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Abstract

The study of the conflict-adaptation effect, in efinencountering information-processing
conflict attenuates the disruptive influence obmmhation-processing conflicts encountered
subsequently, is a burgeoning area of researck.plidsent study investigated associations
among performance measures on a Stroop-traje@sky(tneasuring Stroop interference and
conflict adaptation), on a Wisconsin card sortiaskt(WCST; measuring cognitive flexibility),
and on self-reported measures of self-regulatiocidingimpulsivity and tenacity). We found
significant reliability ofthe conflict-adaptation effects across a two-westkaal, for response-
time and accuracyariability in conflict adaptation was not assoewsignificantly with any
indicators of performance on the WCST or with nafdhe self-reported self-regulation
measures. There was substantial covariance bet@teeop interference for accuracy and
conflict adaptation for accuracy. The lack of evide of covariance across distinct aspects of
cognitive control (conflict adaptation, WCST perf@ance, self-reported self-control) may

reflect the operation of relatively independent poment processes.
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An Investigation of the Reliability and Self-Regtaliey Correlates of Conflict Adaptation

A core function of cognitive control is alternatibgtween automatic and controlled
responding. The present study focused on a sp&dfiect of cognitive control termed conflict
adaptation (CA), in which the detection of inforimatprocessing conflict attenuates the
disruptive influence of information-processing dat$ encountered subsequently, presumably
because needed mechanisms of cognitive contr@direave been engaged (Botvinick, Braver,
Barch, Carter, & Cohen, 2001). We investigatedréhi@bility of individual differences in CA
across time. To evaluate the discriminant and caere validity of CA as a construct
representing individual differences in the contekimodulation of cognitive control, we also

investigated its degree of association with otlsgeats of cognitive control and self-regulation.

Researchers have investigated individual differemeeCA by observing whether
different populations differentially recruit cognié control, thereby potentially affecting the CA
effect. For example, previous research has soogitamine whether individual differences in
CA relate to diagnoses of Parkinson’s disease @Rust et al., 2013), generalized anxiety
disorder (Larson, Clawson, Clayson, & Baldwin, 2)18ajor depressive disorder (Clawson,
Clayson, & Larson, 2013), mild and severe traumatain injury (Larson, Farrer, & Clayson,
2011; Larson, Kaufman, & Perlstein, 2009), and tablobe damage (Funes, Lupiafez, &
Humphreys, 2010). Other work has sought to invagighe relationship between CA and other
forms of executive control and thought processésy&n and Larson, 2012; Keye, Wilhelm,
Oberauer, & Ravenzwaaij, 2009; Keye, Wilhelm, Obera& Sturmer, 2013). Furthermore,
previous work investigated the psychometric prapsmf the CA effect by analyzing its test-

retest reliability and split-half reliability (Clapn & Larson, 2013). Importantly, these previous
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investigations used methods that did not allowasoy CA effects from other possible effects

and confounds, as described below.

Barriersto Demonstrating Conflict Adaptation

Conflict-adaptation effects previously have beentaversial, as researchers have
pointed out that putative CA findings could be expéd by alternative accounts. For example,
repetition-priming appears a more parsimoniousangtion than CA for the facilitation of
responses to the second of two exact stimulusitiepet (Mayr, Awh, & Laurey, 2003).
Furthermore, efforts to remove exact repetitiongehatroduced new confounds, by affecting
participants’ expectancies (Schmidt & DeHouwer, POEor example, in a Flanker task with
more than two responses and equivalent proportbnengruent and incongruent trials, each
central cue of a flanker trial appears more oftéh wientical flankers (because there is only one
type of congruent array for that target, e.g., ‘77§ than with non-identical flankers (because
there are many different incongruent arrays fot thayet, e.g., “11711,” “22722,” etc.).
Eliminating stimulus-contingency confounds in arfoesponse task with .25 congruent and .75
incongruent trials eliminates the CA effect (Schinéid>eHouwer, 2011). However,
administering non-equivalent proportions of congtusnd incongruent trials introduces a new
expectancy-based confound, because some trialsgions occur more often than others.
Because congruence-sequence successions arentagypindependent variable in CA research,
confounding succession type with frequency of o@e prevents clear interpretation of
results. Completing hundreds of trials with nonigglent proportions of different succession
types could facilitate greater acclimation to miwegjuent than less frequent successions, given
evidence that the frequency of occurrence of a pimemon strongly determines one’s cognitive,

affective, and physiological responses to it (Doné& Coles, 1988; Zajonc, 1968).



