 0.800857 

---------------------END-----------------
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:Experiment 6: Haan reapon•• tima• for the tone taak (BRCODB tr:i.al.a) 

model is 
--> sj ( 10 ) 

soa ( 5 ) 
nlet { 2) 
vollh ( 2) 

KEY: 
sea 
nlet 
vellh 

(1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = 1 (2) = 3 
(1) = quiet (2) = loud 

sea ( 5) 
751.88493 714.05084 689.85945 609.58815 566.79301 

nlet ( 2) 
627.14182 705.72874 

soa ( 5) 
nlet ( 2) 

717.08917 692.66929 623.49780 550.92625 551.52657 
786.68069 735.43238 756.22110 668.25006 582.05946 

vollh ( 2) 
704.32868 628.54188 

sea ( 5 ) 
vollh ( 2 ) 

785.86857 768.76756 723.85028 632.43541 610.72157 
717.90129 659.33411 655.86863 586.74090 522.86446 

nlet { 2) 
vollh ( 2 ) 

668.31718 740.34018 
585.96645 671.11730 

soa ( 5) 
nlet ( 2) 
vollh C 2 ) 

754.25561 
817.48153 
679.92273 
755.87985 

753.20980 
784.32532 
632.12879 
686.53944 

653.05212 
794.64844 
593.94348 
717.79377 

sea ( 5 
OF SS MS 

582.67765 
682.19316 
519.17485 
654.30695 

4 931110.127898 232777.531974 
36 

F{4,36) = 

nl.et 2 

646399.327518 17955.536875 
12.964109 p <= 0.000001 **** 

OF SS MS 
1 308795.211071 308795.211071 
9 260749.127819 28972.125313 

F{l,9) = 10.658355 p <= 0.009765 **** 
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598.39071 
623.05242 
504.66242 
541.06649 



soa ( 5 } 
nlet ( 2) 

OF SS MS 
4 

36 
F(4,36} = 

81047.479886 20261.869972 
183982.6~2600 5110.629239 
3.964653 p <= 0.009118 **** 

vollh 2 ) 
OF SS MS 

1 287181.953773 287181.953773 
162684.057184 18076.006354 9 

F(l,9) = 15.887467 p <= 0.003177 **** 

soa ( 5) 
vollh ( 2 

OF 
4 

36 
F(4,36} = 

SS MS 
23054.007032 5763.501758 
154356.081139 4287.668921 
1.344204 p <= 0.272547 

nlet 
vollh 

OF 
1 
9 

F(l,9) 

( 2 ) 
( 2 ) 

SS MS 
2154.253627 2154.253627 
46334.882928 5148.320325 

= 0.418438 p <= 0.533865 

soa ( 5) 
nlet ( 2} 
vollh ( 2) 

OF SS MS 
4 3910.977612 977.744403 

36 
F(4,36) = 

216728.728685 6020.242463 
0.162409 p <= 0.955995 

---------------------END-----------------
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:&xperis.nt 6: llean zeaponae timea ~or~ tone taak (IGIIOJtB tzi.a1a) 

model is 
--> sj ( 10 ) 

( 5 ) soa 
nlet 
vollh 

( 2 ) 
( 2 ) 

KEY: 
soa 
nlet 
vollh 

(1) = 50 (2) = 111 (3} = 245 (4) = 542 (5) = 1200 
(1) = 1 (2) = 3 
(1) = quiet (2) = loud 

soa ( 5 l 
610.20206 594.26477 

nlet ( 2) 
559.55103 559.56538 

soa ( 5 l 
nlet ( 2) 

556.46780 517.63907 519.21732 

615.64019 591.85591 560.49015 518.96790 510.80101 
604.76394 596.67364 552.44545 516.31023 527.63364 

vollh ( 2 ) 
592.30842 526.80799 

soa ( 5) 
vollh ( 2 ) 

649.66163 615.63212 590.79197 560.50909 544.94730 
570.74250 572.89742 522.14364 474.76904 493.48735 

nlet ( 2) 
vollh ( 2 ) 

