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Abstract
In conflict tasks, congruency effects are thought to reflect attentional control mechanisms needed to
counteract response conflict elicited by incongruent stimuli. Although congruency effects are well-
replicable experimentally, recent studies have evidenced low correlations between congruency
effects measured across different paradigms, leading to a heated debate over whether these low
correlations indicate a lack of construct validity or are rather attributable to high measurement error,
as indicated by the poor reliability typically displayed by congruency effects. In the present study,
we investigated whether the poor reliabilities of congruency effects are due to their poor theoretical
specification. Specifically, we tested whether the psychometric properties of congruency effects can
be improved by focusing exclusively on those trials in which response conflict is theoretically
expected to be highest. We considered two factors modulating the degree of response conflict:
previous trial congruency, with higher conflict following congruent trials, and the time elapsed
since stimulus onset, with higher conflict in fast responses. Data from 195 participants completing a
Simon and a spatial Stroop paradigm showed that generally poor split-half reliabilities for the full
set of trials improved greatly when excluding post-incongruent and slow trials. Importantly,
between-task correlations also increased substantially when controlling for these factors, suggesting
that, with increased reliability, these tasks capture a common attentional control ability. Our results
suggest that individual differences in conflict tasks can provide valid and reliable measures of
inhibition as a major component of attentional control when focusing on the trials with the

theoretically highest response conflict.
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Quality Over Quantity: Focusing on High-Conflict Trials to Improve the Reliability and
Validity of Attentional Control Measures

The term attentional control (also referred to as cognitive control or executive functions) is
widely used to refer to a set of high-order abilities which allow goal-directed behaviour in the face
of distraction (von Bastian et al., 2020). Attentional control has often been conceptualized as an
umbrella term for multiple components (Miyake et al., 2000; for alternative taxonomies of
attentional control, see: Friedman & Miyake, 2017; Stuss & Alexander, 2007), including shifting,
the flexible switching between mental task sets, updating, the monitoring and removing of working
memory representations, and inhibition, the overcoming of prepotent responses (sometimes further
partitioned in response inhibition and resistance to proactive interference; Miyake & Friedman,
2004).

Over the years, an impressive number of studies in both experimental psychology and
research on interindividual differences have focused on the last component using so-called conflict
tasks (e.g., the Stroop and the Simon task) where an irrelevant feature of the presented stimuli, if
attended, automatically triggers a task-irrelevant response, thus requiring inhibition. On the one
hand, experimental psychologists have mostly been interested in providing mechanistic accounts of
inhibition (e.g., Botvinick et al., 2001; Braver, 2012), positing that inhibition is triggered whenever
response conflict is detected by a dedicated conflict-monitoring system (Botvinick et al., 2001;
Kerns et al., 2004). On the other hand, interindividual differences researchers have focused on the
relationship between this inhibitory ability to other cognitive domains such as working memory
(Kane & Engle, 2003; Meier & Kane, 2013; Rey-Mermet et al., 2019; Unsworth et al., 2021;
Unsworth et al., 2024), language proficiency (Borella et al., 2010) or fluid intelligence (Draheim et
al. 2019, Kane & Engle, 2002; Rey-Mermet et al., 2019), in addition to a variety of every-day life
aspects such as mental health (Barch & Ceaser, 2012; Kane et al., 2016; Nigg, 2000; Pievsky &
McGrath, 2018), academic achievement (Blair 2002; Diamond, 2016) or substance abuse (Baler &

Volkow, 2006). Although the construct of inhibition is a cornerstone of cognitive psychology



(Declerck & Koch, 2023; Friedman & Miyake, 2004; Nigg, 2000), recent studies have highlighted
poor convergent validity between the paradigms putatively measuring it, calling into question the
very existence of this construct (Rey-Mermet et al., 2019). In the present study, we propose a
solution to this issue by exploiting the theoretical developments in experimental psychology to
measure peoples’ inhibitory abilities. To foreshadow, we will argue that to establish whether
inhibition is a task-general ability, it is important to isolate those conditions that maximally require
inhibition. Our results suggest that focusing on those conditions where response conflict is present,
individual differences in attentional control can be validly and reliably captured in the Stroop and in
the Simon task.
The congruency effect as a marker for inhibition

Studies investigating inhibition have employed experimental paradigms designed to trigger
both task-irrelevant and task-relevant responses, such as the Stroop task (Stroop, 1935) and the
Simon task (Simon, 1990). In the Stroop task, participants are asked to name the color of the letters
of a color word. If the color and the word meaning are incongruent (e.g., the word BLUE presented
in red), then color naming is slowed down relative to when color and word meaning are congruent
(e.g., the word BLUE presented in blue). In this task, it is commonly assumed that responses are
both activated by the automatic reading task and the goal-relevant color naming task (MacLeod,
1991). Similarly, in the Simon task, participants are asked to respond to a non-spatial stimulus
attribute, such as the letters X or O, with a left vs. right key press while ignoring the spatial location
of the stimulus, which is presented randomly on the left or on the right side of the screen. If the
task-irrelevant spatial location of the stimulus is incongruent with the required response (e.g., a left
response required by a stimulus presented on the right side), responding is slowed down relative to
congruent stimuli. It is commonly assumed that, while the stimulus location is task-irrelevant, the
spatially congruent response is nonetheless activated along with the required stimulus-

categorization response (Hommel, 2011).



As these examples show, the presence of response conflict can be manipulated in so-called
conflict paradigms by creating conditions in which the task-irrelevant response is either consistent
(in congruent trials) or inconsistent (in incongruent trials) with the task-relevant response. The
difference in performance between incongruent and congruent trials — the congruency effect — is
thus commonly interpreted as a measure of response conflict and the inhibitory mechanisms
employed to deal with it. According to current theories, once conflict between simultaneously
activated responses is detected, attentional control is exerted to keep behavior goal-directed,
possibly by adjusting attentional settings to the task-relevant feature (Botvinick et al., 2001; Kerns
et al., 2004). Consequently, attentional control is thought to be necessary for dealing with response
conflict in incongruent trials across conflict tasks.

Conflict tasks have a long tradition in experimental research on attentional control. Like
other attentional control paradigms (e.g., task switching), these tasks provide two main advantages
to the experimenter. First, as outlined above, they provide an intuitive way to isolate a construct of
interest using condition-difference scores, which should yield high construct validity. Second, the
experimental congruency effect that arises from this contrast is well-replicable. Due to their decades
of success in experimental research, it is not surprising that researchers have also relied on these
tasks to measure interindividual differences in attentional control abilities and assess their relation
to other constructs such as working memory (e.g., Kane & Engle, 2003; Meier & Kane, 2013; Rey-
Mermet et al., 2019; Unsworth et al., 2021) or fluid intelligence (e.g., Kane & Engle, 2002; Redick
et al., 2016; Rey-Mermet et al., 2019).

However, recent evidence from interindividual differences research has cast doubts over
whether conflict tasks truly capture a common attentional control ability. Several studies have found
little shared variance between congruency effects in these paradigms (De Simoni & von Bastian,
2018; Draheim et al., 2021; Kalamala et al., 2020; Paap et al., 2020; Rey-Mermet et al., 2018; Rey-
Mermet et al., 2019; Whitehead et al., 2020). Some researchers interpreted these findings as

suggesting that conflict tasks do not tap similar attentional control abilities, but rather require task-
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specific mechanisms (Rey-Mermet et al., 2018; for a related discussion in experimental research,
see Egner, 2008; 2017), thus calling into question the construct validity of attentional control, and in
particular inhibition, in these paradigms. In other words, conflict tasks may not really be measuring
what we assume they are measuring. At the same time, others argued that low between-tasks
correlations arise from methodological, rather than theoretical issues and, thus, should not be
interpreted to inform cognitive theories (e.g., Draheim et al., 2021; Hedge et al., 2022).

In the present study, we propose that theoretically informed adjustments in measuring the
congruency effect can address the methodological issues identified and improve the assessment of
individual differences in attentional control substantively. Specifically, we tested whether the
reliability of the congruency effect can be improved by focusing on those trials in which attentional
control demands can be expected to be highest. We predicted that such more reliable measures
should better capture the construct of interest (i.e., increase validity), and thus also lead to stronger
correlations across tasks, which would provide convergent validity for those measures as
representing measures of the same construct: inhibition. To foreshadow our results, we indeed
found that our novel procedure substantially improved reliability and increased the shared variance
between the two attentional control tasks investigated.

What Are the Causes of Weak Correlations Between Attentional Control Measures?

