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ABSTRACT 

Jolicoeur & DelïAcqua (1998) demonsmted that mcoding a few briefly presented rnasked 

characters for later report can produce signifiant intederence in a concurrent speeded tone task 

This result irnpiies that encodmg requins a capacity limited cognitive mechanism aiso required 

for die tone task. Six experiments explore the natue of this capaaty limited cognitive 

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

Johnston, 1992). The combined results indicate rhat the capacity iimited cognitive mechanism 

involved in encoding ukes the lorm of a proccssing bodencck chat affects a stage afier 

rudimentary pacepnial processing but before response selection. A mode1 is proposed which 

assumes a processing bonlmeck at the stage where impliady coded stimulus information is 

ucpliady coded by the observer, a stage refened to as 'short-term consolidation' (STC). The 

implications of these ddings on otha phenornena in the dual-task lirerature are also discussed. 



ACICNOWLLEDGEMENTS 

My sincerest th& to Pierre Jolicoeur for his support and guidance chroughout the y-. 1 

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

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



For my parents 



TABLE OF CONTENTS 

Abstract .................................................................................................................................. iv ..... Acknowledgements ...................o..m....o..o..........o............o........o................................~.........~... v 
Dedication ................................................................................................................................. .. .......................................................................................................................... List of Tables YW 

........................................................................................................................... List of Figues k 
Inuoducfion ............................................................................................................................... 1 

............................................................................................................. Experiment 1 *.ee.a..ooe*00.33 
.......................................................................................................................................................... Method 34 
........................................................................................................................................................... Results 37 

Discussion .................................................................................................................................................... 41 
Experiment 2 ........................................................................................................................... 42 

Method .......................................................................................................................................................... 44 
Resuits ........................................................................................................................................................... 46 
Discussion ..................................... ..... .......................................................................................................... 48 

.......................................................................................................................... Experhent 3 4 9  
biechod ........................................................................................................................................................ 52 
Resdts .......................................................................................................................................................... -53 

................ Discussion ................................................................................................................................... -58 
........................................................................................................................... Experirnent 4 59 

Resuits .......................................................................................................................................................... 61 
.................................................................................................................................................... Discussion 64 
......................................................................................................................... Experirnent 5 6 4  

Discussion ....................... ., ........................................................................................................................... 69 
Experiment 6 ........................................................................................................................... 69 

Method ................. ... ..... .. ...................................................................................................................... 70 
Resuits .................................... .,,. ....................................................................................................... -71 

.................................................................................................................................................... Discussion 74 

.............................................. The present mode1 ....................................... 8 6  
The prcsent mode1 and Che PRP puadigm ... .................................... ......................................... A 9  
The present modei and the AB pPming paradigm. ..................... ............ ............................................... 91 
Can RS postpone STC (and vice vma)? .................. ............................. .......................................... -93 

What produces the effect of SOA on ignore uiais? ................................................ .......... 95 
Implicatioas for our understanding of the rtlationship bmaeen the PRP and AB effects ............. 96 
A final word regardhg the issue of sdective conml .... .. ......... ......................... ........ A 6  

.................................................................................................. Conclusions 97 
References ~ m ~ ~ m ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ o ~ m ~ ~ m œ ~ ~ ~ o e ~ ~ m ~ ~ ~ ~ ~ ~ m ~ ~ o a ~ e œ œ a e o ~ o œ a ~ o o o e o a o o o o o o e e o o o e o o o e  98 

..... Appen dix.. ........o....om..eo.........o.oœmo.ooomo.œo.o~mo.~.amœ.a.oo.eom...eo.om..ooo.o.ooo..o...o..........~.oœ....mo.....m....a 103 



List of Tables 

Table 1 . 
Table 2 . 
Table 3 . 
Table 4 . 
Table 5 . 
Table 6 . 
Table 7 . 
Table 8 . 
Table 9 . 
Table 10 . 
Table 11. 
Table 12 . 

....................... Task 2 response rimes and proportions correct for E x p d n t  1 104 
............................................ Task 1 propotions correct for Experiment 1 105 

...................... Task 2 response times and proportions correct for Experiment 2 106 

...................... Task 1 response t h e s  and proportions correct for Expuiment 2 107 

...................... Task 2 response h t s  and proportions correct for Experiment 3 108 
............................................. Task 1 proportions correct for Expairnent 3 109 

Task 2 response Ornes and proportions correct for Expairnent 4 ...................... 110 
Task 1 response cimes and proportions correct for Experiment 4 ...................... 111 . . 

..................... Task 2 resbonse Mies and proportions correct for ~$eriment 5 112 
............................................... Task 1 propomons correct for ExperUnent 5 113 . . 

Task 2 response rimes and proportions correct for Expairnent 6 ............................... 114 
............................................ Task 1 ~ro~ortions correct for Emcimcnt G 115 



List of Figures 

........................................ Figure 1 . Predictions of processing bottieneck models (1) 8 
......................................... Figure 2 . Predictions of processing bodcneck models (2) 9 

.......................................................................... Figure 3 . Prediaions of capaciry sharkig models 11 
.......................... Figure 4 . De Jong's (1993) argument for a bottieneck at response execution 20 
...................... Figure 5 . The paradigm used in Jolicoeur & Deli'Acqua (1 998), Experiment 4 22 

.................................... Figuuc 6 The resdts of Joiicoeut & DaAcqua (1998). Experiment 4 24 
.................................. Figure 7 . Jolicoeur & Deil'AcquaSs (1998) CcntraI Inttrfkrence Theory -27 

........................ Figure 8 . A bonleneck at short-term consolidation, seledve control. or both 32 
Figure 9 . The paradigm used in Expcrimcnt 1 (Control block) ................................................. -35 
Figure 10 . Mean RTs and proportions correct for Expexhent 1 (1) ........................................... 38 

.................................... Figure 11 . Mean RTs and proportions correct for ExpeBment 1 (2) ....A9 
Figure 12 . Mcan RTs and propomons correct for Experiment 2 ................................................ -47 
Figure 13 . Capaciry sharhg models can predict effects of SOA on task 1 accuracy .................. 51 

........................................... . Figure 14 Mean RTs and proportions correct for ExpeEment 3 (1) 54 
Figure 15 . Mean RTs and proportions correct for ExpMment 3 (2) ........................................... 55 
Figure 16 . Mean RTs and proportions correct for Experiment 4 ............................................... -62 
Figure 17 . Mean RTs and proportions correct for Experiment 5 ............................................... A7 
Figure 18 . Mean RTs and propomons correct for Expairnent 6 ................................................ -72 

. ................................................................. Figure 19 Example of a rypical attentional blink effect 77 
....................................... Figure 20 . The paradigm used in Shapiro et ai. (1997). Expcrimmt 1 ..79 

Figure 21 . The resulo of Shapko et al . (1997) . Expcriment 1 ........................................................ 81 
. ....................................................... Figure 22 . The resdo of Shapiro et al (1997). Experiment 2 A3 

.................................................. Figure 23 . The present modd appiied to the aicodmg paradigm 87 
Figure 24 . The presait modd appiied to the PRP pandigm .......................................................... 90 
Figure 25 . The pnsent model as appiied ro the attentionai blink paradigm ................................. 92 

............................................................. Figure 26 . Evidence for the independence of STC and RS 94 



introduction 

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

psychologists to undentand not only how encoding operates, but how it may be affectod by 

concurrent processing demands. The prescnt work explores both the uttent of the involvement 

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

limitations. 

me d e  of capacitylimr'ted cogar*âve mechaniisms in -CO- 

The results from several of the e a d i a  acpcriments conducted in this arca indicated that 

encodhg does not involvc a capaary Iunited cognitive mechanism. In an ucperimenc that h u  

since become a dassic, Posner and Boies (1 971) examined the role of a capacicy limited cognitive 

mechanism in letter encodmg. Participants were presented with m o  letrers, separated by a short 

intaval, and were required to deude whethcr the leners were the same or different (letter 

rnatching rask). The first letter remained on the scrcen throughout the Pial. A probe tone was 

presented at various stages during the l e n a  matching task to which participants made a simple 

speeded response. Posner and Boics (1971) argued that if letta encoding required a capacity 

h t e d  cognitive mechanisrn also required for the tone task, simple RTs to the tone wouid be 

devated during the encodlig titerval Lnmediately folIowing the onset of the f k t  letter, as 

cornparcd to at otha points during the triai. The r d t s  from this cxpCnment, howcvcr, showcd 

tone RTs to be shona  during the encodmg interval than in the inter-ttial i n t d  before the fint 

letter was prcsentcd, which saved as the baseliae mesure. Posner and Boies (1971) conduded 

that Ima mcoding doa not require a cmcnl capacity ümited cognitive mechanism. Posncr and 

Boics' (1971) finding has bem repiicated a numba of timcs (cg. Posner & KTein, 1973; Pmcror 

& Proctor, 1979). 



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

differuit experimental paradigms. For example, Pashler (1993a) presented partiapancs with a 

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

called because it w a s  h s t  employed by Phillips, 1974), consisting of a randorn 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 rnasked for 100 ms 

by a 4 x 4 arny of altematbg black and red squares. Afier an interval of 500 ms anothu Phillips 

display was presented which was eitha identical to the h s t  or different by one square and 

participants indicated at th& 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 die same capacicy lirnited cogniave mechanism required for the tone task then 

the tone task WU postpone aicoding, and because the anay is presmted briefly and rnasked, 

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

accuracy for the rnatching task and conduded that the encoding of visual informacion up to and 

induding short-term memory does not require the same capaaty limited cognitive mechanism 

assouated with response selection. 

Howcver the conclusions of Posner and Boies (1971) and Pashlti (1993a) arc undczmhed by 

the results of sevenl other expairneno. Ogden, Mutin. and Paap (1980), Cornstock (1973), and 

Johnson, Forester, Caldcrwood, and Wcîsgerber (1983) uscd the same basic paradigm as Posner 

and Boies (1971) but presentcd the fkt l e a a  ody  bricfiy and foUowtd it 6th  a mask, thus 

forcing participants to encode the l ena  as soon as it was prumted. Ogdm a aL (1980). 

Cornstock (1973), and Johnson et aL (1983), aU found probe RTs during the encoding inttlvnls 

CO be sigaificantly longer than baSei.int, implying that mcoding does indecd involve a capaciy 

limited copaiave mechaaiSm, It semu piausible that Posna md Boies (1971) failcd to find 



interference beween the encoduig task and die tone msk because the k t  letter remained on the 

saeen und  the response, and participants weze able to avoid encoding the letter and responding 

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

inter-triai i n t e d o ,  which servcd as a baseline in Posner & Boies (1971), is sensitive to the 

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

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

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

When Jolicoeur and Dd'Acqua (ii press) used the same pmdigm as Pashler (1993a) they 

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

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

and Dd'Acqua (in press) made the first task more difficult by increasing the tone rask fiom n 2 

alternative discriminations (2AD) task to a 3 alternative disnimination (3AD) task the effect of 

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

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

matching task accuracy because the tone task was not suffiuently difficult to intafixe with 

encoding. 

Thompson (1987) found converging midence that mcodiag requires a capaay limitcd 

cognitive mechanisa In Thompson (1987) partiapants paformed a visual s u r c h  m k  

(sometimes scarching for a single feature, somecimes for a conjuncrion of feahites) while 

pcrfofming a concunmt simple response to a tone. At the end of the mal participants wae 

prcsented with m o  stimulus v n y s  and haci to deade whkh u n y  chey had jus sem. As with 

Ogdcn et al. (1980, Exp. 3), Comstock (19731, and Johnson, et al. (1983). Thompson (1987) 

found simple RT to the tone was slowest when the tone was prcsmted immcdiatcly followhg the 



presentation of the k t  anay, and fastest prior to die presentarion of the fint -y, again 

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

Although the results of Ogden et al. (1980), Comstock (l973), Johnson et al., (1983). Jolicoeur 

and Dell'Acqua (in press) and Thompson (1987) indicate that a capauty limited cognitive 

mechanism is involved in the encoding task, a number of otha unrelated cogniave processes, 

such as antiupating the second stimulus, prepving to perform the match, or preparing to 

respond, could also be contributing to the obswed interference. Thus corroboraring evidence 

from experiments with better conaoiied paradigrns is needed before these results can be 

considered evidence that encoding requires a capacity iimited cognitive mechanism. 

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

pitfds inherent to eariier experiments that have examincd the roie of capaciry limited cognitive 

mechanisms in encoding. Jolicoeur and Dd'Acqua's (1998) pvadigm is adaptcd from the well 

known and widely used psychological refiactory pcriod (PRP) dual-tsk para@ (W&ord, 1952, 

1 980). 

Iae Psychoio~ëal Rehcto'y Pedod (Pm) P~rndigm 

The PRP paradigm was origiaally dcsigned to aumlic basic paformance dc6urs incuffcd 

unda dual-msk conditions but has Uncc been developed into a p o w d  tool not only for 

dctcccing the involvement of capacicy iirnited cognitive mcchanisms, but ais0 for asscssing how 

the capaciry Ilnitcd cognitive medilaism consains processing. In the PRP paradigm (Wtlford, 

1952,1980) participants are presmted with m stimuli, (SI and S2) at varying SOAs and are 

rcquired CO rmke a specded responx to each (RI and R2). R d t s  h m  PRP paradigm 

aptrimmts consisttiltly show incrcases in ask 2 rcsponse times (RTs) with decrcasing SOA, a 

phaommon referred to as the TRP cffcd (sec Pashler, 1994, for a review). Because RTs 



incrase with Llcreased task overhp, the PRP effect shows that the same capacity limited 

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

Three differenc descriptions of the capacicy limited cognitive mechanism responsible for the 

PEU? effect have been proposed in the literatux Processing bodeneck models, capacity sharing 

models, and strategic bodeneck models. Proponents of processing botdeneck models 

conceptualize the capacity lirnited cogniave mechanism responsibk for the PRP effect as a 

processing bodeneck that cm only process information relevant to one task at a tirne. When 

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

cognitive rnechanisrn, or bodeneck, processing of the bodeneck stage in rask 2 must wait und 

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

increasing task ovdap inaeases the likelihood that ~ a s k  2 processes will encounta a busy 

bodeneck , 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) iastcad concepnialize the 

capaùry iimired cognitive mechanism as a Limited resource that c m  be allocated to various 

proccsslig requirunenü. It is assumed thar when less of the resource is docated to a task, 

processing effiûency for that msk is reduced. When rwo tasks simultaneously r e q k  this 

capaaq W e d  resource for one or more stages of processhg l a s  of the rcsource is allocatcd to 

eaçh task and processing of both tasks rmy be slowcd to some dcgree. Thac are a nurnba of 

diffamt variations on this basic thcme, some capaay sharing mod& assume that capaay is 

divided equally betwecn concurrent tasks whiie othcrs assume that the M o n  of the sesource 

berneen tasks is flexible and may vuy according to a nurnber of hctors, such as instructiom or 



the objectives of the In both types of capauty sharing models some slowing wiii be 

observed for both task 1 and task 2, and the arnount of slowing udl be proportional to m k  

overlap, and dius capacity sharing models are aiso consistent with the basic PRP efferr 

Meyer and Kieras (1997) instead propose a 'strategic bottieneck' explandon of dual-task 

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

processing any combinacion of stages in parailel, participants may 'lock-out' msk 2 processing 

during speafic stages in order to cope with the speufic dcmands of a givm paradigm. Meya and 

Kiem (1997) argue that because PRP paradigm exp&cnts requke 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 tu Meyer and 

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

speafic task insuuctions, a participant's goals, an prior experience. Meya and Kieras (1997) thus 

argue rhat the PRP effect is the result of participants strategically postponing task 2 respon& 

sdection so as to guuantee that task 1 is always responded to tint. At short SOAs, task 2 

response seiction wiil be 'locked out' for longer, and hmce responx Mies WU be larga than at 

longer SOAs. 

Because al1 three classes of models predict inaeased task 2 RTs with decrc?sing SOAs, it is 

necessary to look to more complex effeco to distinguish bcmcm the thrce accounts of the PRP 

effect Each type of mode1 rnakcs diffcfent predictiom about how mnnipuiaüons of the duration 

of various stages of processing wiil affect task 2 RTs in a PRP pvadigrn expc9ment, which can 

bc compaxd to the resulo of actual experimats employing the PRP paradgm. 

1 Note tbat a processing botdcneck modd is e s s e n e  a capaci y sh?ring rnodcl that devotes 100% of upaaty to 
the hs t  task 



The basic logic behind che main predictions of processing bodeneck models is shown in 

Figure 1. In ail panels of Figure 1 a processing bodeneck is assurned 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 kt, and arguably the most diagnostic, prediction made by processing bodeneck 

models is that manipulahg the duration of a pre-bottieneck stage of task 2 processing wiil result 

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

context an interaction is considered to be underadditive whm the shape of the huiction 

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

interaction is considered to be overaddirive. 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 shon 

SOAs the bodeneck produces a period of 'cognitive slack' during whkh task 2 processing of 

stage A must wlit for task 1 processing of stage B ro be complete. This period of cognitive da& 

effeccively absorbs the durational difierence in the proccssing of stage A such that task 2 

response tirnes for the cwo 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 extait of 

durationai diffaences in the cwo conditions of task 2 will be reflected in task 2 RTs. Thus, if a 

pre-bodeneck stage of processing is rnanipuiated thae wdi be no diffcfence in RTs berneen the 

two conditions at short SOAs accompanied by difkrences in the oao conditions at long SOAs, 

which WU resuit in an underadditive intaaction with dcacasing SOA. 

A second predictioa of processing bottlencck models is that manipulating the duratioa of a 

post-bottieneck stage of osk 2 wiU have additive effects aaoss SOAs. In Panel B of F i e  1 the 

duration of procashg for stage B of osk 2 is d p u l a t c d .  Becluse thexe is no period of 

cognitive slack when a stage at or afm the botdaieck is manipulateci, the fidl amnt of 
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processing thne differenccs between the nvo conditions d be reflected in cask 2 RTs at all 

SOAs resulting in additive eficts. 

A rhird prediction stunming fiom processing botticneck models is that increasing the 

dmaon of a pre-bottleneck or bodeneck srage of task 1 processing will result in an overadditive 

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

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

posrponed until di pre-bottlenedc and bonleneck processing of task 1 has been completed, and 

hence any manipdation which inaeases the duration of pre-bottkneck o r  bortleneck processing 

of task 1 wili be propagated onto task 2 RTs. At long SOAs, however, task 1 processing d l  be 

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

processing will have no effect on rask 2 RTs. 

FiiaiIy, processing bonleneck models predict that increasing the duration of a post-boduiedr 

stage of task 1 processing wiU result in increases in task 1 RTs but not task 2 RTs (see Panel B of 

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

Because inaeasing the duration of post-bonleneck stages of task 1 does not add to the 

postponernent of task 2, no difference in task 2 processing times wiU be obsenred under these 

conditions. Processing bordeneck models also predict that there w2i be no effect of SOA on psk 

1 accuracy or response timcs in any conditions because task 1 processing is not affcctcd by the 

dernands of performing rask 2. 

The pmliction rmde by capaaty shanng modcls as to how a task 2 diffiniltty manipulation wiii 

affect RT depends upon the utcnt to which the stage of task 2 processing affcctcd by the 

diff idty manipuhaon ovedaps with task 1 processing. 

F i e  3 ïiiusates the predictions of capaay sharing models whm the dutation of a smge of 

msk 2 processing is rnanipulatcd Panel A illustrates the predictcd outcome when the 
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mvJpulated stage completely overlaps with task 1 processing at shon SOAs while Panel B 

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

procesung. The endosed areas labeled 'Task 1" and "Task 2" represent the t o d  amount of 

processing resources required for the compleaon of each *isk The height of these regions 

represents the proportion of resources assigned CO the cask, and the Mdth represena the amount 

of processing tirne required. Because it is assurned that completing a @en task alarays requires 

the same total arnount of resources, the ara of the region rcpresenting each u s k  (caiculated by 

multiplying the proportion of rcsources docated CO the task by Mie) must ranain constant 

across conditions. Thus reducing the proportion of resources ailocated to a givm task must be 

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

The iight gray areas represaia the stage of task 2 processing affected by the difficdcy 

manipulation. When SI is presented, the capacicy limited resources are docated dusively  to 

task 1 procasing util S2 is presented. At short SOAs processing of task 1 will not be compicte 

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

reduction in the proportion of raources docatcd to task 1 (represenred by the deaease in height 

OC the region) with a shultanrous increase in the proportion of sesources docated CO task 2. 

Whcn msk 1 processing is complete, ail of the resources are allocatcd to task 2 At long SOAs 

both task 1 and task 2 are completed with cxdusive access to the fùii atent of rhc resources. 

Panel A illustrates the prcdicad outcome when the stage of task 2 processing affectcd by a 

dScuiy d p u i a t i o n  compldy ovcrlaps with rask 1 proccssiag a shoe SOAs but not at long 

ones. There is a lvger effcct of  rhc difficuirp manipulation at shon SOAs th?n at longer ones 

bccause the duration of processing t h e  for the manipulatcd s ~ g e  must be inacascd at short 

SOAs to compensate for the deacast in the proportion of the rtsources doatcd to task 2 

Thus an overadditive intexaction wi& decraSng SOA is predimd by capaay sharing modeis 



whm the stage of rask 2 processing that is manipulated completely ovedaps Mth task 1 

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

processing ncver overiaps with task 1 processhg.. Here, the diffauice in processlig time for the 

two conditions is the same at ail SOAs, 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 maripuiated stage ovedaps with 

task 1 processing (Panel A) or does not (Panel B) différent patterns may be obsuved in task 2 

RTS~. 

One important distinction bemen the capaaty sharing account that predicts additive effects 

benveen a task 2 difficuity manipulation and SOA (Panel B of Figure 3) and the account 

submined by processing bottieneck models is that this capauty shaEng account predicts 

significant effects of SOA on cask 1 RTs, while the processing botdeneck mode1 predicts no 

effcct of SOA on task 1 processing when addirive effem on task 2 processing are observed. A 

capacity sharing account which prcdias a decrease in resources assigned to each task d u h g  the 

period where both tasks require the capau ty limited mechuùsm necessdy predicts an inacase 

in rask 1 RTs at short SOAs, because RTs wili be slowed as a scsult of having fewcr resources 

assigned to task 1 processing, and the probability of such slowing inaeasa as SOA deacases. 

Processing bonluieck models, on the otha hand, predict that in ail situations, induding when 

additive effects are obsavcd, task 1 pcocessing will be unaffectcd by ail tuk 2 manipulations, and 

thus task 1 RTs should remin constant aaoss SOAs. Thus when additive effccts arc obsaved, 

we argue that an aclmination of the corresponding pattern in task 1 RTs rmy be used to 



d i s ~ g u k h  between a processing botdeneck account and a capauy sharlig account of the 

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

account for either an overaddicive interaction or additive effects between a task 2 difficdty 

manipulation and SOA, a capacity sharing modd cannot be reconciled with an underadditive 

interaction with decreasing SOA. 

One dear predicuon of Meyer and Kieras (1997) is that if response order consnaints are 

removed in a PRP paradigm experimcnt, such chat participants may respond to each stimuli in 

the order they please, that no Litderence will be obsaved. This is because inherent to Meyer 

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

interference, are only imposed in the PRP paradigm because of smct responseorda instructions 

given to participants before the expe8mcnt. However, in a recent study conducted in our lab 

participants were presented with a letter and a tone in =dom o rda  at vaying SOAs and wae 

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

insmictions CO respond to one task stimulus before the other. In f a n  because stimulus orda was 

random participants had an incentive to respond to the h t  stimulus that was presented, ntha 

chan die lcnrr &sr on all triais or the tone Grst on all cri&. Meyer and K i m  (1997) cleady 

predict no intcrference in rhis pacadigm, because response orda  is not specificd. The results 

from nvo expe9maiu of this type show dcu and submtiai  PRP cffects for both stimulus order 

conditions. Participants responded to the h s t  stimulus that .as prcscntcd on 90% of the triais, 

and hence were deariy not pre-imposing a stratcgic "lock-out>' point at response sclection for a 

specific stimulus, and yct deu evideace of dual-tuk intedaencc \as s d  obsmed. This hding 

cannot be rcconded with Meyer and Ki- (1997) who predict no interfimce unda these 

circums~nces, and for this rcason Mgr and Kicras' (1997) modd of the PRP eEect may be 

rcjected. 



The vast majority of unpirical evidence Uidicates that the capadty limited cognitive 

mechanism responsible for the PRP effcct takes the form of a processing botdeneck. AU of the 

predictions that stem koom proceswig bonleneck modds have bem borne out empirically. The 

best evidence for a processing bodeneck cornes fiom the large number of experiments that have 

produced underaddirive interactions between a task 2 diff idty manipulation and decreasing 

SOA, implying that the capacity iimited cognitive mechanism responsible for the PRP eFfect 

takes the form of a processing botdeneck Such interactions codd not be produced if capaciry 

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 

funher implies that the processing bodeneck responsible for the PRP effect occurs sometime 

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

response selecrion. Experiments in which the duration of task 2 perceptuai processbg is 

manipuiated consistently produce underadditive interactions with deaeasing SOA, placing the 

locus of the bodenedr sometime after this perceptual processing hu been completed (see Panel 

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

response selecrion is manipulated, howevu, t y p i d y  produce additive efftcts with SOA. 

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

paradigm experiment. On each trial participants wae pscsented with a high or low pitchcd tone 

followed, at varying SOAs, by eitha an arrow pointhg lefi or right (easy condition), or the letter 

M or T @ard condiaon) at fixation. Piutiupants made a specded rcsponse to rhe pitch of the 

tone folowed by a spceded response to the visual stimulus. In the eup S R  mapping condition 

pa.rricipanrs pressed the lefi hand key if the vrow pointed lefi, and the right hand ky if the at~ow 



pointed right. In the hard S-R mapping condiaon participants pressed the lefi hand key if the 

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

the S-R mapping manipulation to produce additive effem with SOA, irnplying that the locus of 

the PRP bonleneck precedes the completion of response selection. PasMer and Johnston 

(19891, who manipulated response repetition in task 2 and Pashler (1989), who manipdated 

response modality (vocal/manuaI) in ask 2 aiso found additive effects with SOA. These patterns 

of additivity bctween manipulations of the duraaon of response selection and SOA imply that the 

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

However, there is some debate in the lituature as to whcthcr the processing botdencck affects 

a stage bcfore the completion of response seicction, or later at the response utecuuon stage. 

