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Participants initiated a reaching movement to a single target more rapidly than to an odd-color target among distractors
when the two trial types were presented in separate blocks, rel3ecting differentiated states of sensorimotor readiness for a
relatively easy (single target) versus harder (odd-color target) tasks. This pattern was eliminated when the two trial types
were randomly mixed. Latencies for the easy single trials increased, and those for the harder odd-color trials decreased,
showing homogenization. The faster movement initiation in the odd-color target task was accompanied by curved
trajectories, directed toward a distractor initially but corrected in midRBight. Two possible hypotheses could account for this
differentiated adjustment in visuomotor readiness: (1) explicit knowledge of upcoming trial types and (2) implicit leaning
derived from history of the very recent past, that is, repetition of the same type of trials. To distinguish between these two
accounts, we included a third condition where the trial types were predictably alternated. Contrary to the explicit knowledge
hypothesis, this also led to homogenization of initiation latencies, and curved trajectories. We conclude that visuomotor

readiness is automatically adjusted by the recent experience of trial difoculty
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Humanvisual perceptionand behaviordirectedtoward
the externalworld are strongly inBuencedby contextand
especiallyby recentexperienceEffects of previoustrials
on current trials have been observedin responsetime,
accuracy, ambiguous motion perception, and hitting
movementgde LussanetSmeets& Brenner,2002 Luce,
1986; Maljkovic & Nakayama, 1994; Maloney, Dal
Martello, Sahm, & Spillmann, 2005 Taylor & Lupker,
2001)). Sucheffects of precedingtrials are not limited to
when previous and current trials sharesimilar stimulus
featuresor responsesRather, such short-term depend-
encieshave beenclaimed for far more abstracttypes of
smilarity, paticularly for task difeailty (Mozer, Kinoshta,
& Shettel, 2007).

When easyand hard trials are separatednto different
blocks, responseso hardtrials are slowerthanresponses
to eay trials. At brd glane, this shaild not sean
suprising because harder taks are likely to require
additional processing than easy tasks, which is the
assumptionof additive factor models of reactiontimes
(Sternberg, 1969). Yet, recent work has shown that
reactiontimes are not simply dependenbn the difbculty
of the current trial but depend critically on context,
namely,on whethertrials of a given sequenceare all the
sameor of mixed difbculty. For instance wheneasyand
hard trials are mixed randomly instead of blocked, the
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differencesin reactiontime are greatly diminished. This
homogenzation effect of reaction times for tasks of

varying difbculty hasbeenreportedfor simplearithmetic,
lexical decision,readingwordsaloud,andmemorysearch
(Lupker, Brown, & Colombo, 1997 Lupker, Kinoshita,
Coltheart,& Taylor, 2003 Rastle,Kinoshita, Lupker, &

Coltheart,2003 Strayer& Kramer,1994a 19940). These
Pndingsshow that reactiontimes are not simply deter-
mined by the task at hand (Kinoshita & Mozer, 2009.

There seemsto be a strategy,or at leastsomelevel of

readinessestablishedorior to any situationwhereaction
is required.

However, the underlying basis of this differentiated
adjustmenin readinesdiasnot beenfully examined.The
differentiatedresponsiveneds the blockedtrials couldbe
based on explicit knowledge of upcomng trial types
(Monsell, Sumner,& Waters,2003 Sperling & Dosher,
1986; Stoffels, 1996; Van Duren & Sanders, 1988).
Alternatively, it could be basedon simple repetitionsof
trials of the sametype building up passivecumulative
learning, over which participantshavevery little control
(Los, 1994 Strayer& Kramer,1994a 1994h Treisman&
Williams, 1984).

