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Abstract

To explain how cognitive control is modulated comlly, Botvinick, Braver, Barch,
Carter, and Cohen (2001) proposed that detectiiognmation-processing conflict attenuates the
disruptive influence of information-processing dant§ encountered subsequently, by which
time appropriate cognitive-control mechanisms alyeaill have been engaged. Tlisnflict-
adaptationhypothesis has motivated extensive programs o&rekavhile also attracting
vigorous methodological critiques that highlighteahative accounts of trial x trial n-1
sequential effects in cognitive-control tasks. Agkting those alternatives through precluding
analyzing stimulus repetitions without creating aoyt of confounds among any stimulus or trial
characteristics, the present research observedisant conflict-adaptation effects within and
across several selective-attention tasks. More@eeoss-task conflict-adaptation effects were
largest when spanning tasks (i.e., a newly devel&imop-trajectory task and a flanker task,
which both require resolving conflict among stingiklements) that presumably depend on the
same mechanism of cognitive control (selectivenéitte) than when spanning tasks that do not
(i.e., the Stroop-trajectory task and a Simon tdek|atter—but not former—of which requires
resolving conflict between stimulus and responseehts). These findings contribute to
advancing beyond examining whether or not conflddptation exists to clarifying the

conditions under which it is and is not observed.



Conflict Adaptation Within and Across Tasks 3

Adapting the control of action and cognition toctuating environmental demands is a
hallmark of effective human behavior. An influeh&acount of the contextual modulation of
cognitive control has been Botvinick, Braver, BarClarter, and Cohen’s (2001) conflict-
monitoring theory, which proposes that signalsédimation-processing conflict, as when
different processing streams implicate incompatibiponses, engage cognitive control.
Following that theory, detecting an incident ofamhation-processing conflict should attenuate
the disruptive influence of information-processoanflicts encountered subsequently, by which
time appropriate cognitive-control mechanisms alyeaill have been engaged. Thusnflict-
adaptationprediction has generated a substantial body oareseon human behavior and brain
function (for review, see Carter, & Krug, 2012)vigg rise to novel conceptual approaches to
understanding such disparate phenomena as radiglesder stereotyping (Kleiman, Hassin, &
Trope, in press), affective and hedonic experien&sem, Verguts, Roggeman, & Notebaert,
2012; Van Steenbergen, Band, & Hommel, 2009, 20i€)ral development (Waxer, & Morton,
2011), and relations among electrocortical and weha indices of cognitive control in large-
scale correlational studies (Clayson & Larson, 30Alongside these fascinating applications of
conflict-monitoring theory, however, questions haeesisted pertaining to whether the conflict-
adaptation effect itself is a basic principle ofjoitive control or instead a methodological

artifact, as discussed below.

From the outset, research on conflict adaptatiataleen steps to address alternative
explanations. Gratton, Coles, and Donchin (1998) iemonstrated that increases in response
time and decreases in response accuracy on incamgelative to congruent trials are smaller
following incongruent trials than following congmiterials of cognitive-control tasks, such as an

Eriksen flanker task (Eriksen & Eriksen, 1974).af mitial paper reported that the adaptation
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effect it had identified was not moderated sigmifity by whether or not subjects viewed
identical stimulus arrays across trialandn-1, such as “HHSHH” on both trials, relative to
“HHSHH” at trial n-1 and “SSHSS” at triat (Gratton et al., 1992). In contrast, Mayr, Awh, and
Laurey (2003) found that conflict-adaptation eféeetlso on the flanker task, weret observed
when exact stimulus repetitions were removed froalysis, suggesting that repetition priming

might be a more parsimonious account of their tteia conflict monitoring theory.

Addressing those conflicting findings, subsequentivexpanded the number of stimuli
used as flankers and as targets (Ullsperger, Byl&niotvinick, 2005; see also Notebaert &
Verguts, 2006). Significant conflict-adaptationesfis were observed despite limiting analyses to
trial pairs in which no target, distractor, or respe elements repeated across successive trials
(e.g., “7767,” followed by “3383”; Ullsperger et al, 2005). As noted by Schmiad a
DeHouwer (2011), however, many conflict-adaptastudies with greater than two responses
have created stimulus-contingency confounds. Famge, in a flanker task with more than two
responses, each central cue of a flanker trial dvappear more often with identical flankers
(because there is only one type of congruent dorathat target, e.g., “777") than with any
other stimuli (because there are many types ofnigagent arrays for that target, e.qg., “117
“22722,” “33733,” etc.). Those authors showed that eliminatiimgus-contingency confounds
can eliminate the conflict-adaptation effect (Saifinéi DeHouwer, 2011). In our view, it is
important to note that unconfounding all stimulag @esponse elements in a four-response
design requires .75 incongruent trials and .25 ogeny trials across, leading to unequal
proportions of the different sequences that forenghmary independent variable in conflict-
adaptation studies (e.g., .75 * .25 = .1875 incoaagt following congruent trials; and .75 * .75 =

.5625 incongruent following incongruent trials)orglating a manipulation of trial sequences’



Conflict Adaptation Within and Across Tasks 5

levels of information-processing conflict with a myaulation of trial sequences’ frequencies

makes it impossible to attribute any result sotelpne manipulation or the other.

Accordingly, novel tests of the conflict-adaptatioypothesis are needed that (a)
eliminate exact stimulus repetitions without (yaalucing stimulus-contingency confounds,
while (c) holding congruency rates to .50. Towdrid £nd, our first experiment examined
conflict adaptation in a four-response selectiterdion task (a newly developed “Stroop-
trajectory” task) in which stimulus arrays wereenttied vertically or horizontally, thereby
allowing analysis of trial pairs associated witffetient responses and different stimuli. Our
remaining two experiments addressed the above thiteeia by interspersing different tasks

across trials, as described next.

In our view, and in accord with Egner (2008), aigfintforward implication of Botvinick
and colleagues’ (2001) conflict-monitoring theosythat conflict-adaptation effects should be
observed across different tasks to the extentpddrmance at trials andn-1 depends on the
operation of a common component process of cognaontrol. To the extent that a component
process of cognitive control (e.g., selective diter) is needed to resolve information-processing
conflict at trialn, engaging that process at tnmal should facilitate resolving information-
processing conflict at triad (whether or not same task is performed at tnasdn-1), thereby
leading to attenuated neural signals of informapomcessing conflict and attenuated increases
in response time and decreases in response ac@agackesult of encountering incongruent
relative to congruent trials of cognitive-contrasks. Importantly, if such (conflict-adaptation)
effects were to be observed despite differencetinmuli perceived and rules followed in
different tasks across triatsandn-1, the results would appear impossible to attaliatstimulus

repetitions or to any introduction of stimulus-aagency confounds. However, variability in
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whether conflict-adaptation effects have been oleskacross different tasks (e.g., Freitas,
Bahar, Yang, & Banai, 2007; Kan et al., in preslkgifdan et al., in press; Kunde & Wuhr, 2006)
or have not been observed across different tasgs A&cay & Hazeltine, 2011Funes, Lupiafiez,
& Humphreys, 2010; Wendt, Kluwe, & Peters, 2006 #i@lded uncertainty regarding the
implications of those studies for understandingatetextual modulation of cognitive control.
The present work aimed to help resolve this unsextdy bringing under experimental control

factors determining whether or not across-tasklmtrafdaptation is observed.

More specifically, given the general proposal (Eg26808; Funes et al., 2010) that
across-task similarity may help determine whetharat across-task conflict-adaptation is
observed, our final two experiments respectivelyimalated two bases of across-task similarity,
relating to the structure of stimuli encountered.(iwhether trials of different tasks encountered
at trialsn andn-1 were comprised of single or multiple objectsp&xment 2) and to the nature
of information-processing conflict (i.e., whethaals of different tasks encountered at trials
andn-1 entailed resolving conflict between stimuluswedats or between stimulus and response
elements, Experiment 3). A novel methodologicalperty of these experiments is that each
included three tasks that varied along the abovteehdimensions, thereby affording the first
experimental tests of which we are aware of wheth@magnitude of conflict-adaptation effects
would be greater across some task combinationsatrss others. Clarifying the conditions
under which the contextual modulation of cognitbamtrol generalizes across tasks that utilize
different stimuli would provide clear support fovetconflict-adaptation hypothesis while also

helping elucidate the processes by which such tsfiadold.
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Experiment 1

One approach to examining sequential effects imitiwg-control tasks is to present
stimulus arrays on alternating vertical and horiabdimensions and then to restrict analyses to
trial pairs with alternating orientations, therediyninating stimulus and response repetitions
without introducing stimulus-contingency confound$owever, there has been variability in
whether conflict-adaptation effects have been aolegktacross vertical/horizontal orientations
(Freitas et al., 2007, Experiment 1; Kunde & W®006) or have not been observed across
vertical/horizontal orientations (Mayr et al., 200 aking it difficult to reach firm conclusions
regarding the implications of the alternating-ot&ions studies for the conflict-adaptation
hypothesis. Methodological factors differing acpsevious experiments may play some role in
that heterogeneity. As reported by Mayr and AwO@0for example, a re-analysis of the early
blocks of the Mayr et al. (2003) data found smatiftict-adaptation effects on a flanker task that
were not significant statistically but that werm#ar in size to the statistically significant
conflict-adaptation effects on a flanker task répadin Freitas et al. (2007, Experiment 1, in
which each experiment was comprised of three blotksals), which included relatively large
samples of subjects, thereby yielding relativelyhhstatistical power. Given this possibility that
variability in statistical power across previoupesments may account for some of the
variability in their confirmation or disconfirmatioof the conflict-adaptation hypothesis using

the alternating-orientations desfgit is important to identify experimental paradigthat yield

! Another potentially important difference betweba experiments of Freitas et al., 2007, and
those of Mayr et al., 2003, is that the former expents selected trials for presentation
randomly without replacement at the level of blqakkereas the latter experiments selected
trials for presentation randomly with replacemeéunt ¥Mayr, personal communication, 2008). As
reported herein, all experiments in this invest@aselected trials for presentation randomly
with replacement.
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conflict-adaptation effects robust enough to bdicated reliably in experiments using the

smaller sample sizes typical of cognitive-conttadses.