CONFLICT ADAPTATION AND EXECUTIVE FUNCTION 5

The above-reviewed studies of individual differesgeCA used methods that could not
remove stimulus repetitions without introducingratlus-contingency or trial-succession-
probability confounds. Although those studies miakgortant contributions to understanding
individual differences in the recruitment of cogwetcontrol, then, their implications for the
reliability and validity of the CA effect are unele The current study addressed this substantial
gap by applying recent methodological innovatidra tlllow examining CA without stimulus
repetitions, without introducing stimulus-continggrconfounds, and without introducing trial-
succession-probability confounds (Freitas & Cla®15; Kim & Cho, 2014; Schmidt &

Weissman, 2014; for review, see Duthoo, Abrahamssem, Boehler, & Notebaert, 2014).

The Stroop-Trajectory Task

The Stroop-trajectory task (Freitas & Clark, 20l&)s designed to examine CA effects
while eliminating the above-discussed confoundshénStroop-trajectory task, pointing triangles
are presented one-at-a-time, yielding an arrayigifitty overlapping triangles on each trial.
Participants’ task is to indicate the locationlod smaller triangle that appears at either thetop
the bottom of vertically oriented arrays or at e or right of horizontally oriented arrays (see
Figure 1). Trial congruence reflects whether orthetsmaller triangle’s location matches the
direction indicated by all other triangles in threag. Limiting analyses to trial successions in
which stimulus arrays were presented at alternatamtical and horizontal orientations
eliminates exact stimulus repetitions without idoing stimulus-contingency confounds. For
each (vertical or horizontal) orientation, there anly four possible stimulus arrays, reflecting
the two orthogonal factors of stimulus-array comgiee and direction of response. Accordingly,

stimulus-array congruence is not contingent onahgr stimulus or response characteristics.
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The Stroop-trajectory task also was designed tomize two related barriers to detecting
CA, negative priming and perceptual-motor bindiag.shown by Bugg (2008), CA effects can
be obfuscated by negative priming, in which respagtb a recently ignored stimulus causes
slower and less accurate responding (e.g., Nedlld&s, Terry, & Gorfein, 1992; Tipper, 1985).
In the Stroop-trajectory task (unlike in traditibf#anker tasks and some Stroop tasks),
participants never respond to a particular elerttettthey ignored, thereby obviating negative
priming. Similarly, generating specific responsesjpecific stimuli can generate episodic traces
that bind perceptual and action features that gsudsequent action, improving performance on
exact perceptual/action repetitions but impairiegggrmance on partial perceptual/action
repetitions (Hommel, 1998, 2004). Limiting the urdhce of partial trial repetitions, responses to
distracting elements never are cued in the Strogpetory task. Whereas the (larger) distractor
triangles may activate particular behavioral resesne.g., “left” for left-pointing triangles;
Kopp, Rist, Mattler, 1996), they do not cue retakof representations of recent actions.
Moreover, by the time participants respond to twation of the smaller triangle, numerous
separable perceptual events have occurred (asoéduh seven black triangles has appeared

sequentially), allowing decay of representationpridr responses to prior arrays.

Reliability and Correlates of the Conflict-Adaptation Effect

Although the literature on CA has developed rapitiimdamental questions regarding
the correlates and reliability of the effect remamanswered. In an innovative research program,
Clayson and Larson (2013) investigated the psychre@operties of the CA effect through the
use of a Flanker task with two responses. As nabede, that study, along with others
conducted at that time (including work by Freitaanai, & Clark, 2009), could not isolate CA

effects from other triah-1 to trialn dependencies. We examined the test-retest rétyabil CA
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using the Stroop-trajectory task across a two-welod, in the first investigation of which we
are aware of the reliability of the CA effect in@gplent of the confounds and alternative
mechanisms reviewed above. To examine the potergsalciations of CA with other self-
regulatory phenomena, we also analyzed CA’s assmesawith the Stroop-interference effect,

cognitive flexibility, and self-reported self-coatphenomena, as described next.

The Stroop-I nterference Effect

The standard Stroop task involves responding taoha of letters rather than the words
they comprise, requiring selective attention toetjard task-irrelevant information (Stroop,
1935; for review, see MacLeod, 1991). The Strodprfarence score, calculated by comparing
response-time and accuracy on incongruent and gengtrials, has been studied across
numerous research domains and has been linkedrierous health outcomes (e.g., Spieler,
Balota & Faust, 1996; Streeter et al., 2008). Hga relationship between the Stroop-
interference effect and the CA effect may implyttinareases in conflict cause increases in CA,
in that individuals experiencing the greatest iii@nce would have the greatest need to adjust
their level of cognitive control. Such an effectwa be broadly consistent with conflict-
monitoring theory’s contention that high degreeséidrmation-processing conflict elicit large

adaptations of cognitive control (Botvinick et &001).