The explicit knowledgeaccountpredictsthat if partic-
ipantsknow the next trial type, they canactively prepare
for it optimally. This also btswell with our intuition that
humanshaveintrinsic control over our actions(Arrington
& Logan, 2004. In contrast, the cumulative learning
accountpredictsthat simply repeatingtrials of the same

ISSN1534-7362 ARVO


http://www.ski.org/McPeek_Lab/jhsong/
http://www.ski.org/McPeek_Lab/jhsong/
mailto:jhsong@ski.org?subject=http://journalofvision.org/7/5/2/
mailto:jhsong@ski.org?subject=http://journalofvision.org/7/5/2/
http://visionlab.harvard.edu/Members/Ken/nakayama.html
http://visionlab.harvard.edu/Members/Ken/nakayama.html
mailto:ken@wjh.harvard.edu?subject=http://journalofvision.org/7/5/2/
mailto:ken@wjh.harvard.edu?subject=http://journalofvision.org/7/5/2/
http://journalofvision.org/7/5/2/

Journabf Vision2007)/(5):21D9

type will elicit the properadjustmentof strategiedefore
thenexttrial. This passivdearningaccountsuggestshata
short-termmemory systembasedon very recentexperi-
ence determinesour strategy. Explicit prior knowledge
playsno role in this account.

In the currentstudy, we useda simple, visually guided
manual-pointng task to examine how the sequenceof
trials, especiallythe previoustrialOgifbculty, affects the
Brvisuomotor readinesls of the subsequengoal-directed
motor responseandwhat type of mechanisnadjuststhis
readiness. We use the term visuomotor readiness to
describechangesn motor strategiesThis is bestcaptured
by the measuremendf movementinitiation latency (see
below).

This continuouspointing task can show whether the
homogenization effect can be generalized to simple
sensorimotobehaviorswhich are not mediatedby higher
level conceptualknowledge such as arithmetic or lan-
guageprocessinglt alsoprovidesa favorableopportunity
to examinethe role of strategiesand their subsequent
consequeresin richer detail. In comparisonto previous
tasks requiring discrete responsespointing reveals not
only whenbehavioris initiated but alsohow it playsoutin
time andspaceln a continuousresponsesuchasvisually
guided action, we can measurethe real-time temporal
dynamics of ongoing cognitive processesin a spatial
context(Song& Nakayamag008. In eachtrial, we asked
participantsto point to either a single target(easy)or an
odd-colortargetamongtwo distractors(hard) and inter-
mixed thesetwo typesof trials in variousways.

To examine whether explicit knowledge, cumulative
learning,or bothcontributeto thevisuomotorstrategieswe
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conducted seriesof experimentsn which we pit explicit
knowledgeof the upcomingtrial againsttrial-type repeti-
tions. In Experimentl, we intermixed easysingle-target
trials and more difbcult odd-color-targettrials in three
ways: blocked (Figures1A and 1B), mixed (Figure 1C),
and alternated conditions (Figure 1D). In the blocked
condition, single- and odd-color-targettrials were pre-
sented in separde blocks. In contrast, in the mixed
condition, the two typeswere randomly mixed. Finally,
in the alternatedcondition, single- and odd-color-target
trials were aternated and patticiparts were informed
aboutthe alternationin advance The taskwas alwaysto
reachfor andtouch a single or an odd-colortargetwith
their index Pngeras quickly and accuratelyas possible.

Both explicit knowledge and cumulative learning
accounts predict that differentiated motor execution
strategiesvould be adoptedfor the two trial typesin the
blocked condition due to either explicit knowledge for
upcomingtrials or cumulative learning basedon repeti-
tions of the sametype of trials. Of interestis the alternated
condition, wherediverging resultsare predicted.Accord-
ing to the explicit knowledge account, the alternated
cordition would be similar to the blocked cordition
becauseparticipantshave full knowledge of upcoming
trials. However, according to the cumulative learning
account, it should be similar to the mixed condition
becausdrequenttrial-type alternationspreventany pos-
sibility for cumulativelearning.