Toward this end, we have developed a new cognairerol task, which we term the
“Stroop-trajectory” task, given that it requirespending to non-symbolic information
independent of congruent or incongruent symbolierimation, yielding a stimulus-stimulus
conflict (as a Type IV “Stroop-like” task in therteinology of Kornblum, Hasbroucq, & Osman,
1990; Kornblum & Lee, 1995). In the Stroop-trajegttask, pointing triangles are presented
one-at-a-time, cumulatively yielding an array ofjstly overlapping triangles on each trial.
Lastly, a smaller triangle, pointing in the sameediion as all of the others, appears at either the
top or the bottom of vertically oriented arraysabthe left or right of horizontally oriented arsay
(see Figure 1). Participants’ task is to indicaeelbcation of the smaller triangle. Trial
congruence reflects whether or not the smallengffigis location matches the direction indicated
by all triangles in the array (therefore matchitgpahe direction in which new triangles in the

array have appeared).

Our theoretical motivations in designing this tasde threefold. First, there is strong
evidence that one result of encountering inforrmapoocess conflict is to re-focus attention on
the specific stimulus-response contingencies ofdbk with which one is engaged (Noteaert &
Verguts, 2008 Braem, Verguts, & Notebaert, 201Xcdkdingly, to generate conflict-adaptation
effects general enough to transcend the spedifftubis-response contingencies required on
different trial types, in our view it is importatttat the task have simple stimulus-response
mappings. Otherwise, with more complex stimulupoase mappings, encountering conflict
could lead to a re-focus on the stimulus-responsértgency that is specific to the trial with

which one is engaged presently but that then maflicowith the stimulus-response
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contingency encountered on the subsequent trig.Sttoop-trajectory task’s simple single rule,
“indicate the location of the smaller arrow,” shabhilelp avoid such a need to refocus attention
on stimulus-response contingencies. Second, as t®gnized (Bugg, 2008; Ullsperger et al.,
2005), one likely impediment to detecting confhdaptation is negative priming, as when
participants repeatedly are obliged to respondsinaulus they ignored recently (such as a
central target stimulus that recently served darkér distractor stimulus), which is known to
lead to slower, less accurate responses than ré@ispto a stimulus that has not been ignored
recently (e.g,, Neill, Valdes, Terry, & Gorfein,98 Tipper, 1985). Accordingly, we designed
the Stroop-trajectory task such that all triangpesll arrays always point in the same direction,
and patrticipants always respond to the smallesmtgie; as a result, in no case are participants
obliged to respond to a stimulus they recently rgdoFinally, extensive evidence indicates that
experiences of perceiving and responding to spesiimuli generate episodic traces that bind
perceptual and action featurétofnmel, 1998, 2004). These episodic traces thetegu
subsequent actiofgcilitating performance on exact perceptual/actepetitions but impeding
performance on partial perceptual/action repetsitommel, 1998, 2004). The Stroop-
trajectory task was designed to limit the influen€gartial trial repetitions. During the early
parts of each trial, participants view pointingraiii (the large black triangles) that can be
expected to activate particular behavioral respop(sg)., “left” for left-pointing triangles; Kopp
et al., 1996) but that should not cue retrievalepiresentations of recent actions (given that
participants never respond to the large black ¢gf@s). In this way, the temporal nature of the
Stroop-trajectory task should allow the priming@drrect or incorrect) responses (on congruent
and incongruent trials, respectively) without geriey perceptual-action feature-binding effects.

Moreover, by time participants respond to eaclsrimperative stimulus (by indicating the
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location of the smaller gray triangle), many sepbr@erceptual events will have occurred (as
each of the seven black triangles has appeare@seajly), thereby allowing decay of
representations of prior responses to prior arnaigsh should further limit the sensitivity of this
experimental paradigm to the debilitative influeceperformance of partial repetitions of

perception-action events.

In summary, for the reasons stated above, and giveextensive pilot testing of the
Stroop-trajectory task, we predicted that this taskld yield significant conflict-adaptation
effects when limiting analyses to trial pairs inighhstimulus arrays alternated across horizontal
and vertical orientations, with effects robust egioto be detected in an experiment with a

relatively small sample size.

Methods

In exchange for course credit, 15 undergraduatesa6), aged 18 — 44 yeald €
21.33), participated. Using their dominant hanch&l (e fingers of their own choosing),
participants pressed the up, down, left, and ragiaw keys of a standard computer keyboard
(that had been positioned near the left hand ohahded participants and near the right hand of
right-handed participants) to indicate the locatda small gray triangle within an array of
larger black triangles. Trials began with a 400 erfeation cue (“.”) centered horizontally and
vertically on the monitor. Following a 26.67 md#ank screen, vertical or horizontal arrays of
seven black triangles (each 83 pixels high x 28Igixide) next were presented incrementally
(see Figure 1). For upward-pointing arrays, a gingdward-pointing triangle first was presented,
centered horizontally, 41% of the distance fromlb#om of the monitor. In successive

intervals of 26.67 msec, each of five other ideitidangles next was added to the array, with
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each triangle appearing immediately above the oesepted before it. Lastly, 40 msec after six
black triangles in the array were visible, the sglredentical triangle appeared immediately
above the others, and a smaller (24 pixels high gigels wide) upward-pointing gray triangle
appeared inside either the top black triangle @mgcuent trials) or the bottom black triangle (on
incongruent trials) and were presented for 146.6&anafter which the screen remained blank as
the computer program awaited the participant’'seasp. For right-pointing, downward-

pointing, and left-pointing trials, the stimulusays were rotated 90°, 180°, and 270°,
respectively. At the conclusion of each trial, Hteeen remained blank for an interval varying
randomly between 125 and 250 msec, prior to theaamce of the fixation cue at the beginning
of the next trial. Following computer-administeniadtructions and a 24-trial practice block,

there were 8 blocks of 97 trials each.
Results

Latency data were not analyzed when erroneousmnesg were recorded at trialer n-1
(9.44% of trials) or when latencies exceeded 808cn(2.08% of remaining trials), and accuracy
data were not analyzed when erroneous responses&garded at trial-1 (5.12% of trials).
Moreover, response latency and accuracy data vimalgzed only when the vertical/horizontal
orientations of stimulus arrays differed acrosal$m andn-1, thereby precluding from analysis

any exact stimulus repetitions.

Response times and accuracy rates were analyZe(rial n congruence) x 2 (trial-1
congruence) repeated-measures ANOVAs (see Talolecell means). For responses times,
there was a significant effect of trimkcongruencef-(1, 14) = 5.26MSE= 1482.77p < .05,

partialn® = .27, but not of triah-1 congruencei(1, 14) = 3.39MSE= 49.85p = .09, partiah®
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=.19; most important to this investigation, thaltn x trial n-1 congruence interaction was
significant,F(1, 14) = 16.83MSE=116.81p < .001, partiah2 = .55. For accuracy rates, there
were significant effects of tria congruencel-(1, 14) = 15.74MSE= 0.0034p < .002, partial
n? = .53 and of triah-1 congruencer(1, 14) = 6.00MSE= 0.0008p < .05, partiah® = .30;
most important to this investigation, the tmak trial n-1 congruence interaction also was
significant,F(1, 14) = 8.95MSE= 0.0009p < .01, partiah? = .39. As reported in Table 1,
consistent with the conflict-adaptation hypothesisse interactions indicate that differences in
response accuracy and latency across incongruativesto congruent trials (at tria) were

significantly greater following congruent trialsath following incongruent trials (at triat1).
Discussion

In a cognitive-control task developed to minimizgative-priming effects, perceptual-
action feature-binding effects, and any need dfigpants to keep in mind complex task rules,
significant conflict-adaptation effects were obsehdespite limiting analyses to trial pairs in
which stimulus arrays were presented on alterngtiagical versus horizontal) orientations,
thereby precluding analysis of exact stimulus rnépet without introducing stimulus-
contingency confounds. Moreover, the effects wafecsently robust to be detected in a sample
size about as small as that which seems to berpedfan many cognitive-control studies,
including those that have reported influential reffects (e.g., Funes et al., 2010; Mayr et al.,
2003; Schmidt & DeHouwer, 2011), suggesting thatSkroop-trajectory task may serve as a
useful tool for further efforts to understand cartfadaptation. Indeed, Experiment 3 will return

to this task in an examination of across-task écirdidaptation.
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Experiment 2

In light of earlier conflicting findings on theleof stimulus repetitions in putative
conflict-adaptation effects, another approach twewstanding the contextual modulation of
cognitive control has been to combine differenksasvith different stimuli and different
response contingences, across trials. Howeveghility in whether or not conflict-adaptation
effects have been observed across different taskyiblded uncertainty regarding the
implications of such findings. For example, in @ax@eriment that intermixed flanker trials
(which required responding to the center of thmeeves) and “spatial Stroop” trials (which
required indicating the location of a box relatieean arrow), conflict adaptation in response
time was observed despite limiting analyses td padrs in which different tasks were presented
at trialsn andn-1 (Freitas et al., 2007, Experiment 3). Funesaigéagues (2010) proposed that
putative conflict adaptation across spatial Straog flanker tasks might instead reflect specific
strategic adjustments, given similarities in howsth tasks can be structured. More specifically,
those authors suggested that conflict adaptatioysacpatial Stroop and flanker tasks would be
less likely to be observed with spatial Stroop stimomprised of a single object (rather than of
multiple objects, as in Freitas et al., 2007), ¢ébgrreducing the possibility that participants
could use a similar strategy (focusing on one w€gd objects) on trials of that task as used on
flanker trials (which also contain multiple object§hose authors then interspersed flanker trials
with spatial Stroop trials in which a single arr@ather than two objects, as in Freitas and
colleagues’, 2007, Experiment 3) appeared on thetleight side of participants’ fixation point.
Their lack of a finding of conflict adaptation asssthose two tasks (Funes et al., 2010,
Experiment 1) is consistent with the possibilitgtticonflict adaptation across flanker and Stroop

trials may be observed only when Stroop stimulia@posed of multiple, separate stimulus
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elements. Given that the Stroop and flanker tasksuaong the most widely used tasks in

studies of cognitive control, this would be a valgaconclusion.