Before concluding that attentional control is either non-existent or at best task-specific (Rey-
Mermet et al., 2018), a number of methodological issues have to be considered. In particular, the
correlations between performance in conflict tasks may be attenuated by their low reliabilities,
which are often only around r = .50 to r = .70 (Hedge, Powell & Sumner, 2018; Stahl et al., 2014;
Paap & Sawi, 2016; Pettigrew & Martin, 2014; Schuch et al., 2022; Unsworth et al., 2021; von
Bastian et al., 2016; for related findings with the affordance task, see: Littman et al., 2023). Conflict
tasks may exhibit such low reliability for at least the following three reasons.

First, because experimental researchers aim at maximizing condition differences,

experimental paradigms are designed to minimize between-person variance, which is typically



considered undesired noise. However, in correlational research, precisely that between-person
variance is critical to reliably rank-order individuals within and across dimensions (Cooper et al.,
2017; Hedge, Powell & Sumner, 2018). Therefore, experimental tasks designed to minimize
between-person variance may be unsuitable for interindividual differences research.

Second, difference scores are problematic (Draheim et al., 2019; 2021) because their
reliability is inherently limited: the higher the correlation between the two components of a
difference score (e.g., RTs in congruent and incongruent trials), the lower their reliability. Recently,
some attempts have been made to remediate the problems related to the use of difference scores.
For example, Draheim et al. (2021; 2023) have devised new attentional control tasks and used
accuracy-based modified versions of the existing conflict tasks. Although the new task versions
showed a better test-retest reliability and higher between-task correlations than the traditional
versions, these correlations were still relatively low (r = .25). Similarly, Rey-Mermet et al. (2019)
introduced a deadline procedure and used error rate as the dependent variable. Reliabilities did
improve but, again, between-task correlations were low. Finally, Burgoyne et al. (2023) have
recently introduced modified versions of the most common conflict tasks. In these tasks,
participants first have to focus on the relevant dimension of the stimulus, and then choose which of
two response-stimuli’s irrelevant dimensions matches the correct response. For example, in the
modified Stroop task, if a red word is presented as stimulus, the participant should select the
response-stimulus displaying the word RED. Reliability was found to be excellent. Critically, and
different to the studies reviewed above, performance on these tasks loaded highly on a common
latent factor, suggesting that they tapped a similar construct.

A third factor that may contribute to the low reliability of conflict tasks is trial-by-trial
variability or noise (Rouder & Haaf, 2019; Rouder et al., 2019). Trial noise is particularly
problematic in these paradigms given that the congruency effect is often relatively small. For
example, mean Stroop effects are typically smaller than 200 ms with standard deviations that

amount to at least about 35% to 50% of these means (e.g., Friedman et al., 2004; Miyake et al.,



2000). Rouder et al. (2019) estimated that observed correlations are typically reduced by half
compared to true correlations, and that remediating this issue by increasing the number of trials
would not be practically feasible. Instead, the problem of high trial noise has been tackled using
hierarchical linear models that allow to explicitly model variability across trials (Rouder & Haaf,
2019). Nonetheless, when testing the correlation between congruency effects in Stroop and flanker
tasks using hierarchical linear models, the authors found Bayesian evidence for the null hypothesis,
leading them to conclude that attentional control may be task-specific.

Finally, another issue that does not relate to reliability but is directly associated with the lack
of correlation between congruency effects, is the use of tasks emphasizing both speed and accuracy
as equally important (Draheim et al., 2021). A recent meta-analysis showed that speed and accuracy
are correlated only weakly within conflict tasks, suggesting that RTs and ERs may reflect different
underlying processes (Hedge, Powell, Bompas et al., 2018). As a consequence, between-task
correlations may be attenuated by interindividual differences in speed-accuracy trade-off (SAT)
(Draheim et al., 2019; 2021; Hedge, Powell, Bompas et al., 2018). To address this problem, Hedge
et al. (2022) used drift-diffusion models for conflict tasks (DMC, Ulrich et al., 2015), which allow
to model both speed and accuracy simultaneously and distinguish conflict processing from other
components of task performance, including response caution reflecting the extent to which people
favor accuracy over speed. When fitting the DMC to seven data sets, Hedge et al. (2022) found no
correlations between parameters reflecting conflict processing. Instead, the authors found
significant correlations between the parameters reflecting general processing speed and response
caution, suggesting that these conflict-unrelated processes alone could account for the (low)
correlations observed in conflict tasks (cf. Rey-Mermet et al., 2021). Similarly, Loffler et al. (2024)
used the standard drift-diffusion model to assess performance in conflict tasks. Their aim was to
isolate inhibitory abilities, as measured with the drift rate in incongruent trials, from variability in
processing speed, as measured with classical processing-speed tasks. When regressing the common

inhibitory factor on the latent processing-speed factor, they found no residual variance attributable
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to inhibitory abilities, thus suggesting that differences in conflict tasks reflect nothing more than
differences in processing speed.

Taken together, these findings suggest possible problems related to both the reliability and
the validity of the attentional control construct. Although none of the factors considered above is
unique to conflict tasks per se (e.g., other difference measures, such as the task switch costs, still
display good reliability, see von Bastian & Druey, 2017), their combination is problematic for
obtaining reliable measures in these paradigms. Furthermore, these findings highlight that even
when improving the tasks’ design to better suit interindividual differences research, performance in
conflict tasks still display little common variance (but see Burgoyne et al., 2023, for an exception).
Attentional Control and Response Conflict

Should we therefore indeed stop using the congruency effect to measure attentional control
(Rey-Mermet et al., 2018)? We argue that this may be premature. Instead of posing the question
dichotomously (i.e., is the congruency effect valid or not valid?), we propose that the validity and
reliability of the congruency effect as a measure of individual differences in attentional control can
be improved based on theoretical insights from experimental research. Specifically, computing
response conflict using only a subset of the trials where attentional control demands are greatest
will decrease measurement noise and increase reliability. Two factors known to modulate the
strength of response conflict are the previous-trial congruency (herein N-1 congruency) and the
time elapsed from stimulus onset.

First, the congruency effect has been found to be reduced, or even eliminated, following
incongruent trials, a phenomenon known as the congruency sequence effect (CSE) or Gratton effect
(Gratton et al., 1992; for a recent review, see Egner, 2017). The conflict monitoring theory of
cognitive control (Botvinick et al., 2001) explains the CSE as an after effect of conflict occurrence,
hypothesizing that the cognitive system adapts to conflict beyond the trial in which control was
recruited (but see Hommel, 2004; Mayr et al., 2003, for alternative accounts of the CSE; see Frings

et al., 2020, for a recent review). Although divergent theories exist on how such conflict adaptation
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is achieved (e.g., whether it reflects active preparation, or passive carryover of control settings), for
the purpose of the present paper it is important to note that conflict adaptation is conceptually
distinct from monitoring and control recruitment per se. More specifically, performance in post-
incongruent trials is driven by two components: The ability to recruit control in trial N-1, and the
extent to which such control settings carry over to the next trial (Duthoo et al., 2014; Egner et al.,
2010; but see: Schiltenwolf et al., 2023). In contrast, performance in post-congruent trials will
largely depend on the on-line ability to direct attention away from the task-irrelevant feature and
selectively suppress the prepotent task-irrelevant response. Therefore, congruency effects following
congruent and incongruent trials likely reflect distinct cognitive mechanisms and, thus, measure
different abilities rather than a coherent construct. As carryover of control settings is not
intrinsically related to attentional control abilities, we argue that post-incongruent trials should be
excluded to gain a more valid and reliable measure of control abilities.

Indeed, a recent study by Schuch et al. (2022) provided first evidence for the hypothesis that
reliability of the congruency effect improves when considering N-1 congruency. The authors
presented pictures of male or female faces that were superimposed by a female or male name.
Participants had to categorize the gender of the name while ignoring the gender of the face. In line
with the reasoning outlined above, split-half and test-retest reliabilities improved for both RTs and
error rates when considering only N-1 congruent trials compared to the full set of trials. Even
though these results provide a first anecdotal hint on how the congruency effect may more reliably
measure attentional control on high-conflict trials only, a few limitations have to be noted. First, in
their study, Schuch et al. focused exclusively on face-name interference. Therefore, it was not
possible to determine whether a more reliable measure of the congruency effect would correlate
with performance in other conflict tasks. Second, the sample size employed was small for
interindividual differences research (N = 48), so that the true reliability may be rather different from