In Experiment2, we displayeda long sequencef each
type of trial and informed participants of the exact
switching point of trial types. Accordingto the explicit
knowledge account, participants should show a differ-
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Figure 1. Schematic diagram of experimental conditions in Experiment 1. Two types of trials were mixed in three different ways. In single-
target trials (A), a single target was presented without distractors, whereas in odd-color-target trials (B), one odd-color target was
presented with two distractors. Single- and odd-color-target trials were mixed in three different ways: blocked (A and B), mixed (C), and
alternated conditions (D). In the blocked condition, single- and odd-color-target trials were presented in separate blocks. In the mixed
condition, these were randomly mixed. In the alternated condition, single- and odd-color-target trials were alternated.
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entiated strategy for each trial of these predictable/
deterministic sequences, regardless of the length of
repetition, whereasaccordingto the cumulativelearning
account,they can only adjusttheir strategyafter experi-
encinga sequencef repetitions.

Participants

Harvard University studerts participated for course
credit. They were all right-handedwith normal color
vision and normalvisual acuity. Nine participantspartici-
pated in Experiment 1, and nine new participants
participatedin Experiment2.

Stimuli

Solid redor greendiamond-shapesdtimuli (1.5 ! 1.5)
were presentedagainsta black background.The red and
greenwerechoserto beapproximatelyequiluminantusing
a Ricker photometry.The stimuli werearrangediuniformly
aroundanimaginarycircle with aradiusof 14-. Thetarget
waspositionedrandomlyfrom trial to trial at oneof three
possiblepositions,correspondindo 4, 8, and12 oOclock.

Task

Participantsweretestedindividually in a semidarkead
room.Theywereseated8cmin front of thevisualdisplay.
Thereweretwo typesof trials: single-andodd-color-targe
trials. In single-targetrials, the singletargetwaspresented
without distractorswhereasn odd-color-targetrials, the
odd-colortargetwas presentedwith two distractors.The
targetcolor wasrandomlyeitherredor greenin eachtrial.
If the targetwasred, thenthe distractorswere greenand
vice versain oddcolor-target trials. Paticiparts were
askedto touchthe odd-colortargetwith their index bPnger
as quickly and accuratelyas possible. They were also
instructedo bxatethecentralcrosshaithroughouthetrial.

In eachtrial, the black screerwith awhite bxationmark
waspresentedior 1,000ms. Then,thestimulusdisplaywas
presentedon the screenuntil the participantresponded.
Auditory feedback was provided to inform whether
participantstouchedthe correcttarget. This wasfollowed
by a 500-ms blank interval. Thus, the total response
stimulus interval was 1,500 ms. Participantspracticed
80Db10Gandomlymixedsingle-andodd-color-targetrials.

In Experimentl, participantsperformedtwo blocks of
trialsin eachof thefollowing conditions:blocked(onewas
asingle-targetrial block [Figure1A] andthe otherwasan
odd-color-targe block [Figure 1B]), mixed (Figure 1C),
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andalternated Figure1D). Eachblock contained48trials.
The orderof the six blockswasrandomlyassignedacross
participants.In Experiment2, sequence®f pve single-
and bve odd-color-targetrials switchedregularly. Partic-
ipantswere informed aboutthe Pve-trial-switchrule. An
additionalcolorednumericcuewaspresenteat the center
for 500 ms during the blank interval before each trial
beganandindicatedthe trial type and positionof the trial
in the sequencéprst,secondgtc.). Yellow numberswvere
usedfor single-targetrials, and blue oneswere usedfor
odd-color-targetrials. Participantsperformedpbve blocks
of trials (90 trials/block).

Measurin g hand movements

Hand movementswere trackedwith a Fastrakelectro-
magnetic position and orientation measuring System
(Polhemudnc.) with an updaterate of 120 Hz. The small
position-trackingsensor(0.89 ! 0.50! 0.45in.) was
attachedto the index bngertip of the right hand. The
starting position (3! 3 cm) was markedon the table,
which was approximatelyaligned with the body midline
and 20 cm in front of the participants.Participantswere
requiredto puttheirindexbngeron the startingpositionto
initiate eachtrial. The tracking systemwas calibratedin
eachblock with nine distributedpoints.