However, it is important to note that the spati@b8p task used by Funes and colleagues
differed from that used by Freitas and colleagu®sonly in the number of its stimulus elements
but also in the nature of its information-procegsionflict. Rather than requiring responding
according a stimulus’s spatial location independéiiis symbolic meaning (as in Freitas et al.’s,
2007, “spatial Stroop” task; see also Palef, 19318a similar definition of that task), the task
that Funes and colleagues termed a “spatial Stragk’required that participants respond to the
left/right direction in which arrows pointed (irggective of congruent or incongruent left/right
hand response). That design, requiring attendirsgitaulus elements despite congruent or
incongruent response elements, has been referasiadreverse spatial Stroop” task (which is
how we will refer to that task in the remaindettut paper; O’'Leary & Barber, 1993), or more
generally as a “reverse Stroop” task (Chmiel, 1984¢Leod, 1991). Accordingly, it remains
unknown whether the conflict-adaption effects régbiby Freitas and colleagues (2007) across
the flanker and spatial Stroop tasks will applyyail Stroop tasks with separable stimulus
elements, or whether they also will also applytemdard (i.e., non-reversed) spatial Stroop tasks
in which participants respond to a single spatted@& stimulus as a function of its location

rather than its meaning.

The present experiment therefore included a siitgie spatial Stroop task (the reverse
of Funes et al.’s 2010, Exp. 1), henceforth terfispetial Stroop 1,” and a two-item spatial
Stroop task (adapted from Freitas et al., 2007, Bxpghenceforth termed “spatial Stroop I1,” to
examine their potential conflict-adaptation intei@es with one another and with a flanker task.

All three tasks drew from the same stimulus sefymused of block arrows, line arrows, and



Conflict Adaptation Within and Across Tasks 15

pointing fingers. As illustrated in Figure 2, paipiants were assigned randomly one of the six
possible combinations of stimulus type and task tyifhis design holds constant the degree of
similarity of the three tasks’ stimuli to one anethGiven variability in findings from previous
investigations of across-task conflict adaptatismg variants of these tasks, the present
experiment included a relatively large sample szaximizing statistical power to detect any
true population differences and therefore also m&ing the information value of any null

results.

Most relevant to testing the conflict-adaptatiopbhesis while precluding stimulus
repetitions is whether or not conflict-adaptatidieets would be observed despite the fact that
none of the three tasks was presented successiuays trials. As illustrated in Figure 2, each
of the three tasks used different stimuli and défe rules. Accordingly, if differences in
response accuracy and latency across incongruativesto congruent trials (at tria) were
found to be greater following congruent trials thia@llowing incongruent trials (at triad-1),
such findings would support the conflict-adaptatiypothesis and would appear impossible to
attribute to repetition priming or to any sort @indfound in stimulus or trial characteristics. The
present design also allowed testing whether anfficoadaptation effects observed on flanker
trials would be greater following spatial Strooprlals (which were comprised of multiple-
element arrays, as are flanker trials) than folfay\spatial Stroop | trials (which were comprised

of single elements, unlike the flanker trials).

Methods

Eighty undergraduates (48 male), aged 18 -M8& (19.61), participated in exchange for

course credit. Participants held two-button respaevices in their laps, pressing the left button
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with the left thumb and the right button with thght thumb. All trials began with a 352.94 msec
fixation cue (“.”) presented at the vertical andikhontal midpoint of the monitor. Following a
23.53 msec blank screen, flanker or spatial Stetopuli next were presented for 200 msec,
after which the screen remained blank as the coanpubgram awaited the participant’s
response. At the conclusion of each trial, theestcremained blank for an interval varying
randomly between 125 and 250 msec, prior to theaamce of the fixation cue at the beginning

of the next trial.

The flanker task and the two variants of the sp&tigop task all drew from the same set
of left- or right-pointing block arrows (each 5Xeis high x 68 pixels wide), line arrows (each
29 pixels high x 66 pixels wide, rotated slightiyward by 14°), and hands with pointing finger
(each 38 pixels high x 70 pixels wide, rotatedhdligdownward by 9°), all solid black. Each
participant was assigned randomly a different simitype (block arrow, line arrow, or pointing
finger) for each of the three tasks (the flankektand the two variants of the spatial Stroop
task), yielding the six possible stimulus/task griogs illustrated in Figure 2. Trials of the three
tasks were selected for presentation randomly reptacement, with the exception that no task
repeated on successive trials. Following computentaistered instructions and a 36-trial

practice block, there were 10 blocks of 108 tredsh.

On flanker trials, a group of three block arrovitse larrows, or pointing fingers was
presented at the vertical and horizontal midpoirthe monitor. Participants pressed the
response button corresponding to the directionhitiwthe center stimulus pointed (see Figure
2, third column). If the center block arrow pointett, for example, the participant would press

the left response button. As determined througbdeanselection with replacement across trials,
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the center block arrow, line arrow, or finger pethin either the same direction (on congruent

trials) or the opposite direction (on incongruergl$) as did those surrounding it.

On the spatial Stroop | task, a single block arriwe arrow, or pointing finger was
presented left or right of the monitor’s horizontatpoint. Stimulus location was controlled by
expanding horizontally, to 300 pixels, the stimulusiges’ backgrounds and placing each
stimulus to the far left or right of its image. Beipants pressed the response button
corresponding to the stimulus’s position relativette monitor’s horizontal midpoint (see Figure
2, second column). If the block arrow were leftled monitor’s midpoint, for example, the
participant would press the left response buttandétermined through random selection with
replacement across trials, the block arrow, limewvay or finger pointed in either the same
direction (on congruent trials) or the oppositeediion (on incongruent trials) as its horizontal

position.

On the spatial Stroop Il task, a block arrow, lmeow, or pointing finger and a rectangle,
rounded rectangle, or circle, respectively, weesented at the horizontal midpoint of the
monitor. To provide an informative comparison ohflizt adaptation across the flanker task and
the two versions of spatial Stroop tasks, varipbdmong the two spatial Stroop tasks’ basic
perceptual relations to the flanker task was minedi Because spatial Stroop | stimuli appeared
at different locations from where the flanker stinappeared on the monitor, spatial Stroop Il
stimuli also were presented at varying locationsg (b a task-irrelevant way). Whereas flanker
stimuli appeared at the monitor’s vertical and hontal midpoints and spatial Stroop | stimuli
appeared left or right of the monitor’s horizontatpoint, spatial Stroop Il stimuli appeared
above or below the monitor’s vertical midpoint (eetermined randomly with replacement

across trials). Stimulus location was controllecelzpanding vertically, to 300 pixels, the
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stimulus images’ backgrounds and placing each $tisnio the far top or bottom of its image.
Participants pressed the response button corresmptadthe horizontal position of the rectangle,
rounded rectangle, or circle, relative to the bladlow, line arrow, or pointing finger,
respectively (see Figure 2, fourth column). If teetangle were to the left of the block arrow, for
example, the participant would press the left raspdutton. As determined through random
selection with replacement across trials, the blxrciw, line arrow, or finger pointed in either
the same direction (on congruent trials) or theasjip direction (on incongruent trials) as the

horizontal position of the rectangle, rounded negle, or circle, respectively.

Results

Latency data were not analyzed when erroneousmnesg were recorded at trialgr n-1
(13.61% of trials) or when latencies exceeded 1886c (3.15% of remaining triafs)Accuracy
data were not analyzed when erroneous responses@aarded at trial-1 (7.36% of trials). As

noted above, the present experiment contained act skmulus repetitions.

