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Abdract

In the parity (odd-even) decision task, a congruence effect is observed in which the
respong to thetarget isfaster when the prime andtarget are congruent (i.e., same parity)
than when they areinconguent (i.e., different parity). Bodne and Dypvik (2005 found
tha the congruence effect is magnified in theblodk containing a high propation of
congruent trials relative to ablodk containing alow propottion of such trials, even though
theprimeismasked. In this pgper, weinvestigaed the mechanism undelying this prime-
validity effect. Themain findingsare tha: 1) areliable prime-validity effect was
obtained more readily by inaeasing thelatency difference between the congruent and
inconguent trials (Experiments 1, 2 and 3), and 2) the modulation of congruence effect is
dependent not on the propottion of valid primesin ablodk, buton thepropation of easy
trialsvs. hard trials (Experiments 4 and 5). Based onthese data, we suggest that the
modulation of the congruence effect by block proportion is better explained in terms of
adaptation of respon initiation processes to the difficulty of precedingtriasrather than
therecruitment of memory episodefor masked primes as suggested by Bodne Dypvik

(2005)
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Modulation of congruence effects with masked primesin the parity decision task

In the masked priming procedure, aprimeis presented very briefly and both
forward- and backward-masked, followed by atarget. Despite thefact theprimeis not
congioudy perceived, primestha arerelated to the target in variousways (e.g.,
identity/repetition Btable-TABLE, or semantic Bchair-TABLE) facilitate respongs to the
target relative to unrelated primes. Because the prime is not available for consious
report, masked priming effects are generally thoudht to reflect unconsious automeatic
processes.

However, Bodne and colleagues (Bodne & Dypvik, 2004;Bodne & Masson,
2001,2003 2004)have amassed a body of daa that poses a major chdlengeto the
assumption tha masked priming effects are automatic and are therefore not subject to
strategic modification. The basis of thar chdlenge is the phenomenontha masked
priming effects are magnified in ablodk containing a high propottion of trials with valid
(e.g., repetition) primes relative to a block containing a high propottion of trials with
invalid (e.g., unrelated) primes. This effect is referred to as a prime-validity effect, and it
has been foundacross severa tasks, induding lexical decison (Bodne & Masson, 2001,
2003) naming (Bodne & Masson, 2004) and both nunmbe magnitudejudgment and
number parity judgment (Bodne & Dypvik, 2005) Theprime-validity effect in the
parity judgment task forms thefocus of the present study.

In the paity task, the oddeven respon® to avisible target is faster when the
masked prime shares parity with thetarget (e.g., 1-3 or 2-8) than when it has the opposte

paity (eg., 2-3 or 1-8) (e.qg., Reyvoet, Caessens, & Brysbaert, 2002 Fabre & Lemaire,
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2006) Bodne and Dypvik (2005 showed tha this congruence effect is magnified in a
block containing a high propation (.8) of congruent trialsrelative to ablock containing a
low propottion (.2) of conguent trials. By referring to this effect as a prime-validity
effect, Bodne and Dypvik (2005)suggest tha it has the same basis as the effect observed
with supralimind primes (e.g., Neely, 1991). Thebasic tenet of thar memory
recruitment account(see also Bodne & Masson, 2001,2003 2004)is tha processing
opeaationsapplied to the prime form a new memory representation tha serves as an
ingance of episodic learning or skill acquisition of which the subject isunavare. To
explain the observed effect of block type the account assumes tha a memory episodeis
more likely to berecruited in ablock where prime validity is high rather than low.

Aswe have argued previoudy (Kinosita, Forster & Mozer, submitted), we find
the memory recruitment accountunstisfactory, for several reasons Themain reasonis
tha its key assumption - tha a masked prime tha is unavailable to congiousess
establishes an episodic record - seems diametrically oppogd to the generally accepted
view tha congiousawarenessis a prerequisite for establishing an episodic record. This
view formsthebasis for adiverse rangeof concepts induding the object file (Kahneman
& Treisman, 1984) token individuaion accountof the repetition blindress phenomenon
(Kanwisher, 1987;see aso Mozer, 1989)and Moscovitch@ (1995)modd of
congiousess and memory. What iscommonto al of these perspectivesistha although
congiousawareness is not necessary to activate a pre-stored representation, it is
necessary to establish an episodic token of an event. These perspectives seem to be
incongstent with the proposl that a memory episodeis established for masked primes.

Other than to explain the phenomenonat hand, the proposl does not seem to be
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theoretically well-motivated. Moreover, the memory recruitment accountdoes not
gpecify the mechanism via which the size of masked priming effect is modulated, other
than to point to the empirical similarities with the propottion effects produced by
supralimind primes. (For a comprehendve review of semantic priming effects, see
Neely, 1991) Thefact tha the prime-validity effect reported with masked primes
empirically resembles the effect reported with supralimind primes does not necessarily
imply tha the same mechanismisinvolved. In fact, themechanisms tha have been
proposd to explain the propottion effects observed with supralimind primes such asthe
expectancy strategy (e.g., Nedly, 1977)and theretrogoective semantic matching strategy
(e.g., De Groot, 1984;Neely, 1991)assume congtiousidentification of theprime as a
prerequisite, making them inadequae candidates for explaining the effect observed with
masked primes.

To distinguish the supralimina and sublimind effects, we prefer notto use the
term prime-validity effect for thesublimind case, indead opting for proportion effect.
Thisterm is more neutral with regardsthe assumed mechanism, and it does not
presuppo® tha list-wide prime validity Bthe usefulness of masked primes Bisthekey
factor undelyingtheeffect. Indeed, in our previous study of masked primingusnga
naming task (Kinosita, Forster & Mozer, submitted), we reported tha, incongstent with
the memory recruitment account, the propottion effect was not dependent onlist-wide
prime validity: Increasing the propottion of repditiontrials (e.g., wedgeWEDGE) per se
did notinaease the size of the priming effect.  In this paper, we seek to validae an

aternative explanaion for the propottion effect observed with the parity decision task.
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The ASEaccount Mozer, Kinogita, and Davis (2004) proposd a modd to accountfor
sequence effects in smple naming and choice tasks. Specifically, the modd, termed the
Adaptation to the Statistics of the Environment (ASE) modd, explainsthefinding tha the same
item isrespondel to faster when followed by a series of modly easy items than when followed by
a series of mogly hard items (e.g., Lupkea, Brown & Colombo, 1997;Lupke, Kinosita,
Coltheart, & Taylor, 2003;Rastle, Kinosita, Lupker, & Coltheart, 2003) We previoudy
suggested tha ASE might serve as an alternaive to the memory-recruitment account (Kinoghita,
Forster & Mozer, submitted), if thepropottion effect is viewed as a sequence effect in which the
high and low conguence-propottion condiionsare viewed as sequences in which mog of the
recent items are easy (congmuent trials) or had (incongruent trials), respectively. Here, we
elaborate by presenting an example of ASE paforming the parity task with congruent or
incongmuent primes, in the context of a block of trials with either ahigh or low propottion of
congmuent primes.