Data analysis

Movementdataweretransmittedto a PowerMac G4 by
Vision Shell library for off-line analysisto identify the
onsetandoffsetof movementsHandvelocity exceedinga
thresholdof 10 cm/s demarcatedhe onsetof the move-
ment. Eachtrajectorywasvisually inspectedo verify the
appropriatenessf this criterion, which was adjustedby
handif necessary.

Only trials in which participantsselectedthe correct
targetwereincludedin furtheranalysesinitiation latency
was debPnedas the interval betweenstimulus and move-
mentonsetsTrials in which latencieswere below 100 ms
or in excessof 1,500 ms were excludedas anticipatory
moveamnents and outliers. Movementduration was the
interval betweenmovementonsetand offset. Total time
wasthe sumof initiation latencyand movementduration.
Less than 2% of the trials were eliminated becauseof
selectionerrorsor latencycriteria.

We characterizedthe global movementtrajectory by
computing maximumcurvature Maximum curvature is
debPnedasthe ratio of the largestdeviation(perpendicular
distance)of the trajectoryfrom the straightline connect-
ing the stat and end points (target position) of the
movements to the length of this line (Atkeson &
Hollerbach, 1985; Desmurget, Jordan, Prablanc, &
Jeannerod]1997 Smit & Van Gisbergen,1990. Thus,
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Figure 2. Initiation latencies of single- and odd-color-target trials in
the blocked, mixed, and alternated conditions. The error bars
represent between-participants standard errors.

maximum curvature was computedin each trial with
respectto the target position. For example,a maximum
curvatureof zero meansa straighttrajectory.

Experiment 1: Dissociation of explicit
knowledge and past experience

In Experimentl, we intermixedeasysingle-targetrials
anddifbcult odd-color-targetrials in the blocked, mixed,
and alternatedconditionsto determinewhether visually
guidedmanual-pointilg strategiesare adjustedby predict-
ability for upcoming trials or by cumulative learning
basedon trial repetitions(Figure 1).

Initiation latency adju stment

We observedhat participantstypically initiated reach-
ing to a single target more rapidly than to an odd-color
targetamongdistractorsyef3ectingdifferentiatedstatesof
sensorimotoreadines$or easyersushardtasksF(1, 8) =
16.7,p G.005. This is in accordwith the predictionthat
participantscan adjusttheir initiation latenciesappropri-
ately for the difbculty level of eachtrial (Figure 2).

Yet, this occurredonly whentrial typeswere presented
in separateblocks, t(8) = 6.3, p G .001, showing a
signibcantinteractioneffect betweentrial type andblock
type,F(2, 16) = 36.5,p G.001.Thedifferencebetweerthe
two trial types vanished, on average, in the mixed
condition, t(8) = 1.6, p G 1. Comparedto the blocked
condition, single-targetrials becamesignibcantlyslower,
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t(8) = 6.87,p G .001, and odd-color-targetrials became
faster, t(8) = 3.09, p G .02, showing a homogenization
effect. In all conditions,targetselectionaccuraciesvere
morethan98%, F valuesG 1.

The alternatedcondition representedhe most critical
result, where the two predictions diverge. Our results
showedthat therewasno differencebetweenthe two trial
types,t(8) = .4, p G 1, demonstratinghe homogenization
effect like that occurringin the mixed condition.Also, we
observedhat,comparedo thosein the blockedcondition,
single-targettrials became signibcantly slower, t(8) =
6.57,p G.0001,and odd-color-targetrials becamefaster,
t(8) = 4.75,p G.001.