Overall Conflict Adaptation (across Flanker, Spatsroop | and Spatial Stroop Il Tasks)

% This 1000-msec cutoff, rather than the 800-mséaftused in Experiment 1, was needed in
this experiment and in Experiment 3 given the nebdy slower responses in this experiment and
in Experiment 3 (which is not surprising given thiagse two experiments each interspersed three
different task manipulations across trials) ancegiour laboratory’s general practice of not
removing from analysis more than around of 3% spomse times. To ensure that the
substantive conclusions reported in this paper wet@&ependent on using different cutoff
criteria across the three experiments, we re-ardlylze data from Experiment 1 using the 1000-
msec cutoff, which resulted in excluding 1.08%eaxdponse times and yielded tmek trial n-1
congruency interaction on response tifi€l( 14) = 22.55MSE= 97.41p < .001, partiah? =

.62) that did not differ appreciably from thoseadpd in the main text (when using the 800-
msec cutoff).
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Response times and accuracy rates were analyZeftrinl n congruence) x 2 (triai-1
congruence) repeated-measures ANOVAs (see Talolec2li means). For responses times,
there were significant effects of trialcongruencef-(1, 79) = 535.28VISE= 369.40p < .0001,
partialn® = .87 and of triah-1 congruencei (1, 79) = 45.94MSE= 120.87p < .0001, partial
n? = .37; most important to this investigation, tHalt x trial n-1 congruence interaction also
was significantF(1, 79) = 25.49MSE= 124.59p < .0001, partiah® = .24. For accuracy rates,
there was a significant effect of trimkcongruencef-(1, 79) = 193.59MSE= 0.0016p < .0001,
partialn® = .71, but not of triah-1 congruencez(1, 79) = 2.78MSE= 0.0004p < .10, partial
n? = .03; most important to this investigation, thaltn x trial n-1 congruence interaction was
significant,F(1, 79) = 73.75MSE= 0.0004p < .0001, partiah® = .48. As summarized in
Figure 3 (see Table 2 for specific cell means) siant with the conflict-adaptation hypothesis,
these interactions indicate that differences ipoase accuracy and latency across incongruent
relative to congruent trials (at tria) were significantly greater following congruenats than

following incongruent trials (at trial-1).

To examine overall across-task conflict adaptateamadditional analysis excluded data
when the two variants of spatial Stroop task weesgnted successively at trialandn-1.
These analyses of conflict adaptation from theiap&troop tasks to the flanker task and vice
versa were examined in 2 (direction of trial seaqeerflanker-> spatial Stroop or spatial Stroop
-> flanker) x 2 (trialn congruence) x 2 (trial-1 congruence) repeated-measures ANOVAs.
Consistent with the hypothesis of across-task adrdtiaptation, there were significant tnek
trial n-1 congruence interactions on response tifn@, 79) = 8.35p < .01, partiah? = .10, and
on accuracyf (1, 79) = 18.45p < .0001, partiah® = .19, which were not moderated by whether

flanker trials preceded or followed spatial Straogls (for response timé; (1, 79 = 2.39p >
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.12; for accuracy-=0.04). Having established conflict-adaptation &fan a design that
precluded exact stimulus repetitions without intraidg any confounds in stimulus or trial
characteristics, we next explored whether the amolconflict adaptation observed on each of

the three task types was modulated by the typassf presented at triat1.

Conflict Adaptation on Flanker Trials

Response latency and accuracy on flanker triate @wealyzed via repeated-measures
ANOVAs as a function of triah congruence, triak-1 congruence, and triatl task type (spatial
Stroop | or spatial Stroop I1). Consistent with thgothesis of conflict adaptation, there were
significant trialn x trial n-1 congruence interactions for response tifmél, 79) = 10.03MSE=
532.84,p < .01, partiah? = .11, and for accuracf, (1, 79) = 11.69MSE= 0.0016p < .01,
partialn® = .13. These two-way interactions were not moaer&irther by the type of spatial
Stroop task presented at tmall: the three-way triah congruence x triat-1 congruence x trial
-1 task type (spatial Stroop | or spatial Strogpriteractions were not significant for response

time, F (1, 79) = 0.95, or for accuradl,(1, 79) = 0.54.
Conflict Adaptation on Spatial Stroop | Trials

Trial n spatial Stroop | responses were analyzed via tegeaeasures ANOVA as a
function of trialn congruence, trial-1 congruence, and triatl task type (flanker task or spatial
Stroop Il task). Consistent with the hypothesisatflict adaptation, there were significant trial
n x trial n-1 congruence interactions for response timél,, 79) = 18.72MSE= 540.53p <
.001, partiah? = .19, and for accurac¥, (1, 79) = 35.03MSE= 0.0027p < .0001, partiah® =
.31, which were moderated further by tmall task type for response tinte(1, 79) = 9.89,

MSE= 411.27p < .01, partiah® = .11, and for accurac¥, (1, 79) = 14.09MSE= 0.0028p <



Conflict Adaptation Within and Across Tasks 21

.001, partiah? = .15. Clarifying the nature of those three-waiactions, the triah congruence
X trial n-1 congruence interactions were of greater mageitaliowing the spatial Stoop Il task
at trialn-1 (for response timé; (1, 79) = 22.49MSE= 600.73p < .0001, partiah? = .22; for
accuracyF (1, 79) = 40.16MSE= 0.0032p < .0001, partiah’® = .34) than following the flanker
task at trialh-1 (where the triah congruence x triak-1 congruence interactions were not

significant for response timg, (1, 79) = 1.93; or for accurady,(1, 79) = 2.31).
Conflict Adaptation on Spatial Stroop Il Trials

Trial n spatial Stroop Il responses were analyzed viaatepemeasures ANOVA as a
function of trialn congruence, trial-1 congruence, and triatl task type (flanker task or spatial
Stroop | task). Consistent with the hypothesisafflict adaptation, there were significant tnmal
X trial n-1 congruence interactions for response tifmgl, 79) = 15.03MSE= 715.71p < .001,
partialn® = .16, and for accuracf, (1, 79) = 48.04MSE= 0.0015p < .0001, partiah? = .38,
which were moderated further by triatl task type for response tinte(1, 79) = 14.81MSE=
550.68,p < .001, partiah? = .16, and for accurac¥, (1, 79) = 8.84MSE= 0.0015p < .01,
partialn® = .10. Clarifying the nature of those three-waiactions, the triat congruence x
trial n-1 congruence interactions were of greater mageitatiowing the spatial Stoop | task at
trial n-1 (for response timé; (1, 79) = 23.55MSE= 799.24p < .0001, partiah2 = .23, for
accuracyF (1, 79) = 55.52MSE= 0.0013p < .0001, partiah’® = .41) than following the flanker
task at trialh-1 (where there was a significant tmatongruence x triat-1 congruence
interaction for accuracys (1, 79) = 6.74MSE= 0.0017p < .05, partiah® = .08; but not for

response time; (1, 79) = 0.19).

Discussion
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By interspersing three selective-attention taskeszctrials, with each task associated
with perceptually distinct stimuli, and with no gla task presented on successive trials (thereby
precluding exact stimulus repetitions without inlwcing any sort of stimulus-contingency or
trial-frequency confound), the present experimeeidgd clear support for the conflict-

adaptation hypothesis.

These findings also are the first of which we arvar@ to reveal a pattern gfadations
in conflict adaptation, with the amount of confladdaptation observed across the flanker and two
spatial Stroop tasks was significantly differeminfr zero but significantly less than that observed
across the two spatial Stroop tasks. There aemat two plausible explanations for this
unanticipated finding. First, given that the stimsikesponse contingencies of the two variants of
spatial Stroop task were more similar to one ardtien to the stimulus-response contingencies
of the flanker task, these results appear consigtiéhh an associative learning account of conflict
adaptation proposing that that encountering infoionaprocessing conflict re-focuses attention
on the specific stimulus-response contingencigh@task with which one is engaged (Verguts
& Noteaert, 2009; Braem et al., 2011). A secondsiialgty is that conflict-adaptation effects
will be greatest in magnitude when performanceialsin andn-1 depends on the operation of
common component processes, such those comprigrigvhere” relative to the “what” cortical
visual system (see, e.g., Mishkin, Ungerleider, &do, 1983), which appears more relevant to
both of the spatial Stroop tasks than to the flam&ek. Because both of these accounts point to
greater commonality among the two spatial Strosk tariants than between either of those task

variants and the flanker task, the two possibgittannot be distinguished here.

Finally, there was no evidence that the magnitddmoflict-adaptation effects on

flanker trials was moderated by whether the sp&tiedop task at the previous trial was
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comprised of multiple or single objects. This lattell effect, obtained in an experiment with an
unusually large sample size and hence unusuallystagistical power, argues against the
possibility that the presently reported conflicaathtion effects from the spatial Stroop tasks to
the flanker task and vice versa reflect specifiategic adjustments, such as responding
strategically to one of several objects on botlitn andn-1. Support for that possibility would
have entailed larger-magnitude conflict-adaptaéitiacts across the flanker and spatial Stroop II
task than across the flanker and spatial StroapH, twhich was not observed. Rather, our
interpretation is that resolving information-prosiag conflict on each of these three tasks
requires selective attention, whether to a cenathler than peripheral symbol (in the flanker
task), to an arrow’s location rather than its megr{in the spatial Stroop | task), or to the
location of a box rather than the meaning of amaganying arrow (in the spatial Stroop Il
task). Accordingly, consistent with conflict-monitag theory (Botvinick et al., 2001), we
assume that engaging (at tmal) a mechanism of cognitive control will faciliéatesolving (at
trial n) information-processing conflict to which that rhaaism is applicable. In light of this
reasoning, the lack of conflict adaptation acrbesreverse spatial Stroop and flanker task
observed by Funes and colleagues (2010, Experilaran be seen to reflect those two tasks’
dependencies on distinct cognitive-control mechragjawith selective attention more relevant to
the latter task (which entails resolving stimultisasilus conflicts) than to the former task (which
entails resolving stimulus-response conflictsKdrnblum et al, 1990). This explanation for
differences in results across different experimemiist be regarded as speculative until it can be
tested within a single experiment that manipulatbether or not performance at trialsndn-1
depends on the operation of a common componenegsarf cognitive control. Our final

experiment pursued that objective.
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Experiment 3

