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Abstract

Conflict-induced control refers to humans’ ability to regulate attention in the processing of target information (e.g., the
color of a word in the color-word Stroop task) based on experience with conflict created by distracting information (e.g., an
incongruent color word), and to do so either in a proactive (preparatory) or a reactive (stimulus-driven) fashion. Interest in
conflict-induced control has grown recently, as has the awareness that effects attributed to those processes might be affected
by conflict-unrelated processes (e.g., the learning of stimulus-response associations). This awareness has resulted in the
recommendation to move away from traditional interference paradigms with small stimulus/response sets and towards para-
digms with larger sets (at least four targets, distractors, and responses), paradigms that allow better control of non-conflict
processes. Using larger sets, however, is not always feasible. Doing so in the Stroop task, for example, would require either
multiple arbitrary responses that are difficult for participants to learn (e.g., manual responses to colors) or non-arbitrary
responses that can be difficult for researchers to collect (e.g., vocal responses in online experiments). Here, we present a
spatial version of the Stroop task that solves many of those problems. In this task, participants respond to one of six direc-
tions indicated by an arrow, each requiring a specific, non-arbitrary manual response, while ignoring the location where the
arrow is displayed. We illustrate the usefulness of this task by showing the results of two experiments in which evidence for
proactive and reactive control was obtained while controlling for the impact of non-conflict processes.
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Introduction

Significance statement: There is growing evidence consistent with
the idea that the detrimental impact that distracting information has
on processing relevant information can be reduced by regulating
attention in a preparatory or stimulus-driven fashion. However, in
many experimental paradigms, this evidence is not “pure” because

It has long been known that some form of control is required
in human goal-oriented behavior in order to prevent distrac-
tions from disrupting that behavior (e.g., Miller & Cohen,

performance is contaminated by processes that are unrelated to
distraction. Here, we present an experimental paradigm that allows
an examination of distraction-related processes independently

from distraction-unrelated processes. The paradigm is easy for
researchers and participants to use, even outside the laboratory, and
produces robust effects that reflect preparatory and stimulus-driven
processes involved in the regulation of attention.
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2001). In recent years, there has been an increasing interest
in the dynamic nature of the relevant control processes (e.g.,
Chiu & Egner, 2019). According to these ideas, humans are
able to regulate attention when processing a task-relevant
stimulus component, or target (e.g., the color of a word in
the color-word Stroop (1935) task), based on, most typically,
experience with conflicting information created by a task-
irrelevant stimulus component, or distractor (e.g., an incon-
gruent color word).! According to the Dual-Mechanisms
! Since Stroop (1935) introduced the standard, color-word version
of the task, several other versions have been developed that are com-
monly called “Stroop” or “Stroop-like” tasks despite involving, in
some cases, neither words or colors. Here, we rely on Kornblum’s
(1992) model for a taxonomy of “ensembles”, or types of interference

tasks (i.e., tasks involving stimuli which involve an easily processed
irrelevant component — the distractor — that needs to be ignored and a
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of Control framework (Braver, 2012), this conflict-induced
attention regulation can occur in two ways. First, it can occur
proactively when conflict is anticipated and selective atten-
tion in processing target information (e.g., the color in a
Stroop stimulus) is increased in a preparatory fashion. Sec-
ond, it can occur reactively, with selective attention being
regulated “on the fly” in response to irrelevant but poten-
tially distracting information (e.g., an incongruent word).

Popular paradigms used to examine proactive and reactive
control are Proportion-Congruent (PC) paradigms (Bugg &
Crump, 2012). These paradigms involve contrasting Mostly-
Congruent (MC) situations, in which most of the experimen-
tal trials are congruent (e.g., the word RED in the color red),
with Mostly-Incongruent (MI) situations, in which most of
the experimental trials are incongruent (e.g., the word RED
in the color blue). In “list-wide” PC paradigms, the two situ-
ations being contrasted are two lists of trials, i.e., an MC
list mostly composed of congruent stimuli and an MI list
mostly composed of incongruent stimuli. The typical result
is a larger congruency effect (i.e., the performance difference
between incongruent and congruent trials) in the MC list
than in the MI list (e.g., Logan & Zbrodoff, 1979).

This list-wide PC effect has often been interpreted (e.g.,
Botvinick et al., 2001) as being the result of a process of
control adjustment occurring in advance of stimulus presen-
tation — an item-nonspecific, proactive form of control. More
specifically, proactive control would be engaged in the MI
list, a type of list in which the high frequency of incongruent
distractors, distractors that are assumed to produce conflict,
leads individuals to anticipate conflict and prepare for it by
increasing selective attention before the stimulus appears.
The result is a reduced congruency effect in that situation.
In the MC list, on the other hand, the low frequency of con-
flict creates little anticipation and, therefore, little advanced
preparation for conflict. Hence, conflict, when it arises, must
be dealt with at the time that it occurs — a reactive form of
control. The result is an increased congruency effect in that
situation. Therefore, although in many accounts, proactive
and reactive control are both involved in the list-wide PC

Footnote 1 (continued)

less easily processed relevant component — the target — that requires,
most typically, an identification response). Following Kornblum’s
model, we will refer to our task as well as any other interference task
that, regardless of the materials involved, would be classified as a
type-8 ensemble, that is, one in which representations for distractors,
targets, and responses overlap, as a “Stroop task.” For example, a pic-
ture-word interference task involving vocal responses (Lupker, 1979)
meets this definition because, for example, the representation for the
word “dog” overlaps with that for the image of a dog as well as with
that for the response “dog.” However, as discussed below, other inter-
ference tasks, such as “Stroop-like” and “Simon” tasks, do not meet
this definition despite the fact that the materials involved might be
similar.
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effect (see, e.g., De Pisapia & Braver, 2006), the overall
effect is typically interpreted as mainly reflecting the action
of an item-nonspecific, proactive control process adjusting
attention based on the frequency of conflict in the two lists
(e.g., Gonthier et al., 2016).

In the other types of PC paradigms, referred to as “item-
specific” and “context-specific”’ PC paradigms, the two situ-
ations being contrasted are two sets of stimuli intermixed
within the same list of trials. In the item-specific PC para-
digms, the two sets are defined by the identities of targets
and distractors, with one set composed of, for example, the
colors red and blue mainly presented with their congru-
ent words (the MC set) and another set composed of, for
example, the colors green and yellow mainly presented with
incongruent words (the MI set). The typical result, similar
to what is observed in the list-wide PC paradigm, is a larger
congruency effect for MC items than for MI items (e.g.,
Jacoby et al., 2003).

This item-specific PC effect has often been interpreted
(e.g., Bugg et al., 2011) as being the result of a reactive
process whereby, on one hand, the high frequency of conflict
produced by distractors in MI items causes selective atten-
tion to be increased to better handle that conflict when a
particular item (i.e., a distractor and/or target) of that type
is presented, resulting in a reduced congruency effect for
that type of item. The low frequency of conflict produced by
distractors in MC items, on the other hand, does not cause
a selective-attention increase when a particular item of that
type is presented, resulting in an increased congruency effect
for that type of item. Therefore, the item-specific PC effect
would reflect the action of an item-specific, reactive process
adjusting attention based on the frequency of conflict associ-
ated with the two types of items.

In the context-specific PC paradigms, the two sets being
contrasted are defined by a task-irrelevant and non-inter-
fering feature (e.g., the positioning of colored words above
or below fixation, with the words’ position having virtu-
ally no impact on color-naming performance). Although
this paradigm also tends to produce a PC effect (Crump
et al., 2006), there is currently considerable controversy as
to whether it really involves conflict-induced control (Bugg
et al., 2020; Hutcheon, 2022; Hutcheon & Spieler, 2017,
Schmidt & Lemercier, 2019; Weidler et al., 2022). For this
reason, in the following, we mainly focus on list-wide and
item-specific PC paradigms.

Non-conflict processes can produce
Proportion-Congruent (PC) effects

Although interest in list-wide and item-specific PC para-
digms as tools for examining both proactive and reactive
control has grown in recent years, so has the awareness
that the effects produced using those paradigms might be
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affected by other processes (an awareness that, as discussed
in the next section, has led to the development of new, less
problematic paradigms). First, in list-wide PC paradigms,
the list-wide PC manipulation can be confounded with an
item-specific PC manipulation, such that all items in the
MC list are MC items (i.e., all words in that list appear most
often in their congruent color) and all items in the MI list
are MI items (i.e., all words in that list appear most often in
incongruent colors). Therefore, the process producing the
list-wide PC effect in that type of situation might not be
the item-nonspecific, proactive control process that is often
assumed, but the same item-specific, reactive control process
that is presumed to produce the item-specific PC effect in
item-specific PC manipulations (Blais & Bunge, 2010; Blais
et al, 2007).

Second, and most importantly for the present discussion,
both list-wide and item-specific PC paradigms can contain
confounds involving processes unrelated to conflict (Algom
et al., 2022; Algom & Chajut, 2019; Schmidt, 2013a, 2019;
Schmidt & Besner, 2008). One of those processes is the pro-
cess of learning associations, or contingencies, between a
stimulus and a motor response (Schmidt et al., 2007). That
is, the words used in PC paradigms most frequently require
the congruent response in MC situations and often require
a particular incongruent response in MI situations. Because
producing the typical, or high-contingency, response for
a stimulus (e.g., the congruent response “red” for the MC
word RED in an item-specific PC paradigm) is typically
faster than producing an atypical, or low-contingency,
response for that stimulus (e.g., the incongruent response
“blue” for the MC word RED), the congruency effect in
PC paradigms would be inflated by this contingency-learn-
ing process in MC situations, situations in which congru-
ent responses are typically high-contingency responses. In
contrast, if anything, the congruency effect would often be
deflated in MI situations, situations in which incongruent
responses are often high-contingency responses (Schmidt &
Besner, 2008). Contingency learning would thus be capable
of producing PC effects all by itself.