Thus, in contrastto the blocked condition, the mixed
and alternatedconditionsdemonstratedhat, on average,
motor executionstrategiesverenot differentiatedfor each
trial type. It is worth noting that participantshave perfect
explicit knowledge of upcoming trial types in the
alternatedcondition. Yet, participantsdid not actively
adjusttheir motor executionstrategieshy relying on their
explicit knowledge. Therefore, the results support the
passivecumulative learning hypothesisthat trial repeti-
tions are critical for adjustingmotor readiness.

Trial-by-trial sequenti al adjus tment

Figure 2 revealsthat participantsadjustto the average
difpculty for all the trials in the mixed blocks. They
appearto adopta single strategyby showing no differ-
encesin initial latencies.Yet, if cumulative learningis
operativeand important, we should seeits effects on a
trial-by-trial bass even in this mixed condition. We
categorizedsequencesnto three groups basedon the
number of same trial-type repetitions in the mixed
condition: zero,one,andmorethantwo repetitions.Then,
the initiation latency differencebetweensingle-and odd-
color-target trials was calculated in each repetition
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Figure 3. Initiation latency differences between odd-color- and
single-target trials in the mixed condition as increasing numbers of
same trial-type repetitions. The error bars represent between-
participants standard errors.
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condition.Figure3 showsthatwith increasingnumbersof
repetitions,the differencebetweensingle- and odd-color-
targettrials alsoincreasedF(2, 7) = 2.9, p G.05, although
participants did not have any explicit knowledge of
upcomingtrials.

Thus, we dissociatedinBuencesof explicit knowledge
and past experience by demonstrating that initiation
latenciesare adjustednot only by the full knowledgeof
upcomingtrials in the alternatedcondition but also by
recent experience when trials of the same type are
unpredictablyrepeatedn the mixed condition.

Cost of suboptim al strategies V Curved traject ories

We also examinedwhetherthereis any costof latency
homogenizatin in the mixed and alternatedconditions
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(Figure 2). Although participants successfullyfulblled
their ultimatetaskgoal of targetselectionin all conditions
aswe reportedearlier, the presenceof curved movement
trajectoriesshows costs of suboptimal motor execution
strategies (Figure 4). Figure 4 shows more curved
trajectoriestowarddistractorsin the mixed andalternated
conditionsthanin the blockedcondition.

To conbrmtheimpressionfrom Figure4, we quantiped
the magnitude of trajectoriesby calculating maximum
curvature.Figure 5 showshighermaximumcurvaturesof
the odd-colortrials in the mixed, t(8) = 3.2, p G.02,and
alternatedconditions, t(8) = 2.5, p G .05, than in the
blocked condition, supportingthe aboveinterpretationof
Figure 4. Overall, single-targettrials are lesscurvedthan
odd-color-targetrials, F(1, 8) = 33.1,p G.001. We also
observeda signibcantblock type effect, F(2, 16) = 3.9,

Single-target Odd-color-target
A. Blocked 12 12
10 10
8 8
6 6
4 4
2 2
0 ! 0
-5 0 5 —
B. Mixed 12 12
10 10
8 8
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4 4t "
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C. Alternated 12 12
E E10 10
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S 4 4
= 5
L2002 2
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Figure 4. Manual-pointing trajectories to the three target locations from one participant. The Prst column (cyan) represents trajectories
from single-target trials, and the second column shows odd-color-target trials. In the odd-color target trials, trajectories associated with
each target location are depicted by three distinct colors: 8 oOclockposition (green), 12 oOclockposition (red), and 4 oOclockposition
(blue). These trajectories are three-dimensional, but for clarity, we show only the x and y dimensions where the difference between
trajectory types is most evident. Trajectories from the blocked (A), mixed, (B) and alternated (C) conditions are depicted in separate rows.
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Figure 5. Mean maximum curvatures of single- and odd-color-
target trials in the blocked, mixed, and alternated conditions. The
error bars represent between-participants standard errors.

p G .05, and an interactioneffect betweentrial type and
block type, F(2, 16) = 4.3,p G.05.