the reported estimates (Schonbrodt & Perugini, 2013).
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The second factor influencing response conflict is the time elapsed from stimulus onset. A
vast literature has characterized the time course of the congruency effect as a function of response
speed using delta plots (De Jong et al., 1994; Pratte et al., 2010; Ridderinkhof 2002; 2004; Hlbner
& Tobel, 2019; van den Wildenberg et al., 2010), which plot the effect on the y-axis and RT
quantiles on the x-axis (Balota & Yap, 2011; Ridderinkhof, 2004). Most of this literature assumes
that response activation from the task-relevant and irrelevant features follows two distinct routes
(controlled and automatic, respectively) that compete for selection. The typical pattern of results is
that the RT Simon congruency effect is strongest for fast responses but tends to decrease over time
(Pratte et al., 2010; Proctor et al., 2011; Schwarz & Miller, 2012), whereas flanker and Stroop
effects increase over time (Pratte et al., 2010). Intuitively, these results appear to indicate that the
processes underlying the congruency effects in these tasks would be different. However, instead,
these differences may be quantitative rather than qualitative, with stimulus-based interference
decreasing as a function of time in all conflict tasks. First, although the RT pattern may differ
between tasks, congruency effects in error rates have been consistently found to be strongest, if not
only present, in fast responses (Gratton et al., 1992; Hubner & Tébel, 2019; Ridderinkhof, 2002;
Stins et al., 2007). Second, under some circumstances, flanker and Stroop tasks can also produce
negative-going delta slopes (Hibner & Tdbel, 2019). Finally, the above-mentioned DMC (Ulrich et
al., 2015) explicitly implements the idea that attentional control is required predominantly early in
the trial irrespective of the specific task. In the DMC, evidence accumulation proceeds separately in
a direct route, which is governed by the irrelevant task feature, and in a controlled route, which is
under attentional control. Whereas the rate of evidence accumulation is constant for the controlled
route, evidence accumulation in the direct route rapidly peaks and then returns to zero following a
pulse-like function. Using DMC, Ulrich et al. (2015) were able to show that differences in the
shapes of the delta plots can be reproduced by differences in the time-to-peak of the automatic
process, thereby suggesting that differences between conflict tasks may be quantitative (i.e., how

fast interference peaks and dissipates) rather than qualitative.
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Taken together, these studies show that congruency effects may not effectively measure
response conflict across the whole range of RT distributions. Instead, only responding quickly
would require suppression of activation along the automatic route and/or amplification along the
controlled route, whereas in slow responses automatic activation has likely decayed already. Notice
that this assumption is specific to conflict tasks where automatic and controlled responses compete
for selection, and should not be confused with common practices in sustained attention tasks where
attention lapses are typically measured in the slow portion of RTs (e.g., the psychomotor vigilance
task, Dinges & Powell, 1985). Following this rationale, slow responses originate primarily from an
SAT shift where the threshold for response selection is increased. Importantly, we do not claim that
response conflict is absent in slow responses, or that participants do not make use of attentional
control at all in those trials. Instead, we argue that attentional control operations are already
completed at the time when slow responses are given. Therefore, performance in these trials will be
primarily driven by the chosen response threshold rather than reflect response conflict.

The Present Study

Although conflict tasks are highly similar on the surface level, performance in these
paradigms correlates only weakly. At present, it is unclear whether this finding depends on the poor
reliability of the congruency effect or whether these paradigms measure only task-specific
attentional control. Should we indeed abandon conflict tasks due to their poor psychometric
properties (Paap et al., 2020; Rey-Mermet et al., 2018)? A recently emerging line of research is
urgently posing this question, testing different ways to improve the methodologies of currently
existing paradigms (Burgoyne et al., 2023; Draheim et al., 2021; Rey-Mermet et al., 2019). The
present study goes beyond the methodological aspects that may limit reliability in conflict tasks,
and instead proposes an approach based on theoretical insights from experimental research.
Specifically, we control for factors that may decrease the construct validity of the congruency effect
as a measure of attentional control, which, in turn, will also increase reliability. We predict that

reliabilities in a Simon and a spatial Stroop task will improve when focusing exclusively on N-1
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congruent trials and on fast responses. This prediction is derived from findings indicating that
response conflict should be stronger, if not exclusively present, in these trials. Critically, if we
succeed in providing a more reliable measure of attentional control, we will also be able to test
whether congruency effects in the Stroop and Simon tasks substantially correlate. Again, we predict
larger correlations when focusing on fast post-congruent trials.

Method

The experiment was programmed in Tatool Web (www.tatool-web.com; von Bastian et al.

2013) and conducted online via Prolific (www.prolific.co). The study was conducted in accordance

with the declaration of Helsinki. Participants were provided with information about the study,
eligibility criteria for participation, their right to withdraw at any time without negative
consequences, and data protection and confidentiality. All participants gave informed consent.
Participants

Participants were eligible if they were fluent English speakers (self-reported), living in the
UK, and between 18-36 years of age. A total of 195 participants took part in the study (Mage = 23.2
+ 4.2; 69.5% female; 30.5% male). With this sample size, the estimated correlations were found to
converge to the population value for true correlations of p = .60 or larger with a deviation of + .1 for
a 95% CI (Schonbrodt & Perugini, 2013). We found this criterion to fit well the aims of our study
as reliabilities are usually considered to be satisfactory over r =.7, good over r = .8, and excellent
above r = .9 (Drost, 2011; Nunnally, 1978). The study was conducted in accordance with the
Declaration of Helsinki. All participants gave informed consent by clicking on the participation
button. The experiment took overall about 30 min and participants were compensated £3 after study
completion.
Materials
Simon Task

A circle or a square appeared on either the left or right portion of the screen, and participants

had to indicate the shape identity while ignoring the location. To do so, they were asked to press the
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X key for square, and M key for circle. Each trial began with a central fixation cross presented for
250 ms. After this time elapsed, the stimulus appeared either on the left or on the right of the
fixation cross, and participants were required to provide a response. When the response was
executed, the screen turned blank for 250 ms before the beginning of the next trial. No response
deadline was implemented.

Following instructions, participants underwent 10 practice trials, in which performance
feedback was provided. The test phase consisted of two blocks of 144 trials each (288 trials in
total). Within each block, the geometrical shapes had an equal probability of being displayed on the
left or on the right, thus creating a balanced number of congruent and incongruent trials.
Furthermore, we balanced the number of N-1 congruent trials for each level of N congruency,
resulting in 72 trials for each condition (+/- 1 trial in each block as the first trial cannot be classified
with respect to N-1 congruency).

Spatial Stroop Task

We used the words “LEFT”, “CENTRE” and “RIGHT”, which were presented on a
horizontal plane to the left, center, or right part of the screen. The participants’ task was to indicate
the word identity while ignoring the position in which it was presented. Responses were given with
the keys V for “LEFT”, B for “CENTRE” and N for “RIGHT”, which are also horizontally aligned
on the keyboard. The timing procedure was identical as that used in the Simon task. Following a
fixation cross presented for 250 ms the stimulus appeared and remained on screen until response.
After response the screen turned blank for 250 ms and a new trial began.

After a brief practice phase of 10 trials, in which performance feedback was provided, three
blocks followed consisting of 180 trials each (540 trials in total). Within each block, each word was
presented equally often in each position. This resulted in 120 incongruent and 60 congruent trials in
each block. Furthermore, we balanced the number of N-1 congruent trials for each level of N
congruency, resulting in 20 cC (congruent previous trial followed by congruent current trial), 40 cl

(congruent-incongruent), 40 iC (incongruent-congruent) and 80 il (incongruent-incongruent) trials
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in each block (again, +/- 1 trial in each block as the first trial cannot be classified with respect to N-
1 congruency). Finally, response repetitions were as likely to occur as response switches. This
feature and the 3-choice variant of the spatial Stroop were chosen to allow an assessment of
episodic memory contributions to the observed effects (Braem et al., 2019; Hommel et al., 2004), as
better detailed in S3 of the Supplementary Materials (see also the statistical analyses section).
Statistical Analyses

All analyses were conducted in R version 4.1.1 (https://www.R-project.org/). Raw data and

data analyses scripts can be found at: https://doi.org/10.23668/psycharchives.12584. This study was
not pre-registered. First, experimental differences between conditions were assessed using analyses
of variance (ANOVAS). For each task, individual 2 x 2 x 2 within-subjects ANOVAs were run on
RTs and squared-root arcsine-transformed? error rates (ERs), with Congruency (congruent,
incongruent), N-1 Congruency (N-1 congruent, N-1 incongruent) and Speed (fast, slow) as
independent variables. Although conflict likely varies continuously as a function of RTs, we still
opted for defining Speed as a categorical variable because, for the correlational analyses, we needed
to define a threshold over which responses would be considered slow (and thus be removed).
Furthermore, although splitting the RT distribution in many time-bins would allow to assess the
relation between speed and conflict in a fine-grained fashion, we decided instead to maximize the

number of trials in each condition. For these reasons, the Speed factor was defined by splitting the

! In binomial data, the variance of a distribution is a function of its mean, with means closer
to the extremes (0 or 1) producing the smallest variance. Thus, if different error rates are observed
across two conditions, the variance of the distributions will be unequal unless error rates in both
conditions are equally distant from 0.5. Therefore, as in previous studies (Moretti et al., 2021;
2023a), we used squared-root arcsine transformation to remediate this issue by stabilizing the
variance (Winer et al., 1971). Generally, squared-root arcsine transformation yields more
conservative results than when using raw proportions.
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RT distribution of each participant in each condition into halves defined by the median in each
condition. Responses above the median were considered slow, whereas the ones below the median
were considered fast. A visual depiction of how the trials were categorized is available in Figure 1.
The main purpose of the experimental analyses was to ensure we replicated the expected effects,
that is, the congruency effect and its modulations by N-1 Congruency and Speed. Significant
interactions were further explored by performing appropriate follow-up tests (i.e., ANOVAS or t-
tests). Following the suggestions of Lakens (2013), we report n; and n% for ANOVAs. For paired t-
tests, we report Cohen’s d; computed by dividing the mean difference scores by their standard

deviation (Brysbaert, 2019; Lakens, 2013).