Some researchen have argued against a response accuaon bodeneck based on the additive 

effecu of response selection manipulations and SOA (eg. Pashler, 1989; Pashier & Johnston, 

1989; McCam & Johnston, 1992) because if the postponernent wu occurring later, at response 

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

underadditive, not additive, effeca with decreasing SOA. In addition, atrhough responsc 

seiection manipulations for ta& 1 variables have been found to propagate ont0 task 2 RTs in a 

number of utperhents, response execution manipulations for ask 1 have nob implying that 

response selection occun at or bcfore the PRP bottleneck, whacas rcsponsc e ~ c u t i o n  occurs 

aftcr the PRP botdencck (Pashla, 1994). KYlin and Kcstenbaum (1968) manipulateci the 

number ofresponse durnatives in task 1 and found the manipulation to produce roughly 

equivaient inaeases in task 1 and rask 2 processing, howcva Van Seln and Jolicoeur (1997) faücd 

to replicate this result Otha atptriments which have manipuiated the difiicuiy of otecuting the 

task 1 response (eg. Pashla & Christian, 1994), have found ody a siight impact of thcsc 

mznipulations on task 2 RTs. Be- processhg bottleneck models deariy stipuiatc that 



Licreasing the duration of pre-bottleneck or bottieneck stages of task 1 processing will be 

reflected in task 2 RTs wheras manipulations of post-bonleneck stages wiiI not, the results of 

W and Kestenbaum (1 968) indicate rhat the processing bodeneck is at or before response 

selection and the resuits of Pashier and Christian (1994) indicate that the processing bodeneck 

occurs before, but not at, response execution. 

Whem Kariin and Kestenbaurn (1968) manipuiated the number of rcsponse alternatives in task 

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

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

deaeasing SOA was obsaved, implying that the response selection manipulation lffcctcd a stage 

before a processing bottieneck. However there is experimencal evidence that strongly suggests 

that Karlin and Kestenbaum's (1 968) resdt may have been an artifact of ushg simple RT. Van 

Selst and Jolicoeur (1997) and Schubert (1996) replicated the p d g m  utilized by Karlin and 

Kestcnbaum (1968) but induded a 3AD condition in task 2 in addition to simple RT and ZAD. 

Although therc was some suggestion of an underadditive interaction with dccrcasing SOA 

berweeen the simple RT and 2AD conditions (as w u  found in KarlLi and Kestenbaum's 

experiment) the resuln from the ZAD and 3 A D  conditions were dearly additive. Van Selst and 

Jolicoeur (1997) speculate chat Katlin and Kestenbaum's (1968) o b s m a o n  of underadditMy 

may have rcsultcd from participants nialang antiapatory responses to the mnc in the simple RT 

condition at long SOAs (whm the participant could be certain that the presentation of thc tonc 

was imminent). Indecd Van SeLt and Jolicoeur (1997) found a h t i c  incrase in the numba 

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

such anticipatory responsa codd have rcduccd mean RTs for the simple RT condition at long 

SOAs in Kvlin and Kestcnbaum's (1968) cxpcûmcn5 resuiting in a lnrga diffaence betweca the 

simple RT and ZAD conditions at long SOAs and an undaadditive interaction with decreasiag 



SOA. In 2AD and 3AD conditions, however7 anaupatory responses are rare (the stimulus must 

be presented before an appropriate response can be made in tasks involWig choice) and chus the 

results from these conditions are more likely to reflect a d  processing constrainrs. Van Selst 

and Jolicoeur (1 997) thus condude that Karlin and Kestenbaum's (1 968) &dmg of 

underadditivity .berneen a response selection manipulation and deaeasing SOA are not diable. 

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

(1993). De Jong (1 993) conducted four PRP paradigm expcrimcnts in which participants made a 

speeded response on some triais ('go' miais) and no response on other mals Cno-go' trials). The 

identity of SI determined whether a givcn trials was a 'go' mial or a 'no-go' mal (for example, in 

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

was a 'D'). De Jong (1993) rcasoned that if response exccution, likc response selection, requked 

a capaaty limited cognitive mechanism then more intcrfertncc will be obsewed on a 'go' triai, 

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

engaged. Indeed, in aii four utpaiments De Jong (1993) obsaxd  srnalia PRP effccu on 'no-go' 

mais dian on 'go7 mals indicating that rcsponse execution conmbutes to the interf'ixence 

observcd in PRP pandigrn urptHmats. In orda to rcconcilc this findmg wirh orhas in the 

literature which deady show response selcction manipulations to be additive with SOA (inpllying 

that the last encountaed bodeneck is at response scieaion whae the S-R manipulation aao i a  

effect) De Jong (1993) developed a duai-bonlencck modd h a n  includes a proccssisg bodai#k 

at both rcsponse selection and rcsponse exccution. Beause the rcsponse sdcction bottimeck 

and the rcsponse execution bottiencck are assrmicd to affect consecutive scnges, the duai- 

bottlmeck mode1 predicts that the rcspol l~  execution boaleneck wili oniy be m c o d  when 

the duration of task 1 rcsponse exedon is longer ttim the dumion of psk 2 response sdttion 

(see F i e  4). Thus an underadditive intaaction bmaecn a response selemon rmnipuiaaon and 



deaeasing SOA is predicted when task 1 response execution takes more tirne than cask 2 

response selection, and additive effens berneen a response selection manipulation and SOA axe 

predicted when task 1 response execution takes the siune or  less Mie chan task 2 response 

selection. Assurning that the model shown in Figure 4 is accuna, the duntion of response 

execution can bc estimated by calcuiating the average inter-response interval when the second 

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

caldates the average inter-response intemai CO be about 200 ms. Thus accorduig to De Jong 

(1993) response selection must cake less chan 200 ms in orda for the responsc execution 

bottieneck to be encountued and underadditive e f k m  with decreasing SOA obsaved. De  Jong 

(1993) notes that while Karlin and Kestenbaurn (1968) dearly satisfy this condition, with average 

simple RTs of 199 ms ( ind ica~g  that response selecuon must have taken less than 200 ms), 

Pashler (1 989)). Pashler and Johnston (1 989), and McCann and Johnston (1992) 2) found t o d  

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

selection took l a s  than 200 ms to complete. De Jong (1993) thus condudes chat a dual- 

bottleneck model is completcly consistait with ail the effects observed in PRP pandigm 

erperioients and that it may be premaue to argue that response aecution does not consfitute a 

bottieneck simply because response seiection d p u i a t i o n s  do not, tppically, go undaadditive 

+th decreving SOA. 

In summarp, work using rhe PRP puldigm reveals thaî a capaaty ümited cognitive 

mechanism, in the form of a processing bottlmeck, is invohrcd in some aspect of the paiod of 

processing becraem rudimenq p e r c e p d  processuig and the completion of the rcsponse 

scleaion stage. In the PRP p d g m  this proccssuig bottleneck rypically poscpones task 2 

response seleaion, rcsdting in inacascd task 2 RTs at short SOAs. If DeJomg (1993) is CO- 

thue is also a subsequent procesUng bonteneck at response execution, howcvtz this bottltntck 



Task 1 

Task 2 

When task 1 RE takes 
longer than task 2 RS, task 2 
ençounters a bottleneck at 

RE* / WhataskZRStakcr 
longer than msk 1 RE 

SE 'PE 
the RE bodeneck is not 
encountered 

F M  4. Tbe Ugic bebind De Jong's (1993) argument tbat th bo#heck at e'~ponse t s c e ~ u #  (RE) 
IMU on4 de mrountered wben task I RE kuGs Imger t h  tak 2 nzponq ~e&don (RSJ De long 
(1993) mex tlns /ogr to e@in rvby rom eprnbtm bavejund RT &tll& mu@u~ons  b 
pmdrn underad&tive inter&um MSb &mm'ng JOAS @tfdicdt'ng apterrst'rog bo#lnck ofkr RT) 
whie otbm bavejmd additive efea Fndid'ng xbor rbc bonlnck at w bfm RT). 



wiU only affect rask 2 processing in those cases where task 2 response selection is very short, and 

will therefore not be relevant in the vas  majority of PRP pandigrns where task 2 involves a 

choice response. 

Juficoeur wd DdXcqua (1998) 

B y  simply switching the k t  task fiom a speeded choice response task to a delayed report 

encoding task Jolicoeur and Deii'Acqua (1 998) adapted the PRP paxadigm to study the role of 

capacity limited cogniave mechanisms in encoding. There were a number of rasons for their . 
choice. FLst, this type of paradigrn controls for the pidds of carlier letter matching 

experiments, induding the influence of uctraneous factors such as antiapating the second 

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

to detect interference. Second, Jolicoeur and Deii'Acqua (1998) were curious to sec if the same 

capacity LiMtcd cognitive mechanism that produces interference in the PRP paradigrn was 

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

cornparison would be possible. 

Jolicoeur and Deii'Acqua's (1998) basic paradigni, shown in Figure 5, is siznilar to the PRP 

paradigm, except diat instead of a speeded f i s r  t ~ k ,  participano encoded or ignored a few 

simple chancters which they report at the end of the mal. Like in most PRP paradigms, the 

second task was a speeded response to the pitch of a tone. Relativcly long SOAs wae utilized to 

hdp mure that p a c e p d  psocessing of the fkst stimulus was completcd by the time that the 

second stimulus was prcscntcd. Jolicoeur and Dd'Acqu? (1998) argued that this paradigm hdps 

ensure that the only processes that wiîi be active foilowing the prcscntation of the fmt stimulus 

WU be directiy invohred in encodhg and hcnce any intcrf~rtz~cc obswed in the tone task can be 

atuibutcd to a capaaty limited cognitive mcchanism reqyked both for encodùig and for the tone 

tasc 
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In Experimcnt 4 Jolicoeur and Dell'Acqua (1998) presented participants with a 250 ms 

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

half of the criais) foliowed, at an SOA of 35O,500,650,8OO, or 1200 ms, by a high or low pitdicd 

tone. Half of the participants encoded the leners and ignored the syrnbols while the otha half 

encoded the syrnbols and ignored the Ietten. On every mal participants made a speeded 

response to the pitch of the tone. If it wu an encode trial participants then cyped in the lctters or 

keyboard symbok they had seen, if it aas an ignore mal pdc ipana  simply pressed the space bar. 

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

The results fiom Jolicoeur and Dell'Acqua (1998, Experirnait 4) support the ciaim that 

encoding requires a capaciy limited cognitive mechanism dso requked for the tone tasask The 

significant three-way interaction betimen aicode/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 

grearer in die threc item condition than in the one item condiaon. When participants instead 

ignored the items, however, the effect of SOA was much s d e r  and did not diffa in the three 

and one item conditions. Vcry simila results wuc found in the other arpeziments conducted by 

Jolicoeur md DelltAcqua (1978). In evuy expezïment in Jolicoeut and Dell'Acqua (1998) task 2 

RTs wae slower on encode mals than on igno~e aiais and the effect of SOA was aiways gram 

on encode mais than on ignore triais. In addition, task 2 RTs always showed an cff'ct ofnurnba 

of items on encode mais but not on ignore trials. Futthci:, simünt rcsuits wcrt found whm 

letters, digits, or kcyboard symbok wae encoded Because tbe intederence is gram on encode 

mals than on ignore W, and because more encodmg rcsults in more interfaence in chis 

paradigm, the results h m  this experimmt imply tba* the proccss of mcoding is pmducing the 

rmjoriy of intctfacnce with the tone rask 
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Jolicoeur and DdtAcqua (1 998) argue that a number of other possible sources for the 

interkence can aiso be ruled out Fit, d y  percepnial processing is not likely the source of the 

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

presented and because SI and S2 were presented in ciiffixent modalities. Also, e d y  sensory 

processing presurnably took place on ignore mals of ExpcSment 7 but the effem of SOA were 

negligible in that expenment. Second, response selection can be niled out as the source of the 

intuference because no online response was needed for the encoding ta& Third, rhe retenaon 

of the material is an unlikely source for the in tdaence because rctaining matcrial produces a 

constant demand on cognitive resources, yet m k  2 RTs deaease significantly with inaeasing 

SOA. Thus Jolicoeur and Deil'Acqua (1998) conduded that th& rcsults are most consistent with 

the locus of intuference at the encoding stage, which they refer to as 'short-temi consolidation.' 

Note, however, that there is a s m d  but significant effect of SOA on ignore mals in Jolicoeut 

and DeU'Acqua (1998, Experiment 4) (see Figure 6). To establish that rhis effect was not rhe 

resdt of participants accidentally encodmg the items on a s m d  proportion of ignore trials, 

Jolicoeur and Dell'Acqua (1 998) conducted Expaiment 4a in which partiapants were 

unexprctedly asked to report the identity of the items on th& v a y  l u t  trial, which was always an 

ignore uial. Participants pafomed at chance for letta report and only slightiy above chance for 

spmbol repod. In both cases report was signîficantly l e s  than in the encode condition. The 

resuits imply that accidental encoding on some triais is not a M y  source for the intcrf'ence in 

the ignore condition of Experimmt 4. Jolicoeur and Dcii'Acqua (1998) found converging 

evidaicc for the condusion that a process other than accidental encodiug on some trials aras 

3 .Mean nuder of Icnas reportcd = 58, cbzacc = .48,95% c d e ~ ~ c e  intamai for chancc ktkr report was -14 to 
1.02; m a n  number of spmbois rrponed = 138, chance = 1.0,95% um6dmxc intend for h u  @al q o x t  
was 1.11 to 1.64. Tm of sirteen LnIfiapZnts p e r f o d  at chance in the spbospmbol report. 



responsible for the effect oESOA obsaved for ignore mals in Experiment 4 in Experiment 7, 

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

and DelltAcqua (1 998) dso argue that the interference is not occurring at a percepd level 

because the results from a numba of pilot expcrimenu show no effect of SOA on ignore mals 

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

effect of SOA observed for ignore trials is the resuit of the deasion to encode or ignore a givm 

stimulus, a process they refa to as 'selective control' (SC). Furrher, based on the results kom the 

PRP Litennire, Jolicoeur and Dd'Acqua (1998) condudc that the sarne capacicy limited cognitive 

mechanism required for selective control and shorr-tem consolidation is aiso required for 

response selection in speeded tasks. These condusions are formaiized in Jolicoeur and 

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

Centrai Inredennce Toeoq floficoeur &DeU%cqua, 1998) 

Jolicoeur and Deil'Acqua (1998) propose a model of task interactions tcrmed %mal 

Interference Theory', shown in Figure 7, to account for the resuiu kom th& experimcnts as w d  

as the e x k ~ g  litcranire. The componenc stages for chis model are sensory encodmg, p e r c e p d  

encoding, xlective conuoi, short-tam consolidation, durable storage, response selection, and 

rcsponse urecution. Three of these stages, selective c o n m l  shon-tam consolidation, and 

response selection, are assumed to requte the samc capaaty limitd cognitive mechaniSm which 

Jolicoeur and DeIllAcqua (1998) refa to as 'central mcchanism.' Processing of one of these 

stages in one task wiii inttrfae with processing of my of thex stages in any concurrent tasks. 

Which stages are encouamcd d u h g  the completion of a ghm task depend on the specific task 

requitements. 



Encoding task 

Encode 
condition 

Speeded tone task 

Encoding task 

Ignore . . . . - .  
condition - - -. . . .. v:.::: .. . 

.- r - ;. 

Speeded tone task 

Ftgm 7. Jokcoew and DeVAcpa 'r (1 998) Cmtrd ln&$~nnn T b q  tpph'ed h tbepwdp rrrcd in W m t  4 
PanelA iiXwtrates & encok condiiion, P d  el, tbe @on mn&on. In fbe vinai m&g htt (lad t) th s d n ~ ~ k  
fintpasa tbmrcgb remoy mtoding (SE) a n d p ~ ~ a i p m ~ g  (PE) and tbni se&& conaol (SC) wawhate~ th 
osiput of PE in alcr to detemitre wbetber th str'rmvk ir b be mcuded Ifchtkd tbe ofPE irpacd on to 
rburt-tm coarolUICrtion (STC), .STC' fbmpmdvc~ a c e  ofbe o+t ofPE tn &rab& dorage (DS). SC and STC 
n q h  a centml mecbattim wbicbpmtr +me ~ekcft'on fw torA 2 vbili SC and STC an argagcd 



S m o y  encoding 

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

subsequent stages of processing. Basic puceptuai feanues induding colour, moaon, and 

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

Representations at this stage are suscepable to masking but are not susceptible to intcdcrence 

fiom otha scnsory modaiitics. 

Percephai encoding 

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

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

assoaated long-tenn memories (see Pashler & C h e r ,  1996). The output of PE is no longer 

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

Potter, 1976,1993). 

Sdecri've control 

Sdective control (SC) determines which outputs fiom PE wiil be encoded into short-tam 

memory. Pacepcuai items that are selected by SC wiiI be subjened to short-tenn consolidatio~~ 

percephial items that are not sdected dl decay quicklp. Selectivc conuol is one of the duee 

stages assumed to require the central mechanisms. Jolicoeur and Dd'Acqua (1998) argue h t  it 

is intederence bemem task 1 selcctivc control and task 2 scsponse seledon h t  produced the 

effect of SOA obscmed for ignore uials in Expeiiment 4, based primarily on ch& fincihg of nuil 

effects of SOA in Expairnent 7, whac encode and ignore mals wac blocked. 

Sbort-ta con~ok&n'on 

Short-tam consolidation (STC) is 0x117 when the stimulus must be encodecl. Output 

of PE selected for aicoding is nibjccwl to shoct-mm consolidation @Tc). Short-tam 

consolidation copies the sdectcd matcriai into durable stonge (Ils), the &on-ann mcmory 



store (Colth- 1982,1984). Once in DS mamial m u t  be rehearsed or it d be lost The 

results from Jolicoeur and Dd'Acqua (1998) show that STC &es time, that STC takcs more 

rime when more items need to be encoded, and that STC requires the same capauty limitcd 

cognitive mechanism required for the tone task, the sotailed central processor. 

&.ponre ~eie&on 

Response selection is engaged when a speeded response is rcquted. Output fiom PE is 

subjected to response selection (RS) whtnevcr a speeded response is rcquircd. The duration of 

RS will depend on the compluity of the conctigcncy betwecn stimulus and response. Response 

sdection is assumed to require centrai processing mechanisms. 

Rcrpome u n d o n  

Response execution hllows response selecrion when a speeded response is needed. Output 

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

tecnJted and the oven response made. 

Figure 7 illuspates the assumed stages of processing for an unspeeded aicodiag task such as 

chat used for task 1 in Jolicoeur and Dd'Acqua (1998, Expcixnent 4). The visual stimulus hrst 

passes tkough SE and PE, where simple and complut perceptd featues u e  urtncted. 

Seleclive conuol uses the output of PE to dctennine whether to encode a given stimulus or 

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

opaations are pcrfomied o n  the oucput of PE and the rcpresmtation simply dccays. If the 

stimulus is to be aicoded, howeva, the oucput of PE is copied into DS whae is an be 

maintaincd und the md of the trial. According to the C m a l  Inmfamce Theory, the 

completion of selective conuol and shon-tam consolidation anU both rquire cmaai 

rnechanisms and WU interfiae with the pmcessing of any stages ofa conauxcnt task that &O 



requke centrai mechanisms, namdy s&&e conuol, short-tcmi consolidarion, or responsc 

selection. 

F i e  7 aiso iliustrates the assumed stages of processing for a speeded tone *isk such as that 

used for task 2 in Jolicoeur and Deil'Acqua (1998, ErpcEment 4). Like with unspeeded 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 (DS), processing instead proceeds d i redy  

to RS and RE. Accorcüng to the C m a l  Interférence Thco y, the completion of response 

selection will require the centrai processing mechanism and will intcrfut with the processing of 

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

Jolicoeur and DerAcqua (1998) used computer simulations to test whether the pattern in 

mean RTs observed in Expcriments 4,6, and 7 were consistent with a processing bodeneck 

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

simulations of Expiments 4.6, and 7 all provide an excellent fit to Jolicoeur and Dell'Acquz's 

(1 998) data, impiying that a processing botdeneck account of the interference is consistent with 

the experimental data. 

Howevcr die  success of Jolicoeur and Dell'hcqul's (1998) simulations do not provide psoof 

thît the capacity limited cogaiuve mechanism involved in aicodlig consatutes a processing 

botticne&, they maely show that a processing botdeneck account is consistent with the allsMg 

data. Indecd Jolicoeur and Dell'Acqul(1998) concede that diUE experimcnts provide no a d  

t u t  as to the precise nature of the capac y limited cognitive mechanism involved in encoding. In 

Expenmcnts 2 chrough 6 of this thesis the nature of the capacity l i m i d  cognitive m c ~ m  

involved in aicoding is explorcd in great d d  using the locus of cognitive siack logic (Pashlu & 

Johnson, 1989; McCann & Johnston, 1992). 



Fint, howeva, we test the validicy of Jolicoeur and DeillAcqua's (1998) condusion that the 

decision to mcode or ignore requkes a capaaty k t e d  cognitive mechanism. The reasons for 

rhis are nvofold. Fust, Jolicoeur and Dell'Acqua (1998) provide no direct evidence for a capaaty 

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

what we may condude about aicoding using the l o w  of cognitive slack logic wiil be greatly 

reduced if selective conaol and short-tenn consolidation both require a capacity iimited cognitive 

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

is capaaty limited in some way, thai it wiU be dificuir to use the locus of cognitive da& logic 

effectively, becaux the pattern in the data could potentidy reflect either the nature of the 

Limitation at sdective control or the nanue of the Limitation at short-tenn consolidation. For 

example, Figure 8 illusuates how an underadditive interaction berneen a manipulation of an eady 

stage of task 2 processing and decreasing SOA could refIect a bottleneck at selective controi, 

short-term consolidation, or both. Similady, additive effects could refiect a bottieneck at 

seiective conuol, short-term consolidation, or both. The same problcrn wirh intexpretation does 

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

been shown to be the result of a processing bonleneck, and because the encodlig puadigai is 

vay umilv CO the PRP p d g m  thee is a v a p  r d  possibility that the capaa y iimited cognitive 

mechanism involved in aicoding cons9aitcs a procesUag bottlcneck as wcU It is chatfore 

criricd thac we anplop experimentai con& rhat will permit an accurate depicrion of the locus 

of a processing bodmeck in the evmt that evidmcc for one is found 

R e d  that Jolicoeur and came to the conciusion that controi, the 

Stage ignore outputs are 

involves a capaaty limited cognitive mcchanism because of the appeatarice of effeas of SOA on 

ignore miils Li the experirneats they conductcd ia which m c d e  and ignore triais wae mixed. 
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Jolicoeur and DeIllAcqua (1 998) argued that the effecr of SOA on ignore mals was not the result 

of occasiondy acudentaiiy encoduig stimuli on ignore trials. Jolicoeur and Dell'Acqua (1998) 

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

and ignore trials, a capaury limited cognitive mechanism may be involved at the dedsion, or 

selective conuol, stage. However it is also plausible that having CO switch bemecn nuo sets of 

task protocols may have produced the effect of SOA observcd for ignore aials, as a nurnba of 

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

199%. Experiment 1 examined Jolicoeur and Deii'Acqua's (1998) daim that a capauy iimited 

cognitive mechanism is involved in selective control by comp*g the extent of intuference on 

trials where online seiection was required to performance on mals where no  online seleaion was 

required. h bnef oveMew of aii of the present experiments is shown in Appendk B. 

Experiment 1 

In E~periment 1 Jolicoeur and Dd'Acqua's (1998) hypothesis that sele&e control rcq-s a 

capacicy lirnited cogniave 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 seiective control 

was mqukrd w u  manipdated across blocb. 

In 'Selection' blocks participants musc make an onlinc deasion to encode or ignore one, mo, 

or three briefly presented and rnasked red or gcen -dom consonants based on their colour 

while simulPneouily performing a speeded choice tone task. Afia respnding to the ton+ 

participants typed the lettas they saw if it was an encode triai or simply press the space bar if it 

was an ignore uiai. In 'Control' blocks participants were informcd ahcad of timç by dic 

prcsentation of eirher a solid or dashed nxaOon box bcfore each trîaI, whtther to encode or 

ignore the rcd or green zandom conson?nts whiie perfomiing the same speeded tone ta& as in 

'Selection' blocks. If the b u o n  box was solid participants encodcd the lm= and ~eportcd 



them at the end of the triai, if the fixation box was dashed participants ignored the letters and 

pressed the space bar afier making their tone response. In 'Selecrion' blocks sdeCavc control 

must have ocnined d&g the trial whcms in 'Control' blocks the deusion was made before the 

onset of the leners. If the deusion to encode or ignore requires a capaucy iimited cogniuve 

resource also required for the tom task, as proposed by Jolicoeur and Deil'Acqua (1998). then 

tone response cimes should be differuit in 'Seleaion' blocks, where an o n h e  deasion was made, 

and 'Control' blocks, where it was nor If, on the o tha  hand, selectivt control does not requircd 

a capacity limited cognitive mechanism also rcquired for the tom task t h a  tone response rimes 

should instead be s i d a r  in Selecrion' and Conrrol' blocks. The purpose of this ccpegmuit was 

to assess the capacity demands of o n h e  selccWe conrrol. 

Method 

An ülustraaon of the paradigrn used in Expuiment 1 is shown in Figure 9. 

I)ani'@ants 

Sixteen University of Waterloo studaits were paid $6.00 for thUr participation in this 

expecimuit All participants reported normal hearing and nomial or corrected-to-nod vision. 

/3~parcl& 

Visual stimuli wcre pzesated on a black background on a SVGA colow computa sacen 

controlled by a 386 or 486 CPU. Tones wae  presented through the computa speaker. A 

srandard computa kcybovd was uxd to coilcct responses. 

V h a l  Sh'muk 

The v i s d  stimuli consisted of one, mo, or t h e  consonants (exduding Y and Z) nndordy 

sdected without rephcemuit on cvery tciai, such b t  a lmer was not repeatcd taitbin a givm 

trial. On half the trials the lettcls wue tcd and on the other half of the trials the Ictters wcrz 

green. Red letters had a luminance of 8.8 cd/m2 and green I e t t a s  haci a luminnnce of 9.5 cd/m2. 
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The rnask consistcd of '(Ys supeximposed ont0 '$'s and was presented in the same colour as the 

stimulus. Each letta subtuided 0.66 degrces of visuai angle in width and 1.00 degrees of visuai 

angle in height The lenus on each triai w a e  cenaed at fixation. The fixation box extended 0.53 

degrees of visual angle to the lefi and right of the lencrs and 0.50 degrees of visual angle beyond 

the top and bonom of the lenen. 

