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Abstract

Task performance suffers when an aspect of a atgrislassociated with an incorrect
response, thereby evoking cognitive conflict. Simepairment is reduced after recent or
frequent conflict occurrence, suggesting attentiadgustment. We examined adjustment to
conflict evoked by a temporarily irrelevant S-Rewhen participants frequently switched
between two semantic classification tasks by mdaimg the proportion of conflict trials in
one of them. Controlling stimulus-specific preséiotafrequencies, we found reduced
conflict effects under conditions of a higher prajmm of conflict trials in the task to which
the manipulation was applied, whereas there wasinb effect in the other task. Additional
analyses demonstrated task-specificity regardiagtty-trial conflict adjustment. Because
conflict was evoked in the absence of perceptwdfifinct target and distractor stimulus

features, these adjustment effects cannot be @tdiio perceptual selection.
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1. Introduction

Conflict paradigms have yielded abundant evidencedgnitive processing of
stimulus aspects which are irrelevant to a curtask (i.e., which contain only information
not necessary for correct task performance), eveariicipants have full knowledge about
this irrelevance and are instructed to ignore theraminent demonstrations of this can be
seen in relative performance impairment when aatigr stimulus feature, such as a word in
the Stroop task (Stroop, 1935), a stimulus objdaent to the target stimulus in the Eriksen
flanker task (Eriksen & Eriksen, 1974), or the stios location in the Simon task (Simon &
Small, 1969), is associated with an incorrect rasppsuggesting distractor-related response
activation that interferes with responding to taegyét stimulus feature.

Such response conflict effects are reduced aftenteor frequent processing of
conflict stimuli (i.e., stimuli involving a distréor feature associated with an incorrect
response) (e.g., Fernandez-Duque & Knight, 2008itGm, Coles, & Donchin, 1992; Wendt
& Luna-Rodriguez, 2009). These modulations have lzseribed to attentional adjustment,
that is, variations of the degree of dominancerotessing target over distractor stimulus
information, as a consequence of conflict expeegBotvinick et al., 2001) or, more
generally, as a function of distractor utility (&om et al., 1992).

So far, little attempts have been made to speb#ystages of processing which are
affected by conflict adjustment. In paradigms a&sdhes mentioned above, in which target
and distractor stimulus information is presentethanform of physically distinct stimulus
features, perceptual selection, that is, re-digtmilg attentional weights assigned to the
processing of these features, seems a likely maefaadjustment. Support for this assumption
has been obtained by using a visual search taskmixed into blocks of flanker task trials,
to probe the processing weights given to targed-flamker-related perceptual features. More
precisely, Wendt, Luna-Rodriguez, and Jacobsen22&dministered a traditional version of

the flanker task (Experiment 1), in which a targéter was presented at the center of the



Non-perceptual conflict adjustment 4

screen, flanked on either side by identical copfate same or of a different letter. On
intermixed search task trials, participants haddtect a target digit in a string of three digits
which occurred at the same locations as the latigiee flanker task. The location of the
search task target varied randomly among the thwesible locations. Search task reaction
times (RTs) were generally shorter when the tanget presented at the central location (i.e.,
at the location of the target of the flanker tatsldn when it was presented at one of the
flanker locations. Crucially, this center-to-pemgoy gradient was more pronounced when the
proportion of flanker task trials associated wigsponse conflict was higher. A similar result
was obtained in another experiment (Experimentit) amodified flanker task, in which
target and distractor were defined by their cotatker than their locations, and a
correspondingly adjusted search task was useddismarch task in which the target and the
distractor digits were randomly assigned to the ¢wlors of the flanker task stimuli).

Although these findings demonstrate conflict-indbeeahancement of selection based
on perceptual target- and distractor-related featunferring conflict adjustment at the stage
of stimulus encoding may be premature because Watradt's (2012) data do not allow to
dismiss the possibility that perceiving the distoagelated stimulus feature elicits retrieval of
“don’t respond tags”, attached to this feature mvipus flanker task trials, which may
interfere with current response demands (Neilldéa] Terry, & Gorfein, 1992).
Noteworthily, the two interpretations differ regarg the functionality attributed to the
mechanism underlying the performance pattern foankdde search task. Whereas perceptual
filtering could be regarded as a strategic meas@mjng to reduce conflict emergence on
future occasions, the episodic memory view wouldster the pattern of search task results
to be a by-product of automatic integration andeweal processes.

However, other possible non-perceptual mechanigrosrdlict adjustment than
episodic retrieval of response information are eorable. Firstly, it could be assumed that

processing weights assigned to conceptual ratlarpgbrceptual categories are modified as a
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result of conflict occurrence. Putting larger weigh task-relevant conceptual categories may
be assumed to reduce the build-up of conflict imaalogous manner to enhanced perceptual
selection. Secondly, later processes of confleblgion may gain efficiency through

previous application, thereby possibly facilitatiegponding in conflict trials after recent or
frequent conflict processing, even if early stinsafesponse translation processes and conflict
build-up remain unaffected.

In the current study, we looked for evidence fanftot adjustment devoid of
perceptual selection, presumably taking placepaist-perceptual processing stage. To this
end, we set up conflict conditions in which target! distractor information is not presented
in terms of perceptually distinct stimulus featuréisis can be achieved by asking participants
to alternate between two different classificatiaskis comprising semantic judgments, such as
classifying a stimulus digit as odd or even on sanaés and as smaller or larger than 5 on
other trials, while using the same set of respofeesoth tasks. With such an arrangement
(e.g., pressing a key on the left sideddd andsmaller, and pressing a key on the right side
for even andlarger) some stimuli are associated with the same regpionsoth tasks
(henceforthcongruent, e.g., for the above S-R assignment, 1 or 6), edseother stimuli are
associated with different responses regardingwiogdsks (hencefortimcongruent, e.g., 2 or
7). By consequence, congruency effects (i.e., @ropmance difference between responding
to a congruent and an incongruent stimulus) refleate form of application of the S-R rules
of the currently irrelevant task (see e.g., Kiedadl., 2010, for a review of conflict effects in
task switching studies).