PC effects might also be affected by what might be called
repetition-priming processes (Cochrane & Pratt, 2022a;
Hazeltine & Mordkoff, 2014; Tzelgov et al., 1992; see also
Schmidt et al., 2020). Responding to a stimulus is typically
easier when the stimulus is repeatedly presented, either
because, in a randomized list, both features of the stimulus
(e.g., the color yellow and the word GREEN for GREEN
in yellow) will tend to repeat more often from trial to trial
(e.g., GREEN in yellow followed by another GREEN in
yellow), allowing rapid retrieval of the required response
(Hommel et al., 2004), or because of practice effects due
to the accumulation of instances of the stimulus in memory
(Logan, 1988). Because in PC paradigms, typically, each
congruent stimulus is individually more frequent than any

incongruent stimulus in MC situations (e.g., in an MC list,
RED in red may be presented 36 times whereas RED in
blue may only be presented 12 times), and vice versa in
MI situations, repetition-priming effects would inflate the
congruency effect in the former situations and deflate it in
the latter. Therefore, like contingency learning processes,
repetition-priming processes would be capable of producing
PC effects all by themselves.

Controlling for non-conflict processes in PC
paradigms

In recent years, the rising awareness that in typical PC para-
digms conflict-induced control processes are confounded
with non-conflict processes (or other conflict-induced pro-
cesses) has pushed researchers to develop alternative PC
paradigms in which the targeted conflict-induced process
can be observed while other processes, particularly non-
conflict ones, are controlled (Blais & Bunge, 2010; Bugg,
2014; Bugg & Hutchison, 2013; Bugg et al., 2008; 2011;
Hutchison, 2011; Schmidt, 2013c; Spinelli & Lupker, 2020,
2021; Spinelli et al., 2019). Those paradigms are the ones
that most theorists in the area now recommend in order
for conflict-induced control to be appropriately measured
(Braem et al., 2019). In the list-wide PC paradigm, for exam-
ple, the solution that has typically been adopted in order to
control for non-conflict processes is to divide the stimuli
used into two sets: an inducer set and a diagnostic set (also
known as context and transfer sets, respectively). For inducer
items, congruency proportion is manipulated directly as is
typically done for all stimuli in traditional list-wide PC para-
digms. This manipulation involves presenting, for example,
two colors (e.g., red and blue) with their corresponding (con-
gruent) words more often than with their noncorresponding
(incongruent) words in the MC list (i.e., the MC inducer
items), and the same two colors with their noncorresponding
(incongruent) words more often than with their correspond-
ing (congruent) words in the MI list (i.e., the MI inducer
items). Although inducer items in this situation often pro-
duce a sizeable list-wide PC effect, this effect might result
from either conflict-induced control and/or non-conflict pro-
cesses (as is the case for any item in traditional list-wide PC
paradigms in which no distinction is made between inducer
and diagnostic items).

The same is not true for diagnostic items, however. For
diagnostic items, congruency proportion is not manipulated
as those items have a fixed 50:50 congruent/incongruent
ratio. The diagnostic items, however, are intermixed with
MC inducer items in the MC list (creating an overall MC
list) and with MI inducer items in the MI list (creating an
overall MI list). Because diagnostic items in the two lists
are identical, non-conflict processes should have a simi-
lar direct impact, if they have any such impact at all, on
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those items in the two lists. Therefore, when a list-wide PC
effect is observed for diagnostic items, that effect may not
be attributed to non-conflict processes, at least, not to the
direct effects of contingency-learning or repetition-priming
processes. (There may, however, still be indirect effects of
contingency learning (Bugg, 2014) or of other non-conflict
processes involving temporal learning (Schmidt, 2013b) or
of target-distractor correlation (Algom & Chajut, 2019),
which may play some role on the emergence of the list-wide
PC effect. Processes of this sort are discussed in the General
discussion.) Instead, the effect can be attributed to a conflict-
induced adjustment in proactive control increasing prepara-
tion for conflict in the MI list. Because a list-wide PC effect
is indeed the effect that is typically reported in Stroop tasks
for diagnostic items (although not always — for a discussion,
see Spinelli & Lupker, 2023a), this list-wide PC paradigm
appears to be an effective solution for examining conflict-
induced control independently from non-conflict processes.

The designs adopted to control for non-conflict pro-
cesses in the item-specific PC paradigm (e.g., Bugg et al.,
2011; Bugg & Hutchison, 2013) have been more varied
and, according to Schmidt (2019), most of them have not
been completely successful at controlling for the impact of
those processes. A design that appears to be among the least
problematic is one that we recently developed (Spinelli &
Lupker, 2020) based on a design previously introduced by
Schmidt (2013c). This design does not involve a distinc-
tion between inducer and diagnostic items (or training and
transfer items, as they are sometimes called in the context
of item-specific PC manipulations: Bugg et al., 2011; Bugg
& Hutchison, 2013), but, nonetheless, makes it possible to
examine reactive control independently from non-conflict
processes by contrasting MC incongruent stimuli and MI
incongruent stimuli matched on contingency learning and
individual stimulus frequency. A detailed explanation of the
design for this contrast is described in the Introduction sec-
tion of the present Experiment 2. The important point for
now is that the fact that Spinelli and Lupker (2020) observed
longer latencies for MC incongruent stimuli than for MI
incongruent stimuli in that particular contrast can most
likely be attributed to a reactive control process increasing
selective attention to target information for the latter stimuli.

The present research

Although different designs have been adopted to control
for non-conflict processes in list-wide and item-specific PC
paradigms, what those designs seem to have in common
is the fact that they moved away from traditional interfer-
ence paradigms with small stimulus/response sets (typi-
cally involving two targets, distractors, and responses) and
towards paradigms with larger sets. For example, inducer/
diagnostic designs require at least four targets, distractors,
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and responses (i.e., a set size of four) in the list-wide PC
paradigm (of which at least two are assigned to the inducer
items and two to the diagnostic items, e.g., Bugg et al., 2008)
and six targets, distractors, and responses (i.e., a set size of
six) in the item-specific PC paradigm, with some research-
ers recommending even higher minimums (e.g., Bugg &
Gonthier, 2020). Spinelli and Lupker’s (2020) contingency-
matching design for the item-specific PC paradigm, in par-
ticular, requires a set size of six because, in order to dissoci-
ate item-specific conflict frequency (i.e., the frequency of
conflict associated with particular targets and/or distractors
in the experiment) and contingency learning, the subsets of
stimuli used for MC and MI items must not be overlapping
and each of the two subsets needs a size of at least three (for
a discussion of the reason for this requirement, see Spinelli
& Lupker, 2020; for other item-specific PC paradigms that
require a set size of six, see Bugg & Hutchison, 2013).

Using large sets of stimuli is not always feasible, however.
Color-word and picture-word Stroop tasks do allow research-
ers to use larger stimulus sets because there are large num-
bers of nameable colors, pictureable objects, and interfer-
ing words, to choose from. Not surprisingly, those tasks are
the main tasks in which the designs that allow control over
non-conflict processes in PC paradigms have been imple-
mented (Braem et al., 2019). Note that in those tasks, vocal
responses are typically required, responses that, being non-
arbitrary for colors and pictures, participants typically pro-
duce with ease. However, vocal responses can be difficult for
researchers to collect, especially in neuroimaging research
(in which any head motion must typically be avoided and,
accordingly, vocal responses to Stroop stimuli have rarely
been used)” and in online experiments (in which remote use
of voice keys is typically unsupported by relevant experi-
mental software), with these types of experiments, particu-
larly online experiments, becoming increasingly common in
recent years (Arechar & Rand, 2021). In order to circumvent
the problem that vocal responses pose, more recently several
researchers have gone to using manual responses to colors
and pictures in PC paradigms (e.g., Bejjani et al., 2020; Bej-
jani & Egner, 2021; Blais & Bunge, 2010; Chiu et al., 2017;
Crump et al., 2017; Hutcheon, 2022).

Manual responses in color-word and picture-word Stroop
tasks, however, have clear drawbacks. First and foremost,
because manual responses are typically arbitrary for colors

2 Upon inspection of the 61 PET/fMRI articles including at least one
Stroop experiment listed in the meta-analysis articles by Laird et al.
(2005) and Huang et al. (2020), we only found eight of them that
reported having recorded overt vocal responses during the scanning
session, many of which are PET studies from the late 1990s/early
2000s (Carter et al., 1995, 2000; George et al., 1994, 1997; Kronhaus
et al., 2006; MacDonald et al., 2000; Ravnkilde et al 2002; Taylor
et al., 1997). Although collecting vocal responses in neuroimaging
research is not impossible (see also Braver et al., 2021), doing so cer-
tainly poses a challenge.
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and pictures (but see below for tasks involving typing), they
change the nature of the task from that of a proper Stroop
task involving overlapping representations of relevant stimu-
lus components (e.g., colors), irrelevant stimulus compo-
nents (e.g., words), and responses (e.g., color name utter-
ances), to that of a Stroop-like task involving overlapping
representations of relevant and irrelevant stimulus compo-
nents only (Kornblum, 1992; see also footnote 1 and, for a
recent discussion of this problem, Viviani et al., 2023). The
impact of such a change is reflected in the many reports
of different patterns of results for vocal- versus manual-
response Stroop tasks (e.g., Augustinova et al., 2019; Red-
ding & Gerjets, 1977; Sharma & McKenna, 1998).

In addition to this change, the mere learning of arbi-
trary stimulus-response associations likely poses consid-
erable difficulty for participants, a difficulty that may not
be inconsequential. For example, learning and maintaining
multiple arbitrary stimulus-response mappings throughout
an experiment may create, in many cases, high working-
memory demands that may prevent participants from apply-
ing proactive control, a resource-demanding control mode
(Braver, 2012; see, e.g., Jiménez et al., 2021). In fact, for
some populations with reduced cognitive abilities such as
young children, multiple arbitrary stimulus-response map-
pings may create an excessive burden (see, e.g., Gonthier
et al., 2021). Further, distractors (e.g., the word RED) likely
do not produce a strong response conflict, that is, a tendency
to produce their associated arbitrary responses (e.g., the key
designated for the response “red”’; MacLeod, 1991), whereas
response conflict may be the most relevant conflict compo-
nent for conflict-induced control (Spinelli & Lupker, 2023a).