Anditory sfzinud 

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

prcsented through the computer speaker. Thae were an equai numba of trials for each tone 

condition. 

Procedrrre 

Participants were scated approximately GO cm from the computer monitor in a d u k  room 

with a computer keyboard siruated in front of them. 

There wae two block cypcs in chis experiment In 'Control' blocks participants encodcd or 

ignored the leners based on the style of the kation box. Participants wcre insanicted to aicode 

the lenm that fdowed a bation box composed of solid lines and ignore the l m a s  that 

followed a dashed Gcation box. In 'Sedecrion' blocks paniapuip encoded or ignoscd the lcacr(s) 

depcnding on thck colour. Haif of the participants w a e  insmtcted to encode the red lettas and 

ignore the grem ones ( ' r d  group), and the otha half of the pricipants wae iastNctcd to 

encode the grcm lettas and ignore the rcd one @rca' group). Fixation boxes in 'Selcction' 

blocks wae h y s  composed of solid lincs. 

Each triai began with the prest~~tation ofa  fixation box in the centre of die serrai. 

Paxtiapants initiatcd cach trial by pressing the spacc bu which caused the fixation box to 

disappar. Afia a 400 ms dchy the visuai stimulus ans prrscntcd for 250 rns and then mvkcd 

for 100 rns. The tone was prcsented at a stimulus o w t  asynchrony (SOA) of 300,400,500.600, 



entered into a 5 (SOA) x 2 (tone localization difficulty) repeaced mesures ANOVA. The main 

effea of tone localization difficulty was significant, E(1,13) = 52, p < .05, MSE = 0.00137. 

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

localizaaon condition, 

Discussion 

The results from Experimmt 5 replicate chose from ExpePment 3. The effm of tone 

Iocalizaaon difficulty was additive with SOA and there was no effea of SOA on task 1 accuncy, 

which provides convuging evidence for die daim that the capaacy iimited cognitive mechanism 

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

second paceptuai diff idty manipulation produced additive efiects with SOA undemines 

Jolicoeur and Dd'Acqua's (1998) daim that ody short-term consolidation is subject to a 

processing bottieneck in the encoding paradigrn, because the additive effects imply that some 

perceptuai processing is also bekig postponed by die bottieneck. 

Experhent 6 

The mîLi evidence chat a perceptuai factor is affecthg the bodeneck stage cornes from the 

additive effem obsenred in Expcriments 3 and 5. One possibility, howcver, is that we obsenrcd 

additivity in these expetiments because the S O k  used were not sufficimdy short. In 

Experiments 3 and 5 we made the shortcst SOA 200 ms to avoid any intduence that may r d t  

fiom the abrupt onset of the tone whai the leters wae stili vimbe. Howtffcr, in our PRP 

puldigin arpaiments, most of the convergence in the tmdaadditÏve intaactions betarcen rask 2 

diffïcuity manipulations and dcatasing SOA occun within the fkst 150 ms; if the two shomst 

SOAs wae rcmoved the pattern in the rcoults from Expcrimmts 2 and 4 wouid appev additme 

(see Figures 12 and 16). Thus WC rnay o b s m t  additive effccts in the cncoding paradigm simply 

because we wcrc not probing enou& during the mcoding proccss. In Experiment 6 we 
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lower boundaries. Thcse boundaries are esrablished based on the nurnber of obsewations in a 

c d ,  the adjusted cd mean, and c d  variancc This analysis removed 2.89 % of the data. 

Mean RTs and correspondmg propomons of correct tone responses are shown in Table 1. 

Mean tone RTs wexe cntered into a 2 (conml/select) x 2 (encode/ignore) x 3 (nurnber of letters) 

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

significant, E(1,15) = 5.46, p < .OS, MSE = l3965.10, tom responses were 10 ms slowa on 

Control mals than on Selecuon mals, however block type did not interact with any ocher factor 

(sec Figure 10). There was a significant 3-way interaction bemen SOA, cncode/ignore, and 

number of lettcn, E(2,30) = 2.80, p < .0001, MSE = 5458.72 which is shown in Figure Il. 

Increasing the nurnber of letten inacased the effen of SOA for encode triais but not for ignore 

trials. The 2-way intaaction between encode/ignore and nurnber of letters was signifcant, 

F(2,30) = 23.9, g < .OOOl, MSE = 38935.22. Mean tone RT increased with the nurnber of letcers - 
for encode mais but not for ignore aiais. There was a significant 2-way intuacrion between SOA 

and number of letters, E(10,150) = 4.86, < .0001, MSE = 3759.37. The effect of SOA on tone 

RT was greater when more lettcrs were presented. There was &O a significant 2-way interaction 

benvcen SOA and uicode/ignore, E(5,75) = 10.94, p < .0001, MSE = 6507.1 1. The cffect of 

SOA was greatcr for encode mals than for ignore aials. Tone responses wcre siowcr at shorta 

SOAs than ar longer ones (E(5,75) = 30.56, Q < .0001, = 12518.63). slow= on encode triais 

than on ignore trials (E(1,15) = 29.85, p c .0001, = 19689693) and slowa whcn more 

lettas w a e  presmted @(2,30) = 19.64, p <.ûû01, = 45563.35). 

Accuacy Resulm 

AU e x p a i m d  trials wat  indudcd in the accuracy anaiyscs. 



Lcttef tak 

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

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

of letters) x 6 (SOA) repeated measures ANOVA. This andysis revealed a significant 2-way 

interaction berneen block type and number of letters, E(2,30) = 5.02, p < .OS, MSE = 344.21. 

For Control blocks the mcan proportion of lettm correctly reported increased as the number of 

letters increased, while in Selecrion blocks the mean proportion of lettas correctly reponcd 

decreased as the number of Iettetç increased. 

Tone tmk 

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

correct tone responses were entered into a 2 (control/sdect) x 2 (encode/ignore) x 3 (nmba of 

letters) x 6 (SOA) repeated measures ANOVA. There was a signifiant 4-way interaction 

between block type, SOA, encode/ignore and nurnber of letters, E(10,150) = 2.19, p < .05, MSE 

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

uicode/ignore, P(5,75) = 2.35, p c.05, = 0.002943. 

Discussion 

The msults of Experimcnt 1 repiicate Jolicoeur and Dcll'Acqua (1998, Experiment 4). There 

is a signifiant threc-way interaction in rask 2 RTs in which the effect of SOA inatlses 

significantly with the numbu of lcttm on encode mzls but not on ignore mals. Most 

importantly, howevrt, tone rcsponses on Selcc aiais are not slgnificantly s l o a ~  than tone 

responses on Contrd triais (sec F i e  10). In fa- m k  2 RTs are siightly slower in Conml 

blocks, where no online decision was needed, as cornparcd to Seleaion blocks whae participants 

decided to mcode or ignore bwd  on the colour of the Icmn. Whcn taken togctha these results 

împly that selective control does not requte a capaay limitcd cognitive mechaniSm, and rhat it is 



some aspect of processing that foilows the decision to encode or ignore in the encoduig rask (ii 

other words some aspect of encoding) that is producing the intdfernce. This condusion is 

inconsistent with Jolicoeur and Dd'AcquaPs (1998) daim that seiecting m a t d  for encoding 

requires a capaary limited cognitive mechanism, and suggests that their Central Intederence 

Theoq should be modified to exdude selective control as requiring the centrai mechanism. In 

addition, there was a signifiant effect of SOA on ignore mals in Conuol blocks, implying that 

the effect of SOA on ignore triais observed in Jolicoeur and DelltAcqua (1998, Experiment 4) 

was not the result of the online decision to encode or ignore requiriag the sarne capaary limited 

cognitive mechanism requked for the rone task 

Experiment 2 

me nature ofthe capady Linu'ted cognirve mecbnnkm hvolvedia enco&g 

In Expcrimmt 2 and the next several acp&cnts the Ioas  of cognitive slack logic was 

applied to a combination of PRP para* and encodhg pvadigm acperimuirs to d e t d e  the 

source of rhe interference observed duPng the encoding msk. Accordmg to the locus of 

cognitive slack logic, the most diagnostic hding is a task 2 dificulty manipulation that results an 

underaddirive intexaction with dea+lsing SOA, which cm ody be produced whm the m k  2 

d i f f i d y  manipuiation &ecrs the d m a o n  of a stage of processing ch?t precedes a bodmeck 

(see Introduction). It is thus desirab1e to use a task 2 difti:culty manipulation that lffccts an arly 

sage  of processing because such a manipulation is most likely to produce an underadditive 

interaction with deacasing SOA if the capaay limited cognitive rncchanism prducing the 

inttrfcfmce constitutcs a proccssing bodmeck. One way to establish tht  the rmaipuIation 

affects an r u l y  stage is to fkst anploy it in a PRP paradigm arpcrimait A myriad of PRP 

pvldigm expaiments have xevealed a proccssing bottlencck rhat affects a sage at or a r o d  

rcspbnse scieaion. Thus if a task 2 difticulty manipulation produces an undtradditive intefaaiion 



with decreasing SOA in a PRP paradigm ucperimait it may be conduded that the manipulation 

l f fcc ts  a relatively eatly stage before the onset of response selection (see Introduction). In 

Experiment 2 a msk 2 tone loudness mvllpulaaon was employed in a PRP paradigm expezhent.. 

A perceptuai difficulty manipulation (loudness) was chosen for task 2 because, accordmg to UT, 

percepnd processing is complete before the locus of the capacicy Limiced cogniave mechanism at 

STC in the encoding para*. Loudness was chosai as the percepnial difficulty manipulation 

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

cppicdy result in underadditive interactions with decreasing SOA (e.g., De Jong, 1993; Pashler, 

1984, Pashla & Johnston, 1989). 

In Expeiment 2 parriapana were presented with an H, O, or S at fixation followcd, at m 

SOA of 50,111,245,54î, or 1200 ms by a high or low pitched <one presmted through 

headphones. On  half the trials the loudness of the tone was reduced to slighrly above dueshold. 

Participants made a speeded response to the identicy of the letta followcd by a speeded response 

to the pitch of the tonc. If the loudness rnanipulaaon produces an underadditive interaction with 

deaeasing SOA WC may condude that both tasks requke the same capacity iimiad cognitive 

mechuiism that constinitcs a processing bodcncck at a stagc afm the locus of the loudacss 

manipulation. Such a hding would be particuiariy diagnostic beause undcraddiàviy with 

deaasing SOA cannot be reconciled with a capaaty sharing account of dd-task intdumce. 

If the budnus manipulation produces an ovczaddiaVe interaction with d e a h g  SOA we may 

account for the intaference using a capaay sharing modd If thc loudness manipulation i n s d  

produces additive effccts with SOA we wili use the partcm in *isk 1 RT acmss SOAs to 

detam.int whetha a processing bottiencck account or a capaaty shsinng account is most 

appropriate. If no eEect of SOA is obstrrrcd on ~ s k  1 RTs, we may condude the additive e&cu 

were the r d t  of a psocessing bonlmeck at or before the locus of the tone cWicuiy 



manipulation. If task 1 RTs are instead s@candy longer at short SOAs, and postponed to a 

degree comparable to task 2 RTs, we d instead condude that die obxrved interfaence is the 

resdt of capauy sh-. 

Method 

Partr'ijbants 

Eight University of Waterloo students were paid $6.00 for thut participation Li this 

experiment. Ali participants reported normal hearing and n o d  or conected-to-normal vision. 

Apparatus 

The appannis used in Experiment 2 was idenricd to that of ExpePment 1 arcept that tones 

were presenred to participants through a scandard pair of stereo headphones 

Visuai Stimu6 

The visual stimuli consisted of the lettes H, O, or S presmted iadividually at hation. The 

lemrs were always gray with a iumliance of 21 cd/m2 and each subtended 0.76 by 0.86 degrces 

of visual angle. 

Audioty stimuli 

The auditory stimuli consisted of a 400 Hz tone ('Iod tone) and a 1200 Hz tone (high' tone) 

presented through headphones. n i a e  w a e  IWO loudness conditions. In the loud' condiaon the 

tones wue dearly audible. In the 'quiet' condition the loudness was caiîbratcd for each individual 

participant prior to the bcginning of che expaimmt 

Pmced'r~ 

Participants wac seated approximady 60 an from the computcr monitor in a da& rom with 

a computcr keyboard s i m d  in front of them. Subjects wae &en hadphones and adjusocd 

hem und rhey were comfomble. Paftiapants wac  prrsaited with high and low picditd tones 



at the normal loudness und they were fvniliar with thun. Partiapants then began the loudness 

calibration phase. 

Loudne~z cadbrahon 

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

to the quietest possible levei where the participant could s d i  accuntely idaitify the pitch. 

Participana pressed the space bar to hear a sample tone. A h  haring the tone they couid 

choose to make it louder, quieter, to hear it again, or to accept it To accept <he tone thcy simply 

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

loudness in ;MU was increased by ZOh relative to the loudness conuol value of the tone used in ' 

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

2%, relaave ro the loudness of the tone used in the 'loud' condition, and if they chose to h e u  it 

again the loudness was not altered. A tone was then presented at the chosen loudness l e d  This 

procedure was repeated und the participant detennined the minimum loudness level whae they 

could sd discriminate benveen the high and low pitchcd tones. A k  selecting that loudncss the 

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

Each triai began with a fixation marker in the centre of the computer sueea Pdupants 

pressed the space bar to initiate the trial. The fixation markcr disappcvcd and foiiowing a 400 

ms d&y an H, O, or an S, \sas presmted in the cenae of rhe saetn. Puricipuits wae instructcd 

to indîcate the identity of &e lettcr as quickly and acquatcly as possible by pressing the 'c,' kcy 

wîth the index £ingcr of their right hand if the lents was an H, the 'x' key with the middle fingcr 

of th& right hand if the letter was an O, or the ?/' kcy with the thkd fhger on th& right hand if 

the letter was an S. The lena remlined on the screen mtil a valid rcsponse was made. The tone 

wu presented to both cars rhrough the headphones at an SOA of M, 11 1,245.54, or 1200 ms 

fiom the omet of the Imer. Each of the h e  SOAs, thrce lecren, m o  tone difficuity conditions, 



and MO tone pitches were utilized an equal number of times. Partiapants were insnucred to 

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

high tone and the '2' key for the low tone. Participants had to aitcr a response to the letter 

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

and the tone, the fixation marker b r  the next aial was pnsented. The marker consisted of two 

vanable syrnbols which reflected letter and tone accuncy on the previous triai. The syrnbol on 

the lefi described lerter accuracy with a '+' or '-' and the symbol on the right described tom 

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

blocks of sixty expenmend mals. 

Resuits 

Prekminary -es revealed no effect of tom pitch on mean RT, letter accuncy, or tone 

acniracy. Data were coilapscd aaoss these variables in die foilowing analyses. 

RT  Resuits 

Ody trials in which both responses were correct were induded in the RT analyses. Correct 

letter RT data and correct tone RT data and letter RT data wae subjected, sequmtidy, to the 

modificd recursive outlier d j 5 i s  suggested by Van Selst and Jolicoeur (1994) (sce Experimait 

1). This anaiysis rernovcd 2.65 % of the data based on tone responses, and a funher 3.052 % of 

the runaliing data was removed blsed on letter responses. Whui m RT, m &ha msk, was 

rejected as an o u h ,  the entire txial was sejected (Le., both RTs were njected). 

Tom tak 

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

in Figure 12 and Table 3. Mean RTs to the tom w a t  atacd into a 2 (tone düficuiy) x 5 (SOA) 

repcitcd maures  ANOVA. T h e  was a W c a n t  2-way intcnction b~tween tone ficulqr 

and SOA, &2,5) = 8.04, g c .ûûû1, &fSE = 1057.s wbch is piottcd in F Î e  12 This 
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interaction is dearly underadditive with deac?suig SOA; the diffamce in tone RTs for the easy 

and the hard tone c~nditions inamses from ody 6 ms at the shortest SOA to 46 rns at an SOA 

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

tom difficulty condition (E(1,IO) = 57.16, p c .0001, MSE = 1081.01), slower at shorter SOAs 

O(4,lO) = 79.76, p < .0001, MSE = 3947.88). 

Lctter tak 

Mcan RTs to the idenaty of the letta and the correspondhg proportions of correct leaer 

responses are shown in Figure 12 and Table 4. Menn RTs to the lemr wcre cntaed a 2 (tom 

dificulty) x 5 (SOA) repeated measures ANOVA. There were no effects of the ap&enPl 

manipuiaaon on RTs to the letter. 

Acczuacy Results 

Tom tak 

Mean proportion of correct tone responscs 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 ANOVA. The analysis revcaied no effect of the experimental manipulations on tone 

task accuraq. 

LG#w tak 

Mevl propoflons of correct lettes responses are shown in Table 4. Main proportion of 

correct letter responses 

ANOVA. The analysis 

were entercd into a 5 (SOA) x 2 (tom loudness) rcpeated mcasurcs 

rmeaied no effect of the cxpaimcntal manipulations on letter psk 

the task 2 tone difficuIy rnanipuiarion and decrrYing SOA, indicaring h t  the tone difficuity . 



manipulation affected a stage before a processing bottieneck (sec Figure 12). Thus in hitue 

experiments we can be certain not ody that this tone task requires a capaury lïmited cogniave 

mechanism, but also thac this capaaty lllnited cognitive mechdsm affects a stage a f k  the locus 

of the tone difficuity manipdaaon in the PRP paradigm. 

The purpose of Experiment 2 was simply to c o b  both that out tone task required a 

capaaty LUnited cognitive mechanism, and that the difficuly manipulation was affecthg an eady 

stage of processing. We can now use the same tone rask in an encoding paradigtn utpairnent to 

determine if the proccss of encoding is subject to consm.int kom a similar capaaty ümited 

cognitive mechanism. 

Experiment 3 

In Experiment 3 participants were prcsented with one or three red or green lettes which t h q  

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

low pitched tone. Participants made a spceded response to the tone and then entered the lettcn 

if it was an m d e  triai or press the spacc bar if it wu an ignore mal. 

If the tone difficulty manipuiation produces an underaddirive interaction with decrcayig SOA 

we may condude that encoding requires a capacity limited cognitive medilaism rh3t producu a 

processing bottiencck sometime afta the locus of the tone difficuly manipulation. If the tone 

difiicuity manipuiation produces an overadditive interaction with deaevulg SOA WC rmy instcad 

condude that the apacity limittd cognitive mcdiuiism involved in encoding slows, but doa not 

halt, proccssing of all stages of both tasks chat require the capaaty limircd cognitive mechanism. 

If the effects of SOA and the tone dZ5culty manipulation are additive, the appropriate 

condusion wouid be lcss dear. Whiie an ovariding assumption of capacity shving modcls is 

that RTs d be siowcst whm task overlap ir p t c s t  (which prdcts an ovenddtivc intaaction 

with decrcasing SOA), capaciy shanng models arc ais0 consistent with additive effects unda 



some conditions (see Figure 3). Recd  that in the PRP paradigm we are able to distliguish 

berneen additive effects r e s u l ~ g  Erom a processing bodeneck and additive effem resul- 

from capaucy sharing by eYatnining the effecu of SOA on task 1 RTs; a significant effecr of SOA 

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

bottieneck account. In the present encoding paradigrn, however, task 1 is not speeded, and 

therefore task 1 RTs may not be used to disceminate benvem the models if additive effects are 

found. However, the pattern in rask 1 accuracy may serve to distinguish between the wo models 

in the encoding patadigm. T h e  logic behind rhis assertion is shown in Figure 13. Suppose that 

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

The capaciry sharing mode1 that would have to be adopted to account for additive effeca is 

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

Limited resource, less processing of each cask c m  be completed during a givm period of time 

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

presented bnefly and masked, such as the task 1 stimulus in the encoding paradigrn, less 

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

are predicted. Capaciry sharing models therefore predict more enon in rask 1 repon at short 

SOAs than at long SOAs in the encoding paradigm. Processing bottlcnedc madcl, on the o t h a  

haad, predict no impact of SOA on task 1 processing in the encodiag puadigm. Thus if addirive 

effects are obscrved in the present uicoding paradigm, the pattern of m k  1 accuncy may be uscd 

to d e t d e  whethn a pfocessing bordeneck or capaaty s h v i n g  account of the iattrfkmce is 

mon appropriate. 
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Method 

Parlrrlr"pannlr 

Sixteen University of Waterloo students wae paid $6.00 for th& partiapation in this 

experiment. ALI partiapants reported normal hearing and normal or conected-to-normal vision. 

Vtiual Sh'muk 

The apparatus was identical to that uscd in Experirnent 2. The v i s d  stimuli consisted of 1 or 

3 consonants (exdudîng Y and 2) randomly seiected without replacement on every trial. There 

were an equal nurnber of 1 and 3 letter triais. On half the triais the lenm wcre red while on the 

other half rhey wcrc green. Red letten had a luminance of 8.8 cd/m2 while green letters had a 

luminance of 9.5 cd/mf. The mask consisted of '0's superimposed onto '&'s and was presmted 

in the same colour as the stÎmulus. Each letter subtuidcd 0.76 degrces of visual angle in width 

and 0.86 degrees of visual angle in heighr The visual stimuli was caiued a t  fixation. 

Auditmy fihatu' 

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

caiibraaon procedure idenacal to that used in Experiment 2 to determine the appropriate tom 

intensity for the 'quiet' condition. 

Pmcchn 

Half the participants (SI =8) were insmctcd to encode rd lettm(s) and ignore green lettcr(s) 

whiie the o tha  haif of  the participants (N = 8) were instructcd CO encode greea lette+) and 

ignore red lette@. The acperimmtal procedure was the same as in Sdection' blocks in 

Expairnent 1, with the exception of the SOAs which wcre &ha 200,261,395,692, or 1350 ms 

in Exp&mt 3. Paztiapants completcd one block of thirty pnctice mals and six blocks of 

eighq aspefi'menml m?ls. 



Resuits 

Preliminary analyses revealed no effect of whether subjects wue in the 'red' or  the 'green' 

group or tone pitch o n  mean RT, lener accuracy, or tone accura y. Data were collapsed aaoss 

these variables in the foilowing analyses. 

RT Resulrs 

Only mals on which both responses were correct were induded in the RT d y s e s .  Correct 

tone RT data were tint subjected to the modified cecursive oudier analysis suggesred by Van Selst 

and jolicoeur (1994). This anaiysis rcmoved 3.56 % of the data. 

Mcan RTs and conespondmg proportions of correct tone responses axe shown in Table 5. 

Mean tone RTs were entered into a 2 (encode/ignore) x 2 (nurnber of letters) x 5 (SOA) x 2 (tone 

difficulty) repeated measures ANOVA. There was a significant 3-way interaction bctwetn SOA, 

encodc/ignore, and number of letters, £(4,84) = 7.1 5, p c .0001, MSE = 13331.89 which is 

shown in Figure 14. Inaeasing the number of lettas inaeased the effect of SOA for encode 

mals but not for ignore cials. Thete was a signincant 2-way interaction beween aicode/ipore 

and tone difficulty, E(1,Zl) = 9.78, p < .QI, MSE = 8281.26 which is shown in Figure 15. 

hcrasing the tonc difficuicy hnd a lvgn effect on tone RTs on encode mals than on ignore 

trials. Thae was a significant 2-way i n d o n  berneen SOA and encode/ignore, E(4,84) = 

9.16, p < .0001, = 15379.39. The effect of SOA was grtata for aicode U s  thui for 

ignore mals. The 2-way interaction bcnueen cncode/ignorc and numba of latcrs ans 

significant, E(1,21) = 36.42, p < .0001, MSE = 6474269. Mean mnc RT inaased wih the 

number of lettas for encode trials but not for ignore tri&. F ï y ,  herc was a sigdicant 2-way 

interaction bemetll SOA and number of latas, E(4,W) = 9.63, p < .0001, pulSE = 20767.09. 

Inacasing the number of lettas inacased the effect of SOA on tone RT. Tone RTs werc 

longer at shorter SOAs @(4,84) = 48.83, < .0001, = 32195.37). longer in the k e  ltmp 
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condition than in the one letter condition @(1,21) = 32.08, p < .0001, MSE = 61549.68), longer 

in the encode condition than in the ignore condition @(1,21) = 48-22, p < .0001, MSE = 

125747.47), and longer Li the hard tone difficuity condition than in the asy tone difficulty 

condiaon @(1,21) = 10.16, p < .01, MSE = 21 1028.81). 

In order to apply the locus of cognitive slack logic we also conducted separate ANOVAs on 

die encode and ignore trial data. The nanue of the capacity limited cognitive rnechanism 

involved on encode trials is of primas, interest. 

Encode tnah 

We entered the encode data into a 5 (SOA) x 2 (number of lems) x 2 (tone dIffidty) 

repeated measures ANOVA. The 2-way interaction beween SOA and numbu of letcers ans 

significant, E(4,84) = 12.49, p < .0001, MSE = 21 587.77. The effect of SOA was greater in the 

three lener condition than in the one letter condiaon. Tone responses were slower at shortex 

SOAs (E(4,84) = 48.53, p c .0001, MSE = 26584.77), slowcr in the duce lena condition than in 

the one letter condiaon @(1,21) = 40.38, p < .0001, MSE = 107080.49). and slower in che quiet 

condition chan die loud condition (E(1,21) = 8.38, p < .01. MSE = 83049.76). There was no 

indication of a 2-way interaction beween SOA and tone difficuiy (Le. the effects wue Idditive, F 

c 1) (sec Figure 15). 

I j p n  hUJr 

The data fiom ignore mals was aitaad into a 5 (SOA) x 2 (numba of lettas) x 2 (tom 

difficdy) repeatcd massures ANOVA. The interaction betwtcn SOA and tom difiaikg was 

sipficant, E(5,2) 3.43, p < .05, = 12727.73. This interaction ans caused by an unusualiy 

s d  differmcc betwcen tone RTs on quiet and loud triais at an SOA of 395 rns cornparcd to at 

other SOAs (sec Table 5). Tone rcsponse tirna wcre slowu nt shorcer SOAs @(1,2121) = 839, p 



c .01, MSE = 83049.76) and in the hard condition than in the a s y  tone dificultg condition 

(F(l,21) = 1 1.23, p < .Ol t  MSE = 136260.31). 

Accuncy zsults 

Lctter ta& 

Mean propomons of leners conectly reported are shown in Table 6. Mean proportion of 

correct letter rcsponses were entered into a 5 (SOA) x 2 (number of leners) x 2 (tom dificulty) 

repeared mcasurcs ANOVA. The effect of SOA on the proportion of leners comcdy reponed 

was noc significant, E(4,84) = 1.39, p c 0.24, MSE = 0.00137. Letter report accuracy was thus 

not affected by task ovedap. There was a significant effcn of numba of l e n a  on the 

proportion of leners corrccdy reported, E(1,21) = 13.2î, p < 0.01, MSE = 0.01435. Participants 

reported 98% of the letten on one letter trials and 94% of the lettas on three letter mals. 