Preliminary evidence for non-perceptual confliciustinent was obtained by Kiesel,
Kunde, and Hoffmann (2006). Applying a task switghparadigm as described (i.e., parity
vS. magnitude judgments on digit stimuli), thesthars found a reduced congruency effect
after an incongruent as compared to a congruedepessor trial when the task repeated from

the preceding trial (thereby replicating the abmentioned trial-to-trial modulation found in
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single-task conflict paradigms). In contrast, tbegruency effect was unaffected by the
congruency level of the preceding trial when thek @lternated, suggesting that conflict
adjustment takes place in a task-specific mafner

This task-specificity accords with other demonstrag of context-dependency of
conflict adjustment effects. For instance, Spageldommel (2008) using an auditory Stroop-
like task found a reduced congruency effect afteinaongruent predecessor trial if the voice
in which the distractor stimulus was presented ieaththe same between trials but not if the
voice switched between trials, suggesting thahttieal settings can be bound to task-
irrelevant contextual features. Regarding adjustrteenonflict frequency, several studies in
which the ratio of congruent and incongruent tnaés correlated with an additional task-
irrelevant stimulus feature (e.g., two stimulusaltians, associated with different
congruent/incongruent ratios) found a smaller coaegcy effect in trials with the contextual
feature associated with a lower ratio (e.g., Cdib&l Gratton, 2003; Crump, Gong, &
Milliken, 2006; Crump & Milliken, 2009; Crump, Vaguo, & Milliken, 2008; King, Korb, &
Egner, 2012; Wendt & Kiesel, 2011; Wendt, KluweV&tze, 2008).

Although some models of cognitive control attribtite trial-to-trial modulation and
the congruency ratio-based modulation to the sas@hanism (e.g., Botvinick et al., 2001;
Gratton et al., 1992; Verguts & Notebaert, 2008)D0some recently reported dissociations
between the two effects support the notion that #re brought about by different types of
adjustment (e.g., Fernandez-Duque and Knight, 2B08es, Lupiafiez, & Humphreys, 2010;
Purmann, Badde, & Wendt, 2010; Torres-Quesada,d;@nkupiafiez, 2013; Wendt, Luna-
Rodriguez, & Jacobsen, 2012). For instance, Funals €010) manipulated the proportion of
Simon conflict trials in a combined Simon and Sgaditroop task and found reductions of
both the Simon effect and the spatial Stroop efiiacker conditions of a higher (Simon)

conflict proportion in the absence of any trialtt@ modulation between the two types of
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conflict, thus suggesting conflict-type-specifiguiment to individual conflict events and
generalized adjustment across conflict types tstanvide conflict manipulation.

Some framework conceptions of cognitive control bagize a distinction of transient
and more sustained control implementations, broabbtt by different types of processes
and neural correlates (e.g., Braver, 2012; seelasenbach, Fair, Cohen, Schlaggar, &
Petersen, 2008), and this distinction has beemrdiri& the two phenomena of trial-to-trial and
congruency ratio modulations of the congruencyatfie conflict tasks (De Pisapia & Braver,
2006; Funes et al., 2010). Specifically, Braverl@Oassumed, on the one hand, a reactive
control mechanism to resolve interference afteontset, recruited by the detection of high
interference events (e.g., through the engageniemindlict monitoring brain regions), and
associated with transient activation of laterafjamgtal cortex and other brain areas. On the
other hand, he proposed a mechanism of proactivieatpreflecting active maintenance of
goal-relevant information and characterized byansd activation of lateral prefrontal
cortical areas. Consistent with the idea of a susthnature of the congruency ratio
modulation of the congruency effect, Torres-Quesdad. (2013) demonstrated transfer to
subsequent blocks of trials (i.e., a larger congeyeeffect after practice with a higher
congruent/incongruent ratio).

When investigating conflict adjustment, care muestdken to control effects of
stimulus and response repetition. In particulasiusion of trials associated with repetition of
the directly preceding trial’s target stimulusiable to yield a data pattern which mimicks
trial-to-trial conflict adjustment. This is becaugtenulus repetitions have been found to be
associated with particularly fast responses, pbss#isulting from bypassing time-consuming
response selection stages (e.g., Pashler & Ba@il). Given that stimulus repetitions are
perfectly confounded with repetition of the congraglevel, inclusion of these trials should
facilitate responding on congruency level repatitioals, thus yielding a conflict adjustment

pattern (i.e., smaller congruency effect after mgroient than after congruent trials; cf. Mayr,
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Awh, & Laurey, 2003). Moreover, in task switchingrpdigms, this shortcutting strategy
would produce frequent erroneous responses whelaskeswitches and may therefore only
be applied on task repetition trials. In fact, HérKluwe, Luna-Rodriguez, and Peters
(2004) found a stimulus repetition advantage ok tapetition trials but not on task
alternation trials. As stimulus repetitions weré excluded from the analyses in the study of
Kiesel et al. (2006), it is likely that the obtadhéata pattern was caused, in part, by stimulus
repetition benefits rather than conflict adjustment