Overall, at present, with a couple of exceptions, there
appears to be no single version of the Stroop task in the lit-
erature that simultaneously (1) allows use of a set size of at
least six (including six responses), which modern PC para-
digms require in order to examine conflict-induced control
independently from non-conflict processes; (2) allows data
collection in other formats than the classic laboratory for-
mat, most notably in neuroimaging and online experiments;
(3) uses non-arbitrary responses to targets, responses which
are both not challenging for participants to learn and do not
change the nature of the task in a potentially important way.
Although, for example, manual color-word and picture-word
Stroop-like tasks meet the first and second criteria, they do
not meet the third. Similarly, the vocal versions of those tasks
(i.e., proper Stroop tasks) meet the first and third criteria, but,
in most cases, not the second. One exception is the Dual-
Mechanisms of Control project, a project in which a vocal
color-word Stroop task designed to examine conflict-induced
control independently from non-conflict processes has been
included in a task battery delivered online (Tang et al., 2023)
and in neuroimaging sessions (Braver et al., 2021). Howeyver,
as the authors of the project report, the online experiment was

conducted with proprietary software, and in both the online
and the neuroimaging batteries, the Stroop task was one of
the tasks most impacted by data loss. The only other excep-
tion is represented by color-word Stroop tasks requiring par-
ticipants to respond manually to colors, but to do so by typing
the color name or its initial on a standard keyboard (i.e., a
non-arbitrary response) rather than by pressing an arbitrary
key (Crump et al., 2017; Logan & Zbrodoff, 1998). Those
experiments are well suited for online experiments; however,
they would not be for neuroimaging experiments that do not
allow the use of a standard keyboard.

Here, we present a spatial version of the Stroop task (hence-
forth, referred to as a “spatial Stroop task”) that also seems to
meet all three criteria described above and, additionally, can be
easily programmed with most experimental software and does
not suffer from severe data loss issues. In this task, inspired
by a similar task used by Puccioni and Vallesi (2012), partici-
pants are presented with six circles, or locations, in which an
arrow can appear pointing in one of six possible directions.
The participant’s task is to respond to the direction indicated by
the arrow, ignoring its location, by pressing the corresponding
key on the keyboard, with there being six keys designated for
responses. Crucially, the positions of the keys used are spa-
tially compatible with the arrows and locations used (for an
illustration of the procedure, see Fig. 1).

Because in this task there are six targets (i.e., the arrows),
six distractors (i.e., the locations), and six responses, this rela-
tively large set size allows the implementation of the list-wide
and item-specific PC paradigms that have been designed to
control for non-conflict processes. Further, the manual nature
of the response allows easy data collection not only in classic
laboratory settings but also in other settings such as online
experiments (the experiments reported below were, in fact,
conducted online with freely distributed software). Finally,
because the response keys are spatially compatible with the
arrows and locations used, those stimulus-response associa-
tions should, on the one hand, be easy for participants to learn
(including participants with reduced cognitive abilities), and
on the other hand, create a situation in which the interference
produced by the distractors involves at least some response
conflict, paralleling the typical situation in color-word and
picture-word Stroop tasks requiring vocal responses (Lu &
Proctor, 2001). Note also that the non-verbal nature of the
stimuli can be advantageous for research for which verbal
stimuli would be undesirable, such as research examining pro-
active and reactive control in groups with different language
abilities (e.g., Gullifer & Titone, 2021; Spinelli et al., 2022a).

Spatial versions of the Stroop task have already been used
in combination with PC manipulations (e.g., Funes et al., 2010;
Logan & Zbrodoff, 1979; Tafuro et al., 2020), but typically
without controlling for non-conflict processes (or doing so in
non-standard ways: Visalli et al., 2023). In order to illustrate
the usefulness of this type of task, we present the results of two
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Fig. 1 An illustration of the materials and procedure in the present
research. The keys on the keyboard that are shaded in grey were used
for responses. Participants were instructed to respond, as quickly and
as accurately as possible, by pressing the button on the keyboard cor-
responding to the direction the arrow was pointing while ignoring the
location in which the arrow was displayed. In this example, an incon-
gruent item is presented in which a south-west-pointing arrow is dis-
played in the north-east location. A “south-west” response, indicated

experiments in which the task was used to implement some
of the designs that have been developed in order to examine
proactive and reactive control independently from non-conflict
processes in the list-wide (Experiment 1) and item-specific
(Experiment 2) PC paradigms. Specifically, in Experiment
1 we used an inducer/diagnostic design to examine the list-
wide PC effect, an effect associated with proactive control,
and in Experiment 2 we used Spinelli and Lupker’s (2020)
contingency-matching design to examine the item-specific PC
effect, an effect associated with reactive control.

Note that this task is similar to, but not to be confused
with, the Simon (1969) task (see, e.g., Lu & Proctor, 1995).
As in the Simon task, the distractor is the location at which
the stimulus appears. Unlike in the Simon task, however,
the target requires a spatially compatible response (e.g., a
“west” response when the arrow points west). In contrast, in
the Simon task, the target is a color patch or a shape that
is associated with a completely arbitrary response (e.g., a
“west” response for a red color patch). This seemingly small
difference has important implications. In Kornblum’s (1992)
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by pressing the spatially compatible V-key that occupies the south-
west position in the response setup, would be required. The fact that
the arrow is displayed in the north-east location, however, likely pro-
duces a tendency to respond with the spatially compatible U-key that
occupies the north-east position in our response setup. The keyboard
image was adapted from https://commons.wikimedia.org/wiki/File:
KB_United_States.svg, distributed under the terms of CC BY-SA 3.0

model, in particular, Simon tasks are classified as distinct
“ensembles” (i.e., interference task types) from those of
proper Stroop tasks. Specifically, Simon tasks are classified as
type-3 ensembles, that is, ensembles in which representations
for irrelevant stimulus components (e.g., left- and right-side
locations) and responses (e.g., left- and right-side response
buttons) overlap, but in which there is no overlap between
either targets (e.g., red and green color patches) and responses
or between targets and distractors. In contrast, as discussed in
footnote 1, Stroop tasks are classified as type-8 ensembles,
that is, ensembles involving all three types of overlap (i.e.,
distractor-response, target—response, and target—distractor).
As recently argued by Viviani et al. (2023), spatial Stroop
tasks (especially those which, like the present experiments,
involve no linguistic material) rightfully belong to the type-8
ensemble (i.e., the Stroop ensemble), not to the type-3 ensem-
ble (i.e., the Simon ensemble) because arrow directions, arrow
locations, and response locations all have overlapping repre-
sentations. Indeed, for this reason, according to Viviani et al.,
spatial Stroop tasks may be among the most promising ones
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in terms of carrying forward the Stroop legacy. The point, in
any case, is that the type of task we used, albeit superficially
similar to the Simon task, is best viewed as a Stroop task.

That said, our task and the manipulations we implemented
with it can inform and inspire the literatures of other inter-
ference tasks, including but not limited to the Simon task.
Indeed, interference tasks other than the color-word Stroop
task are not exempt from the non-conflict processes that can
affect performance in that task when using PC manipulations,
and paradigms involving similar manipulations have been
developed in an attempt to control for those processes in those
tasks as well (e.g., picture-word: Bugg et al., 2011; flanker:
Bugg & Gonthier, 2020; prime-probe: Schmidt, 2017). Along
these lines, we have recently extended a list-wide PC manipu-
lation used by Spinelli and Lupker (2023a) for a color-word
Stroop task to other Stroop tasks as well as Stroop-like and
Simon tasks. The experiments here presented could also be
used as a starting point to implement similar manipulations
in other interference tasks.

Experiment 1

Method

Participants

An a priori power analysis (the same analysis reported in

Spinelli & Lupker, 2023a) was performed using G*Power
3.1 (Faul et al., 2009) to calculate the sample size needed

for a power of .80 for obtaining a list-wide PC effect as large
as the list-wide PC effects on diagnostic items reported by
Bugg (2014) in her Experiments 1a and 2b in the latency
data. Based on the smallest of those effect sizes (n[% =.190,
reported for Bugg’s (2014) Experiment la), a minimum
sample size of 38 participants would be needed. Fifty-five
students at the University of Western Ontario participated
in the experiment, which was conducted online, for course
credit. After discarding too-fast, too-slow, and incorrect
responses (see below), seven participants contributed fewer
than 75% of their original observations. Those participants
were removed from the analyses, leaving 48 participants (32
females and 16 males; five left-handed, 41 right-handed, and
two ambidextrous; age 18-31 years). These criteria were
determined a priori in line with previous work in our labo-
ratory (Spinelli et al., 2020; Spinelli & Lupker, 2023a). All
participants were native English speakers and had normal or
corrected-to-normal vision.

Materials

An illustration of the materials and procedure used in this
experiment is presented in Fig. 1. Six medium-grey circles
centered on the vertices of an invisible regular hexagon were
used to create distractor locations and black arrows pointing
in one of six directions (north-east, east, south-east, south-
west, west, and north-west, with a 60° angle between each
successive direction) were used as targets. The hexagon,
which had 222-pixel edges, was arranged so that the bottom
and the top edges would be horizontal. As a result, three

Table 1 Template for the
frequency of arrow-location
combinations in the Mostly-
Congruent (MC) list in
Experiment 1

Location
Inducer locations Diagnostic locations
L] L]
Arrow o [e] [e] o] [e] o o] [e] L] L] [e]
o] L] o o] o] [e] L] o o] o [e]
Inducer arrows / 30 2
/ 30
\ 30 2
2 30

e

Diagnostic

arrows

16 16

16 16
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Table 2 Template for the
frequency of arrow-location
combinations in the Mostly-
Incongruent (MI) list in
Experiment 1

Location
Inducer locations Diagnostic locations
L] [*] [*] L] (0] [*]
Arrow o o o o o o o o L] L] o
o L] o o o o L] o o o o
Inducer arrows / 30
/ 30 2
\ 2 30
\ 30 2

!