Tone tad 

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 (cncode/ignore) x 2 

(numba of leners) x 2 (tone difficuly) repeated masures ANOVA. The analysis revealed a 

significant 2-way intuaction berween encode/ignore and number of lertcn, E(l,21) = 10.52, p c 

.01, MSE = 0.00199. In the one letter condition participants werc more accurate on encode mals 

than on ignore aials, hoarcva in the duce letter condition participants wue more accuna on 

ignore mals than on encode d s .  The main cffcct of tone difficulq was aiso Ugnificant, E(l,2l) 

= 6.15, p < 0.05, = 0.00222. Puticipans corrcctly rcported the pitch of the tone 97% of 

the Mie on quiet mals and 98% of the rime on loud mals. 

Separate analyses w a e  also conducted on mcode and ignore aiais. M a n  propottîons of 

couect tone responses for a icode  t&ds wcrc entacd into a 5 GOA) x 2 (numba of lcaas) x 2 

(tom difficulty) repeatcd measUres ANOVA nie anaiysis r d e d  no e&a of the atpaimeatal 



manipulaaons on tone report accuracy. Mean proportions of correct tone responses for ignore 

triais were entezed into a 5 (SOA) x 2 (number of Iettat) x 2 (tone difficulty) repeated measures 

ANOVA. There was a signifiant main effect of number of Ietters, e(l,2l) = 8.67, p < 0.01, 

MSE = 0.00163. Tone responses were more accurate in the duce letter condition (mean = .98) 

than in the one letter condition (mean = .97). There vas also a significant main effect of tone 

difficulty, E(1,21) = 6.37, p < 0.05, MSE = 0.00167. Tone responses were more accurate in the 

easy tone condition (man = .98) than in the hard tone condition (mean = .97) 

Discussion 

The goal of Experiment 3 was to assess the nature of the capaciy lirnitcd cognitive 

mechanisrn involved in the encoduig paradigrn using the locus of cognitive slack logic (Pashier & 

Johnston, 1989))). The results of Experimmt 3, shown in Figure 15, reveal additive effects of a 

task 2 tone diffidty manipulation and SOA. Because Expuiment 2 r d e d  an underadditive 

interaction with deaeasing SOA using an extremeiy similar p d g m ,  it is argued that 

Experiment 3 had sufficient power to detect an interaction, and that the absence of the 

interaction is not likely the result of a cype II mor. In addition, thcre was no effect of SOA on 

lerrer report accuracy. A capaay shazhg rnodcl of these additive effects would have to predict 

an cffen of SOA on task 1 accuracy, and thus a capaaty sharing account is not, in this case, 

consistent with the patmn of intederence. Meyer and Kitras' (1997) s a u @ c  bottîcneck mode1 

may also be reiccted to the ancnt that periphd processes, such as phonologid recodhg and 

aanslation of motor codes, are not involved in the intcrference, The results ue iastcad most 

consistent with the conclusion that the tone difEcuity manipulation &ccts a stage at or &a a 

processing botdeneck, and that it is t h  proccssing botdmcck that produccs i n d k n c e  in the 

cncoding puldigm. 



The question remains as to the locus of the procesJng botdeneck in the encodlig paradigm. 

According to Jolicoeur and Dell'Acqua's (1 998) Central Interference Theory, the processing 

bottleneck is at short-tcnn consolidation, the stage that copies seiected outpuu of paceptual 

encodmg to durable stongt, the short-term store, for later report. As it stands, Central 

Interference Theory asserts rhat pacepntll processing is complete before short-te- 

consolidation begins, and thus cannot easily be reconded with the result fiom Experiment 3, 

which implies that the tone difficulty d p u l a t i o n  affects a stage at or afier the bodeneck stage. 

One possibilicy is that the tone loudness manipulation used in Experimeno 2 and 3 is somehow 

d i s ~ c t  fiom other perceptd diff idry manipulations and that t y p i d y  p e r c e p d  factors affect 

percepual encoding, a stage before the bodeneck. In this case we should be able to find a task 2 

manipulation that produces an underadditive interaction with deacasing SOA in an encoding 

paradigm. Anocha possibiliry is that the encodmg stage is not d i s ~ c t  from some complex 

p e r c c p d  processing. Indeed, thae is evidcnce fkom PRP puadigm experimcnts that some 

cornplex perceptuai discrimliarions occur at stages a f m  initial paceptual encodmg (e.g. McCarm 

& johnston, 1992). 

Experiment 4 

In Expuimeat 3 WC found a tom loudncss manipulation to produce additive effects with SOA 

in the encoding paradigm, implying that the tone loudness manipulation abFects a sage at or k 

a processing bodmeck. This hding is inconsistait with Jolicoeur and Dcll'Acqya's (1998) UT 

which predicts that paccpnill processhg is complete before the bottlacck at STC is engpged 

To resolve rhis issue WC replicatcd Expairneno 2 and 3 using a di&rat ask 2 parcptuai 

difficuiy manipulation. These. cxpaiments serve thme important purposes F i  and most 

obviously, we may be able to replicatc the d t s  h m  Expmment 3 and provide fiuthcr support 

for our agiment h t  rhc capaciy limitcd cognitive meeh?uiism invo1vcd in encoding Pkcr dit 



form of a processing bottleneck. Second, by using a diffaait perceptud difficulcy manipulation 

in Experiment 5 we can d e t e d e  if perceptuai manipulations t y p i d y  affect the bodeneck 

stage in an encodlig puadigm, and adjust our conceptualkation of the bottieneck sage 

accordingly. F i y ,  if our new percepnial manipulation produces an underadditive intuaction 

with deaeasing .SOA in an encoding paradigm, we will have exmmely compehng converging 

evidence that the capauty 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 Expairnent 2, arcept that the 

second sàmuius was oao 800 Hz tones prexnted at différent loudness' to both ean 

simultaneously. The participant perceivcd a single tone locaiized on the side of the loudu of the 

MO tones. Pmiapants made a speeded response to the identity of a letter and then a specded 

response to the apparuit locus ( let or nght) of the tone. The difficulty of the locaiization task 

was manipulatcd by v+g the relative loudness of the w o  tones; in the 3iard' tone Iocalization 

condition the loudness of the two tones was more shüar than in the 'easy' tone localization 

condition. If we h d  an underaddiave interaction between the tone locaiization diffidty 

manipulation and decreasing SOA we can then use chis same task 2 difnculcy manipidation in an 

cncodbg paradigm to fuitha ou undastanding of the processing boctlmeck involved in 

mcodtig. 

Method 

Parfiarfi@rnt$ 

F ï m  Univasiy of Watdoo studmts wae paid $6.00 for th& participation in this 

urptrimmt AU participants reportcd no& haring and nomial or corrected-m-nod vision. 

V h a i  Sh'rn116 

The apparatus and visull stimuli wcrc identical to those used in Expairnent 2 



Avdiroy rtinuh' 

The auditory stimuli consisted of a 800 Hz tone presented to both ears sirnultaneously through 

headphones. One tone was always presented more loudly than the other, which crcited the 

perceptual of a single tone origimring from the side of the louda tone. The loudness of the 

louder of the two rones was constant across trials, on 'easy' tone localization triais 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' mals the control value for the loudness of the quietcr tone was sec to 

70% of the control value for the loudness of the louda tone. Thae were an equal number of 

trials with the louder tonc in the right and lefi car. 

Pmcedvn 

The procedure was idenàcal to Expcrirnent 2 with two exceptions. Fit, thae was no 

loudness calibrntion phase. Second, task 2 involved makuig a speeded response to the apparent 

locus of a tone; participants presscd the '2' key with the rniddle hger of their left hand if they 

heard a tone to die lefi and die X key with the index hgcr of their lefi hand if they heard a tom 

to the right. 

Resuits 

Prcluriinuy analyses revcaled no effat of tone pitch on m a n  RT, letru accuracy, or tom 

accuracy. Data were cohpsed across thcse variables in the foliowing analyses. 

R T  Resulm 

Only mais in which both rcsponses wac concct were inciudcd in the RT analyses. Co- 

letter RT data and co- t o n ~  RT data wac nibjecad, sequcntiaiiy, to the rnodificd rccusive 

oudier analysis suggested by Van S& and Jolicoeur (1994). This analysis r e m o d  3.50/0 of the 

data ans ranoved based on tone rcsponses, and a furiha 2.75% of the mnainiiip data was 
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removed based on letta responses. When an RT, in Uther mk, was rejected as an outlier, the 

entire mai was rejected (Le., both RTs wcre rejected). 

Tone tak 

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 locaiization difficulty) x 5 (SOA) 

repeated masures ANOVA. There uns a significant 2-way interaction bennctn tone difficulty 

and SOA @(4,56) = 9.43, p e .0001, &ISE = 1447.07), plotted in Figure 16, whch is clevly 

underadditive with decreasing SOA; the diffaence in tone RTs for the quiet m d  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 hud tone localization diffidty condition than in the easy 

tone locaiîzation difficulty condition (E(1 J4) = 53.74, p < .0001, MSE = 7763.1 5), and slower at 

shoner SOAs 0(4,56) = 58.09, < .0001, MSE = 4917.80). 

Lctter r a d  

M a n  RTs to the idenrity of the letter and the corresponding proportions of c o m a  letta 

responses are shown in Table 8. Mean RTs to the lener were entered a 2 (tom localization 

difficulgj x 5 GOA) repeated mesures ANOVA. T'hue ans a ugnificant intaaction bemem 

tone localizaaon difficulty and SOA, E(4,56) = 6.84, p c .0001, MSE = 664.94. The effcct of 

SOA was grtater in the hard tone locaiization difficuîy condition than in the casy tom difficuly 

condition. F i y ,  letter rcsponscs wae slowa at shorter SOAs @(4,56) = B.&), p = 0.0001, 

= 1361.15) 



Accurocy Resulrs 

Tone tark 

Mean proportions of correct tone responses are shown in Table 7. Mean proportion of 

correct tone responses were entered into a 2 x 5 repatcd measures ANOVA. There were no 

effects of the experimenral rnanipulaaons on tom response accuracy. 

Lem rmk 

Mean proportions correct for che letter msk are shown in Figure 8. Mean proportion of 

correct letter responses were entaed into a 2 x 5 repeated measum ANOVA. Letta responses 

were less accurate at shorter SOAs @(4,56) = 5.28, p < .01, MSE = 0.000450). 

Discussion 

The resulrs from Expcriment 4 reveal an underadditive interaction b e m m  the tone 

localization diffidty manipdation and deaeasing SOA (sec Figure 16). This rcsult indicates that 

the tone locaüzation diff idty manipuiation affects a stage before the PRP bodeneck We can 

now replicate Experimenr 3 in Experixnent 5 using this new pucepnial difficulry maaipdation. 

Experiment 5 

In Experirnent 5 participants uicoded or ignored h e e  consonanrs based on rhek colow and 

then rnake a speeded response to the apparent locaaon of a tone On haif the d s  loc?lipng 

the tone is madt more difficult If wc obseme an underadditive iattraaion bctwccn .the tone 

localizaaon diffidty manipulation and decrclsiag SOA we will ais0 have convcrging cvidcûce 

for the dnim that the capaciy litmitcd cognitive mechankm involved in encoding is a processing 

bodencck, and the condusions of Jolicoeur and DaAcqua (1998) ~egarding the proccpscs 

involved in the bottleneck stage nced not be chailtngtd If additive effects bmacai the a>nc 

localization task and SOA arc o b s d  in Expahent 5, accompanicd by no e&ct of SOA on 

lena report accuracy, we \as1 dso have convezging cvidmce that thc capacity limitcd cognitive ' 



mechanism involved in encoding takes the f o m  of a processing botrleneck, and that the tone 

localization task affects a stage at or afta this botdmeck Howcver, this widence that a second 

p e r c e p d  difficuiy manipulation affects the bonleneck stage in an encocùng task will force the 

re-evaluation of Jolicoeur and Dd'AcquaYs (1998) assumption rhat the capaacy limited stage in 

cncodlig is oniy responsible for copying the output of perceptuai encoding to the short-tcnn 

store. Findy, if an overaddirive interaction between the task 2 difficuity manipidation is 

obsenred it may be conduded that capaaty sharing is responsible for the intderence obsewed in 

rhe encodlig paradip. 

Method 

Partr*@ant~ 

Fourteen University of Waterloo studenti were paid $6.00 for their partiapation in thîs 

experiment. Al1 participants reponed nomial hearing and n o d  or corrected-to-nomai vision. 

Vhal  Sn'muk' 

The apparatus was idenucai to that in Expaiment 2. The visual stimuli were idaitical CO those 

uscd in Experimcnt 3 except three consonants were presaited on e v q  triai. 

~ w r i i t 0 9  ~trn~c~u' 

The auditory stimuli were idmacal to those used in Experimeno 4. 

Pmtcdtm 

Haif the paniapants (N = 7) were insrnacd to mcodc the rcd lenm and ignore the grcm 

letcers wMe the other halE of the paztiapants (N = 7) wae inmucted to encode the green Ientrs 

and ignore the rcd lemers. The atpm'mentai procedure was identical to that of Expcrimcnt 3 

utcept thac ans no Ioudncss caliiration phase. 



Results 

Preliminary analyses revcaied no effect of whether subjem were in the 'red' or the 'green' 

gmup, or tone pitch on mean RT, l e n a  accuracy, or tone accuacy. Data were coiiapsed across 

these variables in the foiiowing analyses. 

RTResdts . 

Only mals on which both responses wexe correct were induded in the RT anaiyses. Correct 

tone RT data were hrst subjected to the modified rewsiw outlier d y s i s  suggested by Van Selst 

and Jolicoeur (1 994). This analysis removed 3.5 1 % of the dam 

Mean RTs and corresponding proportions of correct tone responses are shown in Table 9. 

Mean tone RTs were entered into a 2 (encodc/ignore) x 5 (SOA) x 2 (tone locllization difficuity) 

repeated measurcs ANOVA. There was a significant 2-way interaction betwecn SOA and 

encode/ignore, e(4,52) = 2.90, p < .OS, MSE = 14540.94, which is s h o w  in Figure 17. The 

effect of SOA was greater for cncode m a i s  dian for ignore aials. Tom responses wae  slowa at 

shorter SOAs @(4,52) = 1 4.6, p c .0001, MSE = 1 8667.35) slower for encode mals than for 

ignore mals (E(1,13) = 32.87, p < .0001, MSE = 60175.47), and dowa in the hard tom 

localization difficulty condition than in the c u y  tone diffculty manipulation @(1,13) = 24.63, p 

< .OOl, MSE = 102409.40). 

In o rda  to apply the locus of cognitive siack logic we aiso conductcd sepante ANOVAs on 

the aicode and ignore triai data. WC arc pzbady inttrtstcd in the nature of the capacity limired 

cognitive mechmism involved on mcode triais. 

Encuh frrith 

Mean response tMcs for cncode mals wae entercd into a 5 GOA) x 2 (tone locaiization 

dimdty) repcated measrues ANOVA. Tonc rcsponses wcrc siowcr at shonn SOAs (E(432) = 

11.55, Q c .Wl, = 22609.983). and dowa in the hard tone iocaiization condition than in 
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the easy tone localization condition (F(1 13) = 33.69, p < .0001, MSE = 474927.62). The 

interaction benveen tone locllization difficulty and SOA was not significant @e., additive effccts 

were obswed, F < 1). 

1- meh 

The data from ignore mals was entered into a 5 (SOA) x 2 (tom localuation difficulty) 

repeated measures ANOVA. Tone response times were slower at  shorter SOAs @(4,52) = 5.05, 

p c 0.01, MSE = 10598.32) and slower in the hard tone localuation condirion than in the easy 

tone localization condiaon g(1.13) = 17.23, p < .001, MSF = 74978.39). 

Accmcy Results 

L e m  tak 

Mean proportions of letters conecdy reponed are show in Table 10. Mean proportion of 

correct letter responses were aitercd into a 5 (SOA) x 2 (tone localizaaon difficulty) repeated 

measures ANOVA. The anaiysis revealed no effect of the experimcntal manipuktions on letter 

task accuracy. 

Tom tak 

Mean proportions of correct tone rcspunses are shown in T'die 9. Mcan proportion of conm 

tone responses were entaed into a 5 (SOA) x 2 (encode/ignore) x 2 (tom locaiization dZ6culy) 

repeated mcasures ANOVA. There ans a main effect of tone Iocali2ation dSculty, E(1,13) = 

4.57, p < -05, MSE = 0.003388. Tone responses wac more accurate in the asy tom - 

localiaation condition rhui in die hard localiaation difjticui y condition. 

Separate analyses were dso conducted on encode and ignore trials. Mean proportions of 

conect tone rcsponxs for encode mals we~e cntucd h o  a 5 (SOA) x 2 (tom localization 

difficulcy) repeated measuns ANOVA. Thac wae no effects of the arpcEma~tal manipulations 

on tone localization accuncy. M*ui proportions of correct tone responses for aicode trials wcrc 



entered into a 5 (SOA) x 2 (tone locakaaon difficulty) repeated measures ANOVA. The main 

effect of tone localization difficulty was significan~ F(1J 3) = 5.2, p c .OS, MSE = 0.00137. 

Tone responses were more accurate in the easy tone locaiization condition han in the hard tom 

localizaaon condition. 

Discussion 

The resula fiom Experiment 5 replicate those from Experiment 3. The effen of tone 

localizaaon difficdty was additive with SOA and there was no e M  of SOA on task 1 accuncy, 

which provides converging eviduice for the daim that the capacity limited cognitive mechanism 

involved in encoding takes the form of a processing bordeneck What's more, the hding that a 

second percepnial difficuity manipulation produced additive effects with SOA undamines 

Jolicoeur and Deii'Acqua7s (1998) daim that only short-tenn consolidation is subjea to a 

processing bonleneck in the encocùng paradigrn, because the additive effects imply that some 

percepd  processing is also being postponed by the bottleneck. 

Experiment 6 

The main evidence chat a perceptuai factor is affecting the bodcneck stage cornes fÏom the 

additive effects observed in Exp&ents 3 and 5. One possibility, how- is that we obsmed 

additivity in these acpcrimenrs because the SOAs used were not suffiacz~tiy shoa In 

Exp&ents 3 and 5 we made the shonest SOA 200 ms to avoid any inttrft~#lcc that may resuit 

fiom the abrupt onset of the tone whai the letren were stüi visible. Howcvcr, in our PRP 

para+ acpcriments, most of the convergence in the undaadditive interactions bcmccn task 2 

diff?cuiy manipulations and deacviog SOA occurs widiin the h t  150 ms; if the m o  shortest 

SOAs were removed the pattern in the resuits h m  Expeximcnts 2 and 4 wouid appcar additive 

(sec figures 12 and 16). Thus we may obsave additive effecrs in the aicoding ppndigm b p l y  

because we w a e  not probing &y enough du+ tht encoding process. In Erpcrrimcnt 6 we 



replicated Experiment 3 using the same SOAs as employed in ExpeSmaits 2 and 4. If additive 

results are agam found, our condusion that some perceptuai processing is occurrhg at the 

bottieneck stage in the encoding paradigm will bc supported. If an underadditive interaction with 

dcaeasing SOA is observed we wiJi insread condude that the processing bonleneck occurs a f k  

perceptuai processing. Findy, if an ovcndditive interaction Mth dcaeasing SOA is obxmed, it 

may be conduded that the interference is the result of capacity sharing. 

Method 

Pun%n;bant~ 

Tcn undergnduates fkom the University of Waterloo were paid $6.00 br thUr partiapation in 

t h i s  experiment. 

Vsual ~n~rnuh' 

The apparatus was idenacal to the one used in Experimcnt 2. The visual stimuli werc 

identical to those used in Experimuit 3. 

~wdit09 zrrn~k 

The auditory stimuli were identical to those used in Expaiment 3. 

Pmccd~~n 

The procedure was identical to that of Expaiment 3 arccpt that we instcad used the SOAs 

from Expairnena 2 and 4, which wae  50,111,245,542, and 1250 ms. Unlike in Erpm'mcnt 3, 

in Exprriment 6 the lettas would d be present on the sacm when the tom was prcsmtd on 

about haif the trials (those trials whcre the SOA was lcss than the 250 ms). 

Resuits 

PrJiminaty analyses rcvded no dect of whcther subjccts wtrc in the 'rd' or the 'green' 

group or tom pitch on mean RT, lctm acctnacy, or tom accuracy. We arae thezefore able a, 

coliapse aaoss these variables in the following anaIyses. 



R TResuits 

Only mals on which both responses were correct were induded in the RT d y s e s .  Correct 

tone RT data wue first subjected to the modified recursive outlier analysis suggested by Van Selst 

and Jolicoeur (1994). This analysis runoved 3.1 56 % of the data. 

Evlean RTs and corresponding proportions of correct tone responses are shown in Table 11. 

Mean <one RTs were entered into a 2 (encode/ignore) x 5 (SOA) x 2 (tone diffidty) repeated 

measures ANOVA. The 3-way interaction berneen SOA, encode/ignore, and tone difficulty is 

significant, E(4,36) = 4.53, g < .01, = 1921.94 (see Figure E6 FI). The effect of SOA was 

much more drarnaac on encode rri?ls, particularly in the hard tone difficdty condition. The 3- 

way interaction betwcen encode/ignore, number of letrers, and SOA was also significant, E(4,36) 

= 4.0, p < .01, MSE = 3583.73. The effect of SOA was greater in the three letter condition 

han in the one lener condition for encode mals but not ignore trials. The 2-way interaction 

berween SOA and encode/ignore was significant, E(4,20) = 6.02, p < ,001, MSE = 4833.67. 

The cffect of SOA was gram on cncode mals than on ignore Pials. The 2-way interaction 

between encode/ignore and nurnber of lettus was also significan~ E(1,9) = 11.46, < .01, 

= 13472.8. Tone RTs were slower in the three letter condition chan in the one letter condition 

for encode aiais but not for ignore aids. Tone responxs wcre slowa at shortet SOAs (F(4,20) 

= 14.5, p < .ûûOl, = 18993.43), dowtr in the encode condition (E(1,S) = 35.8, p < .001, 

= 31913.900), and slowcr in the hard tone difficuly condition e(1,9) = 19.98, p < .01, 

= 24981.23). 

In order to apply the locus of cognitive slack logic we also conduaed separau ANOVAs on 

the encode and ignore triai data. We arc p8mnrüy intaestcd in chc nature of the apaaty limiud 

cognitive mechanism invokcd on mcode t d s .  
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Entode tnuh 

Mean correct response rimes were entercd into a 5 (SOA) x 2 (number of letters) x 2 (tone 

difficulry) repeated masures ANOVA. Most importantly, the 2-way interaction betwecn SOA 

and tone diffculty was not significuit (Le., the effens were additive, E(4,36) = 1.34, < 0.27). 

The 2-way interaction beoueen SOA and number of letters was also signifiant, E(4,36) = 3.96, p 

< .01, MSE = 51 10.63. The effect of SOA was pater on thxee letter trials than on one letter 

mals. Tone responses were slower at shortcr SOAs than at longer SOAs, (E(4,36) = 12.96, p < 

.O0 1, MSE = 17955.54), slowcr in the duce letter condition than in the one lemr condition, 

a1,9) = 10.66, p < .Ol, MSE = 28972.1 3, and slower in the hard tone difficulty condition chan in 

the easy tone difficulty condition, (E(1,9) = 15.89, p < -01, MSE = l8076.Ol). 

&non hiaL 

Mean correct response times were entercd hto  a 5 (SOA) x 2 (nurnba of I m m )  x 2 (tone 

difficulty) repeated measures ANOVA. Most importantly, the 2-way interaction bewem SOA 

and tone difficulty was not sipifiant E(4,36) = 1.4, p < 0.256). Tone responses were slower at 

shoncr SOAs than at longer SOAs @(4,20) = 4.79, p c 0.01, , M x .  = 0288.24). and slowa in the 

hard tone difficdty condition than in the easy tone diffidty condition (E(1.9) = 24.1 1, p < .001, 

MSE =8896.04). 

Accufacy Resuits 

Lcftct acmr'uy 

Mcan proportions of  lmers conedy reportcd are show in Table 12. Mean proportion of 

correct lettcr rwponses w a e  entered into a 5 (SOA) x 2 (tom locllization difficulty) rcpaad 

measures ANOVA. There was a @tant effiect of numba of le- on the proportion of 

ktcers conedy reported, F(1,9) = 19.98. p < 0.01. A larger proportion of the lemm wae 

rcpomd on chra letter mals than on one letm trials. 



T m  accuracy 

Mean proportion of correct tone responses were entered into a 5 (SOA) x 2 (aicode/ignore) 

x 2 (tone diffidty) repeated nieastues ANOVA. Tone responses were Iess accurate in the hard 

tone difficulty condiaon than in the easy tone difficulty condition @(1,9) = 5.12, g < 0.05). 

Encode tntnds 

Mean proportions of correct tone responses for encode mals were entered into a separate 5 

(SOA) x 2 (number of letters) x 2 (tom difficulty) repclted maures  ANOVA. Thcre wae no 

effects of the experimental manipulations on tone report accuracy for encode hais. 

Ignore m*ds 

Mean proportion of correct tom responses for encode mals were mtered into a separate 5 

(SOA) x 2 (number of leners) x 2 (tom difficulty) repeated masures ANOVA. Tone msponses 

wexe less accurate in the hard tone difficulty condition chan in the easy tom dimculey condition 

@(1,5) = 9.60, p < .05, MSE = 0.00384). 

Discussion 

The resulrs from Experiment 6 show that a task 2 pcrcepnial d i f f i d y  manipulation still 

produces additive cffects with SOA even when the S O h  are very shon (see Figure 18). Thus it 

may be conduded that the stage being affedted by the perceptuai d i f n d g  manipuiations occurs 

ac or a k r ,  and not before, a processing bottieatck. 

The goal of the present saks of cxpc_.rimena was to gain an undastandmg of the role.of a 

capaag limiud cognitive mechanism in encoding and to estabhh a locus for the mechanism. 

The orpcRmcnts cstablish that aicoding requires a capacity limitcd cognitive mechanism and that 

this mechanirm Pkes the form of a processing botrleneck (Expcn'ments 3,5, and 6). We now 

t&n to the theoreucal implications for these hdings. 