Regarding adjustment to the frequency or ratioconfgcuent and incongruent trials,
additional experimental control is needed. Fossiilation, consider manipulating the
congruent-to-incongruent ratio in the above memttbtask switching paradigm involving
parity and magnitude judgments. Presenting a Igyggyortion of incongruent stimuli, in the
parity task, say, implies that the incongruent gtimeceive more task-specific practice than
the congruent stimuli, thereby presumably gainingrgithened associations to their
responses (e.g., Stirmer, Leuthold, Soetens, Sth&Sommer, 2002; Wendt & Luna-
Rodriguez, 2009). As a consequence, incongruertsdigould be facilitated compared to a
condition involving a higher proportion of congradmals, thereby mimicking the result
expected on the assumption of conflict adjustmigatailed accounts of this idea, assuming
episodic retrieval of response information fromvpoas trials have been put forward by
Schmidt (in press) and Schmidt, De Houwer, & BegB840). Furthermore, processing of
frequently presented S-R events may be facilithiedxpectation (see e.g., Logan &
Zbrodoff, 1979, and Schmidt & Besner, 2008, forcagtds of the congruency ratio
modulation in terms of strategic use of S-R cordgimges). In a task switching context, as
realized in the current study, enhanced present&guency may, in addition, have
detrimental effects on performance. Specificallggtice-based task-specific strengthening of
an S-R association—and also S-R expectancies,qad\hey develop in a task-unspecific

manner—may, in the case of an incongruent stimihusair responding when the stimulus
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occurs in the context of the other task becausffeaeht response is required. Such
impairment might mask conflict adjustment, possiegding one to erroneously infer
adjustment only in the task in which the congruenthgruent ratio was manipulated.

Support for a conflict adjustment account of thegraency ratio modulation was
obtained by Bugg, Jacoby, and Chanani (2011) byftiagicture-word Stroop task, in which
participants name the pictures and ignore congroreimcongruent words. Bugg and
colleagues presented a subset of pictures predattyriagether with a congruent word and
another subset predominantly together with an ignoent word and found a smaller
congruency effect for the latter subset. Becaus@a#isignment of pictures to different
congruent/incongruent ratios was not associateld aviferential S-R contingencies (because
pictures, being the target dimension, had the sasmonse assignment in both conditions),
this modulation was considered evidence for stirsigipecific attentional adjustment to
conflict frequency (see, however, Schmidt, in préssa failure to obtain a stimulus-specific
congruency ratio modulation with a different mettodaontrolling S-R contingency).

The notion of stimulus-specific attentional adjustineffects (as well as adjustment
based on contextual features which vary on a latrial basis, mentioned above) raises the
possibility that congruency ratio modulations, @ngral, reflect episodic retrieval of
attentional sets on a given trial rather than smsthcontrol operations. On the other hand,
there is evidence that modulations of the congryefffect depending on the global
congruent/incongruent ratio cannot be accountethftearms of stimulus- or context-specific
effects alone: To disentangle conflict frequencgl 8AR contingency, several studies used
only a subset of the stimuli to manipulate the caegt/incongruent ratio and confined the
analysis of conflict adjustment to a different stlhsf stimuli, associated with a constant
congruent/incongruent ratio. Dismissing a pure &Rtingency account, modulations of the
congruency effect by the overall congruent/incoegtuatio were found not only for the

subset of stimuli associated with the manipulabahalso for the constant ratio subset (Bugg



Non-perceptual conflict adjustment 10

& Chanani, 2011; Crump & Milliken, 2009; Fernandeaque & Knight, 2008, Experiment
2B; Wendt & Luna-Rodriguez, 2009; see also BuggDisttiel, Sculli , & Braver, 2011).

Both stimulus/context-specific and generalized koinddjustment effects are nicely predicted
by a connectionist model put forward by Verguts Aladebaert (2008, 2009). According to
this account, stimulus-specific conflict adjustmesgults from a Hebbian learning mechanism
which strengthens the connection between a uniesepting the currently present target
stimulus feature (such as a specific color in adirtask) and an attention unit, biasing
attention towards the target stimulus dimensiorg eesult of conflict evoked by an
incongruent stimulus. Because the strengthenirggohections depends on the activity of a
given unit and because units representing targeukts features currently not presented are
associated with some baseline activity, confligusinent generalizes, to some extent, across
the whole set of possible target stimulus featubespite these suggestions of stimulus-
specific adjustment, the precise consequencesRt8&atingency are currently unclear, thus
necessitating careful control.

In summary, conflict adjustment phenomena may beadirt about by various
mechanisms, depending on the precise task and @th&xt conditions. Whereas in classical
interference tasks, conflict adjustment appeamwvolve selection based on perceptual
features, (trial-to-trial) modulation of conflictfects has also been found in conditions
lacking a perceptual distinction between target@disttactor information, suggesting transient
non-perceptual conflict adjustment that operatestiask-specific manner. The current study
aims at corroborating and extending such findiays. primary goal was to assess non-
perceptual adjustment—and task-specificity theretofthe ratio of congruent to incongruent
trials, controlling stimulus-specific practice aexpectation effects. To this end, we asked
participants to switch between parity and magnittidssifications of digit stimuli, and
manipulated the congruent/incongruent ratio foyamle of the tasks. To control for

stimulus-related practice or expectancy effectsmaaipulated the congruency ratio by
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presenting only half of the stimuli of a congrueheyel with enhanced frequency (henceforth
referred to asnduction digits) and assessed conflict adjustment by analyzinippeance
regarding the other subset of stimuli (hencefoefierred to asest digits). In light of the
distinction regarding transient and sustained @oljest we also looked at trial-to-trial
adjustment effect, controlling for stimulus sequeetfects by discarding all trials from the
analyses in which the digit was repeated from tieegxing trial.
2. Experiment 1A and 1B

In Experiment 1A, we varied the ratio of congruantl incongruent trials in the parity
task between 25/75 and 75/25, whereas the condinmarigruent ratio in the magnitude task
was kept constant (at 50/50) throughout the exparial session. Whereas one half of the
participants experienced infrequent conflict in fingt half of the experimental trials and
frequent conflict in the second half, this assigntrveas reversed for the other half of the
participants. Assuming sustained, task-specificperceptual conflict adjustment, we
expected reduced congruency effects (on trialsiumg test digits) in the parity task, but not
in the magnitude task, for the 25/75 congruentigroent ratio condition compared to the
75/25 congruent/incongruent ratio condition. Assugrtransient task-specific non-perceptual
conflict adjustment, we expected reduced congrueffegts after an incongruent predecessor
trial on task repetition trials but not on tasleatiation trials, despite removal of data from
trials associated with digit repetition from theabsses.