Diagnostic

arrows

16 16

16 16

circles appeared on the right side of the figure and three on
the left side. A regular hexagon was used so that the circles
centered on the vertices of the hexagon would be equally
distant from each other. On each trial, an arrow was pre-
sented inside one of the circles, with the length of the arrow
corresponding to the diameter of the circle (58 pixels). A
fixation symbol (“+”") was also displayed in the center of the
hexagon. The figures for the stimuli were created with Pow-
erpoint and had a 547-pixel width and a 480-pixel height.
The frequency of arrow-location combinations in one of
the six counterbalancings of the experiment is represented
in Tables 1 and 2 for the MC and MI list, respectively (in
the following, this particular counterbalancing is used in all
of our examples). Each arrow (e.g., the north-east-pointing
arrow) was combined with two locations, the congruent loca-
tion (e.g., the north-east location) and the incongruent loca-
tion at the opposite vertex of the hexagon (e.g., the south-
west location). The resulting stimuli were divided into two
sets, with one set composed of four arrows and four locations
(e.g., the north-east, south-west, south-east, and north-west
arrows and locations) serving as the inducer set and another
set composed of the remaining two arrows and two loca-
tions (e.g., the east and west arrows and locations) serving
as the diagnostic set. The inducer set included more arrows
and locations than the diagnostic set to allow for a strong
manipulation of congruency proportion at the list level. Note
that it is unlikely that using an inducer set with more arrows
and locations than the diagnostic set would have any other
impact because, from the participants’ perspective, there is

@ Springer

no obvious separation between the two sets, nor were partici-
pants informed about the sets’ existence. Further, the stimuli
in both sets were composed of arrows and locations that
occurred a total of 32 times individually, making individual
arrows and locations in the inducer set no more frequent than
individual arrows and locations in the diagnostic set.

In the MC list, each location in the inducer set (e.g., the
north-east location) appeared 30 times with the congruent
arrow (e.g., the north-east-pointing location) and two times
with its associated incongruent arrow (e.g., the south-west-
pointing location). Overall, there were 120 congruent items
and eight incongruent items in the inducer set in the MC
list, an item-specific congruency proportion of 93.75%. In
the MI list, the congruency proportion was reversed, with
each location in the inducer set appearing two times with the
congruent arrow and 30 times with its associated incongru-
ent arrow. Overall, there were eight congruent items and
120 incongruent items in the inducer set in the MI list, an
item-specific congruency proportion of 6.25%.

Each location in the diagnostic set (e.g., the east loca-
tion), in contrast, appeared 16 times with the congruent
arrow (e.g., the east-pointing arrow) and 16 times with its
associated incongruent arrow (e.g., the west-pointing arrow)
in both lists. Overall, there were 32 congruent items and
32 incongruent items in the diagnostic set in both lists, an
item-specific congruency proportion of 50%. However,
considering both inducer and diagnostic items, there were
overall 152 congruent items and 40 incongruent items in the
MC list (a list-wide congruency proportion of 79.17%) and
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40 congruent items and 152 incongruent items in the MI
list (a list-wide congruency proportion of 20.83%). In both
lists, the inducer set and the diagnostic set were randomly
intermixed. The assignment of the arrows and locations to
inducer versus diagnostic items was counterbalanced across
participants, thus controlling for potential processing differ-
ences among the arrow-location pairs that were assigned to
the inducer and diagnostic sets. For example, processing for
east- and west-pointing arrows, arrows for which a discrimi-
nation only along the horizontal axis is required, is likely
faster than for the other arrows, which require a discrimi-
nation along both horizontal and vertical axes. However,
east- and west-processing arrows were used as diagnostic
stimuli only in the version of the experiment represented
in Tables 1 and 2, with those arrows being used as inducer
stimuli in other versions.

Procedure

An illustration of the materials and procedure is presented,
as noted, in Fig. 1. Each trial began with a fixation figure in
which the six circles, all empty, were displayed for 250 ms.
Subsequently, an arrow was displayed in one of the circles for
2,000 ms or until the participant’s response. In both displays, a
fixation symbol (“+”) was displayed in the center of the invis-
ible hexagon. The hexagon itself was centered on the screen.
Finally, there was a 750-ms blank screen between trials.

Participants were instructed to respond as quickly and as
accurately as possible by pressing the button corresponding
to the direction of the arrow while ignoring the arrow’s loca-
tion. Specifically, they were instructed to press the U-key
with the right middle finger for “north-east” responses, the
J-key with the right index finger for “east” responses, the
N-key with the right thumb for “south-east” responses, the
V-key with the left thumb for “south-west” responses, the
F-key with the left index finger for “west” responses, and the
T-key with the left middle finger for “north-west” responses.
Note that in keyboard layouts such as QWERTY, AZERTY,
and QWETZ, these key positions are spatially compatible
with the arrows and locations used. Because those layouts
are by far the most common, we did not feel that there was a
need to check the layout on participants’ computers. (How-
ever, in hindsight, it would probably be best for future users
of this paradigm for remote testing to check with their par-
ticipants that they are indeed using one of those keyboard
layouts.) Participants were also invited to keep their elbows
away from their chest in order for their hands to be tilted
on the keyboard and more comfortable with the response
arrangement.

The stimuli were presented against a white background in
a full-screen browser window. The experiment was divided
into two equal-sized blocks (192 trials per block) with a self-
paced pause in the middle, one block being the MC list and

the other being the MI list. The order in which the two lists
were presented was counterbalanced across participants, and
the order of trials within each list was randomized.

Initially, participants performed a practice session involv-
ing two blocks. The first block consisted of 30 trials in which
a single circle was presented in the center of the screen. The
circle was empty for 250 ms and then an arrow appeared
inside it for 2,000 ms or until the participant’s response. The
second block consisted of 48 trials, with the same materials
and procedure as in the experimental session. However, in
this practice block, unlike in the subsequent experimental
blocks, there was no distinction between inducer and diag-
nostic items, because each location appeared four times
with the congruent arrow and four times with its associated
incongruent arrow (resulting in a congruency proportion of
50%). This somewhat longer practice session, compared to
what is typical for vocal color-word and picture-word Stroop
tasks, was included in order to allow participants to familiar-
ize themselves with the stimulus-response mappings.

In line with previous work in our laboratory using the
vocal color-word Stroop task (Spinelli & Lupker, 2020,
2021; Spinelli et al., 2020), no feedback was provided in
the experimental session. Feedback, however, was provided
in the practice session to facilitate learning of the stimulus-
response mappings. In this session, after the stimulus display
and before the blank screen, the feedback message “Cor-
rect” was displayed in green if the response made was cor-
rect, “Wrong” in red if the response was incorrect, and “No
response,” also in red, if no response was made. All feedback
messages were displayed in 36 pt Courier New Font for 500
ms. The experiment was run using the jsPsych (de Leeuw,
2015) JavaScript library.

Results

Prior to all analyses, invalid trials due to responses faster than
300 ms or slower than 2,000 ms, the time limit (accounting
for 1.1% of the data), were discarded.? Prior to conducting the
latency analyses, incorrect responses (accounting for 4.7% of
the data) were also discarded. For this experiment and Exper-
iment 2, all analyses were repeated using only trials following
correct responses, and the pattern of results was virtually

3 We used a lower cutoff of 300 ms to be consistent with prior work
of ours with several Stroop tasks, including the particular spatial
Stroop task used in the present experiments (Spinelli et al., 2022a,
b). However, that cutoff may be felt to be a bit slow considering that
RTs under 300 ms can be observed in choice reaction time tasks
(Welford, 1980). Further, the specific cutoff one chooses might make
a difference, especially for reliability (Parsons, 2022). Therefore, the
ANOVA, t-tests, and reliability analyses for the crucial contrasts in
both experiments were repeated using a 200-ms lower cutoff. The pat-
terns of results were virtually identical, including those for the reli-
ability analyses.
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Table 3 Mean response times (RTs) and percentage error rates (and
corresponding standard deviations) for inducer items in Experiment 1

RTs Error rates
Item type MClist  MIlist MC list MI list
Congruent 576 (100) 699 (122) 1.57 (2.04)  4.35(8.06)
Incongruent 770 (123) 648 (113) 19.13 (17.23) 5.42(6.78)
Congruency 194 -51 17.56 1.07
effect

identical with respect to the crucial analyses. Also, for both
experiments, the crucial analyses were repeated excluding
participants (three in Experiment 1 and one in Experiment 2
for both latencies and error rates) for which at least one of the
relevant condition means was associated with a studentized
residual exceeding 3 in absolute value, suggesting a poten-
tially strong influence of that condition mean on the results.
Again, the pattern of results was virtually identical.

For both inducer and diagnostic items, a repeated-
measures ANOVA was conducted on both latencies and
errors with Congruency (Congruent vs. Incongruent) and
List Type (Mostly congruent vs. Mostly incongruent) as
within-subject factors. The analyses were repeated including
the order in which participants received the lists (MC first
vs. MI first) as an additional between-subject factor. These
analyses revealed a practice effect in the response times
(RTs; faster latencies in the second block than in the first
block regardless of the type of list presented in the two
blocks), but the pattern of results remained otherwise the
same. In particular, the null three-way interaction between
Congruency, List Type, and List Order that was obtained
for both inducer items (F(1, 46) = .71, MSE = 2385, p =
405, ;1]% = .015 for RTs, F(1, 46) < .01, MSE = .006, p =
948, nlf < .001 for error rates) and diagnostic items (F(1,
46) = .16, MSE = 1299, p = .687, n; =.004 for RTs, F(1,
46) = .66, MSE = .002, p = 421, r/; = .014 for error rates)
indicates that the list-wide PC effect was not significantly
smaller when the MI list was presented first than when the
MC list was presented first, a pattern previously reported
by Abrahamse et al. (2013). In any case, for simplicity, we
report the analyses without the order factor.