Cognitive Flexibility

Along with alternating between controlled and auttimresponding, alternating between
different cognitive strategies is recognized asihmental to cognitive control. The present
study used the Wisconsin Card Sorting Task (WCSanG& Berg, 1948), which has been used

in clinical assessments to measure flexibility applations including individuals with multiple
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sclerosis (Arnett et al., 1994) and schizophreragnbses (Stratta, Daneluzzo, Bustini,
Prosperini, & Rossi, 2000). Our measures of flditibwere derived from performance indices
on the WCST, which requires participants to infeareging categorization rules based on a
stimulus’s color, shape and number of elementswibigion the logic that the magnitude of CA
can be interpreted to positively index the degife@earocognitive flexibility needed to modulate
dynamically between controlled and automatic redpan(e.g., Rustamov et al., 2013), we

hypothesized a positive relation between CA anditivg flexibility as measured on the WCST.

Self-Reported Self-Control

Many self-reported measures of self-regulatiorehiasen related to a variety of positive
health outcomes. More specifically, self- repoget-control measured by the Brief Self-
Control Scale has been related to a myriad of pesitutcomes, such as higher grade point
average (GPA) and fewer reports of psychopatho{@ggney et al., 2004). Grittiness, defined
as perseverance for long-term goals and measur#gtelyrit Scale (Duckworth et al., 2007), has
been related to educational attainment and GPAulsnpty, measured by the UPPS Impulsivity
Scale (Whiteside & Lynam, 2001), has been founctkate to compulsive buying (Billieux et al.,
2008) and cigarette cravings (Billieux et al., 2D0umination, measured by the Ruminative
Response Scale (Nolen-Hoeksema, 2000), has bédexl lin depressive disorders and to other
anxiety-related and depressive symptoms. The fitoomaf habits, as measured by the Habits
Scale (Verplanken & Orbell, 2003; see also Verptambkeriborg, Wang, Trafimow, & Woolf,

2007), has been found to mediate the effect of Ipatsavior on later behavior.

Previous work has found sensation-seeking toaetaidestly to the Flanker-interference
effect but not to the CA effect (Keye et al., 2009jing a task not intended to distinguish CA

effects from repetition-priming and stimulus-cogimcy effects. The present study used the
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same impulsivity measure as used by Keye and gpleEsa(2009) as well as the additional
measures of self-regulation reviewed above. Finthagindividuals with high self-reported self-
control show an increased CA effect could imply@cpss of strategic allocation of attentional

resources involved in CA.

The Present Study

The goal of the present study was to update previaark assessing the psychometric
properties of CA (Clayson & Larson, 2013) and indiial differences in CA (e.g., Clayson and
Larson, 2012; Keye et al., 2009; Keye et al., 2Qis3ng a new task that minimizes previous
confounds. More specifically, we investigated wieethariability in CA may be associated with
Stroop-interference, cognitive flexibility, and se¢ported self-regulation, to better understand
the utility and validity of the effect. In additipto assess the stability of the CA effect, we

investigated its reliability across a two-week pdri

During the first session, participants performaf@ST and the Stroop-trajectory task.
Two weeks later, participants again performed tinedp-trajectory task and completed self-
reported self-regulation questionnaires, includimgUPPS Impulsivity Scale (Whiteside, &

Lynam, 2001), the Grit Scale (Duckworth et al., 20@s well as others described below.

Methods

Participants

One hundred sixty-four undergraduates from StorgoBiUniversity participated in
exchange for course credit. Twenty-one participdidsot complete both sessions, and two
participants had accuracy scores under 55% adnedsvb sessions of the Stroop-trajectory task

(the remainder of participants had accuracy grehter 85%), leaving 142 participants (43
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males), aged 18-2M= 19.5), included in the analyses. The study wasa@d by the Stony
Brook University Institutional Review Board. All gecipants gave written, informed consent.
Procedure

During Session 1, participants first completedWe&ST and then the Stroop-trajectory
task! During Session 2, scheduled approximately two wégler, they again completed the
Stroop-trajectory task, followed by measures ohiraial differences. For the Stroop-trajectory
task, participants used a standard keyboard. EOWBST, participants used a standard
computer mouse. All individual-difference questiaimas were administered via computer. For
all items from the questionnaires, see coding miaelectronic supplementary material (ESM)