Experiment 1B was run to corroborate the resultSxqferiment 1A, accounting for
the fact that the congruency effect tends to bdlsma the magnitude task than in the parity
task (provided the latter involves the mappingroéh digits to a left-sided response and large
digits to a right-sided response, e.g., Otten, bhodaColes, 1996; Sudevan & Taylor, 1987).
To control the confound of congruency ratio maragioh and overall susceptibility to S-R
congruency, Experiment 1B replicated Experimentiith the ratio manipulation being

applied to the magnitude task.
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2.1 Method

2.1.1 Participants. Eleven female and 13 male students of the Helmbtrfsait-
University/University of the Federal Armed Forcearhburg, ranging in age from 22 to 28
years, participated in Experiment 1A in exchangepfutial fulfillment of course
requirements. All reported to have normal or cageédo-normal vision. Ten female and 14
male students of the University of Hamburg, rangmgge from 20 to 29 years, participated
in a single-session experiment in exchange foigdulfillment of course requirements. All
reported to have normal or corrected-to-normabwisi

2.1.2 Apparatus and stimuli. Stimulus presentation and reaction time measurement
were performed with a PC. The digit$o 9 exceptc were used as stimuli; these were
displayed on a 19-in. monitor with a refresh rété@Hz, viewed from a distance of about 90
cm. All digits were presented in white color onaaldgray background, in the center of the
screen. The digits were 13 mm high (0.83°) and aimmam of 9 mm wide (0.57°). A
rectangular white frame (98 x 64 mm), centeredhanscreen center, was continuously
shown. Filled with red color, this frame acted as tor the parity task, filled with cyan color
as cue for the magnitude task.

Responses were given by pressing one of two resgays which were mounted on
an external rectangular keyboard (10 cm x 18 crmyiding 0.1 ms. timing accuracy. The
response keys extended 1.0 x 1.0 cm and were segpdn@a8.0 cm (parallel to the keyboard’s
long axis). Participants pressed the responsewglgghe index or middle fingers of their left
and right hand (hands uncrossed). In the magntasgle participants pressed the left key to
indicate smaller than 5 and the right key to inthdarger than 5. In the parity task only, the
S-R assignment was counterbalanced across partisipa

2.1.3 Procedure. At the start of the experiment, participants wersructed on the
parity task, and given a 20-trial practice blockislwas followed by the instructions for the

magnitude task, a 20-trial practice block, and thenixed block, in which the task was
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chosen randomly on each trial, of 30 trials. Fiynall0 experimental blocks of 99 trials each
were administered. (The first three trials of ebldtk were considered warm-up trials and
were not entered into the statistical analysestyven blocks, participants were allowed to
rest for some time. A trial started with the pre¢a&on of the task cue for 1000 ms, followed
immediately by the presentation of the digit whieinained on the screen until a response
was given. After an incorrect response, the Gerwana “falsch” (“incorrect”) was displayed
for 800 ms slightly below the screen center. Thenttial was repeated with an identical
stimulus. Such repetitions of incorrect trials weat counted as trials. The next task cue was
displayed 500 ms after a correct response and d30&fter an incorrect response.

The task was chosen randomly on each trial. In Bx@at 1A, the
congruent/incongruent ratio for the parity task wa£5 in one half of the experiment (either
the first or the second 5 successive blocks, cobak@enced across participants), and 25/75 in
the other half. To achieve these ratios, two coagiror two incongruent induction digits had
a 5 times higher probability to be chosen thanother digits. These induction digits were
either 1, 2, 8, and 9 (i.e., extreme digits), 04,3, and 7 (i.e., medial digits), counterbalanced
across participants. Thus, with a total of 9604r@er participant (i.e., 10 blocks of 99 trials
minus the three warm-up trials each), the expeftesgliency of presentation for an induction
digit in the parity task was 75 during the parthe experimental session in which the
proportion of the corresponding congruency leves Wwgh, and 15 during the other half,
whereas the expected frequency of a test digherptrity task was 15 for the first as well as
for the second half (see Table 1 for an examplehsiglering the whole experimental session,
each induction and test digit was thus associatddam expected frequency of 90 and 30,
respectively, in the parity task. On magnitude tasits, the digit was chosen randomly on
each trial without any constraints, thereby yietdam expected 50/50 ratio of congruent and
incongruent trials as well as equal proportiontest digits and induction digits. The expected

frequency for each digit was therefore 30 per bhthe experimental session. The identical
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procedure was applied in Experiment 1B, with thly difference that the magnitude task was
subject to the ratio manipulation, whereas thetptaisk was associated with a constant 50/50

congruent/incongruent ratio.

---Please insert Table 1 about here---

2.2 Results. Reaction time and error data of the experimentadks were subjected to
statistical analyses. Data from the first threal$rof each block, from trials associated with
repetition of the stimulus digit from the precedinigl, from trials following an erroneous
response (as well as from the identical stimulpgtigons following an incorrect response,
which were not counted as trials), and RTs belo® 28 or exceeding 2000 ms, were
discarded from the analyses. RT outlier exclusesulted in the loss of 1.4% of the data of
Experiment 1A and of 1.1% of the data of ExperinteBit Using stricter outlier criteria of
1500 ms or 1200 ms did not produce substantivéfgrdnt results.

2.2.1 Experiment 1A. An Analysis of Variance (ANOVA) with repeated maeess on
the factors Congruent/Incongruent Ratio (in thetpaask; 75/25, 25/75), Task (parity,
magnitude), Task Sequence (repetition, alternat®tnulus Type (test, induction), and
Congruency (congruent, incongruent) on the meany®lded significant main effects of
Task, Task Sequence, and Congruei€¥,23) = 4.5p < .05,MSE = 9931.4F(1,23) = 42.2,
p<.01,MSE =23706.9, ané(1,23) = 31.0p < .01,MSE = 34338.3, respectively, revealing
that magnitude task trials were responded to faisgar parity task trials (627 ms vs. 642 ms),
task repetition trials were responded to fasten thgk alternation trials (598 ms vs. 671 ms),
and congruent trials were responded to fasteriti@ngruent trials (597 ms vs. 672 ms).