Much like arandomwalk or accumulator modd, ASE accumulates evidence in favor of
each of thetwo respon dternatives (ddOor Gven(). Themodd trandates this evidence into a
time-varying probability distributon over responss. Figures 1A and 1B showthis probability
distribution as afundion of processing cycles (onthex axis) for conguent and inconguent
primes, respectively. Thelinewith open circles represents the correct respons, whose
probability grows ove time. Thecongruency of the prime determines theinitia bias of the
response: spillover activation from the prime boogs the probability of the correct respon to the
target when prime and target are congruent, but boods the probability of theincorrect response
when prime and target are incongruent. Thetime-varying distributonsshown in Figures 1A and

1B are used by ASE to select arespong at any pointin time. Thus if arespong wereto be
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initiated at ssimulation time 400, the probability of a correct response would be around90% for a
conguuent trial, butonly about75%for an inconguent trial.

ASE indudes arespong-initiation mechanism, assumed to be general across
tasks, tha determines the pointin time following simulusonset at which to initiate a
respon®e. Thedecison aboutwhen to initiate arespon® dependson thetrade off
between speed and accuracy: ASE mug determinewhether to risk a highe likelihoodof
error by responding quickly or beless efficient by respondng slowly. Thetradeoff is
handled by computing arespong cog, which increases with both RT (i.e., the pendty
involved with waiting) and expected error rate (i.e., the pendty of possibly making an
incorrect respon®). A responisinitiated at thepoint in time when aminimumin total
cod is attained.

Onechdlengethemodd facesisto estimate its expected error rate as processing within a
trial unfolds Presumably the error rate decreases over time as evidence buildsup concerning the
appropriate respon® given thestimulus By assuming that its current respon distribution
(Figures 1A and 1B) reflects thedistribution of correct responss, ASE can compute an error
estimate by taking the expectation of an incorrect respons unde the current respone
distribution. Effectively, thisresult issimilar to assuming that the mos probable respong at any
pointin timeis correct, and the expected error rate is the probability of the alternaive respons.
Thesolid curvesin Figures 1C and 1D show themodd @ estimate of its error as a fundion of
processing time for congmuent- and incongmuent-prime trials, respectively. Theerror estimate
dropsmore dowly for in incongruent-prime trial because the probability of the correct response
(Figure 1B) rises dowly. Note thenonnonobnicity in Figure 1D: initially themodd bdieves

tha the primed respon islikely to be correct, but as evidence for the correct (nonpimed)
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respon buildsup, its confidence in itsrespong diminishes, and the expected error rate rises.
After cycle 200, evidence for thenonpimed respon buildsto the point where it becomes the
mog likely response, and themodd @ error estimate then decreases monobnically over time.

Asisstandad in RT modds, evidence concerning theresponse grows over time, so
genegadly there isagreater probability of making an error if therespone is emitted early (i.e., a
speed-accuracy tradeoff is expected). Also common to RT modds, thereduadionin error with
additiond processing time diminishes asthelevel of evidence buildstoward an asymptote.

Theerror curve can beviewed as a pendty assodated with an error at any paint in time,
decreasing to zero if themodd waits longenough Figures 1C and 1D also show adashed line
tha represents the pendty for waiting to any pointin time to respond;thelonge thewait, the
greater thependty. Asexplained in Mozer, Kinoshita, and Davis (2004)and Kinoshita and
Mozer (2006) the overall respong cod - which combines a cod for errors and a cod for waiting
- isminimized by finding the point of intersection of the error pendty and thetime pendty - the
solid curve and dashed linesin Figures 1C and 1D. Theoptmal point of timeto response Bthe
point that minimizes the cog Bis shown by thevertical lineand asterisk in the Figures 1A-1F.

A key assumption of ASE istha theerror estimates obtained during theongoing
processing of any particular stimulus (Figures 1C,D) are urreliable, either because themodd @
assumption Bnecessary to estimate the error Btha the current respon distribution reflects the
correct respon® distribution isincorrect, or because theinformation available to response
systemsto estimate theerrorisnoisy. To overcome the unreliability of the error estimate, a
sendble strategy in a stationay environment is to averagethe error estimate being computed for
the current stimuluswith the error estimates from recent trials. By Qtationary environmentQ we

mean an environment whereitem difficulty Band hence the shape of the error curve Bdoes not
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vary much from onetrial to thenext. By GaverageQ we mean tha the error curve used to
estimate the cog is a combination of thecurrent error curve and a historical trace, which itself is
an (exponantially weighted) average of the error curves fromrecent trials.

Figure 1E shows this averaging process for a block with 80% congmuent trials. Thegraph
zooms in ontheregion of time aroundwhich responses are produced (compare therangeof x
valuesin Figure 1Cand Figure 1E). Thethin and thick solid lines are error curves for congmuent
and inconguuent trials, respectively; these curves are identical to thos in Figures1Cand 1D. The
dotted lineisthehistorical trace, representing 80% congruent trials and 20%inconguuent trials,
andistherefore closer to thecurve for acongmuent trial than for an incongmuenttrial. The
averaging of historical trace and the current trial (congruent and incongruent) is depicted by the
(thin and thick) dash-dotted curves; asin Figures 1C,D, thevertical linesindicate thetime of
respong initiation for congruuent and incongruent trials. Figure 1F shows theandogous
information asin Figure 1E, except for ablock of 20% congmuent and 80%incongmuent trials.

Thehistorical error curve is shifted to theleft in the 80% congruent block relative to the
20% congmuent block (Figure 1E vs. 1F). Consequently, when theerror curvereflectingthe
accumulation of evidence aboutthe current stimulusis averaged with the historical trace, the
curve for thecurrent trial is shifted to theleft in the 80% blodk relative to the 20% blodk. This
shift causes respongs to befaster in the 80% blodk than in the 20%blodk, regardless of item
type Compaing Figures 1E and 1F, however, onenotices not only a main effect of block type,
butaso apropation effect: theeffect of the prime Bthedifference in RT beween congruent and
inconguuent trials Bis larger in the 80% congruent block than in the 20% congruent blodk: 94
time stepsversus63time steps The propottion effect occurs because of an asymmetry in the

error curves for congmuent- and incongmuent-primetrials. Intheinterval of time when responses
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can occur, theerror curve for the congruent trial is near asymptote, and therefore has a shdlower
dopethan theerror curve for theinconguent trial. This asymmetry is appaent when examining
thethick and thin solid linesin Figure 1E or 1F. Asaresult of the asymmetry, the averaging of
error curves tendsto cause the curves to hugthe steeper-doped curve (for theincongmuent tria)
more than the shdlower-doped curve (for the conguent trial), resulting in the asymmetry of the
priming effect in the 80%vs. 20% congruent blocks.

In theaboveandyss, onekey propety isrequired to obtain the propottion effect: The
evidence for the correct respong in an incongruent trial mus build more dowly than evidence for
the correct respone in aconguent trial. Aslongasthis occurs, themodd necessarily obtainsa
propottion effect.