General Discussion 

In Experiments 2 to 6 we found that the same perceptual dif6culry manipdations that 

produced underaddihve interactions with decreasing SOA in the PRP para* ucpcrknuit~ 

(Experiments 2 and 4) produced additive effects with SOA and no effects of SOA on task 1 

accuracy in the encoding pvadigrn experiments (Experiments 3,5 and 6). When the locus of 

cognitive slack logic @shler & Johnston, 1989; M c C m  & Johnston, 1992) is applied, these 

results imply that the tone difficuky manipulations used in the present experiments exert their 

effects at or afier a processing bodeneck (based on the additivicy in Experiments 3,5, and 6) and 

chat this bottieneck is both brfon the PRP botdeneck at response selection (based on the 

underadditive interactions with decreasing SOA in Experirnents 2 and 4) and d,mnt/mna the 

PRP botdeneck at response selecuon @ascd on the facr chat the PRP bottieneck is not 

encountered in the encoding paradigrn experimenis because no speeded response is rcquired for 

task 1). In addition the results from Experiment 1 imply chat &g a decision to cncode or 

ignore based on colour does not rcquire a capacity limited cognitive mechanism and thus some 

nidimentary sensocy processhg must occur before the bodeneck stage. 

The results fiom the present expairnena thus de* indicau the presence of a proccssing 

bottleneck with a locus somewhue beoueen rudimaitaiy sensoy processing and the onsct of 

response seleaion. Funher, the locus of this bottlaeck is at or before the locus of the tom 

difficuity manipulations uscd in Experiments 3,5, and 6, as these tone manipulations produccd 

additive efkcts aaoss SOA in encoding pafadigm expetimeno. A numba of rcccnt studics that 

have cmploycd the attenaonal biink (AB) pvldigm (es., Broadbcnt & Broadbw 1987; 

Raymond, Shapiro, & Arnell, 1992) suggcst that a capaciy limitcd cognitive mcchanism is 

involved in the conversion of impiïcidy codcd stimulus fcaturcs into cxpliatly codad stimulus 

featurcs. It seems plausible that nidi a spge codd also constirme a procesiing bottiencck in the 



encoding paracLgm. If so, then Jolicoeur and Dell'Acqua's (1 998) Cenal Interference Theory 

(UT) may be adapted to indude a processing bottieneck which postpones the translation of 

irnplidy coded stimulus information during short-term consolidation (STC) 

Encodig and tbe Attentional BknA (AB) purudgm 

In the attendonai biink (AB) paradigm participants are presented with multiple rargets 

embedded among non-targets in a rapid s d  visual presentation (RSVP) saeam, which displays 

a succession of bief stimuli in the s v n e  location at a rate of about 10 stimuli per second. Tvgeu 

are rypicaiiy disthguished from non-targea by colour, shape, or alphanumaic ciass. Partiapants . 

are required to malcc judgments about the targeo for report at the end of the mai. Targeu are 

presented with a varying number of intervcning non-targets. Results from AB paradigm 

expenments consisrently show marked decreases in target detection accuracy during the 500 ms 

foiiowhg the presenmtion of a preceding target, a phenornenon referred to as the 'attentionai 

blink' (see Figure 19). 

Like the PRP effect, the anenrionai bIink may be attributcd to a capacity limited cognitive 

mechanism, as rask overiap inaeases the magnitude of the effect Originaiiy, chc capacity limited 

cognitive mechznism invohred in the mrtentiond blink was assumed to prcvait dl pmcessing of 

subsequent stimuli for a b&f pcriod of t h e ,  much in the same way that visuai input is 

temporarily blockcd whcn WC blink our eyes (Raymond, Shapiro, & Arncii, 1992). Howcvtr 

subscqucnt r e s d  has revcaied that aithough the at tmtiod b W  may indced seme to inttrfkrc 

with ce- typa of processing, o thu  @es of processing may proceed unhindcred during the 

biink i n t d  

Shapiro, Driver, W u 4  and Sorcrison (1997) WCTC among a group ofrescarchm who 

speculated that the 'eye blink' analogy uxd to describe the AB phenornenon may be too 

simphtic and that certain -es of implicit stimulus processiag may srül be possible durhg die - 
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blink Litenrai, even if stimuli presented during this intemal were not txplicitly coded by the 

observer (for a review of 0th- AB models see Jolicoeur, 1998). To test this hypothesis, Shapiro 

et al. (1997) studied the extent to which a target presented duriug the blink intaval that un not 

be accurately reported, serves to ptime subsequent targets in an AB pandigm experiment. If aii 

processing of subscquent stimuli is prevmted during the blùik interval then targets presented 

d u h g  the bltik that cannot be reported by the participant should not pPmc subsequent targta. 

In Experimcnt 1, which is illusuared in Figure 20, Shapiro et al. (1 997) presmted partiapuits 

Mth 13 to 23 stimuli in an RSVP Stream. Each stimulus was presented for 15 ms, with an inter- 

stimulus intennl PSI) of 75 ms (1 1 stimuli/second). In each stream there were thm targ~ts 

referred to as Tl, T2, and T3. Tl was a white digit, TZ was a black upper case lena, T3 was a 

black lower case letter that either had the same namc as T2 (match condition) or a diffcrent aame 

than T2 (mismatch condition). The rernaining non-wges were aii blackdtgrts. Partiapants wcre 

required to report Tl, T2, and T3 at die end of each mal. A nndom nurnba of disacto&, 

ranging from sevai  to fikem, preceded Tl. Tl senred to produce a 'bW' for T2, which was 

always the third stimulus chat followed Tl (thus T2 was always presented 270 ms a k  Tl) and 

T3 was aiways the sixth stimulus to foliow T2 (thus T3 was always presented 540 ms a k  Tl). If 

the original assumption about the attentional blink is accurate, and processing of incorning 

stimuli is halted during the blink iat& thcn when T2 is misscd T2 should not be suffiaently 

processed ro prime T3 and chus thae should be no &ff"renct berneen ï 3  accuracy on T2-match 

and T 2 - h t c h  mzls (Le, no ppming). If. on the o tha  hand, cornplex infol~ljation is impliatly 

coded during the blink, then rnissed T2s may still d e c t  T3 processing, and T3 accuracy d be 

highu on match mais than on mismatch tciaîs (ie, priming wiii occur). 





The results fiom Shapiro et al. (1997, Experiment 1) are shown in Figure 21'. As is dear from 

the figure, Shapiro et al. (1997) found a vexy different pattem in T3 accutacy when T2 wu missed 

chan when T2 was reported accuratedy. When T2 was missed (333% of the mals), T3 accuracy was 

significandy higher in the match condition chan in the rnismatch condition, Lidicating that T2s 

that couldn't be reported because of the blink were SOU able to prime T3. Thus Shapiro et ai. 

(1997) conduded that R s  that were not expliutiy coded were srill irnpiiatiy coded to the level of 

meaning during the anenrional bünk. 

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 'repeation blindncss' 

(RB). Repeution blindness is ofkm observed in experiments which use RSVP strearns consisting 

of simple alphanuncric characters (Shapùo et al., 1997). Kanwisher (1987) argues that RB results 

from the participants' inability to create cwo sepamte episodic tokens (Le., speufic instances of a 

category such as the capital letter 'A' or the lower case letter 'b') of stimuli of the-same tgpe (Le., 

abstract category such as the lctter A or the letter B) in rapid succession. Thus Shapito et al. 

(1997) speculate chat RB was obscrved in Expairnent 1 because coding the tokcn for T2 (eg.., an 

upper case '-Y), interfercd with c o d q  the token for a subsequent m g e t  of the same rgpc (cg., a 

Iowercdse 'a'), which resulted in more mors when T2 and T3 wue the samc w e  @ad the same 

name, match condiaon) than whm T2 and T3 were dinuent types @ad diffamt names, 

mismatched condition). 

In Experimenc 2 Shapiro et ai. (1997) used a similu AB patadigm as in Experimeat 1, with the 

exception that in Expefirnent 2 the stîmuii consisted of words instcad of lenao and digits, and T2 

The data shown in F- 21 wzs coLLCCtCd to dow for possblt case-confwion enors (sec Shapim et aL, 1997). 
Aithough chk adjusment duccd accuracy estimata in di cdt ions ,  the pattern of aPnifinnt &ects was not 
ch=@- 
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was either semantically related to T3 (reiand condiaon) or not semantically related to T3 

(unrelated condition). AU reiated pairs of words were shown to produce significant facilitatory 

priMng in an unrtsmcted viewing paradigm (Shelton & Manin, 1992). W h a  T2 was missed in 

Experiment 2, accuracy at detecting T3 ws again highcr in the related condition than in the 

unrelated condition, implying implicit semantic coding cven in stimuli outside of the participants 

awareness (sec Figure 22). Unlike in Experirnait 1, however, when T2 was reported correctiy, T3 

accuncy was higha in the related condition than in the unrelated condition (i.e., pPming 

occurred). This disaepancy is, however, consistent with Kanwishu (1987) who suggcsa that RB 

only occurs when ovo successive stimuli are different tokens from the same cype, because T2 and 

T3 in Expeliment 2 were never of the same type. Shapiro et al. (1 997) conduded that stimuii 

that cannot be reported due to the attentional blink are sdl  impliady coded to the Ievd of 

meaning. 

Maki, Frigm, and Paulson, (1 997) also uscd an A&pBming paradigrn to cxatnine the extent 

CO which stimuli presented during the b h k  are processed impliatly. Maki et al. (1997) always 

used words as boch the t~~tgcts and the disactors, and induded a condition in some acpdents 

where a semanacdy related distractor preceded a urger In addition to seplicating the basic 

hdings of Shapiro et al. (1997). nameiy that targets that carmot be rrpoired by the participant 

can stiU prime subxqumt ~rgets that are sanan t idy  rciatcd, Maki et al. (1197) demonstrated 

that semanacally reiated disuacton, if presented immediatciy prcccding a target, could aiso prime 

the targct, although distractor priming only lnncd for 100 ms, as cornparcd a> 400 ms found 

when a rarget primed anotha target Thus Maki et A's (1997) hdings fiutha illusttatc that cven 

bricfly prcsaitcd distractors are proccssed scmantidy md coded implicidy. 

The results from decaophysiogicai uspaiments support rhe dims of Shapixo et d (1997) 

and Maki et ai. (1997). Lu* Vogel, and Shapiro (1 996) ur?lmined whctha the N4ûû pe?k, a 



T2 correct T2 incorrect 



peak assouated wirh semantic processing, c m  be elicited duPng the attentional blink. The N400 

peak (which appears 400 ms afm the stimulus) is unique in that it is only obsewed when thae is 

a mismatch between a word and a previously established semantic context (Luck et al., 1996). 

For example a N400 peak would be produced afier the sentence "Giraffes have brown spots and 

long ktties" but not afta the sentence "Giraffes have brown spots and long necks." Because 

the N400 pcak results from semantic processing, a stimulus that evokes an N4û0 peak must have 

been processed to semanacs. Luck et al. (1996) measured participants' ERPS durhg trials in an 

AB experirncnt which used words as the aiticai stimuli. At the beginnlig of each aiai 

participants were presented with a context word (c.g., 'CHAIR') to set the semantic contact of 

the mal. Participano were presented wirh RSVP streams of mency scven-character strings of 

consonants o r  digits at a rate of one stimdus evay 83 ms. The distractors w a e  sevm randomly 

selected consonants presented in blue (e.g., 'GTRWLK'). Tl, which served to producc a 'bW 

for T2, was a digit repeated seven cimes (e.g., '33333333 and T2 was a thrcc to seven letta word 

presented in red which was Utha reiated to the context word (e.g., TABLE') or unrelated to the 

context word (e.g., 'EUTE'). Tl was Uther the tint, the seventh or the tuith srimulus in the 

RSVP strelm m d  T2 ws e id l~r  rhe third die or scventh s w i n g  to follow Tl. There was both an 

txpêrllntntd condition, in which participlno reportcd the idmrity of Tl and T2 at the m d  of the 

mai and a control condition in which participants ignored Tl and only reportcd T2. ERPI wae 

rccordcd at a c c n  standard electrodc sites. Luck et ai., (1996) found the q p i d  'blink' pattern in 

T2 accuncy for atperuncntai &, and substantia N400 p h  on unrelatcd trials in both the 

expcrimental and the conrrol conditions. Most impormtly, then anis no &ct of Tl '-T2 hg on 

rhe size of the Na0 peaks, indicaring tbat stimuli prcsented during the bihk, indicating which 

o h  cannot be  rcported by the participan5 arc still processed to scmpntics. Luck et aL's (1996) 

hdings wae replicated by Vogei, Luck, and Shapiro (1998). 



Thus the results from Shapiro et al. (1997), Maki et al. (1997) and Lu& et al. (1996) 111 indicate 

that complex srimulus information is coded impliùtiy even whcn participants possess no expliat 

code of the stimulus features. In addition, the results indicate that it is the developmuit of 

expücit codes that is prevented d u h g  the attenaonal blink, implying that the development of 

expliut codes requires a capacity iimited cognitive mechanism. The primvy t l ~ k s  in both the AB 

paradigms used by Shapiro et al. (1999, Maki et al. (1999, and Luck et ai. (1996) and the 

encoding pandigrn used in Experimcnu 3,5, and 6 of the prcsent work, are essentiaily the sarne; 

in both paradigms participants must select a stimulus for encoding based on colout or 

alphanumerk dass and must encode it for report at the end of the trial. It is thus reasonable to 

condude that the capaaty limited cognitive mechanisms invohrcd in targct processing in the AB 

paradigm will also be involved in the encoding cask of the encodhg paradigm used in 

Experiments 3,5, and 6, and chus that the encoding task used in the encoduig paradgm ais0 

requires a capacity limited cognitive mechanism for the conversion of implicitly coded stimulus 

information into expliut codes. Because the encoding task in the encoding paradigrn interfiies 

with complcuon of the tone task, the tone task may aiso be assumed to require this same capaay 

limited cognitive mechanism for the ansformation of implicidy coded tone information into 

expiicit codes. 

To account for the results of the prcsmt cxpcrirncnts 1 propose a reviscd version ofJolicoeur 

and Deii'Acqua's (1998) C d  Interfkrence Theory in which it is assurncd h t  convariag 

impliat codes to cxpliat codes requires a capaay limitcd cognitive mechanism tbt produces a 

processing bottieneck. One way to modifp the mode1 is to modify the dennition of short-tcmi 

consolidation (STC) CO indude the transformation of împiiât codcs to expIicit codes. Because we 

&O assume diat the duraton of STC wili be dirtcriy related to how quickiy cxpliat codes may be 

f o d  the tone difEculty mpnipuiations may be assumcd to have their locus a STC; more 



ambiguous impliut codes fonned in the hard tone conditions will take longa to consoiidate chan 

a tone with stronger implicitly acavated codes (in the easy tone condiaon). Thus the new model 

is entirely consistent with the additive effcco between the tone difficuly manipulations and SOA 

found in Experiments 3,5, and 6.. The mode1 cm also account for a aride variecg of bdings in 

both the PRP and the AB literames, 

The present model 

The present model assumes a similar set of stages as Jolicoeur and Dell'Acqua's (1998) Cenaal 

interference Theory (CIT), which are shown in Figure 23. Stimuli are k t  processed chrough 

sensory encoding (SE) and perceptual encoding (PE) which impliatly codes stimulus 

characteristics up to the level of maaing. At this point stimulus information is not cxpliady 

available to the observer. This assumpaon is strongly supported by the resuits of Shapiro et al. 

(1997), Maki et al. (1 997), and Luck et al. (1 W6), who found that stimuli that could not be 

reported were coded implicidy to the levei of meaning during the attentionai blink. It is assumed 

chat expliut coding is required before controllcd processes, such as response selection, may be 

engaged. Selecuve conuol (SC) scrvcs to select a subset of the implicit codes to be passed 

through short-term consolidiaon (STC, w.hich d a t e s  the implicit codes into acpliut codes. 

The resuits fiom Experiment 1 imply that the SC stage does not requk a capacity iimited 

cognitive mechanism, contrary to the suggestions of Jolicoeur and Dcil'Acqua (1998). Selcctivt 

control may operate on any fmwe impliatly coding durllig SE/PE, selcctivcly passing stimuli 

that mca a preset mtcria through short-tmn consolidation @TC). Short-tam consolidation 

transiatts the sclectcd subset of the implicit codes into expliut codes, and the output becornes 

part of short-tmn mcmo y. Short-tam consolidation constitutts a processing botticne& which 

postpones STC for subscqucnt stimuli util STC for the curent stimuli has becn c o m p 1 d  The 

duration of STC d depend on the dative strmgch of the impiicit codes being transfomicd 
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such that more highly activated implicit codes rnay be aanslated more quickly than irnpliat codes 

with less activation. Thus factors that affect the strength of impliat coding, such as stimulus 

contrast or loudness, wiii have their locus at STC. The output of STC becomes part of short- 

temi memory, however active malitenance is necessary for rhe stimulus to remain part of short- 

temi memory for more &an a few seconds. Once a stimulus is coded explicitly, controlled 

processes may be pedormed. If it is a speeded task, the output of STC forms the basis for 

response selection @S). Response selection dso constitutes a processing bodaicck (the TRP 

bocrleneck') such that the system can only select a response to one stimulus at a t h e .  Afm RS is. 

complete, response ucecution (RE) may be pdormed. Note that aii stimuli whose faturcs must 

be ucpliutly known to the pazticipant are assumed to be processed through the bodcneck stage 

at STC regardless of whether a specded or unspeeded response is required. Thus this mode1 

predicts intederence benveen any two tasks that both require a stimulus to be aplicitly coded. 

Figure 23 shows the presumed interaction between tasks on an encode triai in the encoding 

paradigm. The encodtig stimulus is presented tirst The lettas are impliatly coded to the ld 

of meaning in SE and PE. Sekaive control then sdects stimuli matchmg the pre-set colour 

criterion for explicit processing. Once sclccted, the stimulus artas STC and is ~rpliatly coded. 

Whiie the system is occupied pufonning STC on the visual stimulus, STC of the tone is 

postponcd. Aficr die completion of STC the visuai stimulus is part OC short-tcmi munory and 

may be reported, howcver ongoing maintenance is requircd if the dclay b m c n  mcoding and 

report is more thm a fkw seconds. At short SOAs the tonc is prcsentcd bcforc STC of the visuai 

stimulus hm bcm completd, and thus STC for rhe v~ne  is postponed und STC for rhe msull 

stimulus has beui completed. At long SOAs tone proccssing may procced irnhindacd As soon 

as STC is available, STC for the-tom takes phcc and impliat tone faturcs become acplicidy 

avaülble for furthes processing. Short-mm consolidation in the euy tom condition wiIl rrkt l a  



Orne than STC in the hud tone conditions because tones in the e a q  condiaon wjli have more 

implicit activaaon than tones in the hard condition. Because the tone manipulation is affecàng a 

stage at or after the bottieneck, the fidi extent of processing time differuices in the MO 

conditions d be observed in RTs both at short and long SOAs. Thus the modd predicts that a 

tone difnculty manipulation M11 produce additive effects across SOAs on encode trials. Panel B 

of Figure 23 shows the presumed interaction benvcen an encodmg task and a speeded cone task 

when p ~ c i p a n t s  instead ignores the encoding stimulus. Wre on encode mals, the encoding 

stimulus is implicitly coded up to the levei of meaning by SE and PE. Howcva these impliut 

codes are not selectcd for expliut coduig by SC and simply fade afcu a few hundred &seconds. 

Because no bottleneck is encountcred on ignore triais (because STC is not necessq for the 

ignore rask) the tone may be M y  processed upon arriva1 without postponement The difftlacc 

in tone RTs in the easy and hard conditions wili again be additive, howevcr o v d  RTs are much 

faster in the ignore condition than in die encode condition. 

Tbe pnmt  no& and rbr PRPpuri& 

The present modd cm easily be reconciled Mth the underadditive interaction berneen the 

tone difficuity rnanipuiation and decreasing SOA obxrved in Experimmt 2 and 4 (sec Figure 24). 

The difficuiq manipuiaaon produces an undaaddithe interaction with deaosiag SOA because 

at short SOAs the différences in the d d o n  of STC for the two difficuly manipuhtioas is 

absorbed in the period of cognitive siack produced by the proccssing bottitneck at ltsponse 

selection. At longer SOAs both bodenecks have passed before the presented of the second 

stimulus and the fitll extent of durational d i fk t l l ces  bccweta the two tasks wîth be rcflectcà in 

task 2 RTs, a d  an undaadditive interaction betwtcn the difficuity manipulation and dcaeasing 

SOA is obsmed. In any dd-task espaixncnt the effcct of a dificuly manipulation d h .  

reflect the reiationship betwai the locus of the difficuity manipulation and rhe Lur proccssing 
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bottieneck encountered while complethg the task. In the PRP para+ the bottieneck at 

response selecrion is always the iast bodeneck encountered and thus aU manipuiations that affect 

a stage before response selection w i l  produce an underadditive interaction with decrcasing SOA, 

even manipulations such as those in Expecbrnu 2 and 4 which are presumed to affect STC, a 

stage which produces a processing bottieneck iaelf. Thus the present modd is consistent with 

the results of Experiments 2 and 4, as weil as other results frorn the PRP litcrature which show 

underadditive interactions betwem pre-response selection factors and decreasing SOA. 

Tbe pnmt mode/ und tbe AB pn'mngpar.&m 

The revised CIT model is dso consistait with the resuits of Shapiro et al. (1997), Maki et al., 

(1997), and Luck et al. (1996). An illustration as to how the model cm account for the r e s h  of 

Shapiro et al.% (1997) Experiment 1 is shown in Figure 25. The fkst fkw stimuli processed 

irnplicitly but are not selected because they do not meet the preset criteria for mcodtig. Finally, 

Tl is presmted and meets the selection criteria (white digit) and is thus passed to STC for 

translation into an ucpiicit code and short-tam munory. Short-mm consoIidauon produces a 

procasing bodmcck which prcvcnts subsequcnt sàmuii  from being translated to cxpiiat codes 

and be encoded und STC for Tl is complere. This bonlene& is the 'attention blink'. T2 is 

presmted 270 rns lfta Tl. T2 is processed to the levd of meaning impiiatly, however Tl sdî 

occupies STC and rhus STC for T2 is preventcd and T2 is aot coded explicitiy and cannot be 

reportcd later on. Whai T3 is presenced somc 500 ms ?nn T2, the STC bonlcneck is frrc and 

T3 cm be encoded. Previous impliat activation of T3 by a rclated T2 semes to increase T3 

accuracy. At the end of the triai Tî and T3 wiil have had arclusive accus to STC and thur hey 

ac be reported. T2, however, was prcsaxcd whilt STC ans bUog pcrfomicd on Ti and thus 

couid not be processed by SX and is not expliciûy aicoded and conscquendy m o t  be 

repoaed. 
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Can RTpoxpone STC (and vin ma)? 

In the present mode1 both short-tam consolidation (STC) and response selcction @S) are 

assumed to constitute processiq botticnecks. One question concems the extent to which the 

capauty limited cognitive mechanisms involved in RS and STC arc related to one anotha. 

Jo1icotx.r (1998) posio, in an adaptation of CIT to fit AB models, that RS in one task cm 

postpone STC in another. Jolicoeur's (1998) argument for the postponement of STC by RS is 

based on the results of severai AB paradigrn experiments which showed larger aaibtionai b W  

when TI was speeded than when Tl was unspeeded (r'2 was h y s  unspeeded). Jolicoeur 

(1998) asserts that because an unspeeded R can be affected by requLing RS in Tl, RS in Tl 

must somehow interact with STC in R. However the combincd results of Experiments 2 to 6 of 

the present work imply that STC and RS produce independent bonlenecks, as a vuy diffacnt 

pattern in rask 2 RTs are obsenred when both STC and RS are required (unduaddirive 

interactions with dccreasing SOA in ExpeBments 2 and 4) compved to when only STC was 

requircd (addiuve effecrs in Experiments 3,5, and 6). As is shown in Figure 26, if STC and RS 

required the sarne capaaty limited cognitive mechanism addiave effects of the tone manipulation 

are predicted in botb the PRP paradigm cxpaimenrs and the mcoding pmdigm cxperiments, 

however our PRP paradigm experiments produced highly signifiant underadditive intaactions 

Mth decrcasing SOA. When the results from Jolicoeur (1998) are carcfdiy asamincd it app- 

as though requuing a speeded rcsponse to Tl produccs a deepa (although not longer) amnrionai 

blink. This result indicatcs ttut requiriag a spceded response to Tî reduced the likclihood of 

detecting T2 cons id~b ly  without affecthg the duration of the indamce. ERS produced 

additionai stage of ponponcment, how- thai the duration of the attentionai blink should 

have becn inaeased. A plausible utplanaaion of the effect of RS on the attcntional blink may be 

that maintainhg rrsponse mappingo in a spceded task reduces proccssing eftiaen cy at short 
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SOAs which resula in a generai deaease in the likelihood of detecting T2. This argument is 

supponed by a wide variety of dual-task experiments which show mild but consistent 

interference resulting from inaeasing the compldty of task p r e p d o n  (e.g. De Jong, 1993). 

For the moment we thus maintain that STC and RS requirc sepamte capacity Iunited cognitive 

rnechanisms. 

Whatpmdurcr tbe gert OfJoA on z&on hah? 

Experiment 1 was designed to derennine whether the decision to encode or ignore the 

stimulus (selecuve control) produced the si@cant effect of SOA on ignore mals in Jolicoeur 

and DellfAcqua (1998, Experiment 4). As is shown in Figure 10, triais that requted onüne 

selecrion CSelect' trials). did not take longer or produce more intaference with the tone task than 

mals where no online selection was requirrd C'Control' trials), indeed 'Select' mals were an 

average of 10 ms faster chan 'Control' aials. This resdt irnplies rhar selcction bved on colour 

does not produce postponemmt, and thus cannot be responsible for the effea of SOA on ignore 

triais. In addition, even in 'Conuol' blocks whcn the decision to encode or ignore ans not made 

on line thae was still a signifiant eHect of SOA on ignore mals. This hding suongly suggcsts 

that the effect of SOA obsemed on ignore trials in Jolicoeur and Dell'Acqua (1998, Experiment 

4). Y well Y in the encodiog para* atptriments in this thesis, was not the r e d t  of a capacity 

limitcd cognitive mechanhm beiag involved in sdcctive controL When Jolicoeur and Dcll'Acqua 

(1998. E x p h c n t  7) blockcd encode and ignore mals, the effcct of SOA on ignore trials was 

eliminated Because the effea of SOA on ignore aiais is dcpcndent upon hving to pcrfonn an 

encode/igno~t task in conjunaion with a tone task, it is plausiile that the e&ct of SOA on 

ignore aials resuits from ha* to switch bmmn mm diffkrmt sm of task rcquirtments. Thae 

is ample tmpiricai evidence which indicam that switchîng b e m m  tasks can have sigaifiant 

effects on performance (sec Rogers & M o r d ,  1995). 