Congruency effects were larger on parity taskgribhn on magnitude task trials,
F(1,23) =6.7p < .02,MSE = 9393.1 (92 ms vs. 56 ms), and on task altemndhian on task

repetition trialsfF(1,23) = 7.4p < .02,MSE = 4321.4 (87 ms vs. 61 ms). Furthermore, task
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switch costs were reduced for induction digits caneg to test digit$5(1,23) = 5.6p < .03,
MSE = 3555.9 (82 ms vs. 62 ms).

Of more importance regarding our research questimmgruency effects were affected
by the congruent/incongruent ratio, differentidlly the two tasks, thus yielding a significant
three-way interactiorf;(1,23) = 19.5p < .01,MSE = 5972.3. Whereas in the parity task the
congruency effect was lower under conditions ofeased conflict proportion, the
congruency effect in the magnitude task was haatfcted. As can be seen in Figure 1, the
ratio modulation in the parity task was strongethvimduction digits than with test digits,
yielding a four-way interaction with stimulus typgg(1,23) = 9.4p < .01,MSE = 3603.4.
Planned comparisons, involving test digit trialsyponfirmed the ratio modulation of the
congruency effect in the parity tasi(1,23) = 5.0p < .04,MSE = 7813.8 (unaffected by task

sequencei(1,23) < 1), and the absence thereof in the magaitaskF(1,23) <1.

---Please insert Figure 1 about here---

Of minor interest for our purpose, there were gigant three-way interactions
involving Congruent/Incongruent Ratio, Task, anen8tus TypeF(1,23) = 5.9p < .03,

MSE = 6819.1, and Congruency, Task, and Stimulus Ty(e23) = 4.6p < .05,MSE =
8220.7, which are shown in Figure 1. Finally, alttors entered into a significant five-way
interactionF(1,23) = 4.5p < .05,MSE = 2537.7.

An analogous ANOVA of the mean error proportiorslged significant main effects
of Congruent/Incongruent Ratio, Task, Task Sequesog Congruency;(1,23) = 26.7p <
.01,MSE = .00329F(1,23) = 16.4p < .01,MSE = .00626 F(1,23) = 15.2p < .01,MSE =
.00476, and~(1,23) = 64.7p < .01,MSE = .01394, respectively, reflecting that the error
proportion was lower in the low congruent/incongrueondition than in the high

congruent/incongruent condition (4.5% vs. 6.6%)nagnitude task trials than on parity task
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trials (4.5% vs. 6.6%), on task repetition tridlar on task alternation trials (4.6% vs. 6.5%),
and on congruent trials than on incongruent t(21$% vs. 9.0%).

A two-way interaction involving congruent/incongriigatio and task;(1,23) = 15.2,

p <.01,MSE =.00433, indicated that response accuracy itvmbeasks differed more
strongly when the parity task involved predominaetingruent digits. Congruency effects
were, again, larger on parity task trials than agnitude task trial$;(1,23) = 19.4p < .01,
MSE = .00805 (9.7% vs. 4.0%), and on task alterndtiafs than on task repetition trials,
F(1,23) =8.6p <.01,MSE =.00573 (10.6% vs. 5.2%). Moreover, there wdwaetway
interaction, involving Congruency, Task and Stinsullype,F(1,23) = 6.8p < .02,MSE =
.00870, indicating that in the parity task congmeeaffects were larger for test digits than for
induction digits, whereas in the magnitude taskgcoency effects were larger for induction
digits than for test digits.

Most importantly, a three-way interaction involvi@@ngruent/Incongruent Ratio,
Task, and Congruenck{(1,23) = 24.8p < .01,MSE = .00444, indicated that in the parity task
congruency effects were larger when parity tagidgnvere predominantly congruent rather
than predominantly incongruent, whereas there wasiio modulation in the magnitude
task. In contrast to the RT analysis, the three-iwigraction was not further modulated by
Stimulus TypeF(1,23) < 1. Planned comparisons, involving tesitdigals only, confirmed
the ratio modulation of the congruency effect ia garity taskF(1,23) = 21.0p < .01,MSE
= .00565 (unaffected by task sequertg@d,23) < 1), and the absence thereof in the madaitu
task,F(1,23) < 1.

2.2.2 Experiment 1B. An ANOVA with repeated measures on the factors
Congruent/Incongruent Ratio (in the magnitude ta&¥25, 25/75), Task (parity, magnitude),
Task Sequence (repetition, alternation), Stimulygsel(test, induction), and Congruency
(congruent, incongruent) on the mean RTs yieldgdifscant main effects of Task Sequence

and Congruency;(1,23) = 43.5p < .01,MSE = 28294.6, an®#(1,23) =51.4p < .01,MSE =
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30953.5, respectively, because task repetitiotstware responded to faster than task
alternation trials (600 ms vs. 680 ms), and congfrtreals were responded to faster than
incongruent trials (595 ms vs. 686 ms).

Congruency effects were larger on task alternatan on task repetition trials,
F(1,23) = 17.6p <.01,MSE = 3586.8 (109 ms vs. 73 ms), and larger for indaatigits than

for test digitsF(1,23) = 5.8p < .03,MSE = 7475.2 (107 ms vs. 76 ms).