593.66561 590.95123 
525.43645 528.17953 

soa ( 5) 
nlet ( 2) 
vollh ( 2 ) 

664..16977 
635.15348 
567 .11061 
574 . .37439 

5 ) 

610.38667 
620. 87758 
573. 32515 
572.46970 

soa ( 
DF 

4 
36 

F(4, 36) 

ss 
286539.916163 
211376.363687 

= 12.200320 p 

2 

599.37348 
582.21045 
521. 60682 
522.68045 

MS 

552.30278 
568.71540 
485.63303 
463.90505 

71634.979041 
5871.565658 

<= 0.000002 **** 

SS MS 
0.010290 0.010290 
21878.990592 2430.998955 

= 0.000004 p <= 0.998403 
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542.09535 
547.79924 
479.50667 
507.46803 



soa ( 5) 
nlet ( 2 ) 

OF SS MS 
4966.199862 1241.549966 
72546.183454 2015.171763 

4 
36 

F(4,36) = 0.616101 p <= 0.653850 

vollh 2) 
OF SS MS 

1 214515.328692 214515.328692 
9 80064.365605 8896.040623 

F(l,9) = 24.113573 p <= 0.000835 •••• 

soa ( 5 ) 
vollh ( 2 

DF 
4 

36 
F(4,36) = 

) 

ss 
13150.267089 
85150.332517 
1.389923 p 

nlet ( 2 ) 
vollh ( 2 ) 

OF ss 
1 372.296924 
9 16388.338907 

MS 
3287.566772 
2365.287014 

<= 0.256944 

MS 
372.296924 

1820.926545 
F(l,9) = 0.204455 p <= 0.661850 

soa 
nlet 
vollh 

( 5 ) 
( 2 ) 

DF 
4 

36 
F(4,36) 

( 2 ) 
SS MS 

8946.855355 2236.713839 
107420.277233 2983.896590 

= 0.749595 p <= 0.564806 

---------------------END-----------------
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Bxperimant 6: Haan propo~tiona cozrect £or 1:he tone taak (taak 2) 

model is 
--> sj ( 10 ) 

KEY: 

soa ( 5 ) 
nlet ( 2 ) 
rem_ny ( 2) 
vollh ( 2) 

soa tl) = 50 (2) = 111 (3) = 245 (4) = 
nlet (1) = 1 (2) = 3 
rem_ny (1) = ignore (2) = encode 
vollh (1) = quiet (2) = loud 

soa ( 5 ) 
0.96979 0.96771 0.97083 0.96563 

nlet ( 2 ) 
0.96917 0.96500 

soa ( 5 ) 
nlet ( 2 ) 

0.96875 0.97292 0.97083 0.97083 
0.97083 0.96250 0.97083 0.96042 

rem_ny ( 2 ) 
0.96750 0.96667 

soa ( 5 ) 
rem_ny ( 2 ) 

0.96458 0.96875 0.97500 0.97292 
0.97500 0.96667 0.96667 0.95833 

nlet ( 2 ) 
rem_ny ( 2 ) 

0.97167 0.96333 
0.96667 0.96667 

soa ( 5 ) 
nlet ( 2 ) 
rem_ny ( 2 ) 

0.96667 0.98750 0.98333 0.96667 
0.96250 0.95000 0.96667 0.97917 
0.97083 0.95833 0.95833 0.97500 
0.97917 0.97500 0.97500 0.94167 

voilh ( 2 ) 
0.95792 0.97625 

soa ( 5 ) 
vollh ( 2 ) 

0.96667 0.96042 0. 95625 0.96458 
0.97292 0.97500 0.98542 0.96667 

nlet ( 2 ) 
vollh ( 2 ) 
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542 (5) = 1200 

0.96146 

0.96250 
0.96042 

0.95625 
0.96667 

0.95417 
0.95833 
0 .. 97083 
0.96250 

0.94167 
0.98125 



0.95583 0.96000 
0.98250 0.97000 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