The Stroop-trajectory task that we introduced ipé&xment 1 requires limiting attention
to specific aspects of visual arrays, as doeslémiér task (along with both spatial Stroop task
variants examined in Experiment 2). Consistent withresults of Experiment 2, then, our
application of Botvinick and colleagues’ (2001) imt-monitoring theory predicts that conflict-
adaptation effects should be observed acrossdhkdt and Stroop-trajectory tasks, even though
the two tasks delineate distinct stimulus-respamusgingencies. More specifically, to the extent
that a component process of cognitive control (eg)ective attention) is needed to resolve
information-processing conflict at trin) engaging that process at tmal should facilitate
resolving information-processing conflict at tma{whether or not same task is performed at
trialsn andn-1). If this reasoning is correct, moreover, thegmtude of conflict-adaptation
effects across the Stroop-trajectory and flankgkgahould be greater than that observed across
the Stroop-trajectory task and other tasks thatatalepend on selective attention, such as the
Simon task. The Simon task (much like the revepseial Stroop task examined by Funes et al.,
2010, Experiment 1) requires responding to symbml&s independent of their spatial locations,
with faster and more accurate responses typicalbgrved when a cue’s spatial location matches
rather than mismatches the spatial location of oresponse (e.g., with faster and more accurate
responses when using the left rather than righd hamespond to a stimulus on the left side of a
display; Simon, 1969, 1990). In accord with Kourhland colleagues (1990), Simon tasks
entail resolving conflicts between stimulus angoese elements, whereas the flanker and
Stroop-trajectory tasks entail resolving conflialeong stimulus elements, such that the latter

tasks depend on mechanisms of selective atterdgiargteater extent than do the former tasks.
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In light of the above considerations, Experimemaé® designed to test the hypothesis
that the magnitude of conflict-adaptation effeasoas the Stroop-trajectory and flanker
manipulations would be greater than that obserceaka the Stroop-trajectory manipulation and
a Simon manipulation. Preliminary support for thygothesis can be derived from past work.
Several reports of ambsencef across-task conflict adaptatiohk€ay & Hazeltine, 2011Funes,
et al., 2010; Wendt et al., 2006) have been basezkperiments interspersing trials of selective-
attention tasks (i.e., involving stimulus-stimulienflicts, which are type IV tasks in the
nomenclature of Kornblum et al., 1990) with Simtkeltasks (i.e., involving stimulus-response
conflicts, which are type Il tasks in the nomemata of Kornblum et al., 1990). In contrast,
several reports of presencef across-task conflict adaptatidfr€itas et al., 200Kan et al., in
pressKleiman et al., in pre$dave been based on experiments interspersing dfigeparate
tasks that all depend in some way on selectivatadite Although broadly consistent with our
hypotheses, those differences in results acrofseiift groups of experiments could be
attributed to a variety of factors that may haviéeded across the separately conducted

experiments.

Experiments 3a and 3b therefore randomly intergoetrsals that orthogonally combined
flanker and Simon manipulations with trials thaingised Stroop-trajectory manipulations
only. To broaden the potential evidentiary basisafoy conclusions, we conducted, in
Experiments 3a and 3b, near-exact replicationsiefamother that differed only in whether or
not stimulus arrays were oriented vertically oribontally, respectively (see Figure 4). Given
that this experiment entailed a relatively compterbination of three separate task
manipulations across trials, we did not alternétaldus-array orientations within-participants

(as was done in Experiment 1). However, it is intgatrto note that, by limiting across-task
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analyses to trial pairs as a function of Stroopettary and flanker manipulations or Stroop-
trajectory and Simon manipulations (i.e., in noesasxamining trial pairs comprised of flanker
and Simon manipulations, which were combined patacadly on the same trials and therefore
included stimulus repetitions of one another)aaklyses of across-task conflict adaptation
precluded any stimulus repetitions without creating sort of confounds among any stimulus or

trial characteristics.

It also is important to note that trial congruenoethe Stroop-trajectory task, as
described above in Experiment 1, reflects botli@)congruence of the smaller triangle’s
location with the direction in which all arrows pbion a given trial and (b) the congruence of
the smaller triangle’s location with the directionwhich all arrows have appeared on a given
trial. The multifaceted nature of that manipulatiaile warranting future study to assess the
specific processes underlying each of the two csuof congruence, does not appear to affect
our above-stated predictions, given that selectttention appears needed to resolve both of
these stimulus-stimulus conflicts (i.e., througieatling to an object’s location independent of
conflicting symbolic information—the direction inhich all triangles point—and independent of
conflicting trajectory information—the direction which all arrows have appeared on a given
trial). Finally, given the relatively large withitask conflict-adaptation effects observed for the
Stroop-trajectory task in Experiment 1, we reciaigeample sizes for the present across-task
studies that were about half the size of that usétkperiment 2’s investigation of across-task

conflict adaptation with the spatial Stroop task.
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Methods

In exchange for course credit, 36 undergraduat2sn@e), aged 18 — 31 yeaM €
19.83), participated in Experiment 3a, and 39 updetuates (18 male), aged 18 — 23 yeldlrs (

20.10), participated in Experiment 3b.

In Experiment 3a, half of participants used therf'tey at the keyboard’s bottom left
corner for “down” responses and the number padéy at the keyboard’s top right corner for
“up” responses; the remainder used the “~” kepatkeyboard’s top left corner for “up”
responses and the number pad “Enter” key at thkdaag’s bottom right corner for “down”
responses. In Experiment 3b, participants usetefteshift” key for left responses and the
“right shift” key for right responses. Trials ofgtilanker/Simon task and the Stroop-Trajectory
task were selected for presentation randomly vafitacement across trials. Following
computer-administered instructions and a 36-tniatpce block, there were 8 blocks of 96 trials
each. All trials began with a 352.94 msec fixatome (“.”), centered horizontally and vertically,

followed by a 23.53 msec blank screen.

Stroop-Trajectory Manipulation

The Stroop-trajectory manipulations were identtoahose described in Experiment 1,
with the following two exceptions. First, arraysvalys were aligned vertically in Experiment 3a
and horizontally in Experiment 3b. Second, all stius elements were presented more briefly in
this experiment than in Experiment 2 by a ratid bf76/13.33 msec, given this experiment’s use
of an 85 MHz monitor refresh rate (rather than 782ylas in Experiment 2). Accordingly, the
first six black triangles as shown in Figure 2 weresented in successive intervals of 23.53

msec; 35.29 msec later, the final black triangleng with the imperative gray triangle inside it,
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was presented for 129.41 msec, after which theesa@mained blank as the computer program

awaited the participant’s response.

Flanker Manipulation

Flanker stimuli (presented simultaneously in groofpthree greater-than/less-than signs
created in Calibri font, e.g.<¢<,” or pointing fingers created in Microsoft Wingdmépnt, e.g.,
“==="in images approximately 125 pixels high by 30gixwide when presented
horizontally) were presented for 282 msec, afteictvkhe screen remained blank as the
computer program awaited the participant’s respoinsexperiment 3a, flanker stimuli were
oriented vertically, and participants pressed #sponse key whose vertical position on the
keyboard corresponded to the direction in whichcrgtral character pointed (e.g., the top-left
“~" or bottom-right “Enter” keys to indicate “up” ddown,” respectively). In Experiment 3b,
flanker stimuli were oriented horizontally, and fo@pants pressed the response key whose
horizontal position on the keyboard correspondethéadirection in which the central character
pointed (e.g., the “left shift” or “right shift” keto indicate left or right, respectively). As
determined through random selection with replaceraeross trials, the central character pointed
in either the same direction (on congruent triatsthe opposite direction (on incongruent trials)

as did those surrounding it.

Simon Manipulation

Comprising the Simon manipulation, flanker arraygevpresented 20% of the distance
from the monitor’s horizontal midpoint to its left right side (as determined randomly with
replacement across trials). Independent of flackegruence, stimulus arrays appeared on either

the same or opposite side of the monitor as wetecgants’ response keys. On congruent
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Simon trials, response keys matched flanker ardagyszontal monitor positions, as when an
array appeared on the left side of the monitor,apdrticipant of Experiment 3a would press the
top-left “~” key when the central character pointgdor a participant of Experiment 3b would
press the “left shift” key when the central chagagiointed left. On incongruent Simon trials,
response keys’ horizontal keyboard positions mished stimulus arrays’ horizontal monitor
positions, as when an array appeared on the tiftafithe monitor, and a participant of
Experiment 3a pressed the bottom-right “enter” wanen the central character pointed down or a
participant of Experiment 3b would press the “righift” key when the central character pointed

right.