Figure 1. Graphical illustration of trials subsetting.

Participant N

Trial | Congruency N-1 Congruency | RT
1 Cong 442 N-1 Congruent Controlled
3 Incong N-1 Congruent |507 5 3 :
4 Cong N-1 Incongruent | 503
> Incong N-1 Congruent | 521 Slow Fast
6 Incong N-1 Incongruent | 512
7 Incong N-1 Incongruent | 499 6 7
8 Cong N-1 Incongruent | 470
9 CHiD N-1 Coneruen 515 N-1 incongruent
z"
2P
1 7
Calculate | R
median per | o0
condition : ’ Assign trials
v 4 to each
e
ic | d il subset

444 | 490 | 510 500

Note: The figure illustrates how trials were divided into different subsets. First, the congruency in
trial N-1 was determined (N-1 Congruency). Then, for each combination of Congruency and N-1
Congruency the median RT was calculated separately for each participant. If the response time for a
given trial fell below the median for its condition, the trial was labelled as fast. If not, as slow. For
instance, the figure shows that trial 2 was considered fast as response time in that trial (420ms) was
below the median of the N-1 congruent-N congruent (cC) condition (444 ms).
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Following the experimental analyses, split-half reliabilities of the congruency effect were
assessed using a bootstrapping approach recently proposed by Parsons et al. (2019; see Pronk et al.,
2022, for a review of methodologies). A visual description of this procedure can be found in Figure
2. First, two separate samples are created by randomly splitting the dataset into halves, with the
constraint that the number of congruent and incongruent trials must be equal for each participant in
each sample. Next, the congruency effect is calculated separately for each half, and Pearson’s r
correlations are computed between the samples and corrected using the Spearman-Brown prophecy
(SBP) formula (see below). The same process was repeated for 20,000 times, returning a
distribution of corrected Pearson’s rs. The mean of the distribution was taken as a point estimate of
the reliability coefficient. The lowest and highest 2.5% quantiles reflected the limits of 95%
confidence intervals.

For each of the four dependent variables (Simon RT, Simon ER, Stroop RT, Stroop ER),
reliabilities of the congruency effect were calculated for all trials and for three subsets of trials: 1)
using only N-1 congruent trials, 2) using only fast responses, and 3) using only fast N-1 congruent
responses (herein, controlled subset). To correct for the smaller number of trials in the subsets, the

SBP formula was applied to allow for comparing their reliabilities to that of the full set of trials:

r. = N*Tyx (1)

¢ 14 (N=1) Ty |

where 1., is the observed reliability coefficient and r, is the predicted value of the reliability
coefficient if N times more trials were used. The value of N was set to 2 for the analysis of the full
set of trials to account for the data loss intrinsic in calculating split-half reliabilities. N was set to 4
for the analyses only including fast responses in both tasks, and for the N-1 congruent subsets in the
Simon task. In the Stroop task, 66% of the trials were incongruent, leaving only a third of trials for
analyses restricted to N-1 congruent trials. Therefore, N was set to 6 for the analyses of this subset
of trials. Finally, in the controlled sample analyses, N was set to 8 for the Simon task and to 12 for

the Stroop task.
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Although SBP correction is commonly used when assessing reliability (Draheim et al.,
2021; Pettigrew & Martin, 2014; Redick et al., 2016; Rey-Mermet et al., 2018; Stahl et al., 2014;
Unsworth et al., 2021) due to the random half-split of the data, it is worth noting that, when
excluding a large number of trials (and, thus, using large Ns), the effects of SBP correction can be
quite large. Therefore, we report the corrected and uncorrected correlation coefficients for all
analyses. Critically, however, SBP corrections do not artificially increase reliability, independent of
N. This can be demonstrated by randomly removing 1/N" part of the full set of trials and applying
the corresponding SBP correction. For any N used in our procedure (i.e., 2, 4, 6, 8, 12), reliabilities
were comparable to the uncorrected reliability in the whole sample, thus demonstrating that SBP
corrections reflect the reliability in the full set of trials.

In addition to providing a robust measure of reliability, the bootstrapped approach adopted
here offers two ways to compare reliabilities across subsets. First, it generally allows for assessing
whether significant differences exist between reliabilities using the bootstrapped 95% confidence

interval (CI) of the 7,4 ysteq distributions (e.g., Cooper et al., 2017). However, in the present

context this approach would be problematic due to the dependencies between the sets of trials
(Meng et al., 1992). To address this issue, at each iteration, we compared the reliabilities of the
congruency effect in each subset to the reliability of the congruency effect in the full set of trials. To
this aim we used Zou’s (2007) approach for testing differences in correlation strength. Importantly,
to account for dependencies in the data, we calculated the 95% CI for the comparison of dependent
non-overlapping correlations (Meng et al., 1992). A bootstrapped p-value was then computed as the
proportion of 95% Cls not including 0, (e.g., p = .050 would mean that in 95% of the iterations the
95% Cl indicated a significant difference between reliability in the whole trial-set and the subset
under examination).

Finally, we computed correlations of the congruency effects between the two tasks for RTs
and ERs separately. Importantly, this was done both for the full set of trials and for each subset.

Again, to enable comparisons between these correlation coefficients, SBP corrections were used for
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adjusting the Pearson’s r depending on how many trials were excluded. Once appropriate SBP
corrections were applied to the correlation matrix, we tested whether significant differences existed
using the test for non-overlapping dependent correlations proposed by Zou (2007).
Additional Analyses Excluding Partial Repetitions

An important issue when dealing with CSEs is that they can as well be explained by low-
level phenomena, in addition to attentional control upregulation (Braem et al., 2019; Frings et al.,
2020). In particular, the episodic binding perspective proposes that, on each trial, the irrelevant
stimulus feature is bound together with the produced response (Hommel, 2004). When only one of
these features repeats, it automatically retrieves the other feature, thus generating interference. In
two-choice conflict tasks it is not possible to assess the contribution of such partial repetitions to the
CSE as they are always present when the congruency levels switch (i.e., in cl and iC trials). For this
reason, we chose to use a three-choice version of the spatial Stroop task to be able to replicate our
analyses excluding partial repetitions. We report these additional analyses in the S3 of the
Supplementary Material. Critically, our results were essentially replicated when excluding partial

repetitions.
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Figure 2. Graphical illustration of the bootstrapping procedure for calculating reliabilities.
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Note: The figure illustrates one cycle of our bootstrapping procedure in the Simon task. The left part of the graph illustrates that for each
participant the unaggregated data are randomly split in half, with the only constraint that an equal number of congruent and incongruent
trials would be present in each half. For each half, the mean congruency effect is calculated, and the correlation between halves is calculated.
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The same procedure is then repeated for each of the subsamples (i.e., fast only, N-1 congruent and controlled). The uncorrected correlation
coefficient is stored as one data point of the bootstrapped distribution of uncorrected coefficients. Then the Spearman-Brown correction is
applied, and the corrected correlation coefficient is stored as one data point of the corrected correlation coefficients. Finally, the corrected
correlation coefficient of the whole sample is compared with those of the subsamples using Zou’s approach (2007). If the confidence interval
of the test does not contain O (i.e., the difference is significant), we count the test result as a 0. If it does, we mark the count the result as a 1.
The p-value represents the proportion of non-significant comparisons across iteration cycles.
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Results

Data Trimming

Data trimming was performed separately for the Simon and the Stroop task. Responses
above 2,000 ms, post-error trials, fast guesses and the responses following fast guesses were
excluded. Fast guesses were defined as RT < 250 ms in the Simon task (1.0%) and RT < 300 ms in
the Stroop (1.5%). Next, RT outliers were removed using a 2.5 SD deviation criterion for each
participant and each congruency condition. Errors were removed from the RT analyses, amounting
to 6.3% in the Simon and 7.4% in the Stroop task. After data trimming, for the included
participants, 90.1% of trials were retained for the Simon task analyses. More specifically, the
percentage of trials included in the analyses was: 92.9% for cC trials, 89.9% for cl trials, 92.9% for
iC trials and 87.5% for il trials. In the Stroop task 89.8% of the trials were retained. More
specifically, the percentage of trials included in the analyses was: 93.5% for cC trials, 89.1% for cl
trials, 93.3% for iC trials and 87.4% for il trials. For each task, participants were excluded if they
committed more than 30% errors and/or 10% fast guesses, and/or 10% slow responses, resulting in
the exclusion of 8 participants in the Simon task and 12 participants in the Stroop task. For
computing correlations between performance in the two tasks, all participants that were excluded in
either task were removed (15 in total).
Experimental Analyses