ASE has five parameters that can be adjusted for the parity-experiment smulation If the
propottion effect is a strong prediction of ASE, then ASE should yield the propottion effect
regardless of parameter choices. Oneway to show that ASE is notonly congstent with the
propottion effect butisincongstent with other outcomesisto verify tha al paameter settings
yield a propation effect. We paformed asimulation in which we ran 2000replicationsof the
modd, each with randomparameter settings chosen over a broad plausble range For each
simulation, we measured the magnitudeof the proportion effect, quantified as theratio of the
priming facilitation in the 80%-congmuent condtion to the priming facilitationin the 20%-
congmuent condition. If increasing the propation of congruent primesin ablock inareases
priming facilitation, this ratio should be greater than 1.0. 1n 2000replications 1991(99.55%)
showed aratio greater than 1.0. Theremaining 9 replicationswere priming effects of negligible
magnitude (When themagnitudes get very small, ratioscan vary wildly.) Thisresult indicates

tha themodd is not only compatible with a propation effect, but strongly predicts the effect.
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Themodd makes afurther prediction, illudrated by the scatterplot shown in Figure 2.
The scatterplot containsone X for each replication, which is characterized by two variables. the
magnitudeof thepropartion effect (y axis), and the magnitudeof the priming manipulation (x
axis). Thelatter variable isrelated to thedifference in RT beween congruent and incongruent
targes. Thescatterplot clearly shows tha nearly dl propotion effects have aratio greater than
1.0. Thescatterplot also shows a correlation between the magnitudeof the priming effect and the
magnitudeof the propottion effect: Asthe prime has a greater influence onrespongsto the
targd, the propottion effect spansa greater range of values, and the mean propation effect
(across different ingantiationsof themodd) grows. Thisrelationship is not necessary, because
the propottion effect is expressed as aratio, and it@ completely consstent for the priming effect
to grow without influendng the propottion effect. We return to theimportance of this
relationdhip after presenting experimental results.

A critica claim of ASE istha the propottion effect occurs not because of masked primes
per se, but because masked primes influence the difficulty of atrial; by QiifficultyQ we simply
mean therate at which evidence concerning the correct respong builds By ASE® account, the
propottion effect does notcritically depend on themanipulation of prime validity within ablock
of trias, butrather onthe propottion of easy and hard trials within a block, by whatever means
thedifficulty manipulationis achieved.

Theaim of thepresent series of experimentsisto test a prediction of the ASE modd tha
the propottion effect does not depend on prime validity (ussfulness of primesin ablock), butonly
onitem difficulty, usngtheparity decisontask. Theassumption of greater item difficulty
(dower rate of evidence accumulation) for theincongruent trials in this task follows fromthe

evidence tha these trials engende respon conflict. This evidence indudes thedemongration
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by Dehaene and colleagues (Dehaene Naccahe, Le Clec, Koechlin, Mudler, Dehaene-Lambertz,
van da Moortele, & Le Bihan, 1998)tha masked primesin number judgnment tasks are processed
down to thelevel of motor response (asindexed by lateralized readiness potentials, an event-
related potential (ERP) measure, and by fMRI), aswell as thefinding by Damian (2001)that the
congmuence effect observed with masked primes in semantic categorization tasksis critically
dependent on the primes having been respondel to previoudy as supralimind targets (and hence
having stimulus-respong mappingsestablished).

Theoutineof thepresent studyisasfollows. Theam of thefirst two experiments was to
establish the propottion effect in the parity decision task, with Experiment 1 usng digit stimuli
(e.g., 3) and Expeiment 2 usng numbe word stimuli (e.g., three). Contrary to expectation,
nether expeiment producd areliable propotion effect. We then consdered thereason for this
failure to obtain areliable propation effect within the framework of the ASE modd, and came to
theview tha it was dueto the small magnitudeof the effect of difficulty of task environment.
Expeiment 3 demongrated a propottion effect by making thelatency difference between the
congruent and incongruent trials larger thussuppoting the prediction of the ASE account
Experiments 4 and 5 then pitted the prediction of the ASE accountagang the memory
recruitment account We will describe Experiment 1 (usng digit stimuli) and Experiment 2
(usng number word stimuli) togeher, asthey were identical in design andyielded similar results,
and pogponethediscussion untl after Experiment 2.

Experiment 1 (Digit stimuli)
Method
Participant. Twenty-four volunteer Macquaie University students participaed in

Experiment 1 for course credit.
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Design. The experiment condituted a 2 (Prime type congruent vs. incongmuent)
x 2 (Block type high vs. low propation of congruent primes) x 2 (Block order: high- vs.
low-propottionblock first) factorial design, with the first two factors manipulated within
subjects. Block order was counerbdanced between subjects, with hdf of participants
doing the high-propottion block first and the other hdf, thelow-propation block first.
There were 120trialsin each blodk. In thehigh-propottion block, 96 trials were
congmuent and 24 trials were inconguent (.8/.2); in thelow-propottion block, 24 trials
were congruent and 96 trials were incongruent (.2/.8). Thedependent variables were
respon latency and error rate.

Materials. Thestimulusmaterials used in this experiment were digits 1 through
to 9, excluding 5 (so tha there were equal numbers of even digits and odddigits). Inthe
conguuent trials, an odd-number target was pared with an odd-nunmbe prime (eg., 7-1;
9-3), and an even number target was pared with an even-number prime (e.g., 2-4, 8-6),
butnever thetarget number itsdlf (i.e., the prime and target were aways different
numbers). Thus each target was pared with three congmuent primes (e.g., 3-1, 7-1, 9-1).
In theinconguent trias, an odd-nunber target was pared with an even-number prime
(e.g. 81, 6-3) and an even number target was pared with an oddnunbe prime (e.g., 1-
4,5-6). Each target was pared with three incongruent primes (e.g., 2-1, 4-1,6-1). This
generated 24 uniquecongruent prime-target pars (12 odd nunmbe targets and 12 even
number targets) and 24 uniqueincongruent prime target pars (also 12 odd nunbe targets
and 12 even nunber targes).

Thehigh-propottion block contained the 24 congruent pars repeated 4 times (96

trials) and 24 inconguent parsused onae (24 trials). Thelow-propottion block
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contained 24 congruent pars used once (24 trials) and the 24 inconguent pars repeated
fourtimes (96 trials).

Prior to each test blodk, participants were given 20 practice and warm-up items
tha were representative of theblock type These items were notinduded in theandysis.

Apparatusand Procedure. Participants were tested individudly, seated
approximately 40 cm in frontof aDell 19" Flat Trinitron monitor. Each participant
completed two blocks of trias, the high-propottion block and thelow-propartion block.
Theorder of blocks was counerbaanced across participants so tha hdf of the
participants started with the high-propation block, and the othe hdf started with the
low-propottion block. Within each blodk, a different random order of trials was
geneated for each paticipant.

Participants were indructed at the outset of the experiment tha they would be
presented with a series of single digits, and thar task was to decidefor each item whether
it was an even or odd numbe, as fast and accurately as possible. They were ingructed to
press a button marked G-Ofor GevenOand a key marked QOfor ddCon aresponse
keypad. No mention was made of the prime.

Stimulus presentation and daa collection were controlled by the DMDX display
system developed by K.1. Forster and J.C. Forster at the University of Arizona[Forster,
2003#700] Stimulusdisplay was synchronized to the screen refresh rate (13.3 ms).

Each trial started with the presentation of aforward mask congsting of three hash
marks (###), presented in Courer 10 point font, in the center of the screen for 500ms.
Theforward mask was followed by the prime presented for 53 ms, which was then

replaced by thetarget. Thetarget remained on the screen for a maximum of 2000msec,
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or until the participant@ responge. Following ablank screen for 300ms, the next trial
started. Participants were given no feedback on either latendes or error rates during the
experiment.
Results

For this and subsequent andyses, the preliminary treatment of trials was as follows.
Any trial onwhich aparticipant madean error was excluded from latency andysis. To
reduce the effects of extremely longand short latendes, a cutoff was set for each
paticipant at 3 S.D. units from each participant@ mean latency and latendies shorter or
longe than the cutoff was replaced with the cutoff value In Experiment 1, this affected
1.58%of trials. Latendesand error rates were andyzed usng athree-way andyss of
variance (ANOVA) with Prime type (conguent vs. incongmuent), Block type (high vs
low propottion of congruent trials) and Block order (high-propation block first vs. low-
propottion block first) asfactors. Thefirst two factors were within-subject factors; Block
order was a between-groupfactor. Effects were congdered to besignificant at the.05

level. Mean respons latendes and error rates are presented in Table 1.