I ~ ~ c a t i o n ~ f o r  our undmanding of fbe nhdon~b$ between the PRP gect and fbe AB gect  

For a numba of years a k  the attentional bluik was k t  obsavcd, researchers cypically 

assumed that the attentional blink and the PRP effect were unreiated. This condusion was not 

wholly unfounded as evidence at that tune suggested that the PRP effect occurred solely as die 

result of a processing botdeneck at response seledon, and thus was apparendy not relnnac to 

the results of AB paradigm experirnents which had always used unspeeded responses. More 

recent work, however, has found a numbex of commonaiaes berneen the pattern in intaference 

resulcing fiom the AB paradigrn and the PRP paradigm. in addition, the results fiom the 

experirnents reported here suggcst that the same bottieneck stage of processing, STC, is rtquired 

for both the unspeeded tasks used in the AB pandigm and the speeded rash used in the PRP 

paradigm. 

Ajinii word ngarding tbe i r r re  ofzekctt~ conhol 

Thus far the present model has been applied to paradigms where the deasion to mcode or 

ignore a stimulus is based on highly iearned categoricll ftacue of the stimulus, such as the 

srlnulus' colour or i n  aiphanumtric &S. In these situations the model predicts that the deasion 

to encodc os ignore rmy be completed by selective c o n d  (SC) because the selecrion fature d 

be coded by scnsory mcoding (SE) and percepnial encoding (PEJ. However if the seleaion 

aitaion is sufficiently cornplex, the stimulus rmy nced to pass through short-tam consolidatbn 

@TC) beforc the selemon faturc may be dnsdied For cxamp1ç if participants were askcd to 

aicode nwnben whosc nvnc stans with a consonant (cg. '3) 21') and askcd to ignore numbers 

whose name stvts with a vowd (cg. '1. '183 selccrivc control per se may not be possible, as 

short-term consolidation @TC) of the number may bc nccdcd beforc the participant would be 

able to determine if the number's namc mutcd with a consonant or a vowd Because both to-be- 

aicoded and to-be-îgnored stimuli wdi re+ STC in cornplex sdtction situations, the modcl 



predicts that a complex selection mterion will produce more simiiar interference in ignore mals 

and encode triais than a highly leamed selection mterion. However encode aiah WU likely still 

show more interference, puàcularly at long SOAs, because of the capauty demands of 

maintaliing stimuli foc later report. The mode1 thus predicts that in complex selection criterion 

situations inelevant stimuli (eg. stimuii that do not need to be encoded) may not be ignored. It 

may be in t e r e s~g  to test this prcdiction empiricdy. 

Conclusions 

The present series of expe9muia explored the nanue and a ten t  of dual-task interfkrencc 

during encoding. It was found that the svne task 2 difficulty manipulaiions that produced 

underaddirive interactions Mth deaeasing SOA in the PRP paradigrn expeEments produced 

addiave effects in the encoding paradigm ucperirncnts. Because rhere is no convuging evideacc 

for a capauty sharing account of this interfaence (there uns never an effect of SOA on task 1 

accuracy in the encoding paradigm experiments), these resuits are interpreted as evidaice for a 

processing bottiencck at a stage afra the cornpldon of rudirnmtary percepnial proccssing but 

before the onset of responsc selecrion. In the presuit modcl it is proposcd that rhis bortleneck 

affects short-term consolidarioa, the stage w h i h  translates implicit stimulus codes into apiicit 

form. Because it is assumed that a stimulus musc be consolidated to be accessible in short-tcrm 

mcmo y and availablc for the application of controkd processing, the prcsent modcl predim 

that a v a t  nurnber of cognitive psks wiU be susceptible to producing or bcing postponcd by this 

processing bontcneck in dual-task situations. 
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Table 1. Task 2 response times (RTs) and pmporfions conect for Expriment 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 
lgnore 3 500.39 448.26 444.43 436.26 392.81 395.76 436.32 
lgnore 2 534.83 455.16 463.46 431 .O4 404.17 396.67 447.56 
lgnore 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 
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 
lgnore 3 0.979 0.984 0.987 0.938 0.969 0.973 0.972 

lgnore 2 0.992 0.945 0.993 0.972 1.000 0.973 0.979 

Ignore1 0.992 0.969 0.961 0.977 0.984 0.977 0.977 

Selection blocks 
RT (ms) Encode 3 863.1 7 738.40 626.80 695.10 604.20 492.35 67O.W 

Encode2 644.18 568.17 533.58 523.86 467.55 454.01 531.89 
Encode 1 567.87 '488.09 488.96 51 7.29 436.01 436.53 49.13 
lgnore 3 51 0.01 428.15 420.21 436.58 392.39 402.1 4 431 -58 
lgnore 2 472.70 437.48 438.64 41 3.79 391.86 41 1.45 427.65 
lgnore 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 0.977 
correct 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 
lgnore 3 0.982 0.980 0.989 0.961 0.980 1.000 0.982 
lgnore 2 0.97ï 0.990 0.9n 0.996 0.955 0.974 0.978 
lgnore 1 0.978 0.988 0.956 0.972 0.977 0.974 0.971 



TaMe 2. Task 7 pmporfions correct for Gcpen'ment 1. 
. - -- 

SOA (ms) 
Proportion Control 1 
Correct Control 2 

Control3 
Select 1 

Select 2 
Select 3 



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 61 1.82 506.65 428.08 601.57 

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 

Hard 0.907 0.888 0.891 0.876 0.889 0.890 
Mean 0.917 0.907 0.907 0.902 0.885 



Table 4. Task 1 response times and pmportions CO& for Expefiment 2. 
p p p p p  

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 0.9n 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 



Table 5. Task 2 response times (RTs) and propottions coned fbf brpenment 3. 

SOA (ms) 

RT (ms) 

Proportion 
correct 

Encode 3 hard 
Enwde 3 easy 
Enwde 1 hard 
Encode 1 easy 
lgnore 3 hard 
lgnore 3 easy 
lgnore 1 hard 
lgnore 1 easy 

Encode 3 hard 

Encode 3 easy 

Encode 1 hard 
Encode 1 easy 

lgnore 3 hard 

lgnore 3 easy 
lgnore 1 hard 
lgnore 1 easy 



----- - - - -  

Table 6. Task f proportions mned lix Expen'ment 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 

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 



Table 7. Task 2 msponse times (RTs) and pmportions correct Ibr Expriment 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 .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 



Table 8. Task 7 response titnes (RTs) and proportions cofrecf for Gcpenment 4. 

SOA (ms) 50 11 1 245 542 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 



Table 9. Task 2 msponse times (RTs) and proportions mned for Expetitnent 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 772.70 755.30 687.26 586.30 521.1 7 664.55 
lgnore hard 715.80 705.22 724.43 681.45 604.52 686.28 
Ignore easy 555.72 51 7.20 494.79 458.99 444.01 494.14 

Proportion Encade 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 

Ignorehard 0.777 0.804 0.842 0.766 0.804 0.798 
Ignore easy 0.991 0.988 0.991 0.984 0.994 0.990 



Table 1 O. fask 7 pmportions coned for Gcperirnent 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 

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 



- 

Table 1 1. Task 2 response fimes and pmporlions conect Rx Expetiment 6. 

SOA (ms) 

RT (ms) 

Proportion 
correct 

Encode 3 hard 
Enwde 3 easy 
Encode 1 hard 
Encode 1 easy 
lgnore 3 harâ 
lgnore 3 easy 
lgnore 1 hard 
Ignore 1 easy 

Encode 3 hard 

Encode 3 easy 

Enwde 1 hard 
Encode 1 easy 

lgnore 3 hard 
lgnore 3 easy 
lgnore 1 hard 
lgnore 1 easy 



SOA (ms) 50 Ill 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 0.91 1 

Encode 1 hard 0.996 0.996 0.996 0.992 1.000 0.996 
Enwde 1 easy 0.996 1 .O00 0.992 0.992 1.000 0.996 

Mean 0.955 0.951 0.960 0.953 0.963 



mode1 is 
--> sj ( 1 6 )  

soa ( 6 ) 
blktype  ( 2 ) 

rem-ny ( 2 
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 
n l e t  (1) = 1 (2) = 2 (3) = 3 

soa ( 6 ) 
607,60064 522.23680 506.08087 515.00898 458.18469 432.51231 

b l k t y p e  ( 2 ) 
517.32365 496.55111 

soa ( 6 ) 
b l k t y p e  ( 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 

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 

b l k t y p e  ( 2 ) 

r=-ny ( 2 
441.58952 429.42909 
593.05778 563.63312 

soa ( 6 ) 
b l k t y p e  ( 2 ) 

rm-ny ( 2 1 
512.25504 447,36585 449.56717 438. SI166 405 -88294 395.95449 
498.51297 432.77706 430.88904 427,43504 388.71243 398.24802 
727.89436 610.58332 594.08752 015.34040 535.55518 474.88591 
691.74019 590.22095 549.77972 578.74881 502,58822 460.96081 

soa ( 6 ) 
nlet ( 3 ) 

561.38463 466.36492 469.97730 478.02561 422.87119 410.61486 
580.51781 508.20633 500.27840 487,77865 439.92104 432.80450 
680.89949 592.13914 547,98690 579.22267 511.76185 454.11756 

b l k t y p e  ( 2 ) 



n l e t  ( 3 ) 
477.32000 459.09284 
503.39875 479.77016 
571.25221 550.79032 

soa ( 6 ) 
blktype ( 2 ) 
n l e t  ( 3 ) 

582.41754 472.32932 
540.35171 460.40052 
602.59882 513.58992 
558.43679 502.82274 
675.20774 601.00452 
686.59124 583.27375 

rem-ny ( 2 
n l e t  ( 3 ) 

434.97728 501.43555 
437.60264 545.56627 
433.94800 688.09453 

soa ( 6 ) 

r--ny ( 2 
n l e t  ( 3 ) 

507.18750 435.68977 
615.58175 497.04007 
503.76319 446.31964 
657.27242 570.09302 
505.20132 438.20495 
856.59766 746.07333 

blktype ( 2 ) 

rem-ny ( 2 1 
n l e t  ( 3 ) 

440.89518 429.05939 
513.74482 489.12629 
447.55503 427.65025 
559.24247 531.89006 
436.31836 431.57364 
706.18607 670.00300 

soa ( 6 )  
blktype ( 2 ) 
r=.ny ( 2 ) 
nlet ( 3 ) 

SOl.54100 
512 . 83400 
663.29408 
567.86942 
534.82920 
472.69710 
670.36836 
644.17649 
500.39483 
51O.OO781 
8SO.OZO65 
863.17467 



soa ( 6 ) 
DF SS MS 
5 3523001.179520 704600.235904 

75 7166427.299777 95552.363997 
F ( S , 7 5 )  = 7.373970 p <= 0.000011 **++ 

b l k t y p e  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  ( 2 ) 

DF SS MS 
5 20982.890772 4196.578154 
75 347389.396187 4631.850616 

F(5,75) = 0.906025 p <= 0.481832 

soa ( 6 ) 

b l k t y p e  ( 2 ) 

zm-ny ( 2 1 
DE' SS MS 
1 21360.550969 21360.550964 
15 00363.479153 5357.565277 

F ( 1 , l S )  = 3.986988 p < =  0.064332 

soa ( 6 ) 
blktype  ( 2 ) 

ra-ny ( 2 1 
DF SS MS 
5 6572.156266 1314.431253 
75 355191.124004 4735.881653 

F(5,75) =O-277547 p <=0.924061 

nlet  ( 3 ) 
DF SS MS 
2 1789772,837809 894886.418904 
30 954861.844958 31828.728165 

F(2,30) = 28 .Il5683 p <= 0.000000 *+** 

soa ( 6 ) 
nlet ( 3 ) 

DF SS 



blktype ( 2 ) 
nlet ( 3 ) 

DE' SS MS 
2 1414.322455 707.161227 
30 93228.285487 3107.609516 

F(2,30) = 0.227558 p <= 0,797838 

soa ( 6 ) 
blktype ( 2 ) 
nlet ( 3 ) 

DF SS MS 
10 49132.701326 4913.270133 
150 635712.754774 4238.085032 

F(l0,lSO) = 1.159314 p <= 0.322749 

r=-ny ( 2 1 
n l e t  ( 3 ) 

DF SS MS 
2 1866208.632332 933104.316166 
30 904858,851235 30161.961708 

F(2,30) = 30.936460 p <= 0.000000 *+*+ 

soa ( 6 ) 

r-ny ( 2 
n l e t  ( 3 ) 

DE' SS MS 
10 197743.281510 19774.328151 
150 991875.901201 6612.506008 

F(10,150) = 2.990444 p <= 0.001819 +*+* 

blktype ( 2 ) 

rem-ny ( 2 1 
n l e t  ( 3 1 

DF SS MS 
2 7619.134143 3809.567072 
30 104516.373372 6150.545779 

F(2,30) = 0.619387 p <= 0.545016 

soa ( 6 ) 
blktype ( 2 ) 

rem_ay ( 2 
nlet ( 3 ) 

Di? SS MS 
10 74429.664290 7442.966429 
150 860548.571858 5736.990479 

F(10,lSO) = 1.297364 p <= 0.236797 



Experimrnt 1: Mmaa responrr for IQJûRE t r i d a  (trak 2) 

mode1 is 
--> s j  ( 1 6 )  

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 

soa ( 6 ) 
475.38335 

blktype ( 2 
soa ( 6 ) 

475.69260 
461.56877 
433.89923 
420.36496 
430.22318 
415.46692 

nlet ( 3 ) 
434.97728 

blktype ( 2 
nlet ( 3 ) 

435.50739 
446.84865 
436.25379 

soa ( 6 ) 
nlet ( 3 ) 

474 .a8694 
482 -93343 
468 -32967 

blktype ( 2 
soa ( 6 ) 
nlet ( 3 ) 

461.74189 
478,49025 
432,68646 
407 . 85268 
425.55320 
406.7l987 
487,68326 
440.14464 
459.18348 
420.12368 



blktype ( 2 
DF SS MS 
1 9342 -237763 9342 -237763 
15 202448.640467 13496.576031 

F(1,IS) = 0.692193 p <= 0.418468 

soa ( 6 ) 
DF SS MS 
5 349201.343136 69840.268627 
75 444334.273367 5924.456978 

F(5,75) = 11.788468 p <= 0.000000 **** 

blktype ( 2 ) 
soa ( 6 ) 

DF SS MS 
5 10250.941399 2050.188280 
75 307004.248614 4093.389982 

F(5,75) = 0.500853 p <= 0.774668 

nlet ( 3 )  
DF SS MS 
2 1363.731811 681.865905 
30 133434.270259 4447.809009 

F(2,30) = 0.153304 p <= 0.858537 

blktype ( 2 ) 
nlet ( 3 ) 

DE' SS MS 
2 8146.339415 4073.169708 
30 107002.255348 3566.741845 

F(2,30) = 1.141986 p <= 0.332671 

soa ( 6 ) 
nlet ( 3 ) 

DE' SS MS 
10 31526.256237 3152.625624 
150 470744.011138 3138.2934U8 

F(10.150) = 1.004567 p <= 0.442268 

blktype ( 2 ) 
soa ( 6 ) 
nle t  ( 3 ) 

DF SS MS 
10 42544.522645 4254.452265 
150 750020.911916 5000.139413 

F(10,150) = 0.850867 p<=0.580667 



Expu=-+ 1: Maan propoztionr corrmct for the toar ta& ( t u k  2) 

mode1 is 
--> s j  ( 16 ) 

blktype  ( 2 ) 
soa ( 6 ) 

r--ny ( 2 
nlet ( 3 ) 

KEY : 
soa 
bl ktype 
=--'=Y 
n l e t  

blktype ( 2 ) 
0. 97796 

soa ( 6 )  
0.98079 

blktype ( 2 ) 
soa ( 6 )  

O.  97971 
O .  97134 
0. 97560 
O .  97576 
O .  98676 
O ,  97859 

blktype ( 2 ) 
rem-ny ( 2 1 

O .  97576 
O .  98016 

soa ( 6 ) 

blktype ( 2 ) 
soa ( 6 ) 

r=-ny ( 2 
O. 98778 
O.  96621 
O. 98039 
O. 96187 
0. 98438 
O. 97396 
O. 97164 
O. 97648 
O . 97082 
0. 98965 
O. 98914 

(1) = 300 (2) = 400 (3 )  = 500 ( 4 )  = 600 ( 5 )  = 800 ( 6 )  = 1000 
(1) = Control (2)  = Select 
(1) = ignore  (2) = encode 
(1) = 1 ( 2 )  = 2 ( 3 )  = 3 



nlet ( 3 
O .  97555 

blktype ( 2 ) 
nlet ( 3 ) 

O. 97821 
O. 98309 
O .  97258 

soa ( 6 ) 
nlet ( 3 ) 

O .  98343 
0.98579 
O .  97315 

blktype ( 2 ) 
soa ( 6 ) 
nlet ( 3 ) 

O. 98828 
O. 97219 
O. 96360 
O. 98208 
O .  98828 
O .  97483 
O .  99219 
O .  96875 
0. 98524 
0. 98230 
O .  99152 
0. 93852 
O . 95867 
O. 97309 
0. 97796 
O. 96289 
O .  98047 
O.  98242 



nlet ( 3 ) 
O. 98499 
0. 98186 
O. 98438 
O. 98720 
O. 98058 
O. 96571 

blktype ( 2 ) 
soa ( 6 ) 
rem-ny ( 2 
nlet ( 3 ) 

O. 99219 
O. 96894 
O. 96094 
0.97656 
O. 98438 
O. 97656 
O. 98438 
o. 97545 
O. 96627 
O. 98760 
0. 99219 
O. 97309 
0. 99219 
O. 94531 
O. 99306 
0 . 97154 
1.00000 
O. 97266 
O. 99219 
O. 99219 
O. 97743 
O. 99306 
O. 98303 
O. 98438 
O. 97896 
O. 98438 
O. 98717 
O. 93750 
O. 96875 
0.97266 
O. 93837 
O. 96181 
O. 96875 
0.98828 
O. 99219 
O. 99219 

blktype ( 2 ) 
DE' SS 
1 o. O00745 0. O00745 

15 O .181066 O. O12071 
F(1,15) = 0.061750 p <= 0.807121 

soa ( 6 ) 
DE' SS MS 



blktype ( 2 ) 
soa ( 6 1 

DE' SS 
5 0.008505 

75 0.223031 
F(5,75) = 0.572034 

blktype ( 2 ) 
soa ( 6 ) 

rm-ny ( 2 1 
DF SS 
5 0.034561 

75 0.220694 
F(5,75) = 2.348994 

n l e t  ( 3 ) 
DF SS 
2 o. O04019 
30 O. 152434 

F(2,30) = 0.395452 

blktype ( 2 ) 
nlet ( 3 ) 

DF SS 
2 O. O11056 
30 0 . 091434 

F(2,30) = 1.813828 

soa ( 6 ) 
nlet ( 3 ) 

DE' SS 
10 O. 047887 
150 O. 411646 



blktype ( 2 1 
soa ( 6 )  
n l e t  ( 3 ) 

DE' SS MS 
10 O .O22578 O. 002258 

150 O .382440 O. 002550 
F(10,150) = 0,885570 p <= 0.548214 

rex-ny ( 2 1 
n l e t  ( 3 ) 

DF SS MS 
2 0 .O01400 o. 000700 
30 0 .O44569 O, 001486 

F(2,30) = 0.471299 p <= 0.628734 

blktype ( 2 ) 
rem-ny ( 2 1 
nlet ( 3 ) 

DF SS MS 
2 0,001907 0. O00954 
30 0 .O81307 0.002710 

F(2,30) = 0.351857 p <= 0.706245 

soa ( 6 ) 

rem-ny ( 2 
n l e t  ( 3 

blktype ( 2 ) 
soa ( 6 ) 

r=-ny ( 2 ) 
nlet I 3 ) 

DF SS MS 
10 O .O55517 0 . O05552 

150 0.379743 0. 002532 
F(10,lSO) = 2.192936 p c= 0.021071 **** 



Sacpoti.iiint 1: MOM prbpoztio~. corroct for tho oacodo tark ( t i s k  1) 

mode1 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) 
0.9138 0.9256 

soa (6) 
0.8802 0.957 

blktype ( 2 
soa ( 6 )  

O. 8494 0.911 
0.9485 O. 9655 
0.9099 O. 903 
0.9044 0.9351 
0.9446 O. 8779 
O. 9263 O. 9586 

nlet (3) 
0.9115 0.9243 

blktype(2) 
nlet ( 3  1 

O ,8796 0.9434 
O. 9121 O. 9364 
0.9498 0.8957 

soa ( 6 )  
nlet  ( 3 )  

0.8752 O. 9635 
0.9242 O. 9505 
O. 8411 O. 9369 

blktype ( 2  1 
soa ( 6 )  
nlet (3) 

0.7623 
0. 9849 
0.7357 
0.8683 
O. 9875 
0. 8991 
O. 9228 
0. 9147 
O. 9688 
0. 8715 



blktype 
DF 
1 
1s 

*F(l,lS) " 

soa ( 6 )  
DF 
5 
75 

"F(5,7S)" 

blktype ( 2 ) 
soa ( 6 )  

DF 
5 
75 

*F(S,75) " 

nlet (3) 
DF 
2 
30 

"F(2,30) " 

bl ktype ( 2 ) 
nlet (3) 

DF 
2 
30 

"F(2,30) " 

soa ( 6 )  
nlet (3) 

DF 
10 
150 

blktype (2)  
soa ( 6 )  
nlet  ( 3 )  

Di? SS MS 
10 4672.061531 467,206153 
150 17472,42286 516.482819 

8F(10,150)8 = 0,904592 p 



Experimrnt 2: Mean maponre -8 for tba lettœr t u k  (task 1) 

mode1 i s  
--> sj ( 10 ) 

v o l l h  ( 2 ) 
soa  ( 5 1 

KEY : 
v o l l h  (1) = quiet ( 2 )  = l o u d  
soa (1) = 50 ( 2 )  = 111 ( 3 )  = 245 ( 4 )  = 542 ( 5 )  = 1200 

v o l l h  ( 2 ) 
574.55888 580.01037 

soa  ( 5 ) 
539.13322 543.51686 565.64117 590.61494 647.51695 

v o l l h  ( 2 ) 
soa  ( 5 ) 

535.44042 542. $2602 
538.70365 548 -33006 
564.83792 566.44443 
589.95368 591.27619 
643.85873 651.17516 

v o l l h  ( 2 ) 
DF SS MS 
1 742.968553 742.968553 
9 8199.327613 911.036401 

F(1 ,9)  = 0.815520 p <= 0.390023 

soa ( 5 ) 
DF SS MS 

4 156832.756387 39208.189097 
36 788995.835219 21916.550978 

F(4,36)  = 1.788976 p <= 0.152445 

v o l l h  ( 2 ) 
s o a  ( 5 ) 

DF SS MS 
4 282.405266 70 . 601316 

36 23459.910741 651.664409 
F(4,36) = 0.108340 p C= 0.978846 



Exparimant 2: mur proportions CO-t for thœ tom t u k  (taak 2) 

mode1 i s  
--> sj ( 1 0 )  

vollh ( 2 ) 
soa ( 5 ) 

KEY : 
vollh (1) = quiet ( 2 )  = loud 
soa (1) = 50 (2)  = 111 ( 3 )  = 245 ( 4 )  = 542 ( 5 )  = 1200 

vollh ( 2 ) 
O .  89009 0. 91769 

soa ( 5 ) 
O .  91736 O .  90731 O.  90743 O.  90201 O .  88535 

vol lh ( 2 ) 
soa ( 5 ) 

O .  90674 O. 92799 
O .  88796 0. 92666 
0.89062 O. 92424 
O. 87615 0.92787 
0.88899 0.88171 

vollh ( 2 ) 
DF SS MS 
1 0.019049 0.019049 
9 O .  119090 0. 013232 

F ( 1 , 9 )  = 1,439550 p <= 0.260842 

soa ( 5 ) 
DE' SS MS 

4 O .  011058 O .  002765 
36 0.090570 O .  002516 

F ( 4 , 3 6 )  = 1.098866 p <= 0.372001 

vol lh ( 2 1 
soa ( 5 ) 

DF SS MS 
4 O .  O09991 O .O02498 

36 0.082506 O.  002292 
F(4,36) = 1.089851 p <= 0.376198 



Bxpœrimiuant 2: M e u i  proportions corzect for the lattez t u k  ( k s k  1) 

mode1 is 
--> sj ( 1 0 )  

v o l l h  ( 2 ) 
soa ( 5 ) 

KEY : 
v d l h  (1) = quiet (2) = loud 
soa (1) = 50 ( 2 )  = 111 (3) = 245 (4) = 542 (5) = 1200 

vollh ( 2 ) 
O, 97072 O. 96787 

soa ( 5 1 
O. 96350 O. 96392 

vollh ( 2 ) 
soa ( 5 1 

O. 96915 O. 95784 
O, 96841 O. 95942 
0.96869 O. 97745 
0,97076 O. 97678 
0.97659 0.96784 

vollh ( 2 ) 

DF SS MS 
1 O. O00203 0.000203 
9 0.003358 0. 000373 

F(1,9) = 0.545003 p <= 0.479174 

soa ( 5 ) 
DF SS MS 
4 0.002107 O. O00527 
36 O. 027803 0. 000772 

F(4,36) = 0.682080 p <= 0.608952 

vollh ( 2 ) 
soa ( S 1 

DE' SS MS 
4 o. 001789 o. O00447 
36 O. 014439 O. O00401 

F(4,36) = 1.115030 p <= 0.364576 



Expmziaœat 3 :  Me- rmrponse -8 f o r  the tonr taak ( k s k  2) 

mode1 is 
--> sj ( 22 1 

soa ( 5 1 . 
n i e t  ( 2 ) 
rem-ny ( 2 
vollh ( 2 )  