---Please insert Figure 2 about here---

As in Experiment 1A, the congruency effect of tive tasks was differentially
affected by the congruent/incongruent ratio, yrdda significant three-way interaction,
F(1,23) = 11.8p < .01,MSE = 5091.3. Whereas in the magnitude task the cemgrueffect
was lower under conditions of a higher proportibmoongruent trials, the congruency effect
in the parity task was hardly affected. As candensn Figure 2, the ratio modulation in the
magnitude task was stronger with induction didiant with test digits, yielding a four-way
interaction with stimulus typé;(1,23) = 5.1p <.04,MSE = 4061.4. Planned comparisons
involving only test digit trials showed no signdiat ratio modulation of the congruency
effect, neither in the magnitude task nor in thetpaask,F(1,23) = 1.5p = .23,MSE =
8946.3, andr(1,23) < 1, respectively. Of minor importance for purpose, Stimulus Type
entered into two-way interactions with Congruerddingruent Ratiok-(1,23) = 5.9p < .03,
MSE = 5226.0, and with Task(1,23) = 8.1p <.01,MSE = 9510.8, as well as into a three-
way interaction involving both these factdr§l,23) = 13.0p < .01,MSE = 3436.5 (see
Figure 2). There was also a three-way interactolving Stimulus Type, Task, and Task
Sequencer(1,23) = 5.7p < .03,MSE = 3228.2, indicating that in the parity task intioic
digits were responded to more slowly than testtsligiomewhat more so on task alternation

than on task repetition trials), whereas in the mtage task responses to induction digits
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were made slightly faster on task repetition treaisl substantially faster on task alternation
trials than responses to test digits.

An analogous ANOVA on the mean error proportioredded significant main effects
of Task Sequence and Congruerieft,,23) = 27.2p < .01,MSE = .00493, andF(1,23) =
49.5,p < .01,MSE = .05065, respectively, reflecting that the eprportion was lower on
task repetition trials than on task alternatioal$r(8.2% vs. 10.8%), and on congruent trials
than on incongruent trials (3.8% vs. 15.2%). Taskch costs were larger for the parity task
than for the magnitude task (4.4% vs. 0.9%),,23) = 8.1p < .01,MSE = .00692. The
congruency effect was once more larger on tasknati®n trials than on task repetition trials
(12.8% vs. 10.0%)(1,23) = 7.9p < .01,MSE = .00501, and entered into a three-way
interaction with Task and Stimulus Typ&1,23) = 6.9p < .02,MSE = .01157, indicating
that in the parity task congruency effects wergdarfor induction digits than for test digits,
whereas in the magnitude task congruency effects laeger for test digits than for induction
digits.

Most importantly, a three-way interaction involvi@@ngruent/Incongruent Ratio,
Task, and Congruenck{(1,23) = 32.9p < .01,MSE = .00495, indicated that in the
magnitude task congruency effects were larger whagnitude task trials were
predominantly congruent, whereas there was no soreding ratio modulation in the parity
task (see Figure 2). Deviating from the RT analythis three-way interaction was not further
modulated by Stimulus Typ&(1,23) = 2.1p = .16,MSE = .00593. Planned comparisons,
involving test digit trials only, confirmed a ratmodulation of the congruency effect in the
magnitude task:(1,23) = 8.7p < .01,MSE = .01049 (which was unaffected by task
sequence-(1,23) < 1), and the absence thereof in the ptagl,F(1,23) < 1. Of minor
importance for our purpose, Stimulus Type entenéadl two-way interactions with
Congruent/Incongruent Ratib(1,23) = 12.3p < .01,MSE = .00164, and with Task(1,23)

=6.2,p<.03,MSE =.01682, as well as into a three-way interactioolving both these
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factors,F(1,23) = 15.5p < .01,MSE = .00322 (see Figure 2.) Finally, there was a-Vixg/
interaction involving all factord; (1,23) = 4.5p < .05,MSE = .00391. The easiest way to
describe this seems to be that in the magnitudie tamgruency effects were always reduced
by a congruent/incongruent ratio of 25/75 (regassilef task sequence and stimulus type),
whereas in the parity task this was only the caséakk alternation trials involving test digits
and all other combinations of task sequence antufiis type were associated with a larger
congruency effect when the majority of trials wasangruent as compared to congruent.

2.2.3 Combined analysis. Given that the RT analysis of Experiment 1B only
descriptively but not significantly revealed a oathodulation on congruency effects in test
trials, we re-conducted our analyses of data fraastinvolving a test digit on the combined
data sets of both experiments. Regarding RTs, a@WAlwith repeated measures on the
factors Congruent/Incongruent Ratio (in the paiisk; 75/25, 25/75), Task (manipulated,
non-manipulated), Task Sequence (repetition, atem), and Congruency (congruent,
incongruent), and the between-subjects factor Exygrt, confirmed that the ratio
manipulation had a differential effect on the caregrcy effect in the task to which it was
applied than in the other tadi(1,46) = 3.7p = .06,MSE = 4585.8. Planned comparisons
showed a significant ratio modulation of the comgy effect in the manipulated task, and
the absence thereof in the other t&g,,46) = 5.9p < .02,MSE = 8380.0, andF(1,46) < 1,
respectively. There was no further modulation bpéiknent, Task Sequence, or both these
factors (allFs <1).

The three-way interaction involving Congruent/Ingarent Ratio, Task, and
Congruency was replicated in the corresponding amalysisF(1,46) = 20.2p < .01,MSE
=.00546. Contrasting with the RT analysis, it itather modulated by Task Sequence,
F(1,46) = 3.6p = .06,MSE = .00381, and by Task Sequence and Experimerd yiklding a
five-way interactionfF(1,46) = 3.9p = .05,MSE = .00381.This was because regarding the

manipulated task, a ratio modulation of the congeyeeffect (i.e., a reduced congruency
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effect when the majority of trials was incongruemtfurred irrespective of the task sequence
in both experiments, whereas regarding the non{pudattied task, the congruency effect was
reduced when the majority of trials was incongrumntask alternation trials but enhanced on
task repetition trials of Experiment 1B, and unetféel by the ratio of congruent and
incongruent trials on both task repetition and @s&rnation trials of Experiment 1A.