0.96250 0.96250 0.95417 0.96250 0.93750 
0.97083 0.95833 0.95833 0.96667 0.94583 
0.97500 0.98333 0.98750 0.97917 0.98750 
0.97083 0.96667 0.98333 0.95417 0.97500 

rem_ny ( 2 ) 
vollh ( 2 ) 

0.95583 0.96000 
0.97917 0.97333 

soa ( 5 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.95417 0.96667 0.95417 0.97083 0.93333 
0.97917 0.95417 0.95833 0.95833 0.95000 
0.97500 0.97083 0.99583 0.97500 0.97917 
0.97083 0.97917 0.97500 0.95833 0.98333 

nlet ( 2 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.95500 0.95667 
0.95667 0.96333 
0.98833 0.97000 
0.97667 0.97000 

soa ( 5 ) 
nlet ( 2 ) 
rem_ny ( 2 ) 
vollh ( 2 ) 

0.95000 0.97500 0.96667 0.95833 0.92500 
0.95833 0.95833 0.94167 0.98333 0. 94167 
0.97500 0.95000 0.94167 0.96667 0.95000 
0.98333 0.95833 0.97500 0.95000 0.95000 
0.98333 1. 00000 1.00000 0.97500 0.98333 
0.96667 0.94167 0.99167 0.97500 0.97500 
0.96667 o. 96667 0.97500 0.98333 0.99167 
0.97500 0.99167 0.97500 0.93333 0.97500 

soa ( 5 
OF ss MS 

4 0.004444 0.001111 
36 0.137569 0.003821 

F(4,36) = 0.290764 p <= 0.882043 

nlet 2 
CF ss MS 

l 0.001736 0.001736 
·9 0.012500 0.001389 

F(l,9) = 1.249995 p <= 0.292507 
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soa ( 5 ) 
nlet ( 2 ) 

DF ss 
4 o. 002778 

36 0.125347 
F(4,36) = 0.199445 

rem_ny 2 ) 

DF ss 
1 0.000069 
9 0.028055 

F(l,9) = 0.022276 

soa 5 ) 
rem_ny ( 2 ) 

DF ss 
4 0.010000 

36 0.052153 
F(4,36) = 1.725708 

nlet 2 ) 

rem_ny ( 2 
DF ss 

1 0.001736 
9 0.040278 

F(l,9) = 0.387928 

soa ( 5) 
nlet ( 2) 
rem_ny ( 2) 

DF SS 
4 0.030556 

36 0.135764 
F(4,36) = 2.025574 

vollh 2 ) 
DF ss 

1 0.033611 
9 0.059097 

F(l,9) = 5.118683 

soa ( 5 ) 

vollh ( 2 ) 

DF ss 
4 0.019861 

36 0.140903 
F(4,36) = 1.268604 

nlet 
vollh 

DF 
l 
9 

F(l,9) 

( 2 ) 
( 2 ) 

ss 
0.006944 
0.028819 

= 2.168676 

soa ( 5) 
nl.et ( 2 ) 

MS 
0.000694 
0.003482 

p <= 0.937014 

MS 
0.000069 
0.003117 

p <== o. a.84645 

MS 
0.002500 
0.001449 

p <= 0.165702 

MS 
0.001736 
0.004475 

p <= 0.548845 

MS 
0.007639 
0. 003771 

p <= 0.111508 

MS 
0.033611 
0.006566 

p <= 0.049976 

MS 
0.004965 
0.003914 

p <= 0.300277 

MS 
0.006944 
0.003202 

p <= 0.174936 

**** 
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vollh 2 ) 

OF ss MS 
4 0.001389 0.000347 

36 0.077430 0.002151 
F(4,36) = 0 .161435 . p <= 0.956462 

rem_ny ( 2 ) 
vollh 2 ) 

OF ss MS 
1 0.002500 0.002500 
9 0.020764 0.002307 

F(l,9) = 1.083609 p <= 0.325047 

soa 5 ) 

rem_ny ( 2 ) 
vollh ( 2 ) 