3.
Stimuli and Tasks

Stroop-trajectory Task (Freitas & Clark, 2015). The task entails presémtadf triangle
arrays presented horizontally and vertically actbssscreen. Using their dominant hands,
participants pressed the arrow keys on a standengater keyboard (positioned near the left
hand of left-handed participants and near the tgimid of right-handed participants) to indicate
the location of a small gray triangle within anagrof larger black triangles. A trial begins with a
400 msec fixation cue (“.”) horizontally and vedily centered on the monitor. Following a
26.67 msec blank screen, vertical or horizontayarof seven black triangles (each 83 pixels

high x 27 pixels wide) are presented increment&byr. upward-pointing arrays, a single upward-

pointing triangle first is presented, centered ramtally. In successive intervals of 26.67 msec,

! participants also completed an additional WCSK #&she end of Session 1. We included this adufilitask as
part of a separate attempt to investigate fatigiezts on the WCST. However, we were unsuccessfahpturing
interpretable fatigue effects; instead, most colispas across the first and second WCST appearaaipest
learning effects. Consistent with the primary asaf/reported below, exploratory analyses indictitatresponses
to the second WCST did not correlate significamtith any measures from the Stroop-trajectory tasle (
Supplementary Tablel, ESM 1). Data from the se®W@ET are presented in ESM 2.



CONFLICT ADAPTATION AND EXECUTIVE FUNCTION 11

five other identical triangles are added to thawyrwith each triangle appearing immediately
above the one presented before it. Finally, 40 maftec the sixth black triangle in the array is
visible, the seventh identical triangle appears edrately above the others, and a smaller (24
pixels high x 14 pixels wide) upward-pointing grtarangle appears inside either the top black
triangle (on congruent trials) or the bottom blag&ngle (on incongruent trials) and are
presented for 146.67 msec, after which the scremains blank awaiting the participant’s
response. The screen remains blank for an intgarging randomly between 125 and 250 msec
to end the trial. Participants are given a compatkninistered 24-trial practice block. The task

consists of 10 blocks (100 trials each), requiapgroximately 35 minutes.

To compute response-time and accuracy indiceseo€C® effect, we subtracted each
participant’s response-time and accuracy means Wieelevel 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@tiowing incongruent trials). CA 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@mss @ccurate responses when the level of
information-processing conflict at trinlwas inconsistent rather than consistent with éhatal

n-1).

The Wisconsin Card-sorting Task (WCST) (Grant & Berg, 1948). The WCST assesses
participants’ ability to discern fluctuating categation rules, including the stimuli’s color, steap

and number of elements. No detailed instructioesgaren; thus, participants themselves must
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discover the categorization rules. Importantly, $beting rules change without notice, and
participants’ application of no-longer-valid rulesnstitute a key dependent measure of
perseveration on this task. We used a computevigesion of this task from the Inquisit library
(adapted from Grant & Berg, 1948). The task wasratt so that the rules needed to be applied
were randomized with the exception that no ruledpeated across consecutive trials. A new rule

began after 10 correct sorts. There was a maxinfugbbtrials.

The UPPS Impulsive Behavior Scale (Whiteside, & Lynam, 2001). The self-reported
scale consists of 46 items that are divided insolddivisions of impulsivity, including
premeditation (11 items), urgency (12 items), seosaeeking (12 items), and perseverance (10
items). Items are rated on a 0 (not at all) toery\much) point scale. The internal consistency
coefficients in this study were high for premeddat(Cronbach’s: = 0.92), for urgency
(Cronbach’sy = 0.92), for sensation-seeking (Cronbaehxs0.93), and for perseverance

(Cronbach’sy = 0.85).

The Brief Self-control Scale (Tagney et al., 2004). The self-reported scale istsef 12
items to measure self-control. ltems are rated driNot at all) to 5 (Very much) scal€he

internal consistency in this study was high (Cratitbea = .87).

The Grit Scale (Duckworth et al., 2007 The self-reported scale consists of 12 items
measuring passion and perseverance for long teats.gtems are rated on a 1 (Not at all) to 5

(Very much) scale. The internal consistency in gtigly was high (Cronbachis=.79).

Rumination Response Scale (Treynor, Gonzalez & Nolen-Hoeksema, 2003). The se
reported scale consists of 10 items in which pigditts rate a series of statements from 0 (never)

to 4 (always) regarding whether they often rumin&tes scale is from a larger 22 item scale;
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however, these 10 items we selected for analysisnare specific to rumination rather than
depressionTreynor, Gonzalez, & Nolen-Hoeksema, 2Q0@)e internal consistency in this
study was high (Cronbachis=.81). Due to human error, question 13 of the laRfeitem scale

was not assessed.