In theandysis of latendes, the main effect of Prime typewas significant, F(1,22) =
35.78,MSe = 43759 Congruent trials were 26 msfaster than incongruent trials. None
of the othe main or interaction effects was significant (all F(1,22) <1.54, p > .23,

athoughBlock order approached significance, F(1,22) = 3.09, MSe = 1447951, p=.09.
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Criticaly, the Prime type x Block typeinteraction (the propottion effect) was non
significant, F(1,22) < 1.0; nor did it interact with Block order, F(1,22) < 1.0.

In theandysis of error rate, the only significant effect was Prime type, F(1,22) =
5.98,MSe=1392 Congmuent trials were 1.86% more accurate than inconguent trials.
Noneof the other main or interaction effects were significant, F(1,22) < 2.48,p > .13in
all cases.

Analysisof first block. Onemethodobgical difference between the present study
and Bodne and Dypvik (2005)is tha they manipuated Block type between groups
whereas we used a within-subject manipulation. Therefore we carried outasmilar
andysis by compaing jud thefirst blocks, usng atwo-way ANOVA with Block type
(high+ vslow-propottion), which is now a beween-groupfactor, and Prime typeas
factors. For latency, theinteraction between Prime type and Block typewas nont
significant, F(1,22) < 1.0. However, thesize of Prime type effect was 28 msin thehigh-
propottion block, asignificant effect, F(1,11) = 1125, MSe = 41550,and 18 msin the
low-propottion blodk, which was only margindly significant, F(1,11) = 4.21,MSe =
47958, p = .065. For error rate, the interaction between Prime type and Block typewas
nonsignificant, F(1,22) < 1.0. Thesize of Prime type effect in the high-proporttion block
was 1.8%, anonsignificant effect, F(1,11) < 1.0. For thelow-propation block, the
effect was 2.0%, and was significant, F(1,11) = 7.19.

Experiment 2 (Number word stimuli)
Experiment 2 was identical to Experiment 2, except tha ingead of digits, nunber

words(e.g., ONE, EIGHT) were used as stimuli (both as primes and targets).
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Method
Participants. Twenty-eightvolunteer students from University of Arizona
paticipaed in Experiments 2 for course credit.
Design. Theexpeiment was identical in designto Experiment 1.
Materials. Thestimulusmaterials used in this experiment were number words
ONE throughto NINE, excluding FIVE (so tha there were equd nunmbers of even and
oddnumbers). Thecompostion of stimuli wasidentical to that of Experimentl except
tha ingead of digits, number wordswere used. The primes were presented in lowercase
letters (e.g., one two) and thetarget were presented in uppecase letters (e.g., ONE,
TWO).
Apparatusand Procedure. Task ingruction, timing paameters and appaatus
wereidentical to Experiment 1.
Results
Preliminary datatreatment wasidentical to Expeiment 1. In Expeiment 2, the
daatrimming procedure affected 1.2% of trials. Asin Experiment 1, latendes and error
rates were andyzed usng a three-way ANOV A with Prime type (congmuent vs.
inconguent), Block type (high- vs. low propation of congmuent trials) and Block order
(high-propation block first vs. low-propottion block first) as factors. Mean response

latencies and error rates are presented in Table 2.
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In theandysis of latendes, the main effect of Prime typewas significant, F(1,26) =
59.08,MSe = 31644: Congruent trials were 29 msfaster than incongruent trials. None
of the othe main or interaction effects was significant (all F(1,26) <2.03, p > .16),
athoughtheinteraction between Block order and Block type approached significance,
F(1,26)=3.49,MSe=170191,p =.07. Critically, thePrime typex Block type
interaction (the propottion effect) was non-significant, F(1,26) = 2.03,MSe = 30838, p =
17;nordid it interact with Block order, F(1,26) = 1.03,MSe = 30838.

In theandysis of error rates, the only significant effect was Prime type, F(1,26) =
3082,MSe =1253 Conguent trials were 3.7% more accurate than inconguent trials.
None of the other main or interaction effects were significant, F(1,22) < 3.14,p >.09in
all cases.

Analysis of first block. Asin Experiment 1, we analyzed thedata for jus thefirst
block usng atwo-way ANOV A with Block type (high- vs low-propottion) as a between-
groupsfactor and Prime type For latency, theinteraction between Block typeand Prime
typewas nonsignificant, F(1,26) < 1.0. However, the size of Prime type effect was
numerically larger in thehigh-propottion block (26 ms), asignificant effect, F(1,13) =
3068, MSe = 15005, than the 19 ms effect in thelow-propottion blodk, which was aso
significant, F(1,13)= 1279,MSe = 20357. For error rate, the Block type by Prime
typeinteraction was nonsignificant, F(1,26) < 1.0. The 3.6% Prime typeeffect in the
high-propottion block was significant, F(1,13) = 9.71, MSe = 9.20, as was the 3.0%
effect in thelow-propationblodk, F(1,13) = 8.45 MSe = 7.67.

Combined analysis of Experiment 1 and 2. In an effort to increase power, we

combined data from Experiments 1 and 2 and andyzed them usng afour-way ANOVA
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with Prime type (conguent vs. incongmuent), Blodk type (high- vs. low propation of
conguuent trials), Block order (high-propation block first vs. low-propottion block first)
and Simulustype (digits vs. words) as factors. Intheandysis of latency, themain effect
of Prime typewas significant, F(1,48) = 91.72,MSe=37197. Themain effect of
Stmulustypewas significant, F(1,48) = 4.57, MSe = 1386080, andinteracted with
Block order, F(1,48) = 4.85 MSe = 1386080. Thisindicated tha responses to word
stimuli were slower than to digit stimuli (by 35 ms) and tha this difference was greater
for thegroupswho did the high propation block first. Block type and Block order aso
interacted, F(1,48) = 4.76, MSe = 169912, indicating tha whereas the high propation
block was dower than low propottion block in thegroupwho did the high propation
block firgt, this was reversed in the groupswho did the low propottion block first. This
mog likely reflects a practice effect, indicating whichever block was thefirst was slower.
Noneof the other main or interaction effects reached significance, F(1,48)< 1.61,p > .21
in all cases. Critically, theBlock type by Prime typeinteraction (the propation effect)
was still nonsignificant, F(1,48) = 1.61, MSe=312.72,p = .21.