OF 55 MS 
4 0.007917 0.001979 

36 0.072986 0.002027 
F(4,36) = 0. 976209 p <= 0.432623 

nlet 2 
rem_ny { 2 ) 
vollh ( 2 ) 

OF ss MS 
1 0.000278 0.000278 
9 0.018819 0.002091 

F(l,9) = 0.132841 p <= 0. 723921 

soa { 5 ) 

nlet ( 2 ) 

rem_ny ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 0.008056 0.002014 

36 0.097847 0.002718 
F(4,36) = 0.740950 p <= 0.570347 

---------------------END-----------------
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Bxperimant 6: Kean propoztiona correct for the encode taak (taak 1) 

model is 
--> sj ( 10 ) 

sea ( 5) 
nlet ( 2) 
vollh ( 2 ) 

KEY: 
soa 
nlet 
vollh 

(1) = so (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = 1 (2) = 3 

(1) = quiet (2) = loud 

soa ( 5) 
0.95521 

nlet < 2) 
0.99583 

soa ( 5) 
nlet ( 2) 

0.99583 
0.91458 

vollh ( 2 ) 
0.95958 

soa ( 5) 
vollh ( 2 ) 

0.96458 
0.94583 

nlet ( 2) 
vollh ( 2) 

0.99583 
0.99583 

soa ( 5) 
nlet ( 2) 
vollh { 2) 

0.99583 
0.93333 
0.99583 
0.89583 

0.95104 

0.91708 

0.99792 
0.90417 

0.95333 

0.94375 
0.95833 

0.92333 
0.91083 

0.99583 
0.89167 
1. 00000 
0.91667 

0.96042 

0.99375 
0.92708 

0.96250 
0.95833 

0.99583 
0.92917 
0.99167 
0.92500 

soa ( 5 
DF 

4 
36 

F{4,36) = 

ss 
0.003767 
0.043976 
0.771032 

MS 
0.000942 
0.001222 

p <= 0.551215 

nlet 2 
DF 

1 
9 

F(l,9} = 

ss 
0.310078 
0.139661 

19.981953 

MS 
0.310078 
0.015518 

p <= 0.001554 

0.95312 

0.99167 
0.91458 

0.96042 
0.94583 

0.99167 
0.92917 
0.99167 
0.90000 

**** 
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0.96250 

1.00000 
0.92500 

0.96667 
0.95833 

1.00000 
0.93333 
1.00000 
0.91667 



soa ( 5 ) 

nlet ( 2 } 

OF ss MS 
4 0.003941 0.000985 

36 0.052830 0.001467 
F(4,36) = 0.671384 p <= 0.616121 

vollh 2 ) 

CF ss MS 
1 0.001953 0.001953 
9 0.014800 0.001644 

F(l,9} = 1.187686 p <= 0.304115 

soa ( 5 } 

vollh ( 2 ) 

OF ss MS 
4 0.006684 0.001671 

36 0.062934 0.001748 
F(4,36) = 0.955865 p <= 0.443422 

nlet ( 2 ) 

vollh ( 2 ) 

CF ss MS 
1 0.001953 0.001953 
9 0.018967 0.002107 

F(l,9) = 0.926786 p <= 0.360850 

soa ( 5 ) 

nlet ( 2 ) 

vollh ( 2 ) 

DF ss MS 
4 0.005469 0.001367 

36 0.049566 0.001377 
F(4,36) = 0.992996 p <= 0.423873 

--------------------- END -----------------
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Bxpazimant 6: Kaan pzoporti.ona cozzect foz ~• tona taak (DCODZ trial.a) 

model is 
--> sj ( 10 ) 

soa { 5 ) 
nlet ( 2) 
vollh ( 2) 

KEY: 
soa 
nlet 
vollh 

(1) = 50 (21 = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = 1 (2) = 3 

soa ( 5 ) 
0.97500 

nlet ( 2) 
0.96671 

soa ( 5) 
nlet ( 2) 