Habits Scale (Verplanken & Orbell, 2003)The self-reported scale consists of two
subsections (good and bad habits) consisting aieh2s each, assessing subjective experiences
of automaticity of habitual behaviors. The partaipreports a good or bad habit and then
responds to a series of statements concerningaiie In this study, the internal consistency was

high for good habits (Cronbachis=.84) and bad habits (Cronbachis= .85).

Data Analysis

Latency data were not analyzed when erroneous mespavere recorded at trial®r n-1
(resulting in exclusion of 8.54% of trials in Sessil and of 8.32% of trials in Session 2) or
when latencies exceeded 800 msec (resulting irusixel of 2.73% of remaining trials in
Session 1 and of 1.03% of trials in Session 2),amwdiracy data were not analyzed when
erroneous responses were recorded atrtria(resulting in exclusion of 4.73% of trials in
Session 1 and of 4.31% of trials in Session 2).ddwer, when computing the CA effect and the
interference effect, response latency and accutataywere analyzed only when the
vertical/horizontal orientations of stimulus arralered across trials andn-1, thereby

precluding analysis of exact stimulus repetitionthaut introducing any confounds.

Zero-order correlations were used to examine melahips among variables. To limit
type | errors given our assessment of many indadidiifference variables, we used an alpha

level of .01 to determine statistical significaredeany correlational results.
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Results

Session 1

Conflict-adaptation results. During Session 1, for response-times, there was a
significant effect of triah congruencef~(1,141) = 185.56, MSE = 637.75,.0001, partiah*=
0.57, and of triah-1 congruencer(1,141) = 20.26, MSE= 73.5p<.0001, partiah®= 0.13.
Indicating the presence of a robust CA effect,ttta n x trial n-1 congruence interaction was
significant,F(1,141)=210.10, MSE= 127.7B<.0001, partiah®=.60. Average proportions of
correct responses also were analyzed in a 2 (cengyuwstatus of triak-1) x 2 (congruency of
trial n) repeated-measures analysis of variance (ANOVAY)irig Session 1, for accuracy rates,
there was a significant effect of trimkcongruencef-(1,141) = 159.19, MSE= .00@<.0001,
partialn®=0.53, and of triah-1 congruencer(1,141) = 73.13, MSE= .000p<.0001, partiah’=
0.34. Again indicating the presence of a robusteaffAct, the triah x trial n-1 congruence
interaction was significanE(1,141)=106.36, MSE= .000p<.0001, partiah’=.43. As shown in
Figure 2, encountering an incongruent trial at ma significantly increased accuracy and
decreased response-time on incongruent relatigerigruent trials, despite the absence of exact
stimulus repetitions or of any stimulus-contingegonfounds. For raw data, see ESM4.

Correlationsamong WCST variables. See Table 1 for inter-correlations, means and

standard deviations among WCST variables.

Correlations among Stroop-trajectory task variables. CA on response-time was not
associated with the Stroop-interference effectésponse-timer€.16,ns) or accuracyrE.1,
ns). CA accuracy was not associated with the StrowgrHierence effect for response-time. (5,

ns) but was substantially related to the Stroop-feteince effect for accuracy«58),p<.01).
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See Table 2 for inter-correlations, means and stahdeviations for Stroop-trajectory task

variables.

Correlationsacross WCST variables and Stroop-trajectory task variables.
Correlations between the WCST variables and thao$ttrajectory variables (Stroop-
interference and CA) were not significant. See &abfor correlations between WCST variables
and Stroop-trajectory task variables.

Session 2

Conflict-adaptation results. During Session 2, for response-times, there was a
significant effect of triah congruencek-(1,141) = 173.67, MSE = 453.@5:.0001, partial
n?=0.55, and of triah-1 congruencer(1,141) = 11.01, MSE= 64.56<.0001, partiah’= 0.07.
As in Session 1, and indicating a CA effect, tha tr x trial n-1 congruence interaction was
significant,F(1,141)=252.17, MSE= 80.14<.0001, partiah’=0.64. During Session 2, for
accuracy rates, there was a significant effectialfh congruencef-(1,141) = 171.66, MSE=
.002, p<.0001, partiah’= 0.55, and of triah-1 congruencer(1,141) = 59.11, MSE= .00086,
p<.0001, partiah’= 0.3. As in Session 1, and indicating a CA effdes, trialn x trial n-1
congruence interaction was significai{1,141)=62.88, MSE= .000p<.0001, partiahZ:O.Sl.
As shown in Figure 2, encountering an incongruealt at trialn-1 significantly increased
accuracy and decreased response-time on incongerlative to congruent trials, despite the
absence of exact stimulus repetitions or stimutusiingency confounds. For raw data, see
ESM5.