KEY : 
soa (1) = 200 (2 )  = 261 ( 3 )  = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
r-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 757.66359 717.85592 703.50426 633.98SL5 
948.56184 917.80782 832.85954 754.19183 634.78009 

soa ( 5 ) 
rem-ny ( 2 

770.91466 740.53466 672.77280 654.96309 597.09123 . 
979.13696 934,93675 877.94267 802.73300 671.674OI 

nlet  ( 2 ) 

rem-ny ( 2 ) 
691.64678 682.86380 
754.15270 952.41665 

soa ( 5 ) 
nlet ( 2 ) 

rem-ny ( 2 1 
758.36975 728.05882 681.05824 682.70770 608.03938 
783.45956 753.01050 664.48736 627.21848 586.14308 
844.60979 787 -26837 754.05360 724.30083 659.93092 
1113.66412 1082.60514 1001.23173 881.16518 683.41711 

vollh ( 2 ) 
819.65325 720.88671 

soa ( 5 1 
vollh ( 2 ) 

936.31309 893.77748 811.45918 786.87206 669.84445 
813.73852 781.69393 739.25629 670,82403 598.92079 



vollh ( 2 ) 
771.87014 
673.92934 

soa ( 5 ) 
nlet  ( 2 ) 
vollh ( 2 ) 

868.33285 
1004.29373 
734.64709 
892.82996 

rem-ny ( 2 
vollh ( 2 ) 

746.23582 
628.27476 

soa ( 5 ) 

rern_ny ( 2 1 
vollh ( 2 ) 

854,87871 
1017.74747 
686.95060 
940.52645 

soa ( 5 ) 
nlet ( 2 ) 

rem-ny ( 2 
vollh ( 2 ) 

soa ( 5 )  
DF SS 
4 6288909.997566 
84 2704411.055389 



soa ( 5 ) 
n l e t  ( 2 ) 

DF SS MS 
4 800503.653977 200125.913494 
84 1744435.593786 20763.090402 

F(4,84) 0 9.636685 p <= 0.000002 ++** 

soa ( 5 ) 

rem-ny ( 2 
DF SS MS 
4 563777.239776 140944.309944 
84 1291868.47060'7 15379.386555 

F(4,84) = 9.164495 p C= 0.000003 +++* 

n l e t  ( 2 ) 

soa ( 5 ) 
n l e t  ( 2 ) 
rem-ny ( 2 

DF SS MS 
4 381541.882031 95385.470508 
84 1119879.032254 13331.893241 

F(4,84) = 7.154683 p <= 0.000052 +*++ 

vollh ( 2 ) 
DE' SS MS 
1 2146062 -384493- 2146062.384493 

21 4431604,925689 211028.805985 
F(1,21) = 10.169523 p <= 0.004415 *+*+ 

soa ( 5 ) 
v o l l h  ( 2 ) 

DF SS MS 
4 111041.406298 27760.351575 
84 1223734.851821 14615.891093 

F(4,84) = 1.899327 p <= 0,118109 

soa ( 5 ) 



nie t  ( 2 ) 
vollh ( 2 ) 

DE' SS MS 
4 25001.032676 6250.258169 
84 1034495.889589 12315.427257 

F(4,84) = 0.507515 p <= 0.730313 

rem-ny ( 2 ) 
vollh ( 2 ) 

DE' SS MS 
1 . 81054.. 534139 81054.534139 

21 L73906.501849 8281.261993 
F(1,21) = 9.787703 p <= 0.005078 **** 

soa ( 5 ) 

rem-ny ( 2 ) 
vollh ( 2 ) 

nlet ( 2 ) 

rem-ny ( 2 1 
vollh ( 2 ) 

DF SS MS 
1 1471.419049 1471.419049 

21 173731.805828 8272.943135 
F(1,21) = 0.177859 p <= 0.677505 

soa ( 5 ) 
nlet ( 2 1 
rem-ny ( 2 1 
vollh ( 2 ) 

DE' SS MS 
4 19029.201220 4757.300305 
84 781234.821887 9300.414546 

F(4,84) = 0,511515 p <= 0.727406 



mode1 is 
--> sj ( 2 2 )  

soa ( 5 ) 
nlet ( 2 
vollh ( 2 1 

KEY: 
soa (11 = 200 (2) = 261 (3) = 395 (4) = 692 (5) = 1350 
nlet (1) = 1 (2) = 3 
rem-ny (1) = ignore (2) = encode 

soa ( 5 1 
979.13696 934.93675 877.94267 

nlet ( 2 
754.15270 952,41665 

soa ( 5 1 
nlet ( 2 1 

844.60979 787.26837 754.65360 
1113.66412 lO82.6OSI4 1001.23173 

vollh ( 2 ) 
893 .O7069 813.49867 

soa ( 5 ) 

vollh ( 2 ) 
1017.74747 969.81419 913.49562 
940.52645 900.05931 842.38972 

nlet ( 2 1 
vollh ( 2 1 

794.81892 991.32245 
713.48648 913 .SI086 

soa ( 5 
nle t  ( 2 ) 
vollh ( 2 ) 

884.58528 828.34775 786.57390 
1150-90965 1111.28063 1040,41733 
804.63430 746.18898 722.73331 
1076.41860 1053.92965 962.04612 

soa ( 5 ) 
DF SS 

nlet ( 2 
DE' SS MS 
1 4323945.449175 4323945.449175 

21 2248690.242479 107080.487737 
F(1,21) = 40.380330 p C= 0.000003 ++*t 



soa ( 5 )  
nlet ( 2  1 

DE' SS MS 
4 1078657.041841 269664.260460 
84 1813372.740453 21587.770720 

F(4,84) = 12 -491529 p c= 0.000000 **** 

vollh ( 2 ) 
DF SS MS 
1 696487.617841 696487.617841 

21 1744044.861483 83049.755309 
F(1,21) = 8.386390 p <= O. 008644 **et 

soa ( 5 1 
vollh ( 2 ) 

DF SS MS 
4 26082.295391 6520.573848 
84 1107558.205108 13185.216727 

F(4,84) = 0.494537 p <= 0.739749 

nlet ( 2 
vollh ( 2 1 

DF SS MS 
1 340.899701 340.899701 

21 200757.021698 9559.858176 
F(1,21) = 0.035659 p <= 0.852033 

soa ( 5 )  
nlet ( 2 1 
vollh ( 2 ) 

DF SS MS 
4 12490.841246 3122.710312 
84 1049493.332310 12493.968242 

F(4,84) = 0.249937 p < =  0.908946 



mporimrrit 3: Mo- r0rgap.a thas for tha t o a m  trrk (IOWORE tzfr lr )  

mode1 is 
- -  s j  ( 2 2 )  

soa ( 5 1 
n l e t  ( 2 
v o l l h  ( 2 1 

KEY : 
soa 
n l e t  
r=,ny 

soa ( 5 ) 
770.91466 

n l e t  ( 2 ) 
691 - 64678 

vollh ( 2 1 
746.23582 

soa ( 5 1 
vollh ( 2 1 

854.87871 
686.95060 

soa ( 5 1 
nlet ( 2 ) 
vollh ( 2 ) 

852,07961 
857.67780 
664.65988 
709,24132 

(1) = ignore 

soa ( 5 ) 

nlet ( 2 1 
DF SS MS 
1 8485-480732 8485.480732 
21 403449.045317 19211.859301 

F(1,21) = 0.441679 p c= 0.513545 



soa ( 5 ) 
nlet ( 2 1 

DF SS MS 
4 103388.494167 25847.123542 
84 1050941.885587 12511.212924 

F(4,84) = 2.065917 p <= 0.092514 

vollh ( 2 1 
DF SS MS 
1 1530629.300792 1530629.300792 

21 2861466,566054 136260.312669 
F(1,21) = 11.233126 p <= 0,003022 ****  

soa ( 5 1 
vollh ( 2 ) 

DF SS MS 
4 175019 .Tg4851 43754.948713 
84 1069129.367420 12727.73056s 

F(4,84) = 3.437765 p <= 0 .O11858 ****  

nlet ( 2 ) 
vollh ( 2 

DF SS MS 
1 1280.527746 1280. 527746 

21 223366.278281 10636.489442 
F(1,21) = 0.120390 p < =  0.732065 

soa ( 5 1 
nlet ( 2 ) 

vollh ( 2 ) 
DF SS MS 
4 31539.392650 7884.848162 
84 766237.379166 - 9121.873561 

F(4,84) = 0.864389 p <= O ,488871 



ExpariaYnt 3: Maaxa proportions correct for the tom t u k  ( t u k  2) 

mode1 i s  
--> sj ( 2 2  ) 

soa ( 5 
nlet ( 2 
rem-ny ( 2 1 
vollh ( 2 ) 

KEY: 
soa (1) = 200 ( 2 )  = 261  ( 3 )  = 395 ( 4 )  = 692 ( 5 )  = 1350 
nlet (1) = l ( 2 )  = 3  
rem-ny (1) = ignore 
vollh (1)  = quiet 

soa ( 5 ) 
0.97347 

nle t  ( 2 ) 
O. 97730 

soa ( 5 ) 
nlet ( 2 ) 

0.97434 
0 .97261 

rem-ny ( 2 1 
0.97720 

soa ( 5 ) 

nlet ( 2 ) 

rem_ny ( 2 1 
O .  97224 
O.  98236 

soa ( 5 ) 
nlet  ( 2 ) 

r--ny ( 2 1 
O .  96607 
0. 97827 
O .  98261 
O. 96694 

vollh ( 2 ) 
0.97343 

soa ( 5 ) 
vol lh ( 2 ) 

O. 96977 
0. 97718 

(2 )  = encode 
(2) = loud 

nlet ( 2 ) 
vol lh ( 2 ) 



soa ( 5 
n l e t  ( 2 ) 
vollh ( 2 ) 

0. 97710 O. 96901 
O. 96243 O. 96143 
O. 97158 O. 97452 
0.98278 O. 97693 

rem-ny ( 2 1 
vollh ( 2 1 

O. 97278 O. 97408 
O. 98161 O. 98102 

soa ( 5 ) 

soa ( 5 ) 
n l e t  ( 2 ) 

rem-ny ( 2 
vollh ( 2 ) 

O. 96935 
0.97169 
O. 98485 
0. 95317 
0. 96279 
O. 98485 
0. 98037 
O. 98072 

soa ( 5 ) 
. DF SS MS 
4 0. 021005 0.005271 

64 0. 211330 O. O02516 
F(4,84) = 2.095238 p <= 0.088601 

n l e t  ( 2 ) 
DE' SS MS 
1 O . 000005 0.000005 

21 O. 037479 0. 001785 
F(1,21) = 0.003004 p <= 0,956807 



soa ( 5 )  
nlet ( 2 ) 

DF SS 
4 O.  OOi565 

84 O. 144714 
F ( 4 , 8 4 )  = 0.229963 

rem-ny ( 2 
DF SS 
1 O .  000028 

21  o. O39050 
F(1 ,21)  = 0.014979 

soa ( 5 1 
rem_ny ( 2 

DF SS 
4 o. O02951 

84 O. 160900 
F ( 4 , 8 4 )  = 0.385209 

nlet ( 2 ) 

rem-ny ( 2 1 
DE' SS 
1 O. 020972 

2 1  O.  041853 
F(1,21) = 10.522725 

soa ( 5 ) 
n l e t  ( 2 1 
rem-ny ( 2 1 

DF SS 
4 0.005388 

84 0.107390 
F(4,84) = 1.053613 

vollh ( 2 ) 
DE SS 
1 O. 013665 

2 1  O .  046671 
F(1,21) = 6.148513 

soa ( 5 ) 
vollh ( 2 ) 

DF SS 
4 0.001424 

84 O.  156223 
F(4,84)  = 0.191379 

nlet ( 2 ) 
vollh ( 2 ) 

DF SS 
1 O. 001700 

21 0.037325 
F(1,21)  = 0.956648 

soa ( 5 ) 
n l e t  ( 2 ) 



vollh ( 2 ) 
DF SS MS 
4 O. O08804 0.002201 
84 O. 157480 O. 001875 

F(4,84) = 1.174024 p <= 0.328170 

rem-ny ( 2 
vollh ( 2 ) 

DE' SS MS 
1 O. O00197 0.000197 

21 0.034943 0 . 001664 
F(1,Sl) = 0.118279 p <= 0..734329 

soa ( 5 ) 

rem-ny ( 2 1 
vollh ( 2 ) 

DF SS MS 
4 0. O01753 0.000438 

84 O. 131452 0.001565 
F(4,84) = 0.280059 p <= 0.890128 

n l e t  ( 2 ) 

'em-ny ( 2 
vollh ( 2 ) 

DE' SS MS 
1 0. 005766 O. 005766 

21 O. 056406 0.002686 
F(1,21) = 2.146611 p <= 0.157697 

soa ( 5 1 
n l e t  ( 2 1 
rem-ny ( 2 1 
vollh ( 2 ) 

DF SS MS 
4 0.007250 0.001813 
84 O. 141091 O. 001680 

F(4,84) = 2.079160 p<=0.372088 

--------------------- END ----------------- 



modal is 
--> sj ( 22 

soa ( 5 
nlet ( 2 1 
v o l l h  ( 2 ) 

KEY : 
soa 
nlet 
r-pl' 

soa ( 5 ) 
0. 97254 

nlet ( 2 ) 
O .  98106 

soa ( 5 ) 
n l e t  ( 2 ) 

O .  97917 
0.96591 

v o l l h  ( 2 )  
0.97348 

soa ( 5 )  
v o l l h  ( 2 ) 

0. 96780 
0.97727 

nlet ( 2 1 
v o l l h  ( 2 ) 

0.98182 
O.  98030 

soa ( 5 ) 
n l e t  ( 2 ) 
v o l l h  ( 2 ) 

O. 98485 
O. 95076 
O. 97348 
O. 98106 

soa ( 5 ) 

(1) = 200 (2)  = 261 ( 3 )  = 395 (4) = 692 ( 5 )  = 1350 
(1) = 1 (2) = 3 
(1) = ignore ( 2 )  = encode 



soa ( 5 )  
nlet ( 2 

DF SS 
4 o. O03051 
84 0. 116288 

F(4,84) = 0.695434 

vollh ( 2 1 
DF SS 
1 o. O04040 

21 0. 050821 
F(1,21) = 1.669568 

soa ( 5 ) 
vollh ( 2 1 

DE' SS 
4 O. 002273 
84 0. 144255 

F(4,04) = 0.330853 

n l e t  ( 2 ) 
vollh ( 2 ) 

DF SS 
1 0. 006313 

21 0. 069381 
F (1,211 = 1.910025 

soa ( 5 )  
nlet ( 2 ) 
vollh ( 2 1 

DF SS 
4 0. 012626 

84 0.147790 
F(4,84) = 1.794107 





soa ( 5 ) 
nlet ( 2 ) 

DE' SS 
4 0.002999 
84 O. 153251 

F(4,84) = 0.410919 

vollh ( 2 ) 
DE' SS 
1 O. O10669 

21 . 0.035164 
F(1,21) = 6.371683 

soa ( 5 ) 
vollh ( 2 ) 

DF SS 
4 O. 001168 

84 O. 157860 
F(4,84) = 0.155371 

nlet ( 2 ) 
vollh ( 2 ) 

DF SS 
1 0.002273 
21 o. 017132 

F ( 1 , S l )  = 2.779449 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 1 

DE' SS 
4 0. 003039 
84 0.157544 

F(4,84) = 0.938292 



Experimant 3 : M e u i  prapartioru corr rc t  for th- a n c h  k . k  (+uk 1) 

mode1 is 
--> sj ( 22 1 

soa ( 5 ) 
n l e t  ( 2 ) 
vollh ( 2 ) 

KEY : 
soa (1) = 200 (2)  = 261 ( 3 )  = 395 ( 4 )  = 692 ( 5 )  = 1350 
n l e t  (1) = 1 (2)  = 3 
rem-ny (1)  = ignore (2)  = encode 

soa ( 5 
O. 95960 

n l e t  ( 2 ) 
0.98362 

soa ( 5 ) 
nlet ( 2 ) 

0. 98189 
0. 93732 

v o l l h  ( 2 ) 
O.  96298 

soa ( 5 ) 
vollh ( 2 ) 

O. 96526 
0. 95395 

nlet ( 2 ) 
vollh ( 2 ) 

0.98280 
0.98444 

soa ( 5 ) 
nle t  ( 2 ) 
vollh ( 2 ) 

0.98788 
O. 94264 
0. 97590 
O. 93200 

soa ( S ) 
DF SS 

nlet  ( 2 ) 
DF SS 
1 O. 189806 
21 o.  301399 

F(1,21) = 13.224750 



soa ( 5 ) 
nlet ( 2 ) 

DF SS 
4 O .  009426 

84  0 .128263  
F ( 4 , 8 4 )  = 1 .543302  

v o l l h  ( 2 ) 
DF SS 

1 0 .000008  
2 1  O.  028017 

F ( 1 , 2 1 )  = 0 .005862  

soa ( 5 ) 
v o l l h  ( 2 ) 

Dl? SS 
4 0 .006727  

84  O .  165128 
F ( 4 , 8 4 )  = 0 .855480  

n l e t  ( 2 1 
v o l l h  ( 2 ) 

DE' SS 
1 O *  0 ~ 0 4 0 0  

21 O .  029028 
F ( 1 , 2 1 )  = 0 .281281  

soa ( 5 ) 
n l e t  ( 2 ) 
v o l l h  ( 2 ) 

DE' SS 
4 o .  002221 

84 O .  085089 
F ( 4 , 8 4 )  = 0.548197  



Experimrnt 4: Meaa resporuœ fat the t o m  taak (trsk 2 )  

mode1 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 )  
720.08552 614.74412 540.26933 533.74925 462.94563 

tone-eh ( 2 
521.6l9OO 627.09854 

soa ( 5 )  
tone-eh ( 2 ) 

702.92466 560.37482 485.61569 469.10054 390.07931 
737.24638 669.11343 594.92297 598.39795 535.81195 

soa ( 5 ) 
DF SS MS 
4 1142741.208348 285685.302087 
56 275396.830436 4917.800543 

F(4,56) = 58.092088 p <= 0.000000 *f  +* 

tone-eh ( 2 ) 
DF SS MS 
1 417222.433230 417222.433230 
14 108684. 116318 7763.151166 

F(1,14) = 53.743953 p <= 0.000004 C*C* 

soa ( 5 ) 

toneeh ( 2 ) 
DE' SS MS 
4 54572.347426 13643.086856 

56 81036.083048 1447.072912 
F(4,56) = 9.428050 p <= 0.000007 **+* 



Expefimmat 4: M e a a  msponia thma fos th* latter t u k  (task 1) 

mode1 is 
--> sj  ( 15 ) 

soa ( 5 1 
tone-eh ( 2 )  

KEY: 
soa  (1) = 50 ( 2 )  = 111 ( 3 )  = 245 ( 4 )  = 542 ( 5 )  = 1200 
tone-eh ( 1 )  = eas y ( 2 )  = hard 

soa ( 5 )  
536.23969 537.37486 552.08504 572.22748 571.70616 

toneeh ( 2 ) 
556.27319 551.58010 

soa ( 5 )  
t o n e e h  ( 2 ) 

595.93483 537.00868 551.45487 563.47255 583.49503 
526.54455 537.74105 552.71521 580.98242 559.91729 

s o a  ( 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 ) 
DE' SS MS 

1 825.939992 825.939992 
1 4  12474.454615 891.032472 

F ( l , l 4 )  = 0 .  926947 p <= 0.351993 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS MS 
4 8478.655594 2119.663899 

56 37236.836396 664.943507 
F(4 ,56)  = 3.187735 p <= 0.019832 **** 



Exp.rinihnt 4: b a n  propztions correct fox the t o a e  task ( t u k  2) 

mode1 is 
--> sj ( 1 5  

soa ( 5 ) 
tone-eh ( 2 i 

KEY: 
soa (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
tone-eh (1) = easy (2) = hard 

soa ( 5 ) 
O. 92130 0. 91365 O. 92708 O. 92153 O. 92164 

tone-eh ( 2 1 
0.92749 O. 91459 

soa ( 5 ) 
DF SS MS 
4 O. 002753 O. 000688 
56 O. 240727 0.004299 

F(4,56) = 0.160095 p <= 0.957583 

tone-eh ( 2 ) 
DF SS MS 
1 O. 006242 O. 006242 
14 0. 183870 O. 013134 

F(l, 14) = 0.475273 p <= 0.501839 

soa ( S ) 
tone-eh ( 2 ) 

DF SS MS 
4 O. O06409 O. 001602 
56 O. 296811 O. O05300 

F(4,56) = 0.302296 p <= 0.875217 



Exparirmt 4: U r n  praportions c o m c t  for the latter k r k  (task 1) 

mode1 is 
--> sj ( 15 ) 

soa ( 5 )  
tone-eh ( 2 ) 

KEY : 
SOd (1) = 50 (2) = 111 (3) = 245 (4) = 542 (5) = 1200 
tone-eh (1) = easy (2) = hard 

soa ( 5 )  
O. 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 O. 97712 O. 97203 O. 97690 
O. 96131 O. 97070 O. 97263 0. 97287 O. 97925 

soa ( 5 ) 
DE' SS 
4 o. 009499 
56 0. 025183 

F(4,56) = 5.280902 

toneeh ( 2 ) 
DE' SS 
1 0.000294 

14 O. 003424 
F(1,14) = 1.200421 

soa ( 5 ) 
tom-eh ( 2 ) 

DE' SS 
4 o. 001115 
56 O. 018447 

F(4,56) = 0.846317 



Experimant 5 :  -an rasponse -8 fol: the tone t a i k  (truk 2) 

mode1 i s  
--> sj ( 1 4 )  

soa ( 5 ) 

rem-ny ( 2 1 
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 ) 
745.37004 722.23574 697.35879 630.26308 S76.07784 

soa ( 5 ) 

rem-ny ( 2 
635.76247 611.20097 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 ) 
toneeh ( 2 ) 

664.21193 636.24904 591.02626 522.64542 482.50935 
826.52975 808.22243 803.69131 737.88073 669.56633 

s a - n y  ( 2 
tone-eh ( 2 ) 

494.14136 664.54344 
686.28478 8%.  07144 

soa ( 5 )  
rem-ny ( 2 1 
tone-eh ( 2 ) 

555.72286 517.19928 494.79024 458.98599 444,00844 
772.70100 755.29880 687.26228 586.30486 S2l.lïO26 
715.80208 705.21865 724.43153 681.45340 604.51016 
937.25742 911.22620 882.95109 794.30797 734.61450 

soa ( 5 ) 
DE' SS MS 
4 1090176.386667 272541.196667 
52 970702.515646 18667.356070 

F(4,52) =14.600043 p<=0.000000 **** 



soa ( 5 )  
rm-ny ( 2 1 

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 102409.407336 

F(1,13) = 24.632292 p < =  0.000259 ++++ 

soa ( 5 1 
tone-eh ( 2 ) 

DF SS MS 
4 31511,020173 7877.755043 
52 250382.882038 4815.055424 

F(4,52) = 1.636067 p <= 0.179170 

ra-ny ( 2 1 
tone-eh ( 2 ) 

DF SS MS 
1 373.433511 373.433511 
13 118324.399995 9101.876923 

F(1,13) = 0.041028 p <= 0,842619 

soa ( 5 ) 

rem-ny ( 2 1 
tone-eh ( 2 ) 

DF SS MS 
4 17815,539245 4468.884811 

52 332997.145119 6403.791252 
F(4,52) = 0.697850 p <= 0,596914 



mode1 is 
--> sj ( 14 ) 

soa ( 5 ) . 
toneeh ( 2 1 

KEY: 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 ( 5 )  = 1350 
rem-ny (1) = ignore (2) = encode 
tom-eh (1) = easy (2) = hard 

soa ( 5 1 
854.97921 833.26250 785.10669 690.30642 

tone-eh ( 2 ) 
664.54744 852.07144 

soa ( 5 ) 
tone-eh ( 2 ) 

772.70100 755,29880 687.26228 586.30486 
937 .25742 911.22620 882.95109 794.30797 

soa ( 5 ) 
DF SS MS 
4 1044795.327748 261198.831937 
52 1175719.123139 22609.983137 

F(4,52) = 11,552367 p <= 0.000001 **** 

tone-eh ( 2 
DF SS 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS MS 
4 18786.398774 4696.599693 
52 289952.479786 5576.009227 

F(4,52) = 0.842287 p <= 0.504767 



mode1 is  
--> sj ( 1 4  ) 

soa ( 5 ) 
t o n e e h  ( 2 ) 

KEY : 
soa (1) = 200 (2) = 261 (3) = 395 (4) = 692 ( 5 )  = 1350 
rem-ny (1) = ignore (2) = encode 
t o n e e h  (1)  = easy (2) = hard 

soa ( 5 ) 
635.76247 611.20897 609.61089 570.21973 

t o n e e h  ( 2 ) 
494.14136 686.28478 

soa ( 5 ) 
t o n e e h  ( 2 1 

555.72286 517.19928 494.79024 458.98599 
715.80208 705.21865 724.43153 681.45348 

soa ( 5 ) 
DF SS MS 
4 213946.787549 53486.696887 
52 551112.435278 10598.316063 

F(4,52) = 5.046717 p <= 0.001636 ++*+ 

t o n e e h  ( 2 
DF SS MS 
1 1292168.221702 1292168.221702 
13 974719.073689 74978.390284 

F(1,13) = 17.233875 p <= 0.001138 **** 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS MS 
4 30600.160644 7650.040161 
52 293427,547371 5642.837449 

F(4,52) = 1.355708 p <= 0.262048 



Experimhnt 5: Mmrn proportions coxrrct for thœ tone task ( k r k  2 )  

mode1 is 
--> s j  ( 14 ) 

soa ( 5 )  
rem-ny ( 2 1 
tone-eh ( 2 ) 

KEY : 
soa (1) = 2 0 0  ( 2 )  = 261 ( 3 )  = 395 ( 4 )  = 692 ( 5 )  = 1350 
rem-ny (1) = ignore (2) = encode 
tone eh (1) = easy (2)  = hard 

soa ( 5 ) 

rm-ny ( 2 
O .  95982 
O .  87202 

tone-eh ( 2 1 
O .  92619 

soa ( 5 ) 
tone-eh ( 2 ) 

O.  93452 
0.89732 

soa ( 5 ) 

rm-ny ( 2 1 
tone-eh ( 2 ) 

O. 97619 
O. 89286 
O. 94345 
O. 85119 

soa ( 5 ) 
DF SS 



soa ( 5 )  
rm-ny ( 2 1 

DF SS 
4 o. 015340 
52 0.168862 

F(4,52) = 1.180948 

tone-eh ( 2 ) 
DF SS 
1 o. O15501 

13 - 0.044048 
F(1,13) = 4.574867 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS 
4 O. 010107 
52 0. 090067 