Combined analysis of Experiment 1 and 2 (first block only). Our find effort
involved theandysis of thefirst block only, usng athree-way ANOVA with Block type
(high- vs. low-propottion), now a between-groupsfactor, Prime type (Congrent vs.
Incongruent) and Simulustype (Digits vs. Words). Prime typewas significant F(1,48) =
4463,MSe = 1444283, aswas Simulustype F(1,48) = 4.22, MSe = 840493, andthe
interaction beween Stmulustype and Blodk type gpproached significance, F(1,48) =
3.18,MSe = 840493, p =.08. No othe main or interaction effects were significant,

F(1,48)< 1.36,p>.25in all cases. Ciriticaly, theinteraction between Prime typeand
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Blodk type (the propottion effect) was non-significant, F(1,48) = 1.36, MSe = 1444283, p
=.25. Simple effects andysis showed that the 27 ms Prime type effect in the High-
propottion block was significant, F(1,26) = 3542 MSe =261511,aswasthe 19 ms
effect in the Low-propottion block, F(1,25) = 1457, MSe = 31699.
Discussion

In Expeiments 1 and 2, usng within-subject manipulation of propottion of
conguent vs. inconguent trials, we failed to find areliable propation ((rime validityQ
effect in theparity decisiontask whether the stimuli were digits (Experiment 1) or
number words (Experiment 2). Congruent trials were respondel to faster than
incongmuent trials whether the block contained a high propottion (.8) or low propation
(.2) of congmuent trials. Combining thetwo experiments did not make the interaction
statistically significant. Andysis of thefirst block only (comparing the size of
congruence effect between groupg did notchangetheconduson either. To summarize,
athoughthere was a trend in the same direction as the propation effect reported by
Bodne and Dypvik (2005) our effect was not statistically reliable however we andyzed
thedaa We point outtha in thecombined andysis we had more subjects (N = 52) than
Bodne and Dypvik® Expeiment 2 (N = 40), which was identical in designto our
experiments, hence sample sizeis unlikely to betheissue Also, the congruence effect
itself was highly significantin our experiments and its size was no smaller than in Bodne
and Dypvik@ experiments: Averaged over the high- and low-propottion blocks (first
block only in our experiments), the congruence effect was 23 ms for both digit stimuli

and number word stimuli, while Bodne and Dypvik reported the effect size of 13msfor
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number word stimuli and 17 msfor digit stimuli. Thus ourfailure to obtain a statistically
significant propottion effect was not dueto an unreliable congruence effect.

We will return later to adiscussion of the discrepancy between our results and
Bodne and Dypvik (2005) For now, our god isto obtain apropottion effect in the
paity decisiontask, based on which we could design further experimentsto test the ASE
account Thisthen was theam of the next experiment.

Experiment 3 (Digit and number word stimuli)

Asdescribed earlier, the ASE modd views the proportion effect as reflecting an
interaction between difficulty of the current trial (congruent or incongruent) and themean
difficulty of recent trials (the 20% or 80% congruent conditiong: In an easy task
environment (the 80% congruent condition), the influence of the mean item difficulty
causes difficult (inconguent) trialsto speed up;in ahad task environment (the 20%
congmuent condition), theinfluence of the mean item difficulty causes easy (conguent)
trialsto dow down. However, the magnitudeof speed up is greater than the magnitude
of dow down, leading to theinteraction.

In Experiment 1 and 2, althoughthere was atrend in the expected direction, the
interactionwas notreliable. Onepossible reasonfor thisistha theeffect of the difficulty
of task environment was not sufficiently large Recall that Figure 2 shows 2,000
replicationsof themodd, each with randomparameter settings It can beseen from
Figure 2 that as the magnitudeof priming effect isincreased (going across fromleft to
rightalongthe x-axis), the scatter of daa points (each representing areplication) has a
postive dope indicating tha a postive propottion effect is more likely to be observed.

Tha is, the ASE modd predicts tha a propottion effect is more likely to befoundby
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increasing the magnitudeof priming. Theaim of Experiment 3 was to test this
possibility. To thisend, we ddibeately confounded stimulustype and prime type, based
ontheobservation tha digit stimuli are respondel to faster than number word stimuli in
number judgnment tasks (recall that there was a main effect of stimulustypein the
combined andysis of Experiment 1 vs. 2; see also Bodne & Dypvik, 2006; Damian,
2004;Dehaene, et d., 1998;Koechlin, Naccache Blodk, & Dehaene 1999. Tha is, al
congmuent trials used digit stimuli (e.g., 1-3, 2-8) and al incongmuent trials used nunber
word stimuli (e.g., oneEIGHT, two-THREE). These items were presented in two blocks:
One containing a high propottion of congruent trids (.8 conguent trials involving digit
stimuli and .2 inconguent trials involving word stimuli) and the other containing alow
propottion of congruent trials (.2 congmuent trials involving digit stimuli and .8
inconguent trialsinvolving word stimuli). Based onthe ASE modd, we expected a
propottion effect to emergein this case, with the congruence effect banglarger in the
blodk containing a high propation of conguent (easy) trials.

Method

Participant. Twenty volunteer students from University of Arizona
paticipaed in Experiments 3 for course credit.

Design. Theexpeaiment was identical in design to previousexperiments, and
condituted a2 (Prime type congruent vs. inconguent) x 2 (Block type Highvs. Low
propottion of congruent primes) factorial design, with both factors manipulated within
subjects. Prime typewas ddiberately confoundel with target typesuch tha all congruent
items were digits (e.g., 1-3, 8-2) and dl inconguent items were numbe words(e.g.,

eight-ONE, three-TWO).
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Materials. Asin Expeiments1 and 2, thestimulus materials used in this
expeiment were digits and number words 1 through to 9 (ONE throughto NINE),
excluding 5 (FIVE). Exceptforthefact tha all congruent items were digits and all
incongmuent items were number words, the congruction of materials was identical to the
previousexperiments.

ApparatusandProcedure. Task ingructions timing parameters and appaatus
were identical to Experiment 1.
Results

Preliminary datatreatment wasidentical to Expeiment 1. In Experiment 3, the
daatrimming procedure affected 1.8% of trials. Asin Experiment 1, latendes and error
rates were andyzed usng a three-way ANOV A with Prime type (congruent vs.
incongruent), Block type (high- vslow propottion of congmuent trials) and Block order
(high-propation block first vs. low-propottion block first) as factors. Mean respone

latencies and error rates are presented in Table 3.

In theandysis of latendes, the main effect of Prime typewas significant, F(1,18) =
36619,MSe =32867: Congmuent trials (digit stimuli) were 78 ms faster than
inconguent trials (number word stimuli). Prime typeinteracted with Block order,
F(1,18)= 16.52,MSe = 32867: Prime typeeffect was greater in the high propottion first
group (94 ms) than thelow-propottionfirst group (61 ms). Criticaly, Prime type

interacted with Block type F(1,18) = 1291, MSe = 81405, indicating a strong propottion
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effect, with the congruence effect bang greater in the high propation block (100ms)
than in thelow-propation block (55 ms). There were no other main or interaction
effects, all F(1,18) <1.0.

In theandysis of error rate, themain effect of Prime type was significant, F(1,18) =
4.62,MSe = 2469 Congmuent trials (3.1%) were more accurate than inconguent trials
(5.4%). There were noothe main or interaction effects, all F(1,18) <2.46,p > .13

Discussion

Theresults of Experiment 3 showed that with agreater effect of item difficulty
(produced by ddiberately confounding prime typewith stimulustype), areliable
propottion effect was readily obtained. Thisresult was expected from the propaty of the
ASE modd described earlier, and it suggests tha thefailure to observe areliable
propottion effect in Experiments 1 and 2 is likely to have been dueto a small effect of
item difficulty (asindexed by thesmaller RT difference between the easy Bcongmuent -
and hard Bincongruent - trials) which in turn produced a small effect of difficulty of task
environment.