Correlations among self-control measur es. There was substantial covariance among
several self-reported measures. See Table 4 foglabons, means and standard deviations for

self-reported measures.
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Correlations among Stroop-trajectory task variables. The CA effect for response-time
was not associated with the Stroop-interferencecefbr response-time= .15,ns) or accuracy
(r=.19,ns). The CA effect for accuracy was significantly r@ated with the Stroop effect
response-timer€-.29,p<01) and accuracy#£.58,p<.01). See Table 2 for inter-correlations,
means and standard deviations among Stroop-trayetetsk variables.

Correlations acr oss self-reported self-regulation measures and Stroop-trajectory
task variables. The Stroop-interference effect for response-tinag wot associated significantly
with any of the self-reported measures of self-lagon. The Stroop-interference effect for
accuracy was associated only with self-reportet(igrt.22). Variability in CA for response-time
was only associated with sensation-seekirg 22). Variability in CA for accuracy was not
associated significantly with any of the measurfeseti-reported self-regulation. See Table 5 for
correlations between self-regulation measures ambStrajectory task variables. For
correlations across self-control measures and @edsbtroop-trajectory task variables, see
Supplementary Table2 in ESML1.

Test-Retest Reliability across Two Weeks

Regarding the test-retest reliability of the Strowigrference effect, scores from Session
1 correlated significantly with Stroop-interferereféect scores assessed two weeks later for
response-timer€.73,p<.01) and accuracy$ .58,p<.01). For CA effects, scores from Session
1 correlated significantly with CA scores assedserlweeks later, both for response-time
(r =.24,p<.01) and for accuracy €.25,p<.01). For full table with test retest correlatipase
Table 2. For means, standard deviations and psyetnims of trial types, interference effect and
CA effect across sessions, see Supplementary TahtkSupplementary Table4 in ESML1. For

master data file, see ESM6.
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Discussion
These findings make several contributions to uridedsng cognitive control and its
correlates. First, we replicated recent finding€éf effects on response time and accuracy
(Freitas & Clark, 2015). Addressing recent doulisua the robustness of this effect (Mayr &
Awh, 2009; Schmidt, 2013), the present results st@n emerging consensus that the CA

effect indeed is quite robust (for review, see Dotkt al., 2014).

Moreover, we found significant test-retest reliapibf CA across a two-week period. The
reliabilities of this effect for reaction time=.24) and accuracy%.25) were significant
statistically but modest in magnitude, particuladlyen compared with the reliability of the
Stroop-interference effects for reaction time.{3) and accuracy£.58). As the first study to
examine the reliability of the CA effect indepentiehthe confounds reviewed above, the
current work found test-retest correlations forcsfpetrial types (see Supplementary Table 2)
that were quite similar in magnitude to those foundn earlier study that used a traditional
Flanker task and did not attempt to remove thoséotmds (Clayson & Larson, 2013). The
consistency of these studies’ results, despite th#erent methods, suggests that they may
reflect the same underlying phenomenon. Furthexsigation of test-retest reliability using
other confound-minimized CA tasks is needed, &srther investigation of contextual factors,
independent of stable individual differences, thaty modulate the magnitude of CA (e.qg.,

Duthoo, Abrahamse, Braem, & Notebaert, 2014).

We did not observe substantial correlations betvikerCA effect and cognitive flexibility,
as assessed on the WCST. Although deriving fromvatask well-suited to analyzing CA and
from the first study that assessed WCST performasce possible correlate of CA, these

findings appear generally consistent with earliedihgs of minimal covariation across CA and
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executive function (Keye et al., 2009) and workmgmory capacity (Keye et al., 2013). One
interpretation of these findings is that individd#ferences underlying trial-by-trial modulation
of cognitive control to information-processing clictfare independent of those underlying
cognitive-flexibility processes assessed at brofiderscales, as in the WCST. To assess
whether CA relates to categorical flexibility at@mmensurate time scale, future research
profitably may examine whether variability in CAates to variability in the long-studied and
robust effect whereby people often mistakenly applyialn the same category label that was

appropriate at triah-1, in speeded-categorization tasks (e.g., WagnBaigd, 1981).

Turning to our Stroop-interference results, we fiban interesting correlation between the
Stroop-interference effect for accuracy and theeffAct for accuracy. Using Cohen’s (1992)
standards of smalt£.10), mediumn=.30) and largerE.50) correlations, we found a large
correlation of .58 between the Stroop-interferegitect for accuracy and CA for accuracy. This
same particular value was found during Sessiordldaning Session 2, implying a consistent
and robust relationship. Previous work has condutiat the magnitude of congruence and CA
effects do not depend strongly on one another,doaseevidence drawn from three tasks
administered separately, in which a Simon tasldgiéla larger CA effect, yet a smaller
congruency effect, than did Stroop and Flankerggkeissman, Jiang, & Egner, 2014).
However, across-task differences in CA magnitudg raflect a number of task differences
besides the magnitudes of their congruency effects, Kornblum, Hasbroucq, & Osman,
1990). Accordingly, a valuable direction for fuguesearch will be examining the extent to

which congruency and CA effects covary across aitltdimtasks (cf. Kan et al., 2013).