To check for trial-to-trial adjustment effects, ws@nducted an additional analysis on
the combined data sets of both experiments, inatutlie congruency level of the directly
preceding trial. (To obtain a reasonable amounlatd per cell of the design, we averaged
across congruent/incongruent ratios.) More pregi$€l and error data from test digit trials
were subjected to ANOVAs with repeated measurabemactors Task (manipulated, non-
manipulated), Task Sequence (repetition, alterngtidongruency on Current Trial
(congruent, incongruent), and Congruency on Pregetiial (congruent, incongruent), and
the between-subjects factor Experiment. The saitexiarfor data exclusion were applied as
in the preceding analyses. In particular, we exatidata from trials associated with
repetition of the stimulus digit. The mean RTs anwr proportions of the relevant conditions
are displayed in Table 2. The RT analysis yieldeaaaginally significant three-way
interaction of Task Sequence, Congruency on Cuiirgal, and Congruency on Preceding
Trial, F(1,46) = 3.0p = .09,MSE = 5064.7, which was not modulated by ExperimeasKl
or the combination of these factors @l < 1). Planned comparisons showed a reduction of
the congruency effect following an incongruentltwaen the task repeated but not when the
task switchedi(1,46) = 6.0p < .02,MSE = 5026.8, andF(1,46) < 1, respectively. In the
corresponding error analysis, the three-way intema®f Task Sequence, Congruency on
Current Trial, and Congruency on Preceding Tredched significanc&,(1,46) = 9.2p <
.01,MSE = .00375. Again, there was no further modulatigrERperiment, Task, or the
combination of these factors (&% < 1). Planned comparisons replicated the RT tsebyl

showing a reduction of the congruency effect folloyvan incongruent trial when the task
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repeated but not when the task switch€d,46) = 39.2p < .01,MSE = .00338, andF(1,46)

=2.2,p=.14MSE = .00455.

---Please insert Table 2 about here---

2.3 Discussion

The primary purpose of the experiments of the curseudy was to examine evidence
for conflict-frequency-dependent attentional adjuestt that takes place at a post-perceptual
processing stage. To this end, participants freyiewitched between two perceptually
identical semantic classification tasks, one ofchhwas associated with a manipulation of the
ratio of congruent to incongruent trials. To deaumfd conflict adjustment from (task-
specific) S-R contingency, the ratio manipulatiomsvimplemented by presenting, in different
parts of the experimental session, a subset ofraengor incongruent stimuli with increased
frequency (i.e., the induction digits), whereasftionadjustment was inferred from
performance involving the other subset of the slitfue., the test digits). Regarding the
congruency ratio manipulation, we found a reduaatjcuency effect under conditions of
higher conflict frequency not only for the indugctidigits but also, albeit smaller, for the test
digits, and this modulation was confined to thd taswhich the manipulation was applied.

Regarding the induction digits, the confound ofgrorent/incongruent ratio and
stimulus-specific frequency precludes a decisicvualvhether the modulation reflects
stimulus-specific control (i.e., adoption of a moreof a less selective attentional set based on
stimulus identity) or (non-attentional) S-R-basedqtice or expectancy. An interesting aspect
of our data, in this connection, refers to theipatarly high error rate for incongruent
induction digits presented in the non-manipulatesk tunder conditions of a low
congruent/incongruent ratio in Experiment 1B (sggife 2). Such reversal of the congruency

ratio effect would be expected on the assumptiat) for incongruent stimuli, practice-based
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strengthening of S-R associations in one of thiestassulted in corresponding interference in
the other task, in which a different response guired. Although it seems less likely that a
similar interference effect is brought about bynstius expectation, the fact that a reversed
congruency ratio modulation in the non-manipuldatek was found only in Experiment 1B
and only in the error analysis, necessitates toalgous in drawing conclusions from this
result.

Contrasting with the induction stimuli, the resutstained in test digit trials provide
unequivocal support for the notion of stimulus-w@fic, non-perceptual attentional
adjustment. (Although the congruency ratio modatatn the manipulated task was not
significant in the RT analysis of Experiment 1Byrsficance was obtained in the error
analysis. In addition, even in the RT data no diffee was found between the experiments.)
Additional analyses replicated the previously fotmek-specificity of trial-to-trial conflict
adjustment, that is, the selective reduction ofcivegruency effect on task repetition trials.
Because we excluded all data from trials associatéda repetition of the digit of the
preceding trial from our analyses, this finding mainbe attributed to particularly facilitated
processing on trials which were identical to thegeding trial. Given that a global increase of
the proportion of trials of a given congruency llegeassociated with a corresponding
increase regarding direct predecessor trials, tbaroence of a trial-to-trial modulation makes
it conceivable that the ratio modulation foundtfoe manipulated task can be completely
accounted for in terms of transient trial-to-t@aljustment. Although it was not feasible to
include both congruency ratio and sequence inglesanalysis—owed to the highly frequent
presentation of induction digits which did not leavsufficient number test digit trial data per
condition—, the fact that the trial-to-trial modtitan was confined to task repetition trials
(with the exception of the error rates analysiExperiment 1B, see Table 2) whereas the
ratio modulation in the manipulated task did neéract with task sequence argues against

this notion.
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Although the independence of the congruency ratdutation from execution of the
same task on the preceding trial is consistent thighnotion of sustained (task-specific) top-
down biasing of attention, trial-by-trial retrievahd implementation of the attentional set is
also conceivable, for instance, as part of taskesminfiguration processes triggered by the
task cue. Interestingly, findings from previousdsts that investigated context-specific
congruency ratio modulations, differ regarding tbke of context sequence. Whereas some
studies found no interaction with the sequenceadrdextual feature associated with a high
vs. with a low congruent/incongruent ratio (e.gu@p et al., 2006), a recent study of King,
Korb, and Egner (2012) did so. In this study, a ifredl Eriksen flanker task was used with
target and flanker stimuli occurring, in each tretlone of two possible locations, associated
with differential congruent/incongruent ratios. RS revealed a reduced congruency effect
in the context (i.e., the location) associated witih conflict frequency, yet only in trials in
which the location was repeated from the precettiafy suggesting that the context-specific
attentional set was implemented during processinigeocontext-switch trial. A crucial factor
regarding the time of implementation of a conteessfic attentional set might be constituted
by the availability of context-disambiguating infieation. The comparably long cue-target
interval used in the current study might have faedwset implementation in advance of task
processing in both task repetition and task switieths.