In addition to traditional frequentist analyses, the evi-
dence supporting the presence versus the absence of the
list-wide PC effect, i.e., the Congruency by List Type inter-
action, was also quantified with Bayesian analyses compar-
ing the model without that effect (interpreted as the null
hypothesis H) and the model with that effect (interpreted
as the alternative hypothesis H,) in JASP version 0.16.41
(JASP Team, 2022) using the default settings. The result
of this comparison is reported as BF,, with BF, > 1 sug-
gesting evidence in support of H; (i.e., the presence of the
effect), and BF | < 1 suggesting evidence in support of H,
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Table 4 Mean response times (RTs) and percentage error rates (and
corresponding standard deviations) for diagnostic items in Experi-
ment 1

RTs Error rates
Congruency MC list  MI list MC list MI list
Congruent 589 (108) 643 (127) 2.21(4.36)  2.46 (4.11)
Incongruent 713 (132) 665 (147) 13.50 (13.14) 7.03 (7.57)
Congruency 124 22 11.29 4.57
effect

(i.e., the absence of the effect) (BF;, = 1 would suggest
equal evidence for the two hypotheses).

Separate analyses were conducted for inducer and diag-
nostic items, paralleling previous research using the inducer/
diagnostic design (e.g., Bugg, 2014; Bugg et al., 2008). Note
that the analysis playing the crucial role in demonstrating
conflict-induced control is that involving diagnostic items,
whereas the analysis involving inducer items serves more as
a manipulation check (i.e., because any of a number of pro-
cesses can produce a PC effect for those items, it follows that
that analysis must produce one, as it typically does, in order
for the manipulation to be deemed minimally successful). In
addition, to gain some insight into the psychometric properties
of our manipulation, we conducted a reliability analysis of
the list-wide PC effect produced by the diagnostic items (i.e.,
the crucial effect) by computing Spearman-Brown corrected
split-half reliabilities using Parsons’ (2021) split-half package,
version 0.8.2 in R version 4.2.2 (R Core Team, 2022), with
random assignment to the two halves over 5,000 iterations.*

The mean RTs and error rates for the inducer and diag-
nostic items are presented in Tables 3 and 4, respectively.
Skewness and kurtosis values for all of the conditions for

4 We focused on the list-wide PC effect produced by diagnostic
items because, as noted, it is the crucial effect in our manipulation.
However, list-wide PC manipulations have also been used for the
purpose of examining the reliability of the congruency effect in MC
and MI lists (as opposed to the list-wide PC effect which is the dif-
ference between congruency effects in MC vs. MI lists; Borgmann
et al., 2007). We conducted such an analysis for the congruency effect
produced by diagnostic items in the MC list and, separately, the MI
list. We focused on diagnostic items only for this analysis because
they are confound-free and because we deemed that inducer items
involved too few observations in the infrequent cells to conduct such
an analysis, i.e., only eight incongruent stimuli in the MC list and
only eight congruent ones in the MI list. The Spearman-Brown cor-
rected split-half reliabilities for the congruency effect were, for the
latencies, rqg = .46, 95% CI [-.10, .73] in the MC list and rgg = .62,
95% CI [.38, .78] in the MI list; for the error rates, they were rgg =
.70, 95% CI [.54, .82] in the MC list and rgz = .21, 95% CI [-.22, .55]
in the MI list. Thus, while the reliability of the congruency effect was
better for the MI list than the MC list in the latencies, it was better
for the MC list than the MI list in the error rates. Further, note that,
although those reliability values would be deemed acceptable, none
was particularly high.
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both latencies and error rates, calculated using Komsta and
Novomestky’s (2022) moments package, version 0.14.1
in R, are presented in Table 5. For this and the following
experiment, the raw data, JASP files, and study materials are
available via the Open Science Framework at https://osf.io/
6v2p9/. Neither experiment was preregistered.

Inducer items

Response times (RTs) There was a main effect of Congru-
ency, F(1,47) = 62.76, MSE = 3931, p < .001, 171127 = .572,
indicating overall faster responses to congruent than incon-
gruent items, but no main effect of List Type, F(1, 47) <
.01, MSE = 7030, p = .973, n[% < .001. However, List Type
interacted with Congruency, F(1, 47) = 305.83, MSE =
2370, p < .001, 2 = 867, BFy = 5.10%10*° + 2.78%. The
interaction reflected the fact that the congruency effect was
not just smaller in the MI list than in the MC list, the typical
pattern of the list-wide PC effect — the congruency effect
in the MI list was reversed, with responses to incongruent
items being 51-ms faster than responses to congruent items
(a significant difference, #(47) = 5.28, p < .001, 115 =.372).

Errorrates There were main effects of Congruency, F(1,47)
= 34.83, MSE = .012, p < .001, 11[3 = .426, with congruent
items eliciting fewer errors than incongruent items, and List
Type, F(1,47) = 17.68, MSE = .008, p < .001, ’1,% = .273,
with the MI list eliciting fewer errors than the MC list over-
all. Congruency and List type interacted as well, F(1,47) =
51.90, MSE = .006, p < .001, 11; =.525, BF = 6.85%10% +

3.18%, indicating that the congruency effect was larger in
the MC list (17.56%) than in the MI list (1.07%), the typical
pattern of the list-wide PC effect. Although the congruency
effect in the MI list was not reversed in this case, it was not
statistically different from zero either, #(47) = -.86, p = .396,
n}% =.015.

Diagnostic items

RTs There was a main effect of Congruency, F(1, 47) =
69.66, MSE = 3635, p < .001, 17; = .597, indicating faster
responses to congruent than incongruent items, but no main
effect of List Type, F(1, 47) = .05, MSE = 6213, p = .829, 11[3
< .001. Importantly, Congruency and List Type interacted,
F(1, 47) = 98.70, MSE = 1276, p < .001, n{% =.677, BF,
= 6.78%10'" + 3.39%. The congruency effect was larger in
the MC list (124 ms) than in the MI list (22 ms), the typical
list-wide PC effect pattern. Note that the 22-ms congruency
effect in the MI list was significant, #(47) = -2.10, p = .041,
115 =.086.

Error rates There were main effects of Congruency, F(1,
47) = 52.25, MSE = .006, p < .001, ;15 = .526, with con-
gruent items eliciting fewer errors than incongruent items,
and List Type, F(1, 47) = 10.56, MSE = .004, p = .002, 11[3
= .183, with the MI list eliciting fewer errors than the MC
list overall. Congruency and List type interacted, F(1, 47)
=23.95, MSE = .002, p < .001, 11[% =.338, BF |, =2918.95
+10.39%, indicating that the congruency effect was larger in
the MC list (11.29%) than in the MI list (4.57%), the typical

Table 5 Skewness and kurtosis values for response times (RTs) and percentage error rates for inducer and diagnostic items in Experiment 1

Dependent variable Item type List type Congruency Skewness Kurtosis
RTs Inducer MC list Congruent 1.94 8.29
Incongruent 48 2.30
MI list Congruent .81 4.30
Incongruent 1.40 5.13
Diagnostic MC list Congruent 1.79 8.71
Incongruent 1.16 5.12
MI list Congruent 1.77 7.74
Incongruent 1.68 6.70
Error rates Inducer MC list Congruent 2.30 9.10
Incongruent 0.66 2.67
MI list Congruent 2.55 11.70
Incongruent 3.43 16.10
Diagnostic MC list Congruent 2.73 9.96
Incongruent 2.89 13.80
MI list Congruent 1.77 5.26
Incongruent 2.31 9.64
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Fig.2 Histogram of the list-wide Proportion-Congruent (PC) effects
for the diagnostic items in Experiment 1. The list-wide PC effect is
calculated by subtracting, for both latencies and error rates, the par-

list-wide PC effect pattern. Note that, in these data as well,
the 4.57% congruency effect in the MI list was significant,
#(47) =-5.41, p < .001, 11]3 =.383.

Reliability analysis

A histogram of the list-wide PC effects (calculated by sub-
tracting, for both latencies and error rates, the participant’s
congruency effect in the MI list from the participant’s con-
gruency effect in the MC list) for the diagnostic items is
presented in Fig. 2. For the latencies (Fig. 2A), skewness
was .26, kurtosis was 3.84, and 45 participants (out of 48,
i.e., 93.75%) showed a positive effect (i.e., an effect in the
expected direction). For the error rates (Fig. 2B), skew-
ness was 1.64, kurtosis was 6.91, and 33 participants (i.e.,
68.75%) showed a positive effect. Despite the general robust-
ness of the list-wide PC effect, the Spearman-Brown cor-
rected split-half reliabilities were only rqg = .12, 95% CI
[-.38, 0.52] for the latencies, and rgg = .27, 95% CI [-.12,
0.57] for the error rates.

Discussion

Not surprisingly, both RTs and error rates showed a list-wide
PC effect for inducer items. Interestingly, this list-wide PC
effect reflected a complete elimination of the congruency
effect in the MI list for the error rates and, for the latencies,
a reversal of the effect. Note that this reversed congruency
effect is not new in the literature (indeed, in one of the first
ever list-wide PC manipulations, Logan & Zbrodoff (1979)
reported a reversed congruency effect in the MI list in a spatial
Stroop task similar to ours, albeit with a much simpler design;
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ticipant’s congruency effect in the Mostly-Incongruent (MI) list from
the participant’s congruency effect in the Mostly-Congruent (MC) list

for similar evidence in the Simon task, see Borgmann et al.,
2007; for evidence from a Stroop task with an inducer/diag-
nostic design, see Blais & Bunge, 2010). However, it is not
an effect that can be explained by standard control accounts
(e.g., Botvinick et al., 2001) because those accounts predict
a reduction or, at most, an elimination of the processing cost
associated with conflict (i.e., the congruency effect) in situ-
ations in which conflict is more frequent. That is, conflicting
stimuli should never become easier to process than non-con-
flicting stimuli according to standard control accounts (but for
an alternative control account that would be able to explain
reversed congruency effects, see Weissman et al., 2015).