Figures 3 and 4 illustrate the descriptive statistics of the Simon and Stroop tasks,
respectively. For the sake of conciseness, we will report only higher-order interactions here. The
interested reader can find further details about the lower-order effects, together with the complete
ANOVA results in S2 of the Supplementary Materials.
Simon Task

The three-way interaction between Congruency, N-1 Congruency and Speed did not reach

significance for RTs, F(1, 186) < 1, p = .821, nZ < .01, nZ <.01. We did observe a strong
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interaction effect between Congruency and N-1 Congruency, F(1, 186) = 548.90, p < .001, nf, =
.75, n% = .02, indicating the presence of a CSE. We found a weaker but still significant interaction
effect between Congruency and Speed, F(1, 186) = 3.92, p =.049, n3 = .02, nZ < .001, indicating
larger congruency effects in fast responses (M = 22 ms, SD = 17 ms) compared to slow responses
(M =18 ms, SD = 37 ms). Finally, we observed an interaction effect between Speed and N-1
Congruency F(1, 186) = 76.86, p <.001, n; = .29, n% < .01, indicating that in fast responses there
was no difference in performance between post-congruent and post-incongruent trials (M = 0 ms,
SD = 12 ms), whereas in slow responses RTs were slower in post-incongruent trials than in post-
congruent trials (M =17 ms, SD = 26 ms).

When analyzing ERs, we found a significant three-way interaction effect involving all
factors, F(1, 186) = 253.79, p <.001, n3 = .58, nZ = .11. Decomposing the interaction for fast and
slow responses showed a strong CSE in fast responses, F(1, 186) = 476.50, p <.001, n3 =.72, ng =
.40, and a somewhat smaller CSE in slow responses, F(1, 186) = 52.49, p <.001, n3 = .22, n: =

.05.
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Figure 3
Experimental Effects in the Simon Task
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Note. Reaction times (upper panel) and error rates (lower panel) are plotted as a function of
Congruency, N-1 Congruency and Speed. Error bars represent 95% confidence intervals.

Stroop Task

In RTs the three-way interaction involving all factors was significant, F(1, 182) = 63.27, p <
.001, n3 = .26, n& < .01. The CSE was larger in fast responses, F(1, 182) = 821.50, p < .001, 3 =
.82, ng = .05, compared to slow responses, F(1, 182) = 196.80, p <.001, n; = .52, ng = .01. We
found the same pattern of results for ERs. Again the three-way interaction was significant, F(1, 182)
=108.90, p <.001, n,, = .37, n2 = .04, indicating a larger CSE in fast responses F(1, 182) = 240.20,

p <.001, n3 = .57, n& = .14, than in slow responses F(1, 182) = 8.12, p =.005, n3 = .04, n& = .01.
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Figure 4
Experimental Effects in the Stroop Task
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Note. Reaction times (upper panel) and error rates (lower panel) are plotted as a function of
Congruency, N-1 Congruency and Speed. Error bars represent 95% Confidence Intervals.
Reliability Analysis

Figures 5 and 6 show the distribution of SBP-corrected Pearson’s r for the Simon and the
Stroop task for both RTs and ERs. For each reliability coefficient, we report both the median SBP-
corrected Pearson’s coefficient rc with their 95% CI in square brackets, followed by the uncorrected
median ryc with their 95% CI. When presenting reliabilities in the subsets we also report the
bootstrapped p-value derived from the iterative comparison of r¢ in that subset with rc in the full set

of trials (see Statistical Analyses).
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Simon Task

For the full set of trials, split-half reliability of the Simon RT congruency effect was low, r¢
= .55, 95% CI [.42, .66], ruc = .38 [.26, .49]. However, reliability was significantly improved when
restricting the analysis to fast responses only, rc = .81 [.74, .86], p =.002, ryc = .52 [.42, .60]. A
similar trend was observed when considering only N-1 congruent trials, even though the
bootstrapped test did not reach significance rc = .75 [.64, .82], p = .070, ryc = .43 [.31, .53]. When
controlling for both factors, split-half reliability was excellent, rc =.94 [.92, .96], p <.001, ryc = .67
[.59, .73].

Similar improvements of split-half reliability were observed for the Simon ER congruency
effect. Again, split-half reliability was low when including all trials, rc = .51 [.37, .61], ryc = .34
[.23, .44]. When considering only fast responses, reliability was improved, albeit not significantly,
re=.711[.61, .79], p = .070, ryc = .38 [.28, .49]. On the other hand, significant improvements were
observed both for the post-congruent subset, rc = .85 [.80, .88], p < .001, ryc = .58 [.49, .65], and in

the controlled subset, rc =.94 [.92, .95], p <.001, ry = .65 [.58, .71].

Figure 5
Density Distributions of Corrected Reliability Coefficients in the Simon Task
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Note. Bootstrapped density distributions of congruency-effect reliabilities as a function of the subset
of trials used. See text for details.
Stroop Task

In the Stroop task, we also found a low split-half reliability of the RT congruency effect
when using the full set of trials, rc = .59 [.47, .68], ruc = .42 [.31, .52]. Reliability was significantly
improved when considering fast responses only, re =.79 [.72, .85], p = .019, ryc = .49 [.40, .58], and
showed a trend for significant improvement with N-1 congruent trials only, rc = .78 [.68, .85], p =
.064, ryc = .37 [.26, .48]. Reliabilities were excellent when controlling for both factors rc =.96 [.94,
.97], p < .001, ry = .65 [.57, .72].

In the ER, we found acceptable reliability for the whole sample dataset, rc = .73 [.66, .79],
ruc = .58 [.49, .66]. Nonetheless, reliability was still significantly improved both when considering
fast responses only, rc = .88 [.84, .91], p = .005, ryc = .64 [.56, .71], or N-1 congruent trials only, rc
=.911[.87,.93], p<.001, ry = .61 [.53, .69]. Finally, when controlling for both factors, split-half

reliability was again excellent, rc = .96 [.95, .97], p <.001, ryc = .69 [.63, .75].
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Figure 6
Density Distributions of Corrected Reliability Coefficients in the Stroop Task
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Note. Bootstrapped density distributions of congruency-effect reliabilities as a function of the subset
of trials used. See text for details.

Between-Task Correlational Analysis

Having established that reliabilities were substantially improved when considering only
specific subsets of the data, we moved on to test whether the low correlations between the Simon
and the Stroop congruency effects commonly found in the literature are due to a lack of reliability
or to a lack of true shared variance. For each correlation, we report both the corrected and

uncorrected Pearson’s r?. We report no associated p-value because we do not aim to test the null-

2 Because the proportion of removed trials differs in the Stroop and Simon tasks when

controlling for N-1 Congruency (i.e., 1/2 and 2/3 respectively), the SBP formula takes the following

form:

_ N1*N2
Te = Tax * \/(1+(N1—1)*T‘xx) * (1+(N2_1)*Txx)’ (2)
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hypothesis of complete independence but instead to assess the size of the correlation coefficients. In
this respect, correlations were considered to be low if r < .3, moderate for .3 > r > .5 and strong for r
> .5, in line with the popular guidelines provided by Cohen (1988). For each subset, we report the
difference between the observed correlation in that given subset (SBP-corrected), and the
correlation observed in the full set of trials, with relative 95% CI. If the Ar 95% CI did not include O
the difference was regarded as significant.