F(4,52) = 1.458756 

rem_ny ( 2 1 
tone-eh ( 2 ) 

DF SS 
1 0. O00025 

13 O. 020288 
F(1,13) = 0.015890 

soa ( 5 ) 

reni_ny ( 2 1 
tone-eh ( 2 1 

DF SS 
4 O .  006114 
52 O. 110727 

F(4,52) = 0.717770 



Experiirwnt 5 : man pzaportionm cormct for t h m  tona task (-CODE +rials) 

mode1 is 
--> sj ( 14 ) 

soa ( 5 ) 
tone-eh ( 2 1 

KEY : 
soa (1) = 200 (2 )  = 261 ( 3 )  = 395 (4) = 692 (5) = 1350 
toneeh (11 = easy (2) = hard 

soa ( 5 ) 
0. 87202 0.88542 O. 88690 O. 89286 O. 88839 

tone-eh ( 2 
O. 89286 O ,07738 

soa ( 5 ) 
tone-eh ( 2 ) 

O. 89286 O .88988 0.88690 0. 89881 O. 89583 
O. 85119 0.88095 O. 88690 0. 88690 0.88095 

soa ( 5 ) 
DF SS MS 
4 0. O06870 O. 001718 
52 O. 206324 0. 003968 

F(4,52) = 0,432865 p <= 0.784239 

tone-eh ( 2 ) 
DF SS 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS MS 
4 0.006870 0. 001718 

52 O. US352 0.002218 
F(4,52) = 0.774238 p <= 0.546964 



Expœzimrnt 5 :  mua proportions cosract for the tom taak (IGNORE t r i a l s )  

mode1 is 
--> sj ( 14 

soa ( 5 1 
tone-eh ( 2 ) 

KFY: 
soa (1) = 200 (21 = 261 (3) = 395 (4) = 692 (5) = 1350 
tone-eh (1) = easy (2) = hard 

soa ( 5 ) 
0.95982 O. 95238 0. 95536 O. 93452 O. 95982 

soa ( 5 ) 
t o n e e h  ( 2 ) 

0.97619 O. 96131 O. 97024 O. 93452 O. 95536 
0.94345 O. 94345 0. 94048 O. 93452 0.96429 

soa ( 5 ) 
DE' SS MS 
4 O. 012277 O. O03069 
52 O. 076265 0.001467 

F(4,SS) = 2.092672 p C= 0.095025 

t o n e e h  ( 2 ) 
DE' SS MS 
1 O. 007143 0.007143 
13 0.017857 O. O01374 

F(1,13) = 5.200010 p <= 0.040093 **** 

soa ( 5 )  
t o n e e h  ( 2 ) 

DF SS MS 
4 O. O09350 0.002338 
52 0. 085441 O .O01643 

F(4,52) = 1.422635 p <= 0.239541 



Expqrinœnt S: man proportions correct for the enc& t u k  (ta& 1) 

mode1 i s  
--> sj ( 1 4  ) 

soa ( 5 )  
t o n e e h  ( 2 

KEY : 
soa (1) = 200 ( 2 )  = 261  ( 3 )  = 395 ( 4 )  = 692 ( 5 )  = 1350 
tone-eh (1) = easy (2 )  = hard 

soa ( 5 )  
O.  92704 0 .  93335 0. 93628 0.93486 O .  93005 

tone-eh ( 2 
0. 93599 0.92865 

soa ( 5 )  
tone-eh ( 2 ) 

0. 93339 0.93615 O.  93452 0. 94134 O .  93452 
O .  92069 0.93054 O. 93804 O .  92838 0.92558 

soa ( 5 ) 
DF SS MS 

4 O .  O01574 0.000394 
52 0.040330 O .  000736 

F(4 ,52)  = 0.507438 p <= 0.730434 

t o n e e h  ( 2 ) 
DF SS MS 
1 0. 001805 0. O01885 

1 3  0.005793 O. O00446 
F(1 ,13)  = 4.231204 p <= 0.060331 

soa ( 5 ) 
tone-eh ( 2 ) 

DF SS MS 
4 O. 001285 O ,  O00321 

52 0.028464 O. 000547 
F(4,52) = 0.586931 p < =  0.673523 



Experhmnt 6: mur rsrponsr timrs for t h  tone task (task 2) 

mode1 i s  
--> sj ( 1 0 )  

soa ( 5 ) 
n l e t  ( 2 ) 

rem-ny ( 2  
vollh ( 2 

KEY : 
soa 
n l e t  
=-JY 
vollh 

soa ( 5 )  
681.04350 

n l e t  ( 2 ) 
593.34642 

soa ( 5 ) 
n l e t  ( 2 ) 

666.36468 
695.72231 

soa ( 5 )  
rem-ny ( 2 1 

610 -20206 
751.88493 

vol lh ( 2 ) 
648.318% 

soa ( 5 ) 
vol lh ( 2 ) 

717.76SlO 
644.32189 

(1) = 1 ( 2 )  = 3 
(1) = ignore (2) = encode 
(1) = quiet ( 2 )  = loud 

nlet ( 2 ) 

vol lh ( 2 ) 



soa ( 5 ) 
nlet  ( 2 ) 
vollh ( 2 ) 

709.21269 
726.31751 
623.51667 
665.12712 

rem-ny ( 2 
vollh ( 2 ] 

592.30842 
526.80799 

soa ( 5 ) 
rem-ny ( 2 1 
vollh ( 2 ) 

649.66163 
765.86857 
570.74250 
717.9Ol29 

nlet ( 2 ) 

r-ny ( 2 
vollh ( 2 ) 

593.66563 
668.31718 
525.43645 
585,96645 

soa ( 5 1 
n l e t  ( 2 ) 
rem-ny ( 2 1 
vollh ( 2 ) 

664.16977 
635.15348 
754 -25561 
817.48153 
S67.llO6l 
574 037439 
679.92233 
755.87985 

soa ( 5 ) 

nlet ( 2 ) 
DF SS MS 
1 154453.961001 154453.981001 
9 161381.937593 17931.326399 

F(1,9) = 8.613639 p <= 00016624 **** 



soa ( 5 )  
nlet ( 2 

DF SS MS 
4 28785.942812 7196.485703 

36 127514.243115 3542.062309 
F ( 4 , 3 6 )  = 2.031722 p <= O.llO6OS 

rem-ny ( 2 1 
DF SS MS 

1 1142270.820294 1142270.820294 
9 . 287225.108397 31913.900933 

F ( 1 , 9 )  = 35.792266 p <= 0.000207 *++* 

soa ( 5 ) 

n l e t  ( 2 ) 

rem-ny ( 2 1 
DF SS MS 

1 154341.240360 154341.240360 
9 121246.180818 13471.797869 

F ( 1 , 9 )  = 11.456618 p <= 0.008066 **** 

soa ( 5 ) 
n l e t  ( 2 ) 
rem-ny ( 2 1 

DF SS MS 
4 57227.736936 14306.934234 

36 129014.592939 3583.738693 
F ( 4 , 3 6 )  = 3.992181 p <= 0.008812 +*+* 

vollh [ 2 ) 
DF SS MS 
1 499052.048156 499052.048156 
9 224831.110443 24981.234494 

F ( 1 , 9 )  = 19.977077 p <= 0.001556 +*+* 

soa ( 5 ) 
vollh ( 2 ) 

DE' SS MS 
4 1361,958837 340.489709 

36 170316.413844 4731.011496 
F(4 ,36)  = 0.071970 p <= 0.990161 

niet ( 2 ) 
vollh ( 2 ) 

DE' SS MS 
1 2158.832086 2158,832086 
9 34531.290799 3836.810089 

F ( 1 , 9 )  = 0.562663 p <= 0.472342 

soa ( 5 ) 
nlet ( 2 ) 



vollh ( 2 ) 
DE' SS MS 
4 2475.513958 618.878490 

36 95749.835463 2659 .Il7652 
F(4,36) = 0.232686 p <= 0.918159 

rm-ny ( 2 1 
vollh ( 2 ) 

DF SS MS 
1 2645 .234310 2645.234310 
9 17917.312346 1990.812483 

F(1,9) = 1.328721 p <= 0.278729 

soa ( 5 ) 
rem-ny ( 2 
vollh ( 2 ) 

DF SS MS 
4 34842.315284 8710.578821 
36 69189.999812 1921.944439 

F(4,36) = 4.532170 p <= 0.004556 **** 

nlet ( 2 ) 
rem-ny ( 2 
vollh ( 2 ) 

DF SS MS 
1 367.718466 367.718466 
9 28191.931036 3132.436782 

F(1,9) = 0.117391 p <= 0.739748 

soa ( 5 ) 
nlet ( 2 1 
rem-ny ( 2 
vollh ( 2 ) 

DF SS MS 
4 10382,319008 2595 .S79752 
36 228399. 170455 6344.421402 

F(4,36) = 0.409112 p <= 0.800857 



model i s  
--> sj ( 10 1 

soa ( 5 ) 
n l e t  ( 2 ) 
vo l lh  ( 2 ) 

KEY : 
soa 
n l e t  
vo l lh  

soa ( 5 ) 
751.88493 

n l e t  ( 2 ) 
627.14182 

soa ( 5 ) 
n l e t  ( 2 ) 

717.O8917 
786.68069 

vo l lh  ( 2 ) 
704.32868 

nlet ( 2 ) 
vo l lh  ( 2 ) 

668.31718 
585.96645 

soa ( 5 ) 
n l e t  ( 2 ) 
vollh ( 2 ) 

754.25561 
817.48l53 
679.92273 
755.87985 

(1) = q u i e t  

soa ( 5 ) 

( 2 )  = loud 

nlet ( 2 ) 
DF SS MS 
1 308795 .211071 308795.211071 
9 260749.127819 28972.125313 

F(1,9) = 10.658355 p <= 0.009765 **** 



soa ( 5 ) 
n l e t  ( 2 ) 

DE' SS MS 
4 81047.479886 20261.869972 
36 183982.65.2600 5110.629239 

F(4,36) = 3.964653 p <= 0.009118 **+* 

vollh ( 2 ) 
DF SS MS 
1 287181.953773 287181.953773 
9 162684.057184 18076.006354 

F ( 1 , 9 )  = 15.887467 p <= 0.003177 ++** 

soa ( 5 ) 
vol lh ( 2 ) 

DE' SS MS 
4 23054.007032 5763.501758 
36 154356.081139 4287.668921 

F(4,36) = 1.344204 p <= 0.272547 

n l e t  ( 2 ) 
vol lh ( 2 ) 

DF SS MS 
1 2154.253627 2154.253627 
9 46334.882928 5148.320325 

F(1,9) = 0.418438 p <= 0.533865 

soa ( 5 ) 
nle t  ( 2 ) 
vollh ( 2 ) 

DF SS MS 
4 3910.977612 977.744403 

36 216728.728685 6020.242463 
F(4,36) = 0.162409 p <= 0.955995 



mode1 i s  
--> sj ( 10 ) 

soa ( 5 ) 
nle t  ( 2 1 
vollh ( 2 ) 

KEY : 
soa 
nle t  
vollh 

soa ( 5 ) 
6lO.2OîO6 

n l e t  ( 2 ) 
559.55103 

soa ( 5 ) 
nle t  ( 2 )  

615.64019 
604.76394 

vollh ( 2 ) 
592.30842 

soa ( 5 ) 
vollh ( 2 ) 

649,66163 
570.742SO 

nle t  ( 2 ) 
vollh ( 2 ) 

593.66561 
525,43645 

soa ( 5 ) 
nlet ( 2 ) 
vol lh ( 2 ) 

664 16977 
635, 15348 
567.11061 
574 37439 

(1) = quiet 

soa ( 5 j 

( 2 )  = loud 

nlet ( 2 ) 
DE' SS MS 
1 O. 010290 O. O10290 
9 21878. 990592 2430,998955 

F(1,9) = O.OOOOO4 p <= 0.998403 



soa ( 5 )  
n l e t  ( 2 

DF SS MS 
4 4966.199862 1241.549966 

36 72546.183454 2015.171763 
F ( 4 , 3 6 )  = 0 .616101  p <= 0 .653850  

v o l l h  ( 2 ) 
DF SS MS 
1 214515,328692 214515.328692 
9 80064.365605 8896.040623 

F ( l , 9 )  = 24.113573 p <= 0 .000835  +*++ 

soa ( 5 ) 
v o l l h  ( 2 ) 

DF SS MS 
4 13150.267089 3287.566772 

36 85150.  332517 2365.287014 
F ( 4 , 3 6 )  = 1.389923 p <= 0.256944 

n l e t  ( 2 1 
vollh ( 2 ) 

DE' SS MS 
1 372.296924 372.296924 
9 16388.338907 1820.926545 

F ( 1 , 9 )  = 0.204455 p <= 0.661850 

soa ( 5 ) 
nlet ( 2 ) 
v o l l h  ( 2 1 

DF SS MS 
4 8946.855355 2236.713839 

36 107420,277233 2983.896590 
F[4 ,36 )  = 0.749595 p c= 0.564806 



-riamnt 6 :  m a  prepottioam wmct for tha tome task ( t u k  2) 

mode1 is 
--> sj ( 1 0 )  

soa ( 5 ) 
n l e t  ( 2 ) 
rem-ny ( 2 
vol lh  ( 2 ) 

KEY : 
s oa. 
n l e t  

(2) = encode (1) = ignore 
(1) = quiet 

rem_ny 
v o l l h  ( 2 )  = loud 

0,97083 

soa ( 5 ) 
nlet ( 2 ) 

0. 96875 
0.97083 

rem-ny ( 2 
O .  96750 

soa ( 5 1 
rem-ny ( 2 

O .  96458 
0.97500 

soa ( 5 ) 
n l e t  ( 2 ) 

rm-ny ( 2 
O.  96667 
O.  96250 
O.  97083 
O.  97917 

vollh ( 2 ) 
0. 95792 

soa ( 5 ) 
vollh ( 2 ) 

0, 96667 
O . 97292 

n l e t  ( 2 1 
vollh ( 2 ) 



soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 

0. 96250 
0.97083 
O. 97500 
O. 97083 

soa ( 5 ) 

rem-ny ( 2 1 
vollh ( 2 ) 

O. 95417 
O. 97917 
0.97500 
0.97083 

n l e t  ( 2 ) 
rem-ny ( 2 
vollh ( 2 ) 

0. 95500 
O. 95667 
0.98833 
0. 97667 

soa ( 5 ) 
n l e t  ( 2 ) 
r=-ny ( 2 
vollh ( 2 ) 

O. 95000 
O .  95833 
O. 97500 
O. 98333 
O. 98333 
0. 96667 
O. 96667 
O. 97500 

soa ( 5 ) 
DE' SS 

n l e t  ( 2 ) 
DF SS MS 
1 O. O01736 O , 001736 

- 9 O. O12500 0. 001389 
F ( 1 , 9 )  =le249995 p <= 0.292507 



soa ( 5 ) 
nlet ( 2 ) 

DE' SS MS 
4 0. 002778 0.000694 
36 0.125347 O. 003482 

F(4,36) = 0.199445 p C= 0.937014 

soa ( 5 ) 
rem_ny ( 2 1 

DE' SS MS 
4 0.010000 0.002500 
36 0.052153 0.001449 

F(4,36) = 1.725708 p <= 0.165702 

nlet ( 2 ) 

r=-ny ( 2 
DF SS MS 
1 O. O01736 0.001736 
9 O. 040278 O. 004475 

F(1,9) = 0.387928 p <= 0.548845 

soa ( 5 
nlet ( 2 1 
rem_ny ( 2 1 

DE' SS MS 
4 O. O30556 O. 007639 
36 0. 135764 0 . O03771 

F(4,36) = 2.025574 p <= 0.111508 

soa ( 5 ) 
vo l lh  ( 2 ) 

DF SS MS 
4 0. 019861 0.004965 
36 O. 140903 O. O03914 

F(4,36) = 1.268604 p <= 0.300277 

nlet ( 2 ) 
vollh ( 2 ) 

DF SS MS 
1 O. 006944 O. 006944 
9 O. 028819 0. 003202 

F(1,9) = 2.168676 p c= 0.174936 

soa ( 5 ) 
nlet  ( 2 ) 



vol lh ( 2 ) 
DF SS MS 
4 0.001389 0.000347 
36 O. 077430 0. O02151 

F(4,36) = 0.161435 , p <= 0.956462 

rm-ny ( 2 
vol lh ( 2 ) 

DF SS MS 
1 O. O02500 O. 002500 
9 O. 020764 0. O02307 

F ( 1 , 9 )  = 1.083609 p <= 0.325047 

soa ( 5 ) 
rem-ny ( 2 1 
vollh ( 2 ) 

DE' SS MS 
4 0.007917 0. 001979 
36 0. 072986 O. O02027 

F(4,36) = 0.976209 p <= 0.432623 

nlet ( 2 ) 

r=py ( 2 
vol lh ( 2 ) 

DF SS MS 
1 0.000278 0. 000278 
9 O. 018819 O. O02091 

F(1,9) = 0,132841 p <= 0.723921 

soa ( 5 ) 
nle t  ( 2 ) 

rem-ny ( 2  1 
vollh ( 2 ) 

DF SS MS 
4 0.008056 O. 002014 
36 O. 097847 0.002718 

F(4,36) = 0.740950 p <= 0.570347 

--------------------- END ----------------- 



marimrnt 6: Mo- preportioxm corzmct for th. .ocode trik (taik 1) 

mode1 is 
- -  sj ( 1 0 )  

soa ( 5 
nlet ( 2 1 
vollh ( 2 

KEY : 
soa 
nlet 
vollh ( 2 )  = loud (1) = quiet 

nlet ( 2 
0.99583 

vollh ( 2 ) 
0.95958 

soa ( 5 1 
vollh ( 2 

0.96458 
O. 94583 

n l e t  ( 2 ) 
vollh ( 2 ) 

O .  99583 
O. 99583 

çoa ( 5 ) 
nlet ( 2 1 
vollh ( 2 ) 

O .99583 
0.93333 
0.99583 
0.89583 

soa ( 5 ) 

nlet ( 2 ) 
DI? SS 
1 0.310078 
9 O. 139661 

F(1,9) = 19.981953 



soa ( 5 ) 
nlet ( 2 1 

DF SS MS 
4 O. 003941 O. O00985 
36 0.052830 0.001467 

F(4,36) = 0.671384 p <= 0.616121 

vollh ( 2 ) 
DF SS MS 
1 0.001953 0.001953 
9 0.014800 O. O01644 

F(1,9) = 1.187686 p <= 0.304115 

soa ( 5 ) 
vollh ( 2 1 

DF SS MS 
4 0.006684 0.001671 
36 0.062934 0.001748 

F(4,36) = 0.955865 p <= 0.443422 

nlet ( 2 ) 
vollh ( 2 1 

DF SS MS 
1 0.001953 0.001953 
9 0.018967 0.002107 

F(1,9) = 0.926786 p <= 0.3 60850 

soa ( 5 1 
nlet ( 2 1 
vollh ( 2 ) 

DF SS MS 
4 O. O05469 0.001367 
36 0.049566 0.001377 

F(4,36) = 0.992996 p c= 0.423873 



Exparhmat 6 :  man proportionr CO=-ct for the tom task (EWCOOt -&air) 

mode1 is 
--> sj ( 10 ) 

soa ( 5 )  
nlet ( 2 
vollh ( 2 1 

E Y  : 
soa 
nlet 
vollh 

soa ( 5 ) 
O. 97500 

nlet ( 2 ) 
O. 96671 

soa ( 5 ) 
nlet ( 2 ) 

O. 97083 
O. 97917 

soa ( 5 ) 
vollh ( 2 

0.97917 
O. 97083 

nlet ( 2 
vollh ( 2 ) 

O. 95539 
O. 97803 

soa ( S ) 
nlet ( 2 ) 
vollh ( 2 ) 

O. WSOO 
O. 98333 
O. 96667 
O. 97500 

(1) = 5 0  (21 = 111 ( 3 )  = 245 ( 4 )  = 542 (5) = 1200 
(1) = 1 (2) = 3 
(1) =quiet (2) = loud 

soa ( 5 ) 

nlet ( 2 ) 
DF SS MS 
1 0. 000002 0. 000002 
9 O. 035382 O. O03931 

F(1,9) = 0.000493 p <= 0.982762 



soa ( 5 ) 
nlet ( 2 ) 

DF SS MS 
4 0.016245 O. 004061 
36 O. 112327 0.003120 

F(4,36) = 1.301606 p <= 0.287869 

vollh ( 2 ) 
DE' SS MS 
1 0.010956 O. O10956 
9 O. 039907 0.004434 

F(1,9) = 2.470927 p <= 0.150419 

soa ( 5 ) 
vollh ( 2 ) 

DF SS MS 
4 0.013762 0. O03440 
36 0.108284 O. O03008 

nlet ( 2 ) 
vollh ( 2 

DF 
1 O 

soa ( 5 ) 
nlet ( 2 ) 
vollh ( 2 ) 

DF SS MS 
4 0.003684 0.000921 
36 0.069709 O. O01936 

F(4,36) = 0.475629 p <= 0.753313 

--------------------- END ---a-'----------- 



ExpericMnt 6: M e u a  proportionr corract for  the tone task  (IüNORE t x i r l s )  

mode1 is 
--> sj ( 6 )  

soa ( 5 ) 
nlet ( 2 1 
v o l l h  ( 2 

KEY : 
soa 
n l e t  
v o l l h  

soa ( 5 ) 
O. 97058 

n l e t  ( 2 1 
0.  97480 

soa ( 5 ) 
n l e t  ( 2 1 

0. 96338 
0.97778 

vollh { 2 ) 
0. 95328 

soô ( 5 ) 
vollh ( 2 ) 

0.94811 
0. 99306 

n l e t  ( 2 1 
v o l l h  ( 2 ) 

O. 95263 
O .  99697 

soa ( 5 ) 
nlet ( 2 
vollh ( 2 ) 

0.92677 
O .  96944 
1.00000 
O.  98611 

( 1 )  = 50 (2) = Ill ( 3 )  = 245 (4) = 542 ( 5 )  = 1200 
(1) = 1 ( 2 )  = 3 
(1) = quiet ( 2 )  = loud 

soa ( 5 ) 

nlet ( 2 ) 
DF SS MS 
1 O .  001898 O. 001898 
5 O .  012152 O,  O02430 

F ( 1 , S )  = 0.781031 p <= 0.417289 



s o a  ( 5 )  
nle t  ( 2 ) 

DF SS MS 
4 0.008864 0 .002216 

2 0  0.035344 . O .  O01767 
F ( 4 , 2 0 )  = 1.253907 p <= 0.320649 

v o l l h  ( 2 ) 
DE' SS MS 
1 O .  036909 0 .036909 
5 0 .019226 0 .003845 

F ( i , S )  = 9.598725 p <= 0.026909 **++ 

s o a  ( 5 )  
v o l l h  ( 2 ) 

DF SS MS 
4 0 .011448 O .  002862 

20 O .  054058 0 .  O02703 
F ( 4 , 2 0 )  = 1.058879 p <= 0.402474 

n l e t  ( 2 ) 
v o l l h  ( 2 ) 

DF SS MS 
1 0 .  002577 O .  O02577 
5 0.007425 0 .  O01485 

F ( 1 , S )  = 1.735256 p <= 0.244875 

s o a  ( 5 ) 
nle t  ( 2 ) 
v o l l h  ( 2 ) 

DF SS MS 
4 O. 012146 O. O03036 

2 0  0 .045354 O. 002268 
F ( 4 , 2 0 )  = 1.338992 p <= 0.290122 



Appendix B 



Overview 

Experiment 1 examined whether the deusion CO encode or ignore a stimulus based on colour 

required a capauty iimited cognitive mechanism. In this experiment performance on blocks of 

mals where an online decision to encode or ignore was required was compared to performance 

on blocks of mais where no online deasion to encode or ignore was required. The resdts 

revealed no additional interfaence on blocks where an online dedsion was required and thus ir 

may be concluded that the decision to cncode or ignore based on colour does not require a 

capaacy limited cognitive mechanism 

Expaimmts 2 rhrough G employ the locus of cognitive slack logic as a means of wessing 

the nature of the capaacy Iimited cognitive mechanism involved in the encodmg task. In 

Experiment 2 a tone loudness manipulation was cmployed in m k  2 of a PRP paradigm 

experiment ro confimi that the manipulation affected a relatively early stage of processing. As 

expected, a significant PRP effect was obscnrcd, however more importantiy, the tone loudncss 

manipulation produced a highly m c a n t  underaddithe interaction with deacasing SOA, 

i n d i c a ~ g  both that the tone task was susceptible to interference and that the tone loudness 

manipuhtion affected a stage before the PRP botdmeck. In Experimmt 3 the same tone 

loudness manipuiation was anployed in task 2 of an encodiag paradigm urperiment. In this 

cxperimmt the tone loudness manipulation pmduced additive effem of SOA in the absence of 

an effect of SOA on task 1 accuzaq. The resula from Expairnent 3 imply that the dual-task 

intedermcc obswed in the uicodmg paradigm is the result of a proccssing bodcneck with a 

locus at or before the locus of the tone loudntss manipuhtion. Futth=, because die same tone 

loudness rnanipuiauon chat produccd undtradditivity in a PRP pandigrn arpePmcnt 

(Exptriment 2) producd additiviy in an acoding paadigm arpaimmt (Expahcnt 3) it may 

be -oued that the s d e d  PRP botdcneck and the bottlmedc m c o u n t d  in the encoding 



paradigrn are distinct Experhents 4 and 5 replicated Experiment 2 and 3 using a tone 

locaiization difficulty manipulation in task 2. The resulu from Experhena 4 and 5 mixror 

those of Experirnents 2 and 3; an undendditive interaction between the tone localkation 

di fficulty manipulation and decreasing SOA was obxrved in the PRP paradigrn ucpaimcnt 

(Experiment 4) while additive effects bctwcen the tone localizaaon difficulty manipulation and 

SOA in the absence of an effect of  SOA on task 1 were Uistead observed in the encoding 

pandigrn experiment (Experiment 5). ExptBment G replicated ExpeOment 3 using shortex 

SOAs and additive effects of the task 2 difficulty d p u l a a o n  and SOA in the absence of an 

effect of SOA on ask 1 accuracy were again found. The results fiom ExpePments 4,5, and 6 

thus Imd addiaonal wcight to the condusion that the interférence obsenred in the encoding 

paradigrn results from a processing botdeneck that is distinct from the PR. botdmcck 