There are several potential explanations for owigming finding of a relationship between

Stroop-interference and CA. As Keye et al. (2008)ehproposed, perhaps the need for a high
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degree of control implies a strong need for momtpronflict continuously. Consistent with that
possibility, Kan and colleagues (2013) found CAef$ only for individuals with large conflict
effects and attributed that result to the degremoghitive control recruited as a function of
chronically low or high levels of information-prasng conflict. In a related vein, Desender,
Opstal, and Bussche (2014) found that when paantgreported that they had detected conflict
on the previous trial (whether or not falsely renbened), they showed CA effects; in contrast,
when participants claimed no conflict had been aepeed on the previous trial (whether or not
falsely remembered), the CA effect was not observadse results could imply that the
experience of conflict is related to the CA eff@gbrahamse & Braem, 2015). Future work can
more directly test this hypothesis by investigating relationship between conflicts of varying
difficulty. In a related vein, Kleiman, Hassin afnpe (2013) have suggested that conflict of
greater (e.g., social) importance may lead to areased CA. Future work may examine that

possibility by manipulating importance in confliessks.

Another possibility is that, at least on the prelsemsed laboratory tasks, high CA scores
might lead to lower accuracy scores. From thisdggamt, CA may be interpreted as a bias and
likened to classic work on functional fixedness (Oker, 1945), in that individuals may suffer
performance decrements when they apply atrireatognitive operation that was optimal at trial
n-1 (see also Brown, Reynolds, & Braver, 2007). @etef the laboratory, CA might increase
overall accuracy, given the assumption that natmalronments entail task demands that
typically are correlated across time, so that emgpg particular mechanism of cognitive control
at a particular point in time generally will equipe to successfully accomplish whatever comes
next. In the laboratory, where demands for cogaitentrol at trial$ andn-1 are

unconfounded, applying what worked at tnal could prove a hindrance rather than a help to
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trial n accuracy. To explore this possibility, future @®sf may use methods of implicit learning
to examine correlates of CA as a function of thetingency between levels of information-

processing conflict across trialandn-1.

Regarding potential relations between self-repostdtiregulation measures and CA, we
found only a single significant correlation, betwesensation-seeking and CA for response-time
(and not for accuracy). Sensation-seeking was ihesub-scale of impulsivity that correlated
significantly with any CA effect, indicating thagplication of that single association would be
needed before integrating the finding with thedfpre generally, the overall lack of evidence of
covariance across these variables as well as tterseng from the WCST may reflect the
operation of relatively independent component pgses of cognitive control (cf. Baddley, 1986;

Miyake & Shah, 1999).
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Table 1

30

Summary of Intercorrelations, Means, and Sandard Deviations for Wisconsin Card Sorting Task Variables

Variable 1 2 3 4 5 6 7

1. Total Trials - .35* 78* -.42* -.63* .52* .38*

2. Total Correct - -.32* .05 A4* 3% 2

3. Total Error - -.45*% -.90* .04 .26*

4. Percent Perseverative Errors - A44* -13 .17 -

5. Completed Categories -11 -.28*

6. Sum Failure to Maintain Set - 23*
7. Trials to Complete First Category -

M 105.23 74.70 30.53 17.91 5.21 1.17 17.65
D 19.69 13.01 19.45 13.68 1.46 1.34 13.2

Note. N=142. *<.01.
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Table 2

Summary of Intercorrelations, Means, and Standard deviations for Sroop-trajectory Task Variables from
Sessionland 2

Variable 1 2 3 4 5 6 7 8

1. Stroop RT S1 - -.49* -.16 -.15 a3 -41* .07 -.2

2. Stroop Cor S1 - -1 .58* -.38*  .58* -.18 .36*
3. Conflict Adaptation RT S1 - -23*  -.13 50 .24 -06

4. Conflict Adaptation Cor S1 - -15 41 14 25F

5. Stroop RT S2 - -51* .15 -.29*
6. Stroop Cor S2 - -.19 o8*
7. Conflict Adaptation RT S2 - *24

8. Conflict Adaptation Cor S2 -

M -28.87 .05 -13.75 .02 -23.54 .05 -11.93 .02
D 2525 .05 11.30 .03 21.28 .04 8.96 .03

Note. N=142. RT= response-time scores; Cor= accuracy scBteindicates data from Session 1; S2 indicates
data from Session 2y%.01.
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Table 3
Correlations between Wisconsin Card Sorting Task Variables and Stroop-trajectory Task Variables