Figure 7 shows scatterplots of the uncorrected between-task correlations. Our results were
robust to outliers exclusion, although it should be noted that correlations were slightly weaker,
especially in the full set of trials (see S1 of the Supplementary Materials). We first computed
Pearson’s r for the full set of trials. In line with previous studies, we found a low correlation
between congruency effects in RTs, r(178) = .12. In ERs, however, we did find a moderate
correlation between the Stroop and Simon congruency effects, r(178) = .36. When considering fast
responses only, the RT-based correlation did not change significantly, rc(178) = .20, Ar =.08 95%
CI [-.11, .27], ruc(178) = .11, but the ER-based correlation was significantly higher, rc(178) = .63,
Ar = .27 [.14, .40] ry(178) = .46. Including only N-1 congruent trials led to larger correlations
being observed compared to the full set of trials, both in RTs, r¢(178) = .58, Ar = .45 [.29, .61], ryc =
.36, and in ERSs, rc(178) = .80, Ar = .44 [.33, .56], ruc(178) = .62. Finally, when controlling for both
factors, we observed very strong between-task correlations in both RTs, r¢(178) = .72, Ar = .60 [.45,

75, ruc(178) = .35, and ERs, re(178) = .90, Ar = .54 [.44, .66], ru(178) = .66.

where N1and N are the inverse of the proportion of removed trials for each subset of trials.
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Figure 7
Uncorrected Correlations Between the Simon and the Stroop Congruency Effects as a Function of
Trial Subset and Dependent Variable
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Between-Subset VVariance Analysis

True between-subjects variance is fundamental for rank-ordering participants based on their
individual differences. Any manipulation or analytical choice decreasing the true between-subject
variance is, therefore, detrimental for observing acceptable split-half reliabilities and high between-
tasks correlations (Hedge, Powell & Sumner, 2018). Although the use of difference scores has been
criticized exactly for this reason (Draheim et al., 2019), in the present study we still found excellent
reliabilities and between-task correlations for the congruency effect when analyzing only high-
conflict trials. We thus tested whether the degree of response conflict not only impacts the size of

the congruency effect, as shown in the ANOVA, but also its dispersion.
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To do so, we fitted marginal models as implemented in the gls function of the nime package
in R (Pinheiro et al., 2017). Marginal models contain a fixed part only but no random effects which
could model heteroscedasticity and dependencies between the repeated measures (Snijders &
Bosker, 2011). Therefore, both of these will emerge in the residuals. The gls function allows for
modelling the residual covariance matrix and, therefore, for an assessment of heteroscedasticity and
dependencies between the repeated measures. This is important as this approach allows to model
different covariance structures of the residuals. In particular, the marginal models were fit to the
data from the whole set of trials and another subset of interest. The resulting structure of the

covariance matrix is as follows:

a?(Whole) COV (Whole, Subset)
COV (Whole, Subset) o?(Subset)

3)

For each pair of data sets, we fit a model where all elements in the covariance matrix were
free to vary (i.e., the covariance matrix was unstructured), and one in which the variance parameters
were kept constant across conditions (i.e., a compound symmetry covariance matrix). Next, we
compared the models based on their difference in Akaike’s information criterion (AIC) and the
Bayesian information criterion (BIC). Models with a lower AIC and/or BIC were considered to fit
substantially better if the difference with the other model was A > 2 (Raftery, 1995). Because
variance measures are largely influenced by outliers, we removed participants who displayed a
clearly abnormal congruency effect in at least one subset of data before data analysis using the same
approach as for calculating outlier-free correlations (see S1 of the Supplementary Material),
resulting in the exclusion of four participants.

The results are summarized in Table 1. In general, variability was significantly larger in
high-conflict subsets compared to the full set of trials in almost all conditions, except for the RTs of
the subset only including fast responses. In this subset, as can be expected, variability was reduced
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compared to the full set of trials. Furthermore, there was some evidence in RTs for the equality of
variance between the controlled subset and the full set of trials, most likely also due to the limited
variability in fast responses. This finding was limited to the Simon task, and evidence in favor of
equality was only substantial when considering the BIC, but not the AIC. Taken together, this set of
analyses showed that restricting the congruency effect only to trials with high conflict and, in
particular, N-1 congruency trials, does not only increase its reliability and correlation with conflict

effects from other tasks, but also its variability.

Table 1
Variance and Variance Comparisons as a Function of Subset
Simon Stroop
Set of trials
S? AAIC  ABIC S? AAIC  ABIC
RTs (ms)
Full set 529 452
Fast 271 39.7 35.8 218 44.2 40.4
N-1 Congruent 998 36.5 32.7 1227 75.4 71.6
Controlled 622 -0.4 -4.3 872 22.2 18.3
ERs (%)
Full set 12 13
Fast 36 2075  203.7 43 2822 2783
N-1 Congruent 39 108.7 104.8 39 156.0 152.2
Controlled 136 3022 2984 137 370.6  366.8

Note. For each subset in each task and for each dependent variable the sample variance of the
congruency effect (S?) is reported. AAIC and ABIC refer to the model comparison between a
marginal model assuming an unstructured covariance matrix and an identical model assuming
compound symmetry in the covariance matrix. Positive values represent differences in AIC/BIC in
favor of the unstructured model. The model pairs were fit to the data from all trials (full set) and
from a subset of interest. If the unstructured model had the smallest AIC/BIC by a difference of A >
2, we concluded that the variance in the subset of interest was significantly different from the whole
sample.
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Focusing on N-1 incongruent and slow trials

Above we have shown that focusing on N-1 congruent and fast trials improves congruency
effect reliability in both the Simon and the Stroop tasks, irrespective of whether it is measured with
RTs or error rates. Moreover, contrary to previous findings, such reliable measures correlate
strongly between tasks, with the only exception of the RT congruency effect in the fast subset. To
further strengthen our findings, we here replicate the same analyses focusing on the other portions
of the dataset: Slow, and N-1 incongruent trials. Our reasoning is that neither slow responses, nor
N-1 incongruent trials should adequately capture attentional control abilities. Therefore, we predict
that neither reliabilities, nor between-task correlations should be improved in these subsets.
Reliability Analysis
Simon Task

Figures 8 and 9 show the distribution of SBP-corrected Pearson’s r for the Simon and the
Stroop task for both RTs and ERs. As mentioned above, reliability in the full set of trials was rc =
.55, 95% CI [.42, .66], ryc = .38 [.26, .49]. Reliability was very similar when restricting the analyses
to post-incongruent trials, rc = .52 [.27, .77], p = .913, ruc = .21 [.08, .33]. Contrary to our
expectations however, reliability significantly improved in the slow subsample, rc = .81 [.73, .86], p
=.003, ryc = .52 [.41, .61], and when controlling for both factors, rc = .84 [.75, .89], p = .002, ry =
40 [.27, .51].

In the ERs data, split-half reliability was low when including all trials, rc = .51 [.37, .61], ruc
= .34 [.23, .44]. No significant difference was observed in the post-incongruent trials subset, r¢ =
.68 [.56, .77], p = .226, ruc = .35 [.24, .45], or when focusing on slow responses, rc = .31 [-.03, .53],
p =.995, ryc =.09 [-.03, .22]. Similarly, reliability was not improved when controlling for both

factors, rc = .45 [-.20, .68], p = .890, ryc = .09 [-.03, .21].

Figure 8
Density Distributions of Corrected Reliability Coefficients in the Simon Task
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Corrected Pearson's R

Note. Bootstrapped density distributions of congruency-effect reliabilities as a function of the subset
of trials used. See text for details.
Stroop Task

As mentioned above, reliability of the RT congruency effect was low in the Stroop task, rc =
59 [.47, .68], ruc = .42 [.31, .52]. This value was virtually identical when restricting analyses to
post-incongruent trials, re = .58 [.42, .69], p = .904, ryc = .32 [.20, .43]. However, similarly to what
observed in the Simon RTs, reliability significantly improved in the slow subset, rc = .86 [.80, .89],
p <.001, ryc = .60 [.50, .68], and in the controlled dataset, r. = .89 [.84, .91], p <.001, ry = .57 [.47,
.65].

In the whole sample dataset reliability was acceptable for the ER congruency effect, rc = .73
[.66, .79], ruc = .58 [.49, .66]. Crucially, it did not improve when only including N-1 incongruent
trials, re = .43 [.19, .59], p =1, ryc =.20 [.07, .32], or in the slow subset, rc = .33 [-.05, .56], p = 1,
rec = .11 [-.01, .24]. Finally, when controlling for both factors, split-half reliability was again poor,

re =.30 [-.26, .59], p = 1, ru = .07 [-.05, .20].
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Figure 9
Density Distributions of Corrected Reliability Coefficients in the Stroop Task

Reaction Times Error Rates

Set of trials

L] All Trials

¢ Slow

i1 N-1 Incongruent
| Fully Controlled

-1.0 05 0.0 0.5 1.0 -1.0 05 0.0 0.5 1.0
Corrected Pearson's R

Note. Bootstrapped density distributions of congruency-effect reliabilities as a function of the subset
of trials used. See text for details.
Between-task correlational analyses

The reliability analyses showed that reliabilities generally did not improve when focusing on
slow and N-1 incongruent trials, except for the RT congruency effect in the slow subset. Restricting
the analyses to slow responses was also the only responsible for improved reliabilities in the RT
congruency effect in the controlled sample. We thus wish to test whether focusing on these subsets
would, contrary to our expectations, increase between-task correlations.