Results

Latency data were not analyzed when erroneousmnesg were recorded at trialer n-1
(14.93% of trials in Experiment 3a; 17.64% of sial Experiment 3b) or when latencies
exceeded 1000 msec (3.07% of remaining trials peErment 3a; 1.21% of remaining trials in
Experiment 3b). Accuracy data were not analyzednwdreoneous responses were recorded at
trial n-1 (8.07% of trials in Experiment 3a and 10.02%riaifls in Experiment 3b). As noted
above, we precluded analyzing stimulus repetitiarteese experiments by limiting across-task
analyses to trial pairs as a function of Stroopettry and flanker manipulations or Stroop-
trajectory and Simon manipulations. That is, nmssttask analyses examined trial pairs
comprised of flanker and Simon manipulations, whigte combined parametrically on the
same trials and hence used the same stimuli;rtbiges that qualitatively distinct stimulus
arrays always were presented at trratglative ton-1 in all analyses of across-task effects. For
the sake of completeness, we present in Tablea@&8@ameans and standard deviations of all

possible across-task combinations across tialsdn-1 in Experiments 3a and 3b, respectively.
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Because the Simon task was combined parametrigéhythe flanker task, analyzing the
magnitude of conflict adaptation across task cowtions required a different approach from
that used in Experiment 2, which included a digtmanipulation of a single task at each trial.
Accordingly, guided by our hypotheses stated abaeeseparately analyzed conflict-adaptation
effects (a) across the Stroop-trajectory and flankanipulations and (b) across the Stroop-
trajectory and Simon manipulations. Lastly, by comimy standardized indices of each conflict-
adaptation effect for each participant, we companednagnitude of conflict adaptation
observed across the Stroop-trajectory and flankaeripulations to that observed across the

Stroop-trajectory and Simon manipulations.
Conflict Adaptation across the Stroop-Trajectoryldflanker Manipulations

Response latency and accuracy rates were anabyeiek bases of the flanker and
Stroop-trajectory manipulations at trissndn-1, excluding trial pairs where either task was
presented repeatedly across successive trialgtiraPn task manipulation: flanker versus
Stroop-trajectory) x 2 (triah congruence) x 2 (trial-1 congruence) repeated-measures
ANOVAs. For the sake of brevity, we present onlg thost germane of the seven total main

effects and interactions from each of the full AN&B/

For responses times, there were significant effeictsal n congruence in Experiment 3a
(F(1, 35) = 383.75MSE= 704.16p < .0001, partiah® = .92) and in Experiment 3E(1, 38) =
305.16 MSE= 1669.36p < .0001, partiah® = .89) and of triah-1 congruence in Experiment 3a
(F(1, 35) = 25.17MSE= 295.14p < .0001, partiah?® = .42) and Experiment 3bF(L, 38) =
33.93,MSE=516.60p < .0001, partiah? = .47). The triah task x trialn congruence interaction

lay at the border of statistical significance inpExment 3aK(1, 35) = 4.05MSE=273.68p =
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.052, partiah? = .10) and was significant in Experiment 1, 38) = 33.38MSE= 369.11p
<.0001, partiah® = .47), suggesting that the flanker manipulatieneyally elicited a larger trial

n congruence effect than did the Stroop-trajectoayipulation. Most important to this
investigation, the triah x trial n-1 congruence interaction was significant in Expemt 3a E(1,

35) = 4.29MSE= 325.91p < .05, partiah2 =.11) and in Experiment 36(1, 38) = 5.78,
MSE=567.57p < .05, partiah2 = .13). These interactions were not moderatethéurby trialn
task (in Experiment 34&(1, 35) = 2.12p > .15; in Experiment 35 = 0.07), providing no
suggestion that the magnitude of the conflict-aalam effect on response time was significantly
different when flanker trials were followed by Sipstrajectory trials relative to when Stroop-

trajectory trials were followed by flanker trials.

For accuracy rates, there were significant effettsial n congruence in Experiment 3a
(F(1, 35) = 63.60MSE=.004,p < .0001, partiah® = .65) and in Experiment 35 (1, 38) =
50.69,MSE= .013,p < .0001, partiah® = .57) but not of triah-1 congruence in Experiment 3a
(F =0.20) or in Experiment 3I5,(1, 38) = 2.42p > .12). Moreover, there were significant trial
n task x trialn congruence interactions in Experiment BélL( 35) = 30.14MSE= 0.004p <
.0001, partiah® = .39) and in Experiment 3F(1, 38) = 22.61IMSE= 0.008p < .0001, partial
n® = .37, indicating that the flanker manipulatioitiétd a larger triah congruence effect than
did the Stroop-trajectory manipulation. Most impmttto this investigation, the trialx trial n-1
congruence interaction was significant in ExperitBanF(1, 35) = 22.55MSE= 0.002p <
.0001, partiah® = .39) and in Experiment 3B(1, 38) = 38.57MSE= 0.003p < .0001, partial
n® = .50). The triah task x trialn congruence x trial-1 congruence interaction was not
significant in Experiment 3d(= 0.55), but it was significant in Experiment 3{X, 38) = 7.67,

MSE=.003,p < .01, partiah® = .17). Clarifying the nature of that three-wateiraction in
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Experiment 3b, separate ANOVAs showed that thevaag-trialn x trial n-1 congruence
interaction in Experiment 3b was statistically sfigant when flanker trials were followed by
Stroop-trajectory trialsf(1, 38) = 5.46MSE=.002,p < .05, partiah’ = .13) and also when
Stroop-trajectory trials were followed by flankeats, but with a larger effeck(1, 38) = 29.68,

MSE= 0.004p < .0001, partiah?® = .44.
Conflict Adaptation across the Stroop-Trajectorylé&imon Manipulations

Response latency and accuracy rates next wergzadabn the bases of the Simon and
Stroop-trajectory manipulations at trimsndn-1, excluding trial pairs where either task was
presented repeatedly across successive trialg(tirabn task: Simon versus Stroop-trajectory) x

2 (trial n congruence) x 2 (trial-1 congruence) repeated-measures ANOVAS.

For responses times, there were significant effeictisal n congruence in Experiment 3a
(F(1, 35) = 156.62MSE= 843.69p < .0001, partiah® = .82) and in Experiment 3E(1, 38) =
76.42, MSE= 1418.52p < .0001, partiah’ = .67) and of triah-1 congruence in Experiment 3a
(F(1, 35) = 9.82MSE= 843.69p < .0001, partiah® = .21) and Experiment 3tF(1, 38) =
30.39,MSE= 484.90p < .0001, partiah? = .44). Moreover, the trial task x trialn congruence
was significant in Experiment 3&(({, 35) = 73.62MSE= 477.64p = .0001, partiah® = .68)
and in Experiment 3(1, 38) = 33.38MSE= 369.11p < .0001, partiah® = .47), indicating
that the Stroop-trajectory manipulation elicitelder trialn congruence effect than did the
Simon manipulation (see Tables 3a and 3b). Mosbitapt to this investigation, the trialx
trial n-1 congruence interaction was not significant ip&xment 3aK = 0.70) or in Experiment
3b (F = 0.04). The three-way trialtask x trialn congruence x trial-1 congruence interaction

also was not significant in Experiment Fa< 0.21) or in Experiment 3l-(= 0.63).
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For accuracy rates, there were significant effettsial n congruence in Experiment 3a
(F(1, 35) = 66.65MSE=.0056,p < .0001, partiah® = .66) and in Experiment 3F(1, 38) =
63.04,MSE=.012,p < .0001, partiah® = .62) but not of triah-1 congruence in Experiment 3a
(F = 0.96) or in Experiment 3bF(= 0.75). Moreover, there were significant tmalask x trialn
congruence interactions in Experiment BélL( 35) = 25.78MSE= .002,p <.0001, partiah2 =
.42) and in Experiment 3iF(1, 38) = 16.61IMSE= .007,p < .0001, partiah® = .30, indicating
that the Stroop-trajectory manipulation eliciteldaer trialn congruence effect than did the
Simon manipulation. Most important to this inveatign, the triah x trial n-1 congruence
interaction was not significant in Experiment &a<0.57) or in Experiment 3l-(1, 38) = 2.13,
p > .15). The three-way tria task x trialn congruence x trial-1 congruence interaction was
not significant in Experiment 3& (= 0.21), but it was significant in Experiment F{X, 38) =
12.08, MSE=.002,p < .01, partiah? = .24). Clarifying the nature of that latter threay
interaction, separate ANOVAs showed that the twg-tial n x trial n-1 congruence interaction
in Experiment 3b was not statistically significaviien Stroop-trajectory trials followed Simon
trials (F = 0.88), but it was significant—and in the oppeslirection to that predicted by the
conflict-adaptation hypothesis—when Simon trialéolwed Stroop-trajectory triald=(1, 38) =
9.92, MSE= .003,p < .02, partiah® = .15). That is, the Simon trialcongruence effect was
larger following trialn-1 incongruent Stroop-trajectory trials({, 38) = 23.17MSE= .007,p <
.0001, partiah? = .38) than it was following congruent Stroop-¢cipry trials E(1, 38) = 6.93,

MSE=.004p < .01, partiah® = .21).
Comparison of Conflict-Adaptation Effects’ Magniasd

To compare the magnitude of conflict adaptatiosenbed across the Stroop-trajectory

and flanker manipulations to that observed acros®f-trajectory and Simon manipulations,
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we computed a single index of each effect for raspdime and accuracy. For each participant,
we subtracted response-time and accuracy meanstivadgvel of information-processing
conflict at trialn was consistent with that at triadl (i.e., incongruent following incongruent
trials and congruent following congruent trial®rr response-time and accuracy means when
the level of information-processing conflict aatm was inconsistent with that at triall (i.e.,
incongruent following congruent trials and congru@Hiowing incongruent trials). We next
divided each of these difference scores by itsdstahdeviation within the sample, converting
each of the triah x trial n-1 congruence interactions reported in the preggesittions into a
single conflict-adaptation score in the metriclod effect size Cohents Conflict adaptation is
indicated by positive scores on the response-tirdex (slower responses when the level of
information-processing conflict at trinlwas inconsistent rather than consistent with ébhatal
n-1) and by negative scores on the accuracy in@ms @ccurate responses when the level of
information-processing conflict at trinlwas inconsistent rather than consistent with ébhatal

n-1).