Total trials ~ Total Correct  Total Errors Complet Sum Failure to
Categories Maintain Set

Stroop Effect A1 .03 .09 -.05 -.04
Response-Time
Stroop Effect Accuracy -.18 -.02 -17 .18 -.09
Conflict Adaptation .08 -17 19 -.19 -11
Response-Time
Conflict Adaptation -.09 .06 -14 15 -.08
Accuracy
M 105.23 74.7 30.53 5.21 1.17
D 19.69 13.01 19.45 1.46 1.34

Note. N=142. p<.01
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Table 4

Summary of Intercorrelations, Means, Standard Deviations and Alpha Coefficients for Self Report Self-
Regulation Measures

Variable 1 2 3 4 5 6 7 8 9
1.Grit - 70* 41 -44 71* -08 -07 .32* -.27*
2 Brief Self Control - 49 -61* .61* -22* -23* 3* -.35*
3. Premeditation - -27% 48  -36* -01 18 -.05
4. Urgency - -31* .09 A43* -11 .25*
5. Perseverance - -.01 .01 .26* -.19
6. Sensation Seeking - -.09 A -.09
7. Ruminate - .01 21
8. Good Habits - -14
9. Bad Habits -

M 321 305 341 243 333 318 203 457 4.11

D 57 .76 .83 .88 74 1.06 .58 .69 .80

Alpha .79 .87 .92 .92 .85 .93 .81 .84 .85

Note. N=142. For all scales, higher scores are indicatfwmore extreme responding in the direction of the
construct assessed. Grit= The Grit Scale; Brédff Sontrol= The Brief Self-Control Scale; Prematiitn=
Premeditation subscale of larger UPPS Impulsiviles Urgency= Urgency subscale of larger UPPS
Impulsivity scale; Perseverance= Perseverance algbstlarger UPPS Impulsivity Scale; Sensatiork®eg
Sensation Seeking subscale of larger UPPS ImpiylSe¢ale; Ruminate= Rumination Response ScalepdGoo
Habits= Good Habits subscale of larger Habits S&de Habits= Bad Habits subscale of larger Hebaale.
*p<.01
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Table 5

34

Correlations Between Salf Report Salf-Regulation Measures and Session 2 Stroop-trajectory Task Variables

Grit Brief Premeditation Urgency Perseverance Sensati®tuminate HabitG  HabitB

Self Seeking

Control
Stroop Effect A1 .08 -.04 -1 .07 .02 -.09 .02 .04
RT
Stroop Effect  -.22* -.18 -12 A3 -.04 2 .04 -14 .01
Cor
Conflict A2 .07 A1 -.02 .06 -.22*% -.01 A -.02
Adaptation RT
Conflict -.08 -.08 .05 A1 -.08 14 -.05 .01 -01
Adaptation
Cor

Note. N=142. Grit= The Grit Scale; Brief Self Control= TBéef Self-Control Scale; Premedication= Premdititasubscale
of larger UPPS Impulsivity scale; Urgency= Urgesapscale of larger UPPS Impulsivity scale; Persswaa= Perseverance
subscale of larger UPPS Impulsivity Scale; Sens&ieeking= Sensation Seeking subscale of largBSUmpulsivity Scale;
Ruminate= Rumination Response Scale; HabitG= Gaalultsi subscale of larger Habits Scale; HabitB= Badits subscale

of larger Habits Scale; RT= response-time scores: @ccuracy scores.

*p<.01
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Figure Captions

Figure 1. lllustration of an upward-pointing Stroop-traject array, in which the participant
indicates the location of the smaller gray triare@ong congruently (top right) or incongruently

(bottom right) oriented larger black triangles.

Figure 2. Session 1 and Session 2 conflict-adaptation tsfi@e accuracy (top) and response time

(bottom), on the Stroop-trajectory task. Error b@resent +1 standard error of the mean.
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Figure 1. lllustration of an upward-pointing Stroop-traject array, in which the participant
indicates the location of the smaller gray triari@ong congruently (top right) or incongruently
(bottom right) oriented larger black triangles.
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Figure 2. Session 1 and Session 2 conflict-adaptation tsfi@e response time
(top) and accuracy (bottom), on the Stroop-trajgctask. Error bars represent
+1 standard error of the mean.