Figure 10 shows scatterplots of the uncorrected between-task correlations. As mentioned

above, the RT congruency effect in the Simon and the Stroop tasks correlated poorly, r(178) = .12,
whereas the correlation between ER congruency effects was moderate, r(178) = .36. When
considering post-incongruent trials only, the RT-based correlation was next to null, r,(178) = .06,
Ar =-.06 95% CI [-.28, .16], ruc(178) = -.02. In the ERs, the between-task correlation turned to be
negative, being significantly lower than in the whole sample, r¢(178) =-.29, Ar =-.66 95% CI [-

.87, -.43], ruc(178) = -.19. When considering slow responses only, the RT-based correlation did not
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change significantly, r¢(178) = .27, Ar=.14 95% CI [-.04, .33], ruc(178) = .15, whereas the ER-
based correlation was significantly lower, re(178) = -.17, Ar = -.54 [-.72, -.35], ru¢(178) = -.09.
Finally, when controlling for both factors, we observed correlations next to zero in the RTs, r¢(178)
= .06, Ar =-.06 [-.28, .16], ruc(178) = .02, and negative in the ERs, r¢(178) =-.37, Ar =-.74 [-.90, -

56], ruc(178) = -.15.

Figure 10

Uncorrected Correlations Between the Simon and the Stroop Congruency Effects as a Function of
Trial Subset and Dependent Variable

Whole | | N-1 Incongruent | I Slow | I Controlled |
150 - ®
- 100'
[5)
2 0
o 501
a
o)
o 01e
n
-50 1
-100 1 T T T T T T T - T - T T T T T T
-100 -50 0 50 100 -100 -50 0 50 -200 -100 0 100 -200 -100 O 100
Simon effect
0.2 °® [ ]

Stroop effect

-0.050.00 0.05 0.10 0.15  -0.20:0.150.10:0.050.000.05 -0.10-0.05 0.00 0.05 -0.10-0.05 0.00 0.05
Simon effect

Note. RT = reaction time; ER = error rate.

Discussion
Recent years have seen an extensive debate over whether the commonly found low

correlations between congruency effects in conflict tasks indicate poor measurement (Draheim et
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al., 2019) or poor construct validity of attentional control ability (Rey-Mermet et al., 2018). In the
present study, building on findings from experimental research (Gratton et al., 1992; Ridderinkhoff,
2002), we proposed that the congruency effect may indeed measure individual differences in
attentional control but only on the subsets of trials where response conflict is largest, or present at
all. Specifically, response conflict has been shown to be markedly reduced (1) following
incongruent trials due to conflict adaptation (Botvinick et al., 2001), and (2) in responses long after
stimulus onset due to selective suppression and/or decay of activation along the automatic route
(Ridderinkhof, 2002). Therefore, we predicted that the split-half reliability of the congruency effect
can be improved by using only the data from N-1 congruent trials and fast responses. Our results
confirmed these predictions, although they also cast some doubts on the utility of focusing on fast
trials when measuring the RT congruency effect.

Experimentally, we generally found stronger CSEs in fast responses relative to slow
responses. This pattern held true for both tasks in the ERs, and for the Stroop task in the RTSs.
However, this three-way interaction was not present for RTs in the Simon task, possibly due to one
or both of the following two reasons. First, whereas the CSE is somewhat weaker in slow trials in
the Stroop task, the congruency effect is numerically reversed in post-incongruent trials both for
fast and slow responses in the Simon task. Hence, control settings may be maintained, and thus
carry over, more strongly in the Simon task compared to the Stroop task. Second, the difference in
results could be due to different methodological choices in the Stroop and the Simon task.
Specifically, the Stroop task comprised a higher proportion of incongruent trials. However,
typically, a larger proportion of incongruent trials leads to more sustained control effects (Braver et
al., 2012) and, therefore, the Stroop task, and not the Simon task, should display strong CSEs in
both fast and slow trials. Importantly, the lack of a three-way interaction in Simon RTs is not
critical for the interpretation of the present results, as we still observed that the congruency effect

was reduced both in slow responses and following incongruent trials. Taken together, the results
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from experimental analyses consistently indicate that both Speed and N-1 Congruency modulated
response conflict in the expected direction.

In line with previous reports, split-half reliability of the congruency effect was poor when
considering the full set of trials in both tasks for both RTs and ERs (rc =~ .50), with the only
exception of the Stroop ER effect (rc = .73). Critically, however, such reliabilities were substantially
improved when including only post-congruent trials (see also Schuch et al., 2022), or when
focusing on fast responses. Finally, reliabilities were excellent (rc = .95) when controlling for both
factors. It is important to note that, for the Stroop task, both the experimental and the reliability
findings were replicated when excluding partial repetitions of distractor and response (see S3 in the
Supplementary Materials). This is a critical test to ensure that we are measuring attentional control
abilities rather than episodic binding effects. When restricting the analyses to post-congruent trials,
congruency effects may reflect the episodic mismatch of the previous response-distractor binding
(i.e., “event file”, Hommel, 2004) with the current trial (Frings et al., 2020; Hommel, 2004). This
account was not supported in the three-choice Stroop task when excluding partial repetitions of
distractor and response. Admittedly, as these additional analyses were limited to the three-choice
spatial Stroop task, we cannot exclude that memory-based interference did play a role in the two-
choice Simon task. However, to the best of our knowledge, there is no reason to believe that
episodic binding and retrieval would occur any differently in these paradigms. Most importantly,
the results of the correlational analyses strongly suggest that the congruency effect in these two
tasks tap similar constructs. Therefore, we conclude that our approach is successful in measuring
attentional control abilities rather than episodic binding. Furthermore, the inclusion of both two-
choice and three-choice tasks demonstrates the general feasibility of using our approach irrespective
of the number of response alternatives. This is an important feature of our design, as the number of
response alternatives likely influences both attentional control processes per se as well as conflict

adaptation phenomena (Bugg, 2014).
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As we were successful in extracting reliable measures of attentional control in both the
Simon and the spatial Stroop task, we next assessed the correlations between the congruency effects
in these tasks for both RTs and ERs and the different subsets of trials. When using the full set of
trials, RT congruency effects were poorly correlated (r = .12), and ER congruency effects were
moderately correlated (r = .37). Critically, correlations for both RT and ER-based measures were
substantially higher when excluding N-1 incongruent trials. ER-based congruency effects also
correlated more strongly when focusing on fast responses. However, despite reliability increased in
both tasks, their RT-based correlation remained low.

In order to strengthen our results, we conducted further analyses on the subsets of trials that
do not require strong attentional control abilities (i.e., slow and N-1 incongruent trials). In line with
our expectations, reliabilities did not generally improve in these subsets, with the exception of the
RT congruency effect in slow responses (which also drove reliabilities in the controlled subsets to
be higher). Importantly, between-task correlations remained low for all subsets, including the RT-
based congruency effects computed on slow responses.

In sum, our findings unambiguously demonstrate (1) that congruency effects can exhibit
excellent reliability when focusing on the subset of trials where response conflict is highest, and (2)
that these more reliable — and arguably theoretically more valid — measures of attentional control
yield strong correlations between conflict tasks, suggesting that the Simon and the Stroop tasks
indeed tap a common ability. This conclusion comes with the caveat that focusing on either fast or
slow responses held equivocal results for RT-based measures. In both subsets reliabilities
significantly improved, whereas between-task correlations remained low. This seems to suggest that
restricting the range of RTs allows to capture some construct reliably, which is however different
from attentional control per se. It is possible for example that restricting the RT range would help in
isolating processing speed, which however may not lead to high correlations between conflict
effects across tasks. Given the ambiguity of these results, we suggest that focusing on fast or slow

responses should be avoided to improve the reliability of RT-based congruency effects.
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Overall, our data lend support to the position that the attentional control abilities measured
in the conflict paradigms are domain-general, rather than being limited to the resolution of conflict
in one or the other paradigm. At the same time, given the poor reliabilities and low correlation for
the full set of trials, our results also substantiate the concerns that have been expressed about the
validity of the congruency effect as it has usually been measured in cognitive individual differences
research (e.g., Rey-Mermet et al., 2018; Rouder & Haaf, 2019). To increase both validity and
reliability of attentional control measures, we suggest that future research should consider using the
subset of data where response conflict is the strongest for computing attentional control scores. In
what follows, we consider the feasibility of this approach.

Implications for Future Research

The main aim of the present study was to contribute to the existing debate on the validity of
attentional control. However, we also illustrate an approach that future researchers may want to use
to unravel the structure of attentional control, or its relation with other abilities. In what follows, we
consider some implications that our approach holds for future research.