For response times, in Experiments 3a and 3b th#fiateadaptation effects across the
Stroop-trajectory and flanker manipulations € 0.35 standard deviations; akid= 0.38
standard deviations, respectively) were not sigaittly larger in magnitudd-(= 0.71; and-(1,
38) = 2.09p > .15, respectively) than were the conflict-adapteeffects across the Stroop-
trajectory and Simon manipulation & .14 standard deviations, ald= 0.03 standard
deviations, respectively). For accuracy, in Expernis 3a and 3b the conflict-adaptation effects
across the Stroop-trajectory and flanker manipoteti(Vl = -0.79 standard deviations; aNd= -
0.99 standard deviations, respectively) were sicgmily larger in magnitudd=(1, 35) = 9.82,

MSE=.0007 p < .01, partiah® = .22; and~(1, 38) = 17.43MSE=.002,p < .001, partiah® =
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.31, respectively) than were the conflict-adaptatffects across the Stroop-trajectory and
Simon manipulationsM = -0.13 standard deviations, alvid= 0.23 standard deviations,

respectively).
Tests of within-Task Sequential Effects Pertaininthe Simon Manipulation

Because conflict-adaptation effects were greatersa the Stroop-trajectory and flanker
manipulations than across the Stroop-trajectory&intbn manipulations, further analysis of
data pertaining to the Simon task is needed tauatalthe sensitivity of the Simon effect, as
realized in the present studies, to contextual Haddu. We therefore analyzed response latency
and accuracy rates on the bases of Simon maniposadit trialsn andn-1 (which contained no
exact stimulus repetitions, given the alternatitag®ses of flanker stimuli, comprised of greater-
than/less-than signs and pointing fingers). Thezee significant main effects of trinlSimon
congruence on accuracy in ExperimentBd ( 35) = 25.15MSE= 367.05p < .0001, partiah?
= .42) and in Experiment 3I5(1, 38) = 14.76MSE= 0.003,p < .001, partiah? = .28) and on
response time in Experiment 34, 35) = 22.19MSE= 341.07p < .0001, partiah? = .41) but
not in Experiment 3bH = 0.36). Most importantly, there were significémél n x trial n-1
congruence interactions on accuracy in ExperimarE@L, 35) = 12.40MSE= 0.002,p< .01,
partialn® = .26) and in Experiment 3b5(1, 38) = 19.05MSE= 0.002,p < .0001, partiah? =
.33) and on response time in Experimenti34 ,(35) = 58.34MSE= 336.68p <.0001, partial

n® = .43) and in Experiment 3F(1, 38) = 29.26MSE= 509.16p < .0001, partiah? = .44).
Discussion

Because resolving information-processing conflictiag as a result of flanker and

Stroop-trajectory manipulations (both of which gexte conflict between stimulus elements)
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depends on selective attention, whereas resolaiiogmation-processing conflict arising as a
result of Simon manipulations (which generate donfietween stimulus and response elements)
does not, our across-task application of conflictrtoring theory provided a basis for

predicting conflict-adaptation effects across sriedmprised of Stroop-trajectory and flanker
manipulations but not across trials comprised ad&i-trajectory and Simon manipulations. As
summarized in Figure 5 (which combines data frorpdExnents 3a and 3b), the present results
supported that prediction, particularly with regé&wdaccuracy, where the magnitude of conflict-
adaptation effects across the Stroop-trajectoryfiaméter manipulations was significantly
greater than that observed across the Stroop-toayeand Simon manipulations. These results
provide the first evidence of which we are awagd the magnitude of across-task conflict
adaptation effects is determined by the naturafofmation-processing conflicts encountered
within separate task manipulations, thereby supmpthe prediction that engaging a mechanism
of cognitive control will facilitate resolving subguent information-processing conflicts to

which that mechanism is applicable.

Two limitations of the present experiment also watrdiscussion. First, the trialSimon
interference effects were smaller in magnitude thare the triah flanker and Stroop-trajectory
interference effects. The relatively small magniwd the Simon effects raises the possibility
that the three tasks’ elicitation of different magdes of conflict, rather than their recruitmeft o
different mechanisms of cognitive-control, couldighexplain the stronger conflict-adaptation
effects observed across the Stroop-trajectory Emékér manipulations than across the Stroop-
trajectory and Simon manipulations. In our views thiternative explanation is unlikely to fully
explain our findings. As reported above, the tnifllanker interference effects generally were

larger than were the trial Stroop-trajectory interference effects for bothp@nse time and
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accuracy; despite those differences in mialterference, conflict-adaptation effects on both
response time and accuracy were observed acrass tilvo tasks. Nevertheless, future
examinations of across-task conflict adaptation ldidenefit through efforts to equate the

magnitude of triah interference effects on the constituent tasks.

Second, examination of within-task sequential ¢ff@s a function of the Simon
manipulation, while precluding exact stimulus répts, did include conceptual repetitions
(e.q., <<<” on right side of monitor; followed by#-==" on right side of monitor). Conceptual
repetitions of this sort can facilitate behaviaticiency (Gordon & Irwin, 2000; Kiihn, Keizer,
Colzato, Rombouts & Hommel, 2011). Accordingly, grecesses underlying the presently
reported within-task sequential effects on the Sirask remain unclear. This limitation
notwithstanding, the significant trialx trial n-1 Simon congruence interactions on response
time and accuracy establish, in the least, thaGtheon effect realized here was sensitive to
contextual modulation. This evidence sharpenspnétation of the across-task findings,
indicating that the relative lack of conflict-adagpbn effects across the Stroop-trajectory and
Simon manipulations does not likely reflect a gahkack of sensitivity of the Simon
manipulation taany contextual variables. Moreover, the relative abseasf conflict adaptation
across the Simon and Stroop-trajectory tasks iptbesent report also is consistent with previous
reports of a general lack of conflict adaptatioroas Simon and selective-attention tasks (e.g.,
Akcay & Hazeltine, 2011Funes et al., 2010; Wendt et al., 2006; but seed&udnWuhr, 2006,
for an interesting exception) and with evidencd thiierent neural processes are related to
resolving conflicts among stimulus elements rekativ resolving conflicts between stimulus and

response elements (Soutschek, Taylor, Muller, &u$ekt, 2013).
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General Discussion

Given its parsimonious solution to the problenimoiv cognitive control itself is
controlled, Botvinick and colleagues’ (2001) coctfimonitoring theory has attracted
considerable attention (as indicated by their paggeater than 3000 citations in Google
Scholar at the time of this writing) and has madibresearch programs spanning many areas of
psychology and cognitive neuroscience. Commenswiditelts outsized influence, that theory
also has attracted vigorous methodological crisqoiethe experiments that have purported to
support it. The present work developed novel testee conflict-adaptation hypothesis that
avoided methodological limitations of previous woalrk three experiments that examined
sequential effects within a selective-attentiork f@lse Stroop-trajectory task, Experiment 1) and
across several selective-attention tasks (a flatasdrand two variants of spatial Stroop tasks,
Experiment 2; a flanker task and a Stroop-trajgctask, Experiment 3), significant conflict-
adaptation effects were observed despite thatliatteach experiment precluded analyzing
stimulus repetitions without creating any sort ohfounds among any stimulus or trial

characteristics.

We hope that these findings contribute to advanbeypnd examining whether or not
conflict-adaptation effects exist to elucidating ffrocesses by which conflict-adaptation effects
may be observed under some conditions but nototheward that end, we found in
Experiment 3 evidence of significantly larger castfadaptation effects on response accuracy
across tasks that appear to depend on the samgiwegontrol mechanism than across tasks
that do not. Accordingly, the findings fit with tleere logic of Botvinick and colleagues’ (2001)
conflict-monitoring theory, in that engaging a macism of cognitive control, such as selective

attention, appears to facilitate resolving subsetjudormation-processing conflicts, whether on
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the same task or a different task, to which thathraaism is applicable. Future work is needed
to evaluate further this conclusion, which is bagedhe only existing investigation of which we
are aware that has examined conflict adaptatiomsadhree separate tasks within a single

experiment, thereby allowing a comparison of th@amh of conflict adaptation observed across

different task combinations.

A broader conclusion to draw from the present itigation is that conflict-adaptation
effects in cognitive-control tasks likely reflecuitiple underlying processes. In Experiment 3b,
the effect of Simon congruence on response accuvasysignificantlylarger following
incongruent Stroop-trajectory trials than it wadiwing congruent Stroop-trajectory trials. This
reversal of the typically observed conflict-adajotateffect is consistent with Verguts and
Notebaert’s (2009) associative learning model, Wisiiates that that encountering information-
processing conflict increases attention to taskifipestimulus and response dimensions. In
accord with that model, refocusing attention ondtiulus-response contingencies of the
Stroop-trajectory task in Experiment 3b entailemding to the left-right location of a stimulus
and then responding with a left/right response cishould impede performance accuracy on
incongruent Simon trials (where left/right stimulasations mismatch participants’ left/right
responses) relative to congruent Simon trials (e/heft/right stimulus locations match
participants’ left/right responses), as indeed aaserved. On the other hand, findings from the
same experiment showed that conflict-adaptatioecesfalso generalize across tasks with
different stimulus-response contingencies (thekiéarand Stroop-trajectory tasks) but that

appear to depend on a common underlying mecharfisogaitive control.