Thus, undifferentiatedinitiation strategies(homogeni-
zation) resultedin somecostref3ectedn curvedtrajecto-
ries, althoughtherewasno evidentcostin pnalselection
accuraciesThe time cost causedby curved trajectories
was negligible. Overall, movementduration was shorter
in single- than in odd-color-targettrials, F(1, 8) = 35,
p G.001, but therewere no other signibcanteffects: 408,
406,and403 msfor single-targetrials and447,459,and
454 ms for odd-color-targettrials, respectively,in the
blocked, mixed, and alternatedconditions.

Experiment 2: Cumulative learning in
predictable sequenc es

To furtherextendthe Pndingfrom the sequenceanalysis
of the mixed condition (Figure 3) andinvestigatethe time
course of the adjustmentof initiation latency criteria
based on cumulative learning, we introduced longer
predictable/deteninistic sequencesn Experiment2. In
this task, runs of pve single- and bve odd-color-targe
trials switchedregularly (Allport, Styles,& Hsieh, 1994
Rogers & Monsell, 1995. Participantswere informed
aboutthe bve-trial-switchrule, and visual cuesfor trial
typesandwhich trials in the sequencépbrst,second etc.)
were also presentedn eachtrial. Thus, participantshad
perfectcognitive knowledgefor the upcomingtrial types.

Figure 6 demonstrateghat initiation latenciesfor the
two types were gradually differentiated as numbers of
repetitionsincreased consistentwith results depictedin
Figure 3. We observeda signibcant trial-type effect,
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F(1,8)=7.7,p G.05, repetition effect, F(4,32)=13.9,
p G.001,andinteractioneffect betweenthem,F(4, 32) =
42.1,p G.001.

This indicatedthat participantsgraduallyinitiated their
movementdgasterin single-targetrials andslowerin odd-
color-targettrials with increasingrepetitions,which could
nat be explained as a smple percepual priming effed
because trial-type repetitions dowed down odd-cdor-target
trials.

Initiation latency differencesbetweensingle- and odd-
color-targettrials were statistically signibcantexceptfor
thosein the zero-repetion condition,wherethe response
for the type of trials wasreversed{(8) = 1.5,p G1. The
difference emergedonly after one (35 ms), t{(8) = 2.9,
p G.02,or two repetitions(50 ms),t(8) = 3.1p G.015,and
gradually increasedup to 62 ms, t(8) = 4.3, p G .003.
Thus,with increasingthe numberof repetitions,initiation
latenciesof single-andodd-color-targetrials wereclearly
separatedas in the blocked condition of Experimentl
(Figure 2).

This, again, sypported the cumulative learning aacount by
trial-type repditions. In addition, the lack of latercy differ-
erce at the switching point (zero repetition) showed that
prior knowledgeis nat directly involvedin this adustmert.

In the current study, we dissociated infBuences of
explicit predictive knowledgeand recent experienceon
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Figure 6. Initiation latencies of odd-color- and single-target trials

as a function of the number of the same trial-type repetitions. The
error bars represent between-participants standard errors.
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visuomotor readiness showing that cumulative learning
basedon recentrepetitive experiencess critical.

We showedthat participantsfail to adjusttheir motor
strategiesappropriately for trials of varying difbculty,
althoughthey haveexplicit knowledgeof upcomingtrials
(Figures2 and®6, zerorepetition).Consideringour general
intuition that humanshavea degreeof control over their
actions,it is quite surprisingthatcertainknowledgehasno
effect in overall visuomobr realiness, although it is
conceivablethat participantscould explicitly adjusttheir
visuomotor strategiesunder conditions of differentiated
rewardsand penaltieswhich we havenot examined.Yet,
in the current study, participantscan apply distinctive
motor initiation strategiesfor easy and hard trials by
repetitionsregardlesswvhetherthey have explicit knowl-
edgeof upcomingtrials (Figures3 and 6). As repetitions
of sametypesincreasejnitiation latenciesfor easytrials
becamedasterandthosefor difbculttrials becameslower,
sothattheseareclearly separatedThus,we arguethatthe
visuomotor system determinesmotor initiation criteria
based on very recent events. This cannot be simply
explainedby perceptualpriming effects becausepriming
would producedecreasedeactiontimesfor bothtrial types
(Kristjansson,Wang, & Nakayama,2002 Maljkovic &
Nakayama1994).