Having foundareliable propation effect, we are now in a postionto pit the ASE
accountagang the memory-recruitment account According to the ASE modd, the
propottion effect reflects an interaction between item difficulty and difficulty of task
environment. Further, wha makes the environrment easy isirrelevant.: Aslongasthe
easy items are as easy as the congruent trials, the propottion effect should still be
observed even if theeasy items do notinvolve valid primes. In contrast, accordingto the
memory recruitment account, the propartion effect reflects prime validity: The

congruence effect is magnified in ablock containing a high propottion of conguent trials
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because the prime is more ussful (more valid) in the high-propation block. These two
account can betested by varying thepropotion of easy items while at the same time
holding the propottion of conguent trials (valid items) condant. Specifically, the ASE
accountpredicts that in ablodk containing a high propottion of filler items tha do not
contain valid primes butthat are as easy as the congruent trials, the congruence effect
should belarger than in the block containing a high propottion of hard items. The next
expeiment was conduded as a preliminary step before testing this prediction, with the
aim of finding suitable filler items tha are comparable in difficulty to the congruent
trials.
Experiment 4

In previousstudies usng masked primes in nunber judgnent tasks (e.g.,
Koechlin, Naccache, Blodk, & Dehaene, 1999;Naccache & Dehaeneg 2001) congruence
effects have been reported to beinhibitionr-domnant. Tha is, these previousstudies used
magnitudejudgments (Os the number bigge than 5, and foundthat relative to trials
containing a neutral prime (number 5in Koechlin et al., 1999,Expaiment 2A; $signin
Naccache & Dehaeng 2001) inconguent trials were dower but congruent trials were not
faster. Theam of Experiment 4 was to test whether this inhibition-domnant patern is
also observed with parity-judgment: If theneutral primes are as easy as congruent trials,
then the neutral primes can be used as suitablefillersin the high propation block to test
between the ASE accountand the memory recruitment account To thisend, we induded
aneutral prime condition containing asingle# sign (e.g., #- 3). Stimuli in this
experiment were all digits, and there were an equd number of conguenttrials (e.g., 1-3),

inconguuent trias (e.g., 8-3) and neutral trials (e.g., # - 3).
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Method

Participant. Twenty-four volunteer students from Macquaie University
paticipaed in Experiments 4 for course credit.

Design. The expeimentinvolved jus onefactor, namely, Prime type with three
levels: conguent vs. neutral vs. incongruent, manipulated within subjects. Only digits
were used as stimuli.

Materials. Thestimulusmaterias used in this experiment were digits 1 throughto
9, excluding 5. Thecongruction of congruent andincongruent trials was identical to
Expeiment 1. Theneutral prime was GtQ and it was paired with each digit three times.
Thus there were atotal of 72trias, congsting of 24 congruent trials, 24 incongruent
trialsand 24 neutral trials, with an equd numbe of even and odddigits in each condition.
Thecritical test trials were preceded by 24 practice and warmup trials condructed in the
same way asthetest tridls. They were notinduded in theandysis.

Apparatusand Procedure. Task ingruction, timing paameters and appaatus
were identical to Experiment 1.
Results and Discussion

Preliminary datatreatment was identical to Experiment 1. Thedaa trimming
procedure affected 1.8% of trials. Latendes and error rates were andyzed usng aone
way ANOV A with Prime type (congruent vs. neutral vs. incongruent) as a within-subject

factor. Mean respon latendes and error rates are presented in Table 4.
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In theandysis of latendes, planned contrasts tested showed tha the 9 ms
difference between the congruent trials and neutral trials was non-significant, F(1,23) <
1.0, MSe=112080, but that the 30 ms difference between theincongruent trials and
neutral trials was significant, F(1,23) = 9.82,MSe =112080.

In theandysis of error rates, nathe the 0.9% difference between the congruent
trials and neutrd trials, northe 1.2% difference beween theinconguent trials and neutral
trialswas significant, F(1,23) = .68; F(1,23) = 1.37, MSe = 1319, respectively.

These results confirm the patern reported previoudy (Koechlin et a., 1999;
Naccache & Dehaene, 2001) namely tha in anunmber judgnents involving masked
primes thereislittle difference in latendes between the congruent and neutral trials but

thereisalargedifference between the neutral and incongmuent trials.

Experiment 5 (Digit and number word stimuli with neutral primes)

Thecritical findng of Expaiment 4 istha in theparity decision task, neutra
trials (involving # as the prime) were as easy as the congruent trials. Experiment 5 made
use of thisfinding to contrast the predictionsof the ASE accountand the memory
recruitment account Expeiment 5 was identical to Experiment 3 (with al congmuent
trials containing digit stimuli and al inconguent trials containing number word stimuli),
except that the high-propottion block contained .2 congruent trias, .2 incongruent trials
and .6 neutral trials. Thelow-propottion block wasidentical to Experiment 3 and
contained .2 congruent trials and .8 inconguent trials. According to the ASE account

the propottion effect reflects an interaction between item difficulty and thedifficulty of
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task environment. Fromthis perspective, the high-propottion block in Experiment 5
would be equivaent to the high-propottion block in Experiment 3, containing .8 easy
itemsand .2 hard items. Thusthe ASE account predicts the same patern of data for
Experiment 5 as for Expeiment 3, i.e.,, an inaease in thesize of conguence effect in the
nhigh-propottionCblock. In contrast, the memory recruitment accountviews the
propottion effect in terms of prime validity: Subjects make greater use of the prime when
thelist-wide context makes it more useful. From this perspective, the high-propottion
block in Experiment 5 isno more valid because the propottion of conguent trialsis the
same as thelow-propottion block (.2) and hence there is no reason to expect the size of

congruence effect to bemodulated by block type

Method

Participants. Twenty volunteer students from Macquaie University
paticipaed in Experiments 5 for course credit.

Design. The experiment was similar in design to Experiment 3, and condituted
a2 (Primetype congmuent vs. incongmuent) x 2 (Block type high vs. low propottion of
easy items) factorial design, with both factors manipulated within subjects. However, the
critical difference between this experiment and Experiment 3 isthat the high-propation
block contained .6 (72trials) neutral trials, .2 (24 trials) of congmuent items and .2 (24
trials) of incongruentitems. Asin Expeaiment 3, Prime typewas ddiberately
confoundel with stimulustypesuch tha all congruent trials involved digits (e.g., 1-3, 8-

2) and al incongruent trials involved number words (e.g., eight ONE, three-TWO).
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Materials. Thestimulusmaterials used in this experiment were digits and number
wordsidentical to Experiment 3. All conguent trials involved digit primes and digit
targds(e.g. 1-3, 2-8) and al incongmuent involved number word primes and targets (e.q.,
oneEIGHT, two-THREE). Neutral trialsinvolved a single # sign as primes and digit
targds(e.g., #- 3,#- 8). Thecondructionof stimuli were identical to that of
Experiment 3, except tha the high-propation block contained 72 (.6) neutral primetrials,
24 (.2) conguenttrialsand 24 (.2) incongmuent trials. The compostion of low-propottion
block wasidentical to tha of Experiment 3 (.2 congruent trials and .8 incongmuent trials).