Evidence that information-processing conflicts @nincrease attention to task-specific

stimulus and response dimensions while also (bljtktog resolving information-processing
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conflict on tasks with different rules and stimutlimensions thus suggests the need for future
work to examine the conditions under which thedemtally opposing processes most strongly
guide cognition and behavior. In this vein, theserg evidence of across-task conflict-adaptation
may appear inconsistent with previous evidenceoaflict adaptation across task alternations
that used consistent but not inconsistent stimdiorensions (Notebaert & Verguts, 2008) and
across alternate versions of a single task that agesistent but not inconsistent response
mappings (Braem et al., 2011). Assuming that confidaptation may reflect multiple

underlying processes, however, it is possible iethodological factors in any particular
experiment may facilitate the operation of someautyihg processes more than others.
Accordingly, it is interesting to note that the r@mentioned studies found very large effects on
response time (i.e., at least twice as large alntgongruence effects in the same studies) of
switches in stimulus dimensions (Notebaert & Vesg@008) and in response mappings (Braem
et al., 2011) across trialsandn -1. These considerations suggest the hypothegisalthalse

equal, conflict-adaptation effects should be miasdy to transcend particular stimulus and
response dimensions when the disruptive effecssviithes in stimulus and/or response
dimensions across triatsandn-1 are minimized, thereby attenuating the neeéfiocus

attention on those dimensions following informatfmocessing conflicts. Systematic tests of
that hypothesis may further the present paperipieat progress toward integrating the
presently rapidly accumulating methodological dmebtetical advances that have been made
from the standpoints of multiple theoretical pergppes on the contextual modulation of

cognitive control.
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Table 1. Mean response times (RT) and proportibiesmwect responses (Cor.) in triak trial n-
1 combinations of a Stroop-trajectory task Expentre limited to trial pairs in which stimulus
arrays appeared at different (vertical or horizhrdaentations at trials andn-1 (thereby
precluding exact stimulus repetitions across tmasdn-1), SDin parenthese$y = 15.

Trialn-1 Congruence
Trial n Congruence Congruent Incongruent

Congruent RT 362 (77) 377 (70)

Incongruent RT 397 (54) 388 (57)

Congruent  Cor. .986 (.04) .981 (.03)

Incongruent Cor. .900 (.10) .944 (.06)
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Table 2. Mean response times (RT) and proportibesmwect responses (Cor.) in triak trial n-
1 combinations of Experiment 3Din parenthese$\ = 80.

Trial n-1 Task & Congruence

Spatial Sfpdo Spatial Stroop lI
Trial n Task & Congruence Congruent Incongruent Qomgr  Incongruent
Flanker Congruent RT 454 (72) 485 (78) 454 (74)471 (76)
Incongruent RT 501 (72) 518 (85) 502 (70) 0%47)

Congruent Cor. .957 (.10) .921 (.09) 947 (.09) 906.(.12)
Incongruent Cor. .930 (.10) 922 (.11) .924 (.11) .900 (.11)

Flanker pafal Stroop Il
Congruent Incongruent Congruent Incongruent
Spatial Congruent RT 485 (84) 492 (84) 487 (78) 06 @B8)
Stroop |
Incongruent RT 555 (89) 556 (81) 552 (88) 54%) (8
Congruent  Cor. .966 (.07 .976 (.04) .959 (.06) 942.(.07)
Incongruent Cor. .842 (.13) .869 (.11) .830 (.12) .893 (.10)
Flanker Spatial Stroop |
Congruent Incongruent Congruent Incongruent
Spatial Congruent RT 433 (76) 437 (79) 433 (74) 450 (85)
Stroop I
Incongruent RT 492 (89) 494 (90) 493 (91) 4389) (

Congruent Cor. .991 (.03) .986 (.06) .988 (.04) 986.(.03)

Incongruent Cor. .890 (.09) .909 (.09) .899 (.09) .957 (.05)
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Table 3a. Mean response times (RT, in msec) arubptions of correct responses (Cor.) in trial
n x trial n-1 combinations of Experiment 3a, with standardatewns in parenthesebl & 36).

Trial n

Manipulation Congruence

Flanker

Directional

Stroop

Simon

Stimulus-Array

Congruent RT

Incongruent RT

Congruent Acc.

Incongruent  Acc.

Congruent RT

Incongruent RT

Congruent Acc.

Incongruent  Acc.

Congruent RT

Incongruent RT

Congruent Acc.

Incongruent  Acc.

D.V. Congruent

653 (66)

Congruent

Congruent
577 (66)
600 (65)

.934 (.066)
.891 (.095)

Triah-1 Manipulation and Stimulus-Array Congruence

Stroop-Trajegtor Simon
Incongtue Congruent Incongruent
591 (70) 610 (73) 559 (67) 561 (65)
661 (66) 628 (70) 655)

946 (.054)  .903 (.079)  .933 ()054.955 (.050)
898 (.072) .907 (.074) .87®%)0 .911 (.090)
Flanker Simon

Incongruent  Congruent Incongruent
425 (68) 435 (69) 488) 430 (69)
493 (69) 495 (71) 499 (72 491 (68)
975 (.033) .967 (.048)  .969 ()039.973 (.041)
.856 (.096) .888 (.080) .86™%)0 .876 (.082)
Flanker SpeTrajectory
Incongruent Congruent Incongruent
592 (63) 611 (70) 627 (68)
604 (70) 631 (68) 624)
947 (.053) 945 ()045.923 (.055)
900 (.077) .89910 .884 (.100)
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Table 3b. Mean response times (RT, in msec) angoptions of correct responses (Cor.) in trial
n x trial n-1 combinations of Experiment 3b, with standardialgns in parenthesebl & 39).

Triah-1 Manipulation and Stimulus-Array Congruence

Stroop-Trajegtor Simon
Trial n Stimulus-Array

Manipulation Congruence D.V. Congruent Incongtue Congruent Incongruent

Flanker Congruent RT 537 (79) 567 (95) 506 (77) 16&MD)
Incongruent RT 638 (101) 653 (84) 618 (80) 6D (
Congruent  Cor. .946 (.09) .860 (.13) 945 (.08) 945.(.07)
Incongruent Cor. .849 (.16) .870 (.11) .855 (.13) .875 (.15)

Flanker Simon
Congruent Incongruent Congruent Incongruent
Directional  Congruent RT 372 (73) 385 (75) 373)(69 383 (79)
Stroop Incongruent RT 446 (71) 447 (63) 444 (67) 448 (68)
Congruent Cor. .969 (.11) .965 (.10) 962 (.11) 974.(.09)
Incongruent Cor. .815(.15) .845 (.14) .817 (.15) .845 (.15)

Flanker StpeTrajectory
Congruent Incongruent Congruent Incongruent
Simon Congruent RT 558 (82) 563 (72) 585 (84) (G392
Incongruent RT 564 (76) 563 (96) 589 (87) 6123011
Congruent Cor. .907 (.08) .938 (.08) 913 (.11) 912.(.08)
Incongruent Cor. .877 (.14) .898 (.10) .882 (.13) .820 (.15)
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Table 4. Summary of conflict-adaptation effectExperiments 1 — 3, expressed in the metric of
Cohen’sd (averaged response time and accuracy on incongfialeawing congruent trials and
congruent following incongruent trials minus averdgesponse time and accuracy on
incongruent following incongruent trials and corgmtfollowing congruent trials, divided by the
standard deviation of the difference score). Confidaptation is indicated by positive response-
time values and negative accuracy values (i.ewesl@and less accurate responses when the
degree of information-processing conflict encouedeat trialn mismatches rather than matches
that encountered at triail).

Effect SizeM/SD)
Experiment Task(s) at Trials & n-1 Response Time  Accuracy
1 Stoop-Trajectory (alternate orientations) 1.06 -0.77
2 Spatial Stroop (alternate variants) 0.56 -0.96
2 Flanker & Spatial Stroop 0.24 -0.57
3a Stoop-Trajectory & Flanker 0.35 -0.79
3a Stoop-Trajectory & Simon 0.14 -0.13
3b Stoop-Trajectory & Flanker 0.62 -0.52
3b Stoop-Trajectory & Simon 0.03 0.23

Note: As reported in the main text, each of the abofeces was significant statisticallpg <
.05) exceptfor the response-time and accuracy effects athesStroop-trajectory and Simon
tasks (neither of which was significant statisticah either Experiment 3a or Experiment 3b).
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Figure Captions

Figure 1.lllustration of an upward-pointing trial of ther8bp-trajectory task, in which
the participant indicates the location of the serajray triangle among congruently (top right) or
incongruently (bottom right) arrayed larger blaghkrigles. For right-pointing, downward-
pointing, and left-pointing trials, the stimulusays were rotated 90°, 180°, and 270°,
respectively, and conflict-adaptation analyses ieriged to trial pairs in which stimulus arrays
appeared at different (vertical or horizontal) ota&ions at trials andn-1, thereby precluding

from analyses exact stimulus repetitions acroatstmiandn-1 in Experiments 2.

Figure 2.The six different mappings of stimulus types (pioig fingers, block arrows,
line arrows) to the three tasks (spatial Strodjahker, and spatial Stroop I1) used in Experiment
3. Note that these are examples (with the top tioes exemplifying congruent/left and the
bottom three rows exemplifying incongruent/righttxtee broader stimulus sets that orthogonally

combined all trial properties.

Figure 3.Conflict-adaptation effects on accuracy (top) eesponse time (bottom),
combined across the flanker, spatial Stroop |,spatial Stroop Il tasks (with no task repetitions
across trials andn-1), Experiment 3N=80.

Figure 4.lllustration of trials interspersing flanker/Simaranipulations with Stroop-

trajectory manipulations, Experiments 3a and 3b.

Figure 5.Conflict-adaptation effects on accuracy (top) eesgponse time (bottom),
across the Stroop-trajectory and flanker maniporteti(left) and across Stroop-trajectory and

Simon manipulations (right), data combined from &xments 3a and 3b.
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Stroop-Trajectory and Flanker Stroop-Trajectory and Simon
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