0.97083 
0. 97917 

vollh ( 2) 
0.95921 

soa ( 5 ) 
vollh ( 2 ) 

0.97917 
0.97083 

nlet ( 2) 
vollh ( 2 ) 

0.95539 
0.97803 

soa ( S ) 
nlet ( 2) 
vollh ( 2) 

0.97500 
0.98333 
0.96667 
0.97500 

(1) = quiet (2) = loud 

0.96837 

0.96652 

0.96174 
0.97500 

0.97402 

0.95379 
0.98295 

0.96303 
0.97000 

0.94924 
0.95833 
0.97424 
0.99167 

0.96629 

0.95795 
0.97462 

0.95795 
0.97462 

0.94167 
0.97424 
0.97424 
0.97500 

soa C 5 
DF 

4 
36 

F(4,36) = 

ss 
0.006017 
0.066208 
0.817913 

MS 
0.001504 
0.001839 

p <= 0.522254 

nlet 2 
DF 

1 
9 

F(l,9) = 

ss 
0.000002 
0.035382 

0.000493 

MS 
0.000002 
0.003931 

p <= 0.982762 

0.95792 

o. 97417 
o. 94167 

0.95750 
0.95833 

0.96500 
0.95000 
0.98333 
0.93333 
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0.96549 

0.96886 
0.96212 

0.94765 
0.98333 

0.94606 
0.94924 
0.99167 
0.97500 



soa ( 5 ) 

nlet ( 2 ) 

OF ss MS 
4 0.016245 0.004061 

36 0.112327 0.003120 
F(4,36) = 1.301606 p <= 0.287869 

vollh 2 ) 
DF ss MS 

1 0.010956 0.010956 
9 0.039907 0.004434 

F(l,9) = 2.470927 p <= 0.150419 

soa ( 5 ) 

vollh ( 2 ) 

DF ss MS 
4 0.013762 0.003440 

36 0.108284 0.003008 
F(4,36) = 1.143792 p <= 0.351682 

nlet ( 2 ) 

vollh ( 2 ) 

DF ss MS 
1 0.003068 0.003068 
9 0.039010 0.004334 

F(l,9) = 0.707826 p <= 0.421957 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

DF ss MS 
4 0.003684 0.000921 

36 0.069709 0.001936 
F(4,36) = 0.475629 p <= 0.753313 

--------------------- END -----·-----------
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Bxperiment 6: Mean proportions cornet for the tone task (IGROU trial.a) 

model is 
--> sj ( 6 ) 

KEY: 

soa ( 5) 
nl.et ( 2 ) 
vollh ( 2 ) 

soa 
nl.et 
vollh 

(1) = so (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
(1) = l (2) = 3 

soa ( 5 ) 
0.97058 

nlet ( 2) 
0.97480 

soa ( 5 ) 
nlet ( 2) 

0.96338 
0.97778 

vollh ( 2) 
0.95328 

soa ( 5 ) 
vollh ( 2) 

0.94811 
0.99306 

nlet ( 2) 
vollh ( 2) 

0.95263 
0.99697 

soa ( 5 ) 
nlet ( 2) 
vollh ( 2) 

0. 92677 
0.96944 
1. 00000 
o. 98611 

(1) = quiet (2} = loud 

0.97816 

0.96684 

0. 97778 
0.97854 

0.98836 

0.96326 
0.99306 

0.95394 
0.97975 

0.95556 
0.97096 
1.00000 
0.98611 

0.97816 

0.99306 
0.96326 

0.95631 
1. 00000 

0.98611 
0.92652 
-1. 00000 
1.00000 

soa ( 5 
DF 

4 
20 

F(4,20) = 

ss 
0.013886 
0.076478 
0.907839 

MS 
0.003471 
0.003824 

p <= 0.478275 

nlet 
DF 

1 
5 

F(l,5) 