The first implication derived from our results is that quality matters even more than quantity.
Reliabilities and between-task correlations were indeed increased in most subsets also when
considering the uncorrected coefficients. This finding suggests that, although reducing the number
of trials inevitably increases measurement error, this disadvantage is well compensated by the use
of a more valid measure of attentional control. Nonetheless, researchers may still wish to maximize
the number of trials that can be used for analysis. One possibility could be to design future studies
including a high proportion of congruent trials, so to minimize data loss when controlling for N-1
congruency. For example, including 75% congruent trials more than doubles the number of cC trials
while reducing by 25% the number of cl trials. Using 66% congruent trials increases the number of
cC trials by 50% while losing very few cl trials (~ 10%). Our results showed that excluding N-1
incongruent trials increased both reliabilities and between-task correlations more so than using only

fast responses, suggesting that controlling only for N-1 congruency may suffice (see also Schuch et
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al., 2022). An additional benefit of increasing the proportion of congruent trials is that participants
do not predict, and thus do not prepare for conflict occurrence (Braver, 2007). The relaxation of
such proactive mode of control results in larger conflict when incongruent trials are actually
encountered (Braver, 2007; Braver et al., 2012; Bugg & Crump, 2012), which, in line with the
evidence reported in the present study, may also be beneficial for the reliability and validity of the
congruency effect.

A second implication that deserves attention concerns the use of SB correction. The SB
correction provides a useful tool for comparing correlations between sets of trials of differing length
and should thus be used whenever researchers are interested in such a comparison (as in the present
manuscript). This approach is equivalent to the standard practice of using SB correction with N = 2
when reporting split-half reliability. In both cases, the correction is applied to correct for the
intrinsic data loss related to subsetting. However, researchers interested in correlating attentional
control measures with other constructs should consider reporting uncorrected between-task
correlations. Under these circumstances, corrected coefficients would only indicate the correlation
that is expected by administering N times more trials and would therefore be of little practical use.
The between-task correlations were moderate to strong when excluding N-1 incongruent trials, even
for uncorrected coefficients (r = .36 and r = .62 in RTs and ERs respectively). Hence, excluding N-
1 incongruent trials may be enough to observe robust between-task correlations even when running
experiments of limited length. In the present study, the Simon task and the three-choice Stroop task
consisted of 288 and 540 trials, respectively. Therefore, excluding N-1 incongruent trials left 144
and 180 trials. Experiments designed to increase the proportion of congruent trials may even be
shorter than the ones reported here, being in the order of 200-300 trials.

To summarize, our approach does two things. First, it encourages to define more precisely
what construct one wishes to measure. Second, it excludes the conditions in which the construct of
interest is poorly measured. These guiding principles can be extended beyond response-conflict

tasks to improve the psychometric properties of other attentional control measures. In this regard,
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our theoretically-driven approach differs from other solutions proposed in the literature, which
focused on improving reliability by modifying existing conflict paradigms (e.g., Burgoyne et al.,
2023; Draheim et al., 2021; 2023). For example, in the task switching paradigm, participants are
asked to alternate between simple classification tasks, such as indicating the stimulus’ color or its
shape, as indicated on each trial by a task cue (for recent reviews, see: Koch et al., 2018; Koch &
Kiesel, 2022). On the surface level, task switching is similar to other conflict paradigms in that the
employed stimuli simultaneously trigger two cognitive representations, in this case two conflicting
tasks (Moretti et al., 2023b; Waszak et al., 2003). Therefore, on the one hand, the task switching
paradigm can be used for measuring the participants’ ability to deal with such stimulus-based task
conflict, and possibly correlate it with the participants’ ability to deal with stimulus-based response
conflict in the Stroop task. However, the switch cost, despite being the most frequently used
measure in task-switching research, may be unapt to this purpose. The reason is that, in addition to
the processes needed to counteract stimulus-based task conflict, the switch cost also measures pre-
stimulus processes such as cue-based task-set reconfiguration (Rogers & Monsell, 1995). Our
approach suggests minimizing the contribution of task-set reconfiguration by using a long interval
between the cue and the stimulus. It is conceivable indeed that, with enough time to prepare, each
participant will have completed task-set reconfiguration by the time the stimulus is presented and
the switch cost will be a better measure of post-stimulus processes. On the other hand, if one is
interested in assessing interindividual-differences in reconfiguration processes, these will be more
easily detectable in performance if a short cue-stimulus interval is provided. To conclude, our
approach can be generalized to other attentional control tasks by focusing on those conditions where
the construct of interest contributes maximally to performance costs.
Methodological Considerations

Different aspects of our results speak to the methodological considerations outlined in the
introduction. First, several authors have stressed the importance of between-participants variability

for obtaining reliable cognitive measures (Hedge, Powell & Sumner, 2018; Kucina et al., 2022). In
42



our study, we found that controlling for N-1 Congruency and/or Speed substantially increased
variability in difference scores. Notably, this effect is not attributable to an increase in error
variance due to trials exclusion, as uncorrected reliabilities were higher in these subsets compared
to the full set of trials. Therefore, true between-participants variability seems to be increased in
high-conflict trials. Presumably, this increase in variability is due to using a more valid measure of
attentional control, which is able to capture true variability in this ability. However, we cannot rule
out that the larger mean congruency effect underpins, or at least contributes to, the increase in
variability. Critically, though, the only subset that showed reduced variance compared to the full set
of trials was, as can be expected, the RT subset including fast responses only. Interestingly, this was
also the only subset in which between-tasks correlations did not improve. These results highlight,
once again, the importance of taking between-participant variability into account when conducting
interindividual differences research (Hedge, Powell & Sumner, 2018).

Another methodological aspect previously discussed concerns the type of dependent
variable that should be used in interindividual differences research. It has been argued that RT
measures are unsuitable to this purpose (Draheim et al., 2019), leading to the suggestion to develop
tasks in which the speed component is experimentally controlled rather than measured (e.g., using
staircase procedures, Draheim et al., 2021). Indeed, in our data, inter-task correlations were
generally higher for ERs, particularly when analyzing the full set of trials, the condition which
compares best to previous research. Similarly, whereas RTs reliabilities were consistently poor in
the full set of trials (r < .6), ER reliabilities were acceptable for the Simon congruency effect.
However, when focusing on high-conflict trials, RT measures were also found to be reliable, and
inter-task correlations were generally high. Therefore, although we agree that relying on both
measures can complicate the interpretation of results due to SATs (Hedge et al., 2021), our data
support that RT measures are overall as suitable as accuracy measures for interindividual

differences research.
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Another source of low reliability in conflict tasks is trial-to-trial variability. Because
congruency effects are usually small in absolute size (especially in RTs), even slight variability may
have serious consequences for their psychometric properties. By focusing on high-conflict trials, we
may have reduced the impact of variability simply by increasing the absolute size of our effects.
Yet, even larger effects would still be unreliable if error variance would proportionally increase.
Here, we found that reliabilities and between-task correlations in the subsets were higher compared
to the full set of trials even without correcting for data loss (i.e., when comparing the uncorrected
coefficients). Hence, with the present approach, above and beyond an increase in observed variance
in the subsets, we found that the true variance increased more than the error variance.

Conclusions

In recent years, the debate on why congruency effects correlate poorly across conflict tasks
has received considerable attention (e.g., Rey-Mermet et al., 2018). Whereas some authors have
argued that these poor correlations suggest that there is simply no domain-general attentional
control ability (Rey-Mermet et al., 2018), or that, at best, it cannot be measured with congruency
effects in conflict tasks (Rouder & Haaf, 2019), others have argued that the problems are rooted in
the methodological shortcomings of using experimental-research paradigms in interindividual
differences research (Draheim et al., 2019; Hedge, Powell & Sumner, 2018). The truth seems to fall
in-between, with the findings of the present study showing that the low correlations are due to both
theoretical and methodological problems: the congruency effect reliably measures attentional
control only when response conflict is highest. Therefore, we conclude that a common attentional
control mechanism is indeed employed in the different conflict tasks, and that it can be reliably
measured when using the appropriate subset of trials. We are hopeful that such an approach to
validity will be fruitful for future interindividual differences research, and that it will foster

discussion on the boundary conditions under which cognitive control tasks truly elicit conflict.
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Constraint on Generality

Our results provide evidence that the congruency effects in a Simon task and in a spatial
Stroop task are reliable measures tapping a similar construct, presumably attentional control. This
only holds to be true when focusing on trials where response conflict is highest (i.e. on post-
congruent and on fast trials). We expect our findings to generalize to other conflict tasks (e.g. the
flanker task), as well as to other stimulus materials (e.g. the color-word Stroop task). Furthermore,
as previous research has shown that congruency effects in conflict tasks do not differ between in-lab
and online settings (Crump et al., 2013), we expect our results to be replicable in the laboratory.
However, given that our sample was made of young (age range: 18-36 years) healthy participants,
we do not exclude that different results may be produced using older samples, or populations known
to differ in cognitive control abilities (e.g. Schizophrenia patients; Lesh et al., 2011). We have no
reason to believe that the results depend on other characteristics of the participants, materials, or

context.
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