The most likely explanation for the reversed congru-
ency effect is that the effect is the result of a non-conflict
factor that, for inducer items, is confounded with the con-
gruency proportion manipulation. For example, for those
items, contingency learning in the MI list might have facili-
tated responses to incongruent stimuli, stimuli that were
high-contingency for inducer items, to the point that those
stimuli were responded to faster than congruent stimuli,
stimuli that were low-contingency for inducer items. Alter-
natively, the reversal might result from the fact that each
individual incongruent stimulus was much more frequent
(30 occurrences) than each individual congruent stimulus
(two occurrences) for inducer items, creating a strong repeti-
tion-priming effect for the incongruent stimuli such that they
then produced shorter latencies than the congruent stimuli.
Although the fact that inducer items produced a list-wide
PC effect is hardly surprising, the fact that the pattern of the
effect involved a reversal of the congruency effect in the MI
list appears to be a nice demonstration of the strong impact
that non-conflict processes can have in PC paradigms and
why it is important to control for that impact.
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More importantly for present purposes, both RTs and
error rates showed a regular list-wide PC effect for diagnos-
tic items, with a larger congruency effect when those items
appeared in the MC compared to the MI list, with those
items in the MI list still showing a typical, albeit reduced,
congruency effect (incongruent harder to process than con-
gruent). Because those items were identical in the two lists,
non-conflict processes should have had a similar impact, if
they had any impact at all, on them in the two lists. There-
fore, the observed effects must be due to the nature of the list
that those items appeared in, presumably reflecting an item-
nonspecific process of proactive control increasing selective
attention to target information in the MI list compared to the
MC list (but for alternative explanations, see the General
discussion). Note, further, that the effect sizes for the PC
effects (;1; = .677 and n‘f = .338 for RTs and error rates,
respectively) were quite large in comparison to what is typi-
cally reported for diagnostic items (e.g., Spinelli & Lupker,
2023a, reported effect sizes ranging from n; =.276 to Vlg =
.361 for RTs and from 77; =.056 to 115 = .118 for error rates
in their color-word Stroop experiments), suggesting that our
task was particularly effective at inducing a proactive control
modulation.

While the list-wide PC effect for the diagnostic items was
robust, it was associated with poor reliability. Part of the rea-
son for this poor reliability is that the list-wide PC effect is
a difference score (more precisely, a difference of difference
scores), a type of score that inevitably has lower reliability
than its components (Draheim et al., 2019; Rodebaugh et al.,
2016). In general, this type of situation is yet another exam-
ple of the “reliability paradox” affecting many classic tasks
in cognitive psychology, tasks that produce effects that are,
in most cases, robust, but do not produce high reliability
coefficients (Hedge et al., 2018).

Experiment 2

In Experiment 2, we tested the effectiveness of the spatial
Stroop task used in Experiment 1 at engaging item-specific,
reactive control by examining data from the item-specific PC
paradigm. In order to examine the impact of reactive control
independently from the impact of non-conflict processes,
we used Spinelli and Lupker’s (2020) design. In that design,
implemented in the color-word Stroop task, Spinelli and Lup-
ker constructed the MC set by presenting each of three colors
(e.g., red, yellow, and black) with its congruent word (e.g.,
RED for the color red, a high-contingency stimulus) more
often than with the other two (incongruent) words used in that
set (e.g., YELLOW and BLACK for the color red, both low-
contingency stimuli). Similarly, the MI set was constructed
by presenting each of three different colors (e.g., blue, green,
and white) more often in one of the other (incongruent) words

used in that set (e.g., GREEN for the color white, a high-con-
tingency stimulus) than with either its congruent word or the
third (incongruent) word (e.g., WHITE and BLUE, respec-
tively, for the color white, both low-contingency stimuli).
The advantage of this design is that it produces two types of
low-contingency incongruent stimuli: MC stimuli (e.g., YEL-
LOW in red and BLACK in red) and MI stimuli (e.g., BLUE
in white). Because these stimuli are matched on contingency
learning and, further, are presented with the same individual
frequency in the experiment, they are only differentiated by the
MC versus MI nature (i.e., red, yellow, and black words and
colors — the MC stimuli — usually indicate that the stimulus is
a congruent stimulus, whereas blue, green, and white words
and colors — the MI stimuli — usually indicate that the stimulus
is an incongruent stimulus). Therefore, the fact that Spinelli
and Lupker observed longer latencies for the MC incongruent
stimuli than for the MI incongruent stimuli in that particular
contrast may only be attributed to selective attention to target
information being increased in response to the latter stimuli, a
reactive-control process.

In the present experiment, we adapted Spinelli and Lupker’s
(2020) design to the spatial Stroop task used in the present
Experiment 1. Although the nature of the stimuli in that task
is different from those in the color-word version of the task,
the logic was similar: Because the stimuli being compared in
the crucial contrast (the infrequent incongruent stimuli in the
MC and MI sets) would be matched on contingency learning
and individual stimulus frequency but not on item-specific
conflict frequency (i.e., the conflict frequency associated with
the particular targets and/or a particular distractors in each
set), any difference between those stimuli would be the result
of a reactive-control process. Specifically, increased latencies
and/or error rates for the MC incongruent stimuli compared to
those MI incongruent stimuli in the contrast would be consist-
ent with the idea that selective attention to target information
is reactively increased for the latter stimuli.

Method
Participants

An a priori power analysis was performed using G*Power
3.1 (Faul et al., 2009) to calculate the sample size needed
for a power of .80 for obtaining an effect as large as the
effect reported by Spinelli and Lupker (2020) for the con-
trast between MC incongruent stimuli and contingency-
matched MI incongruent stimuli in latencies, ;7/127 = .088.
This analysis revealed that a minimum sample size of 85
participants would be needed. 104 students at the University
of Western Ontario participated in this experiment, which
was conducted online, for course credit. After discarding
too-fast, too-slow, and incorrect responses (see below), eight
participants contributed fewer than 75% of their original
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Table 6 Template for the Location
frequency of arrow-location
combinations in Experiment 2 MC locations M1 locations
Arrow o .O o L] o o o o .U o O. o
MC arrows / 48 8 8
—> 8 48 8
\ 8 8 48
MI arrows / 8 8 48
-« 48 8 8
\ 8 48 8

The incongruent items shaded in light grey are the Mostly-Congruent (MC) incongruent items, those
shaded in dark grey are the Mostly-Incongruent (MI) incongruent items matched on contingency learning
and individual stimulus frequency with the MC incongruent items

observations. Those participants were removed from the
analyses, leaving 96 participants (58 females and 38 males;
11 left-handed, 84 right-handed, and one ambidextrous; age
18-24 years). All participants were native English speakers
and had normal or corrected-to-normal vision.

Materials

The materials were the same as in Experiment 1. What
changed was how the arrows and the locations were com-
bined. The frequency of arrow-location combinations
in one of the four counterbalancings of the experiment
was modelled after Spinelli and Lupker (2020) and is
represented in Table 6 (in the following, this particular
counterbalancing will be used in all of our examples). In
this experiment, each arrow (e.g., the north-east-pointing
arrow) was combined with three locations, the congru-
ent location (e.g., the north-east location) and the two
incongruent locations on the same side of the hexagon
(left or right) as the congruent location (e.g., the east and
the south-east locations). The resulting two sets of stimuli
(one for the left side, the other for the right side) were
manipulated either as an MC set or as an MI set. In the
MC set, each location appeared with its congruent arrow
48 times and with each of the two incongruent arrows
eight times, resulting in an item-specific (i.e., location-
specific and arrow-specific) congruency proportion of
75%. Similarly, in the MI set, each location appeared with
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one incongruent arrow 48 times and with both the other
incongruent arrow and the congruent arrow eight times,
resulting in an item-specific congruency proportion of
12.5%.

Note that the arrows and locations used for MC and MI
sets were not permitted to overlap in order to avoid creating
stimuli with an ambiguous congruency proportion (e.g., an
MC arrow appearing in an MI location; see Spinelli & Lup-
ker, 2020). Further, the arrows and locations used for each
set were not permitted to cross sides (i.e., left-side arrows
appeared only in left-side locations and right-side arrows
appeared only in right-side locations) because responses to
left-side arrows (i.e., north-west-, west-, and south-west-
pointing arrows) were done with one hand (the left hand)
and responses to right-side arrows (i.e., north-east-, east-,
and south-east-pointing arrows) were done with the other
hand (the right hand). Because conflict-induced control pro-
cesses sometimes do not generalize across responding hands
(e.g., Kim & Cho, 2014; Lim & Cho, 2018), we decided to
maintain, for each participant, each of the set types (MC vs.
MI) on one of the responding hands.

An implication of this design is that, should a reactive-
control effect unconfounded from non-conflict processes
emerge when contrasting MC and MI sets, that effect might
not be “item-specific” in the sense that it is triggered by
recognition of individual stimulus components (e.g., a south-
west-pointing arrow as opposed to a west-pointing one). The
effect might be “side-specific” because recognition of the
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side (left vs. right) of the stimulus might be sufficient to
trigger reactive control (similar to the location-specific PC
effects reported for context-specific PC manipulations in
color-word Stroop tasks: Crump et al., 2006). For example,
the presentation of an MI stimulus such as the south-west-
pointing arrow displayed in the west location might cause a
selective-attention increase not only because that particular
arrow or that particular location is associated with conflict,
but also because “left” stimuli are generally associated with
conflict in this experiment. However, even if the effect is
“side-specific” and not “item-specific”, it would still be a
reactive-control effect since participants in this experiment
do not know and, hence, cannot prepare for the side of the
upcoming stimulus. Since our interest lies in examining
reactive control, the exact nature of this form of control in
the present experiment is not of primary importance.

Note, finally, that the MI set was designed in a symmetric
fashion compared to the MC set (with each location appear-
ing 48 times with an arrow and eight times with the other
arrows in the set) in order for contingency learning and indi-
vidual stimulus frequency to be perfectly matched in the
crucial contrast between the two types of incongruent stimuli
(i.e., those in the MI vs. the MC sets). That is, those stimuli
were designed in such a way that they would only differ in
item-specific conflict frequency: Each incongruent stimu-
lus in the MC set was a low-contingency stimulus appear-
ing eight times in the experiment (e.g., the east-pointing
arrow appearing in the north-east location, shaded in light
grey in Table 6), and each incongruent stimulus in the MI
set used in the crucial contrast was also a low-contingency
stimulus appearing eight times in the experiment (e.g., the
north-west-pointing arrow appearing in the south-west loca-
tion, shaded in dark grey in Table 6). In the following, for
simplicity, we call this contrast (and associated effects) the
“reactive-control” contrast (effects) based on the assumption
that, should a difference emerge in this contrast, it would
have to be attributed to reactive control and no other pro-
cess. Importantly, this contrast is only based on incongruent
stimuli because, for congruent stimuli, it is impossible to

fully control for non-conflict processes in an item-specific
PC manipulation. Overall, there were 384 items (168 con-
gruent and 216 incongruent). The assignment of each set
to the MC or the MI condition was counterbalanced across
participants. The specific incongruent arrow serving as the
high-contingency arrow for locations in the MI set was also
counterbalanced across participants.