The initiation latency differencesbetween easy and
difbcult trials vanishedwhen the two trial types were
intermixed because easy trials became slower and
difpcult trials became faster comparedto when they
were separatedn blocks (Figure?2). This homogenizatin
effect differs in this resgect from the typical task-
switching costs, which would be expectedto produce
performane decrementsn both tasks when they were
intermixed.

As mentionedearlier,the homogenizatioreffect of easy
and hard trials has beenobservedin a variety of other
tasks (Kinoshita & Mozer, 2006), athough domain-
specibc accounts have been raised to explain this
homogenization effect, such as a dual-route model
assuminga relativespeedchangen lexical andnonlexical
routesin reading(Rastle& Coltheart,1999.

Onepossiblehypothesido explainsimilar reactiontime
modulation observedfrom higher level cognitive tasks
and our simple reachingtasksis to assumea central
mechanism independent from any input and output
systems. This conjectured central monitoring system
determinesensorimotoreadinesgor a currenttrial based
on recent experiences. The curent state of regorse
readiness is not simply determined by the task but
modulatedby recentexperience Separateparallel chan-
nels could accumulate information for each of the
competing responses over time. Then, as soon as
accumulatednformation for one responsever the other
reacheghethreshold a motorresponseould be executed.
Recentexperiencecould adjust either the gain of infor-
mation accumulationor threshold of movementonsets
(Palmer, Huk, & Shadlen,2005 Ratcliff, Cherian, &
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Segraves,2003 Smith & Raitcliff, 2004 Stuphorn &
Schall,2002.

This view is elaborated further by our trajectory
measurementsMore difbcult trials not only are faster
but also show more curvedtrajectorieswhen mixed with
easytrials. This supportsthe view that the initiation of
motor behavior,but notits full planning,is triggeredmore
quickly, eitherby loweredthresholdor by fasteractivation
along a decisionaxis.

Our trajectorymeasuremendemonstratedinique char-
acteristics of visually guided actions. In contrast to
discreteresponsesypically measuredn cognitive tasks,
re3ectingonly Pnaloutputsof internal cognitive process,
our taskshowshow suboptimallyadjustedinitial strategy
interactswith behaviorsover the time until participants
Pnally obtain the right target (Jeannerod1988 Song&
Nakayama,2006 Spivey, Grosjean,& Knoblich, 2005.
Reachingtrajectoriesinitially attractedto distractorsand
then correctedto the targetdemonstratdnow competition
betweenthe targetand distractorsis resolvedover time.
This interadive process betwveen target sekection and
motor control provides an alternative to traditional
cognitive theoriesbasedon the assumptionthat percep-
tion, cognition, and action are distinctive and serially
processedlomains(Marr, 1980 Newell & Simon, 1972
Sanders]198Q Sternberg,1969.

For simplicity, we have assumedhat a single central
sydem is respamsible for detemining a very unibed
strategiccontrol of the sensorimotosystem.Furthermore,
it is also possiblethat a single systemis involved in
determininga generalcontrol level for a wide range of
cognitive and motor actions, given the fact that homog-
enization effects are widely observed.However, it is an
empirical question as to whether a single system or
perhaps multiple systems,each for different types of
processing(language,phonology, eye movements hand
movements, etc.), are capable of making their own
separateadjustments.

In conclusion,we show that the strategyto deal with
taskdifpculty is in fact regulatedautomaticallyby recent
experiencealone. There seemsto be no role for explicit
knowledgeof upcomingtasksin determiningvisuomotor
readiness.
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