Apparatusand Procedure. Task ingruction, timing paameters and appaatus
were identical to Experiment 1.
Results and Discussion

Preliminary datatreatment wasidentical to Expeiment 1. In Expeiment5, the
daatrimming procedure affected 1.5% of trials. Asin previousexperiments, latendes
and error rates were andyzed ugng athree-way ANOV A with Prime type (congruent vs.
incongruent), Block type (high- vslow propottion of congmuent trials) and Block order
(high-propation block first vs. low-propottion block first) as factors. It should be nated
however tha the conguent conditionin the high-propottion block in this experiment was
based on 24, rather 96 trials as in previousexpeaiments. Mean respon® latendes and

error rates are presented in Table 5.
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In theandysis of latendes, the main effect of Prime typewas significant, F(1,18) =
7405,MSe = 117378 Congmuent trials were 66 ms faster than incongmuent trials. Block
order was also significant, F(1,18) = 5.12, MSe = 1551353, indicating tha the group
who did thelow-propation block first was 63 ms faster. Block order also interacted with
Prime type, F(1,18)=5.57,MSe = 1173.78. Thisindicated tha the Prime type effect was
greater in thegroupwho did the high-propottion block first. Importantly, Prime type and
Blodk typeinteracted, F(1,18) = 7.71,MSe = 149779, indicating tha the Prime type
effect was greater in the high-propottion block (90 ms) than thelow-propottion block (42
ms). There were no othe main or interaction effects, all F(1,18) <2.47,p > .13

In theandysis of error rates, the main effect of Prime type was significant, F(1,18)
=4.01,MSe=10.25. No other main or interaction effects were significant, all F(1,18) <
256,p>.13.

Theresults were clear-cut: Congstent with the prediction of the ASE accountand
incongstent with the prediction of the memory recruitment account, the congruence
effect was magnified in ablock containing a high propottion of easy items, even though
the propottion of valid primes was the same (.2) in thetwo blocks.

Genera Discussion

Theexpeiments reported here used the parity (odd-even) decision task and
investigated the mechanism undelying the modulation of congruence effect (faster
respong to numbers preceded by parity-congmuent primes) as afundion of the propottion
of congmuenttrialsin ablock, reported recently by Bodne and Dypvik (2005) We were
specifically interested in testing the ASE (Adaptation to the Statistics of the

Environment) account, which views the propattion effect in terms of an interaction
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between item difficulty and thedifficulty of task environment. To summarize the
findings Experiment 1 used digit stimuli and Experiment 2 used number word stimuli,
and unexpectedly showed tha athoughthere was atrend in the expected direction, the
propottion effect was notreliable. Andysisof the ASE modd suggested tha theabsence
of areliable propottion effect may have been dueto the effect of thedifficulty of task
environment (which isin turn based onitem difficulty) notbang sufficiently large
Experiment 3 therefore soughtto increase the magnitudeof the effect of item difficulty
by ddiberately confoundng stimulustype and prime type All conguent trials involved
digit stimuli and all inconguent trialsinvolved number word stimuli. This experiment
readily produced areliable proportion effect. Experiment 5 showed tha this proportion
effect is obtained withoutvaryinglist-wide prime validity butby increasing the
propottion of easy items (neutra trials), with theresults of Experiment 4 confirming that
theneutral trials were as easy asthe congmuent trials. Theresults of these experiments
are congstent with the ASE accountbut not with the memory recruitment account This
condugonisin linewith arecent study (Kinohita, Forster & Mozer, submitted) which
showed that the size of masked repetition priming effect in the naming task is modulated
by the propation of items varying in difficulty, but not by list-wide prime validity.

Two bases of propottion effect? Asnoted earlier, Expeiments 1 and 2 did not
produce areliable propottion effect. This standsin contrast to theresults reported by
Bodne and Dypvik (2005) In examining possible reasonsfor thediscrepancy, we note
tha Bodne and Dypvik used many moretrias pe block (360trials pe block compaed
to the120trias per blodk in our study) as well as a beween-group manipulation of block

type It should berecalled tha propottion effects were readily demongrated with 120
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trials pe blodk, and usng awithin-subject manipulation of block typein Expeaiments 3
and 5, so they are unlikely to bethe necessary condtionsfor finding a propation effect.
Rather, we suggest tha thetwo conditionsused by Bodne and Dypvik may have
contributed additiondly towardsfinding propation effects, viaa separate, criterion
adjugment mechanism, as suggested bdow.

One point worth noting concerns a discrepancy between ASE and the human daa
with regard to themain effect of task environment Bwhether a block of trials containsa
high or alow propottion of easy items. In both Experiments 3 and 5, themain effect of
blodck typeis notsignificant: In Experiment 3, F(1,18) = 0.29,p = .87; In Expeiment 5,
F(1,18)=.21,p =.66. Similarly, in Bodne and Dypvik@ (2005)study, the main effect
of block typewas not significant except in their Experiment 1> Thesimulation of ASE
in Figure 1, in contrast, shows a main effect of task environment: Theblock containing a
high propottion of easy items produces faster respon latendes overall than the block
containing a high propottion of hard items. Thediscrepancy between data and ssmulation
ismadeclearer in Figure 3: theleft pand showsthe RT datafrom Experiment 3, and the
center pand shows the ASE simulation RTs. Oneobserves the main effect of blodck type
in thesimulation but notin thehuman daa.

In the ASE smulation (Figure 1), we made onehighly condraining assumption:
tha participants adoptthe same point on the speed-accuracy trade off in both high-
propottioneasy and high-propottion-hard blocks. In the RT-modding literature, the
trade off between speed and accuracy is often characterized by arespon criterion Bthe
amountof evidence that mus accumulate before arespon isinitiated. Loweringthe

criterion obtainsfaster butless accurate responses. Theeisnoapriori reason why
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participants should adoptthe same respon criterionin the high-propation-easy and
high-propottion-hard blocks. Indeed, in themore difficult blodk of trials, participants
may adjud thdr respons criterion to reduce errors, thereby opeating with amore
stringent respon criterion for high-propation-hard than high-propottion-easy blocks.
When we relax assumptionsof ASE, and allow ASE to choo® different respon criteria
for thedifferent blocks, ASE obtainsalovdy quanttitative fit to thedaa, as shown in the
rightpand of Figure 3. Onepossibility tha may explain why Bodne and Dypvik (2005
were able to obtain a propation effect with moretrias per block than we have used in
Expeiments 1 and 2 istha a shift in respon criteriamay occur dowly, over alarge
number of trials, and hence would bemore likely to be observed when ablodk containsa
large nunber of trials.

Findingsconsgstent with this possibility have been reported recently by Brown and
Steyvers (2005) inastudy usng alexica decision task investigaing the dynamics of the
effects of stimulusenvironment (opeationdized as thedifficulty of nonword foils where
difficult nonwordswere highly wordlike, e.g., subvirt, lifrary, and the easy nonwords
were not, e.g., cnotsun, hasvend). Brown and Steyvers reported that shiftsin respone
criterion, as indexed by achangein hit and false darm rates, lagged many trials behind
thechangein the stimulusenvironment. This conduson standsin contrast to the
mechanisms of ASE, in two respects. Oneistha the ASE assumes the effect of stimulus
environment to belocal andimmediate (cf. Mozer et al., 2004 for themodd 3
simulation of Trial N-1 effects reported by Taylor & Lupker, 200]). Thesecondistha
within the ASE modd, the main mechanism respongble for the effect of stimulus

environment is notthe shift in respon criterion: As mentioned above the default
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assumptionistha thedopeof theRT cog fundion (the point at which it intersects the
error curves determines theresponse criterion) remains stable throughouta block of
trials. It isrelevant to note tha Brown and Steyvers (2005)used a Gignd-to-respondO
procedure, in which a series of rhythmic tones are presented throughoutthetrials and
paticipants are trained to respondwithin 330ms to 700 ms after stimulusonst. This
contrasts with the @espond-when-readyORT tasks for which the ASE modd was
developead. Withinthe ASE modd, bdandngthecod of responding too early and
making an error and the cog of responding unnecessarily too sowly plays a central role
in deciding when to initiate arespon®. With thesgnd-to-respondprocedure, however,
the cos assodated with thelatter isfixed by the experimenter-determined signd, and also
therangeof latency of previoustrials would be much more limited than in therespond
when-ready RT tasks. Thus thedow-acting criterion adjugment process reported by
Brown and Steyvers (2005 islikely to be based on a different mechanism of list
compostion effects fromthat described by the ASE modd. The speculative suggestion
hereistha the propottion effect observed by Bodrer and Dypvik (2005)in thar
Experiment 2 and 3 (but perhgpsnot their Experiment 1, see Footnate 2) involving many
more trials per block than our experiments reported here may have involved an
additiond, dow-acting mechanism of this sort.