Procedure

The procedure was the same as in Experiment 1 except
that the composition of the second practice block mirrored
that of the upcoming experimental blocks, as is common in
item-specific PC paradigms (e.g., Spinelli & Lupker, 2020;
Spinelli et al., 2020, 2022b). For example, in the second
practice block for the counterbalancing presented in Table 6,
the north-east location appeared six times with its congruent
arrow, once with the east-pointing arrow, and once with the
south-east-pointing arrow, and so on for the other locations
and arrows. As in Experiment 1, trials were randomized and
there were two experimental blocks with a self-paced pause
in the middle; however, there was no difference in the nature
of the stimuli in the two blocks.

Results

Prior to all analyses, invalid trials due to responses faster than
300 ms or slower than 2,000 ms, the time limit (accounting
for 1.6% of the data), were discarded. Prior to the RT analy-
ses, incorrect responses (accounting for 5.6% of the data)
were also discarded. The design used in this experiment
allowed us to conduct three analyses: a classic item-specific
PC analysis contrasting overall congruency effects for MC
items versus MI items, a contingency-learning analysis con-
trasting MI incongruent stimuli matched on item-specific
(i.e., arrow- and location-specific) conflict frequency, and
a reactive-control analysis contrasting incongruent stimuli
belonging to the MC set versus the MI set but matched on
contingency learning and individual stimulus frequency.

Table 7 Mean response times (RTs) and percentage error rates (and corresponding standard deviations) for all of the conditions involved in

Experiment 2

RTs Error rates
Congruency MC items MI items MC items MI items
Congruent 589 (101) 616 (101) 1.56 (1.75) 1.27 (2.54)
Low-contingency incongruent 752 (135) 749 (128) 13.52 (9.70) 9.41 (8.33)
High-contingency incongruent 704 (119) 7.37 (7.48)
Incongruent (collapsed) 752 (135) 710 (119) 13.52 (9.70) 7.66 (7.24)
Congruency effect (incongruent collapsed — 163 94 11.96 6.39

congruent)
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Table 8 Mean response times (RTs) and percentage error rates (and
corresponding standard errors) for low-contingency and high-contin-
gency incongruent stimuli in the Mostly-Incongruent (MI) condition
in Experiment 2

Contingency RTs Error rates
Low 749 (128) 9.41 (8.33)
High 704 (119) 7.37 (7.48)
Contingency-learning effect 45 2.04

The classic item-specific PC analysis was conducted
using a repeated-measures ANOVA with Congruency (Con-
gruent vs. Incongruent) and Item Type (Mostly congruent
vs. Mostly incongruent) as within-subject factors, with no
distinction being made between the low-contingency and the
high-contingency incongruent items in the MI set (the data
from all incongruent items in the MI set were collapsed).
This analysis serves as a manipulation check (the same role
played by the analysis of inducer items in Experiment 1),
that is, it provides a demonstration that the task produces
the expected item-specific PC effect in a situation in which
a number of processes (including non-conflict ones) could
produce it, the most basic goal for a successful item-specific
PC manipulation.

The contingency-learning analysis was conducted by
contrasting low-contingency MI incongruent stimuli (e.g.,
in the counterbalancing presented in Table 6, the north-
west-pointing arrow appearing in the south-west location)
and high-contingency MI incongruent stimuli (e.g., the
west-pointing arrow appearing in the south-west location).
Those types of stimuli were matched on item-specific con-
flict frequency because they both belonged to the MI set
but differed on contingency learning as well as individual
stimulus frequency (as each low-contingency stimulus
appeared eight times in the experiment whereas each high-
contingency stimulus appeared 48 times). Thus, a difference
between them, in particular, an advantage for the high-con-
tingency stimuli compared to the low-contingency stimuli,
would have to be interpreted as the effect of contingency
learning and/or repetition-priming processes. This idea was

Table 9 Mean response times (RTs) and percentage error rates (and
corresponding standard deviations) for incongruent stimuli in the
Mostly-Congruent (MC) condition and matched incongruent stimuli
in the Mostly-Incongruent (MI) condition in Experiment 2

Condition RTs Error rates
MC 752 (135) 13.52 (9.70)
MI 749 (128) 9.41 (8.33)

Reactive-control effect 3 4.11
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examined using a one-tailed #-test (using both a frequentist
and a Bayesian approach) reflecting the alternative hypoth-
esis that high-contingency stimuli would elicit lower RTs
and error rates than the matched low-contingency stimuli.

Finally, the reactive-control analysis was conducted by
contrasting incongruent stimuli belonging to the MC set
versus the MI set but matched on contingency learning
and individual stimulus frequency. This contrast was con-
ducted with a one-tailed #-test (using both a frequentist
and a Bayesian approach) reflecting the alternative hypoth-
esis that the former stimuli would elicit higher RTs and
error rates than the latter (for similar analyses, see Bugg
& Hutchison, 2013; Spinelli et al., 2022b). As noted, this
contrast is crucial because, should a difference emerge,
it would have to be attributed to reactive control and no
other process. Further, for this contrast, similar to what we
did for the crucial contrast in Experiment 1 (i.e., the list-
wide PC effect for diagnostic items), we also conducted a
reliability analysis. Note that the reason for this contrast
to involve incongruent stimuli only is that congruent stim-
uli in MC and MI conditions were not matched on non-
conflict processes in the present manipulation: In the MC
condition, they were high-contingency and appeared with
a high individual stimulus frequency (i.e., 48 times each),
whereas in the MI condition, they were low-contingency
and appeared with a low individual stimulus frequency
(i.e., eight times each). Therefore, the contrast between
those stimuli cannot be used to provide unambiguous
evidence for reactive control. Instead, we focused on the
incongruent stimuli matched on non-conflict processes
only, and invite future users of this manipulation to do so
as well. The mean RTs and error rates for all of the condi-
tions involved in Experiment 2 are presented in Table 7 .
In that table, in addition to the congruent, low-contingency
incongruent, and high-contingency incongruent condi-
tions, we also report the data for all incongruent condi-
tions collapsed and for the congruency effects obtained by
contrasting that collapsed incongruent condition with the
congruent condition. The classic item-specific PC analy-
sis was based on that contrast. The contrasts on which
the contingency-learning and reactive-control analyses
were based are reported in more detail in Tables 8 and 9,
respectively. Skewness and kurtosis values for all of the
conditions for both latencies and error rates are presented
in Table 10.

Classic item-specific Proportion-Congruent (PC) analysis

RTs There was a main effect of Congruency, F(1, 95) =
763.53, MSE = 2083, p < .001, 17[% = .889, indicating faster
responses to congruent than incongruent items, and a mar-
ginal effect of Item Type, F(1, 95) = 2.77, MSE = 2069, p



Attention, Perception, & Psychophysics (2024) 86:1259-1286 1275
Table 10 Skewness and kurtosis values for response times (RTs) and percentage error rates for all the conditions in Experiment 2
Dependent variable Item type Congruency Contingency Skewness Kurtosis
RTs MC Congruent High 73 3.67
Incongruent Low .64 3.63
MI Congruent Low .29 2.39
Incongruent High 17 2.36
Incongruent Low 32 2.60
Error rates MC Congruent High 1.75 6.72
Incongruent Low .96 322
MI Congruent Low 2.45 10.10
Incongruent High 2.09 7.61
Incongruent Low .88 3.42

=.099, ;11127 = .028. Congruency and Item Type interacted,
F(1,95) =176.68, MSE = 630, p < .001, r/’% =.650, BF |, =
7.65%10% + 7.78%, as the congruency effect was larger for
MC items (163 ms) than for MI items (94 ms), the typical
pattern for the item-specific PC effect.

Error rates There were main effects of Congruency, F(1,
95) = 141.15, MSE = .006, p < .001, ;7[% = .598, with con-
gruent items eliciting fewer errors than incongruent items,
and Item Type, F(1, 95) =90.77, MSE = .001, p < .001, n}f
= .489, with MI items eliciting fewer errors than the MC
items overall. Congruency and Item Type interacted in this
case as well, F(1,95) =75.82, MSE = .001, p < .001, 173 =
444, BF |, = 4.58 + 13.32%, indicating that the congruency
effect was larger for MC items (11.96%) than for MI items
(6.39%), the typical pattern for the item-specific PC effect.

Contingency-learning analysis

RTs The high-contingency incongruent stimuli in the MI set
(704 ms) were significantly faster than the low-contingency
incongruent stimuli in that set (749 ms), #(95) = -10.56, p
<.001, ;15 = .540, BF ;= 1.10¥10'° (note that the minus in
the subscript of the Bayes factor denotes the directionality
of the alternative hypothesis).

Errorrates The error rate for the high-contingency incongruent
stimuli in the MI set (7.37%) was significantly lower than the
error rate for the low-contingency incongruent stimuli in that
set (9.41%), 1(95) = -3.01, p = .002, ;1[% =.087, BF ,=15.13.

Reactive-control analysis
RTs The incongruent stimuli in the MC condition (752 ms)

were only 3 ms slower than the matched incongruent stimuli
in the MI condition (749 ms), a non-significant difference

in a one-tailed #-test, #(95) = .43, p = .333, n§ =.002, BF
=.16.

Error rates The error rate was larger for the incongruent
stimuli in the MC condition (13.52%) than for the matched
incongruent stimuli in the MI condition (9.41%), a difference
that was significant in a one-tailed #-test, #(95) = 5.60, p <
001,72 = 248, BF = 1.24%10°.