2 
ss 

0.001898 
0.012152 

= 0.781031 

MS 
0.001898 
0.002430 

p <= 0.417289 
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0.97715 

0.97652 
0.97778 

0.97715 
0.97715 

0.96818 
0.98611 
0.98485 
0.96944 

0.95006 

0.96326 
0.93687 

0.92159 
0.97854 

0.92652 
0.91667 
1.00000 
0.95707 



soa ( 5 ) 
nlet ( 2 ) 

OF 55 MS 
4 0.008864 0.002216 

20 0.035344 0.001767 
F(4,20) = 1.253907 p <= 0.320649 

vollh 2 ) 

OF 55 MS 
1 0.036909 0.036909 
5 0.019226 0.003845 

F(l,S) = 9.598725 p <= 0.026909 **** 

soa ( 5 ) 

vollh ( 2 ) 

OF ss MS 
4 0.011448 0.002862 

20 0.054058 0.002703 
F(4,20) = 1.058879 p <= 0.402474 

nlet ( 2 ) 

vollh ( 2 ) 

OF 5S MS 
1 0.002577 0.002577 
s 0.007425 0.001485 

F(l, 5) = 1.735256 p <= 0.244875 

soa ( 5 ) 
nlet ( 2 ) 

vollh ( 2 ) 

OF ss MS 
4 0.012146 0.003036 

20 0.045354 0.002268 
F(4,20) = 1. 338992 p <= 0.290122 

--------------------- END -----------------

180 



AppendixB 
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Overview 

Experiment 1 examined whether the decision to encode or ignore a stimulus based on colour 

required a capacity limited cognitive mechanism. In this experiment performance on blocks of 

trials where an online decision to encode or ignore was required was compared to performance 

on blocks of trials where no online decision to encode or ignore was required. The results 

revealed no additional interference on blocks where an online decision was required and thus it 

may be concluded that the decision to encode or ignore based on colour docs not require a 

capacity limited cognitive mechanism. 

Experiments 2 through 6 employ the locus of cognitive slack logic as a means of assessing 

the nature of the capacity limited cognitive mechanism involved in the encoding task. In 

Experiment 2 a tone loudness manipulation was employed in task 2 of a PRP paradigm 

e.xperiment to confirm that the manipulation affected a relatively early stage of processing. As 

C."<pcctcd, a significant PRP effect was observed, however more importantly, the tone loudness 

manipulation produced a highly significant undcradditivc interaction with decreasing SOA, 

indicating both that the tone task was susceptible to interference and that the tone loudness 

manipulation affected a stage before the PRP bottleneck. In Experiment 3 the same tone 

loudness manipulation was employed in task 2 of an encoding paradigm experiment. In this 

experiment the tone loudness manipulation produced additive effects of SOA in the absence of 

an effect of SOA on task 1 accuracy. The results from Experiment 3 imply that the dual-task 

interference obsCIVed in the encoding paradigm is the result of a processing bottleneck with a 

locus at or before the locus of the tone loudness manipulation. Further, because the same tone 

loudness manipulation that produced undcmdditivity in a PRP paradigm experiment 

(Experiment 2) produced additivity in an encoding pamdigm experiment (Experiment 3) it may 

be reasoned that the so-called PRP bottleneck and the bottleneck encountered in the encoding 

182 



paradigm are distinct. Experiments 4 and 5 replicated Experiment 2 and 3 using a tone 

localization difficulty manipulation in task 2. The results from Experiments 4 and 5 mirror 

those of Experiments 2 and 3; an underadditive interaction between the tone localization 

difficulty manipulation and decreasing SOA was observed in the PRP paradigm experiment 

(Experiment 4) .while additive effects b~tween the tone localization difficulty manipulation and 

SOA in the absence of an effect of SOA on task 1 were instead observed in the encoding 

paradigm experiment (Experiment 5). Experiment 6 replicated Experiment 3 using shorter 

SO As and additive effects of the task 2 difficulty manipulation and SOA in the absence of an 

effect of SOA on task 1 accuracy were again found. The results from Experiments 4, 5, and 6 

thus lend additional weight to the conclusion that the interference observed in the encoding 

paradigm results from a processing bottleneck that is distinct from the PRP bottleneck. 
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