It isrelevantin thisregard to note tha in other studies, Bodne and Masson (2001,
2003)reported finding propation effects with masked (repetition) primes usng lexical
decision. At present, we are undure if the ASE mechanism described here aonecould
accountfor these effects. Thisis because Bodne and Masson used unrelated | etter

stringsof thesame lexical class asthetarget (i.e., unrelated word for aword target and
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unrelated nonword for anonword target), and hence the hard items (control trials) would
not have engendaed respons conflict. It isundear in this caseif therate of evidence
accumulation would differ subgantially between the control trials and therepetitiontrias
(althoughthis would depend onthemodd of lexical decision assumed). Because these
experiments also involved alargenunber of trials (400trias), it is possible tha thedow-
acting criterion adjugment mechanism also contributed to thefinding of the propation
effect.> We should also note tha in the series of lexical decision experiments usng
masked repdtition primes, Bodne and Masson (2001) reported that the propottion effects
were absent in some cases, and the ASE modd provides aready explanaion for thenull
result. Specifically, Bodne and Masson (2001,Experiments 3, 5A) reparted that
propottion effects were absent when usng only high-frequency words as word targets.
Thiswould bereadily explained by the ASE modd, based on thefact that repetition
priming effects were smaller for high-frequency wordsthan low-frequency words (see
Masson & Bodne, 2003 for statistical andysis of theinteraction between repdition
priming and word frequency in these experiments). These possibilities will need to be
tested empiricaly in thefuture.

In conduson, the present series of experiments showed tha the size of congruence
effectsin the paity decision task can bereadily modulated as afundion of propottion of
congmuuent trialsin ablodk provided tha the conguent trials and inconguent trials differ
subdantialy in difficulty. Theresults also showed tha themodulationis afundion of
the propottion of easy vs. hard items, not prime validity. These findngsprovide clear

suppot for the ASE accountof propation effects obtained with masked primes.
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Table 1.

Mean Respon® Latendes (RT, in ms) andPercent Errors (%E) in Experiment 1 with

digit stimuli
e

T —
oo 1 v w o wowe

of conguenttrials
Averaged over block order
High 514 39 541 54 27 15
Low 512 31 536 54 24 23
High propottionblock first group
High 497 4.4 525 6.3 28 19
Low 483 45 513 70 30 25
Low propation block first group
High 530 34 557 45 27 11
Low 542 18 560 3.7 18 19

Itemsin bold indicate therelevant comparisonstested in the experiment
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Table 2.
Mean Respong Latendes (RT, in ms) and Percent Errors (%E) in Experiment 2 with

nunbe word stimuli

Propottion RT %E RT %E RT %E
of conguenttrials
Averaged over block order
High 543 35 574 80 31 4.5
Low 553 33 574 62 21 29
High propottionblock first group
High 567 30 593 66 26 36
Low 559 18 582 46 23 28
Low propation block first group
High 519 4.1 554 95 35 5.4
Low 547 48 566 78 19 30

Itemsin bold indicate therelevant comparisonstested in the experiment
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Table 3.
Mean Respong Latendes (RT, in ms) and Percent Errors (%E) in Experiment 3 with

digit and nunmbe word stimuli

Congmuent  Inconguent Congruence effect
(Digits) (Number words)
Propottion RT %E RT %E RT %E

of conguenttrials

Averaged over block order
High 539 38 639 58 100 20
Low 560 23 615 50 55 27
High propottionblock first group
High 537 33 657 4.2 120 0.9
Low 557 29 624 45 67 16
Low propation block first group
High 541 43 621 75 80 32
Low 563 17 605 56 42 39

Itemsin bold indicate therelevant comparisonstested in the experiment
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Table 4.

Mean Respong Latendes (RT, in ms) andPercent Errors (%E) in Experiment 4 with

digit stimuli

e
R —
o e wowe wowe
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Table 5.
Mean Respong Latendes (RT, in ms) andPercent Errors (%E) in Experiment 5 with

digit and nunmbe word stimuli

Prime type

Congmuent  Incongruent Congmuence effect  Neutral

(Digits) (Number words) (Digits)
Propotion RT %E RT %E RT %E RT %E
of easy trials
Averaged over block order
High 531 35 621 46 90 1.1 525 35
Low 561 29 603 47 42 18
High propottionfirst group
High 562 50 675 50 113 0.0 556 45
Low 576 46 631 53 55 0.7
Low propationfirst group
High 501 21 568 42 69 21 495 25
Low 547 13 576 42 29 29

Itemsin bold indicate therelevant comparisonstested in the experiment
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Footnotes
The paameters specify: (1) therelative cogd of speed versusaccuracy, (2) the
mean assod ation strength in a perceptud pathway mapping visud representations
to object-identity representations (3) the mean assodation strength in arespons
pathway mapping object-identity representationsto arespong, (4) thedegree to
which the current error curve should be based on the historical trace; and (5) the
residud activation fromthe prime tha remainsto influence processing of the
target.
In Bodne and Dypvik® (2009 Expeiment 1, unlike the other experiments, the
high-propottion blodk contained .6 of repetition prime trials (e.g., three-THREE),
.2 of congruent trialsand .2 of incongmuent trials. Because therepetition prime
trials were even faster than the conguent trials, the high-propation block would
have represented a subgantially easier task environment than thelow-propotion
blodk, and indeed, themain effect of block typewas significant in this
experiment.
We should note tha by a dow-acting criterion adjusgment mechanism, we do not
mean tha the subjects require many trials to set theinitial criterion level, but
rather, that once set, it isnat changed onatrial-by-trial basis. Thus thenotion of
a dow-acting criterion-adjusment process is notinconsstent with thefact tha
Bodne and Masson (2001)reported usng alexica decisiontask and a between-
subject manipulation of blodck typetha the prime validity effect was appaent
fromthefirst 40trials and did not changein size across sub-blocks containing 100

trias each.
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Figure captions

Figure 1. The ASE accountof prime validity effect. (see text for explanation)

Figure 2. 2,000replicationsof the ASE modd with randomparameter settings

Figure 3. (Ieft pand) RT datafrom Expaiment 3, where GncongCand QongQrefer to an
inconguent or congruent trial, respectively, and iOand GoCOrefer to the propottion of
easy trialsin ablock (80%for highand 20%for low); (center pand) ssimulation result
from ASE in which the same respon criterionisused in thetwo block types; (right
pand) simulation result from ASE in which thetwo block types are alowed to have

different respone criteria.
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