Taken together with the evidence for conflict-inddgerceptual selection (Wendt et
al., 2012), the findings of the current study cboxate the idea of multiple mechanisms of
conflict adjustment that depend on the particidaktand context conditions. At least two
different kinds of non-perceptual adjustment, rediated processing weights given to task-
relevant and task-irrelevant conceptual categdaralogous to attentional adjustment
assumed to occur regarding perceptual features Batyinick et al., 2001) and modified
conflict resolution efficiency, appear to be pldlsioptions. The lacking impact of the

congruent/incongruent ratio on the congruency éffethe non-manipulated task and of the
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preceding congruency level on the congruency efied task switch trial may be
informative here. Any shifting of attentional wetghiowards the currently relevant S-R
mapping might not only reduce the congruency e#scked by the currently irrelevant task-
set but also enhance the congruency effect exbytdide currently relevant task-set on
performance in the currently irrelevant task atard time (i.e., after a task switch). Consistent
with this reasoning, connectionist modeling apptietasks in which target and distractor
information is presented via different perceptughslus features, demonstrated a larger
congruency effect after incongruent than after coegt predecessor trials when the task
switched (Verguts & Notebaert, 2008). This patieftask switch performance apparently
occurred (although statistical significance wasnepbrted) in a study of Brown, Reynolds,
and Braver (2007, see also Notebaert & Verguts8R00 which participants switched
between a number and a letter classification taskcanflict was manipulated by presenting a
character of the currently irrelevant task at tide f the target character. Judging from
Figure 4B of that study, the congruency effectasktswitch trials was larger after an
incongruent than after a congruent predecessar tria

The fact that we did not observe such a modulaifdhe congruency effect might
indicate that the control settings responsibletierconflict adjustment effects in the task
context we used operate in a strictly task-speaifmner. On the other hand, it must be
considered that enhanced strength of the compédisérs S-R mapping may be masked by an
additional task-unspecific improvement in confliesolution efficiency, which would work in
the opposite direction (i.e., minimizing the infhee of the competitor task’s S-R
assignment). Given that digits and letters, whi@neanused as stimuli in the study of Brown et
al. (2007), differ regarding their constituent mptual features, the discrepancy between the
pattern of task switch performance in that study te results of the sequential analyses of
the current study and the study of Kiesel et £106) may point to differences in conflict

resolution and adjustment based on perceptual angbarceptual selection. Further research
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comparing conflict-related performance in task shiitig conditions for combinations of tasks
afforded by the same vs. by different perceptuaiuiees is needed to clarify these issues.
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Footnotes

! Although it is theoretically possible that paniants cope with such demands by
focusing on different perceptual aspects of onetaagdame stimulus, depending on the
current tasks, we deem such ad-hoc generationrogpeial dimensions unlikely.

2 Unlike the congruency effect, task switch coses. (iworse performance on task
alternation trials than on task repetition trialsgre affected by the congruency level of the
preceding trial. More precisely, responding on talsgrnation trials was selectively impaired
after an incongruent predecessor trial whereag thvas no corresponding effect on task
repetition trials. This pattern of results had ieatbeen observed when participants switched
between tasks which were afforded by different @gteal stimulus dimensions (i.e., letter vs.
color identification, Goschke, 2000). Assuming lrited processing of a (previously)
conflicting stimulus dimension, Goschke labeledéfect dimension negative priming. The
fact that the effect also occurs in make-ups ssdkiesel et al.’s (2006), in which tasks are
not associated with distinct perceptual featuremahstrates that it might also be accounted

for in terms of inhibition of non-perceptual tasdsomponents.
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Table 1. Example of the expected presentation frequendidg stimuli in the parity
task and in the magnitude task in each half oetterimental session for a participant who
responds to odd digits with a left-sided key pieasd to even digits with a right-sided key
press. In this example, medial digits are usediésation stimuli (shaded), and the
congruent/incongruent ratio of the parity task d§U&/25 during the first half of the session

and 25/75 during the second half.

Parity Task Magnitude Task
Digit First Second First Second
Half Half Half Half
1 (congruent) 15 15 30 30
2 (incongruent) 15 15 30 30
3 (congruent) 75 15 30 30
4 (incongruent) 15 75 30 30
6 (congruent) 75 15 30 30
7 (incongruent) 15 75 30 30
8 (congruent) 15 15 30 30

9 (incongruent) 15 15 30 30
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Table 2. Mean RTs and error percentages (in parenthes#salsfwith test digits in
Experiment 1A and Experiment 1B as a function sktsequence, congruency on the current trial, and

congruency on the previous trial

Experiment 1A Experiment 1B
Task Rep Task Alt Task Rep Task Alt

Previous Cong

Current Cong 547 (2.0) 630 (1.6) 553 (2.1) 633 (3.3)

Current Incong 632 (9.2) 723 (9.8) 634 (16.2) TP2.4)

Congruency Effect 85 (7.2) 93 (8.2) 81 (14.1) 89.1)
Previous Incong

Current Cong 569 (2.3) 632 (2.8) 575 (4.6) 643 (5.9)

Current Incong 614 (4.8) 720 (12.1) 623 (8.5) 7B6Y9)

Congruency Effect 45 (2.5) 88 (9.3) 48 (3.9) 9®)9.

Note. Rep = repetition, Alt = alternation, Congangruent, Incong = incongruent
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Figure captions
Figure 1. Mean reaction times and error proportions in Expent 1A as a function of
task, congruency ratio in the parity task, congayeand stimulus type (test, induction).
Figure 2. Mean reaction times and error proportions in Expent 1B as a function of

task, congruency ratio in the magnitude task, coergey, and stimulus type (test, induction).
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Figure 1
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Figure 2
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