Reliability analysis

A histogram of the reactive-control effects is presented in
Fig. 3. For the latencies (Fig. 3A), skewness was .65, kur-
tosis was 6.06, and 54 participants (out of 96, i.e., 56.25%)
showed a positive effect (i.e., an effect in the expected direc-
tion). For the error rates (Fig. 3B), skewness was .27, kur-
tosis was 3.54, and 67 participants (i.e., 69.79%) showed a
positive effect. Overall, the effect was not as robust as the
list-wide PC effect for diagnostic items in Experiment 1.
Further, the Spearman-Brown-corrected split-half reliabili-
ties were only rgg = .39, 95% CI [0.19, 0.57] for the laten-
cies, and rgg = -.09, 95% CI [-.34, 0.20] for the error rates.

Discussion

The analyses conducted for Experiment 2 produced the
following results. First, when using a classic item-specific
PC analysis contrasting congruency effects for MC and MI
items (with no distinctions being made between the different
types of incongruent stimuli used in the design), we found
that the present experiment, as with most item-specific PC
experiments, was successful at producing a regular item-
specific PC effect in both RTs and error rates, with a larger
congruency effect for MC items than for MI items. Second,
when contrasting stimuli matched on item-specific conflict
frequency but differing on contingency learning as well as
individual stimulus frequency, responses to high-contingency
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Fig.3 Histogram of the reactive-control effect in Experiment 2. The
reactive-control effect is calculated by subtracting the participant’s
mean latency (or error rate) for the low-contingency, incongru-

incongruent stimuli, that is, stimuli that required their typical
response and were repeated more times in the experiment,
were faster and more accurate than responses to low-contin-
gency incongruent stimuli, that is, stimuli that required an
atypical response for them and were repeated fewer times in
the experiment. This effect may be interpretable as result-
ing from either a contingency-learning process (with loca-
tions being associated with their typical response) and/or a
repetition-priming process (with stimuli repeated more times
in the experiment being advantaged). In any case, the point is
that, in item-specific PC manipulations as well as in list-wide
PC manipulations, non-conflict processes do have an impact.

Finally and most importantly, although non-conflict
processes did have an impact, Experiment 2 produced evi-
dence for reactive control unconfounded with non-conflict
processes, as incongruent stimuli matched on contingency
learning and individual stimulus frequency elicited more
errors when they belonged to the MC set, a stimulus set
associated with infrequent conflict, than when they belonged
to the MI set, a stimulus set associated with frequent conflict
(a reactive-control effect). This result was not observed for
RTs, however.

A possible, but speculative, interpretation of this pattern
is that the primary impact of reactive control in the present
task was to prevent the task goal from being neglected for
MI stimuli as often as it is for MC stimuli (for similar expla-
nations, see Kane & Engle, 2003; Spinelli et al., 2020). That
is, when an MC stimulus is presented, the fact that selective
attention is not inevitably increased may occasionally allow
a response to the location instead of the direction of the
arrow. Although this process would often result in a correct
response for MC stimuli because most of those stimuli are
congruent, it would result in an error for the rare incongruent
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ent, Mostly-Incongruent (MI) condition from the participant’s mean
latency (or error rate) for the low-contingency, incongruent, Mostly-
Congruent (MC) condition

stimuli in this condition on some occasions. However, on the
other occasions (i.e., the occasions in which the task goal is
correctly maintained), the direction of the arrow would be
correctly identified without producing an increased latency.

In contrast, the selective-attention increase for MI stim-
uli would almost always avoid goal neglect when such a
stimulus is presented. The reason is that, because most of
those stimuli are incongruent, responding to the location
instead of the direction of the arrow would result in an error
in most cases. Thus, although latencies would be comparable
for incongruent stimuli in this condition compared to the
matched stimuli in the MC condition when the task goal
is correctly maintained, there would be fewer episodes in
which the goal is not maintained, resulting in lower error
rates in this condition.

What might also have played some role in preventing a
reactive-control effect from emerging in the latencies is the
fact that the contingency-learning effect was relatively large
in that dependent measure (45 ms and 113 =.540). In particu-
lar, it was a bit larger than the 37-ms (and ;15 =.402) contin-
gency-learning effect we reported for the original color-word
Stroop experiment on which the present Experiment 2 was
based (Spinelli & Lupker, 2020). In that color-word Stroop
experiment, as noted, the presence of a contingency-learning
effect did not prevent a reactive-control effect from also aris-
ing in the latencies. However, as we discuss more fully in
the General discussion (section “Direct and indirect impacts
of non-conflict processes”), there is an argument that con-
tingency learning and reactive control may be competing
with one another, with the former being prioritized when
it can be used to minimize interference in the MI condition
(Bugg et al., 2011; see also Bugg & Hutchison, 2013), as
was the case for the present Experiment 2. Based on these
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considerations, it is possible that in the present Experiment
2, contingency learning was strong enough to eliminate a
large portion of the conflict cost produced by incongruent
distractors in the MI condition by itself, with little additional
benefit being observed for reactive control, at least in the
latencies.

As for the reason for this increased influence of con-
tingency learning, it may be due to the fact that keypress
responses to arrow directions, albeit not arbitrary, are not
highly practiced responses (and in fact, to preview our dis-
cussion on time on task later in this section, those responses
showed practice effects which vocal responses in Spinelli
& Lupker’s (2020) original color-word Stroop experiment
did not). The reason this fact is relevant is that contingency-
learning effects are larger (and, therefore, potentially more
influential) in experiments involving responses that are not
well practiced (e.g., keypress responses to colors) than in
experiments involving more practiced responses (e.g., vocal
responses to colors: Forrin & MacLeod, 2017; Spinelli et al.,
2020). In any case, if either (or both) of these proposals are
correct, error rates would be the most appropriate depend-
ent variable to examine in future research aimed at induc-
ing reactive control with the present paradigm. With this
consideration in mind, one suggestion would be to modify
the paradigm in order for the research focus to be only on
accuracy by, for example, using a fixed (Jacoby et al., 2003)
or adaptive (Draheim et al., 2021) deadline for the response
and examining the proportion of correct responses within
that deadline.

Future research should also attempt to determine the rea-
son why reactive-control contrasts similar to the one we used
in the present experiment do tend to produce an effect in
the latencies for color-word and picture-word Stroop tasks
(e.g., Bugg & Hutchison, 2013; Bugg et al., 2011; Spinelli &
Lupker, 2020). The presence of those effects would seem to
imply that, in those experiments, even when the task goal is
correctly maintained, responding to incongruent stimuli that
are typically congruent still takes longer than responding to
matched incongruent stimuli that are typically incongruent.

Two additional points are worth noting. The first is that,
as with the list-wide PC effect for the diagnostic items in
Experiment 1, the reliability of the reactive-control effect in
Experiment 2 (i.e., the crucial contrast in this experiment)
was poor, especially in the error rates (i.e., the dependent
variable that produced the expected effect at the group level).

The second point concerns effects of time on task. For the
type of design used in the present experiment, Spinelli and
Lupker (2020) reported different time courses for reactive-
control and contingency-learning effects in a color-word
Stroop task, with the former growing over the course of the
experiment and the latter remaining stable, consistent with
previous research (Crump & Milliken, 2009; Jacoby et al.,
2003; Schmidt et al., 2010). We ran the same analyses for the

present Experiment 2 but could not replicate those results.
In particular, in the RTs, the reactive-control effect was
actually significantly smaller in the second block (in which
MC stimuli were 10 ms faster than the matched MI stimuli)
compared to the first block of the experiment (in which MC
stimuli were 13 ms slower than the matched MI stimuli),
whereas the contingency-learning effect was the same size in
the two blocks (there was no change in the error rates across
blocks for either effect).

Also, different from Spinelli and Lupker’s (2020) experi-
ment, RTs were overall 56 ms faster in the second block
compared to the first block for the stimuli involved in the
reactive-control contrast, a practice effect (also accompanied
by no change in the error rates) that may partially explain the
reduction of the effect in that contrast. In general, however,
the point is that these results represent our third failure since
Spinelli and Lupker (2020) to obtain evidence in the item-
specific PC paradigm that reactive-control effects uncon-
founded from non-conflict effects grow over the course of
the experiment (the other two failures are reported in Spinelli
et al., 2022b). That particular result reported by Spinelli and
Lupker (2020), therefore, does not appear to be robust. Future
research should address the question of whether reactive-
control effects do grow during the experiment using experi-
ments involving more trials than the relevant experiments
have typically used thus far.

In any case, overall, Experiment 2 demonstrated that it
is possible to examine reactive control independently from
non-conflict processes in a spatial Stroop task, although the
reactive-control effect obtained does not seem to be as strong
as the effect associated with proactive control obtained in
Experiment 1.

General discussion
Summary and response to potential challenges

Adjusting control either proactively or reactively based on
the situation are fundamental abilities in human cognition
(Braver, 2012). Despite the research interest in proactive and
reactive forms of conflict-induced control in recent years,
examining these processes has proven to be somewhat chal-
lenging (Braem et al., 2019). Most common solutions for
examining conflict-induced control independently from
processes that, although unrelated to conflict, may produce
similar patterns of results as conflict-based processes do,
involve the use of relatively large sets of stimuli. Large sets
of stimuli, however, are often inconvenient, because they
typically require an equivalent number of responses that are
difficult for researchers to collect in many situations (e.g., in
neuroimaging and online experiments) or difficult for partic-
ipants to learn when target-response mappings are arbitrary
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(e.g., manual responses to colors in the color-word Stroop
task).

In the present research, we demonstrated the usefulness
of a spatial Stroop task for solving many of these problems.
We did so by implementing a variation of this task with
six targets, six distractors, six responses, and Proportion-
Congruent (PC) paradigms designed to examine proactive
and reactive processes independently from non-conflict
processes.

In Experiment 1, we focused on the list-wide PC effect,
an effect associated with proactive control, and found that,
for the diagnostic items (a fixed set of stimuli), the congru-
ency effect in both RTs and error rates was much larger when
those diagnostic items appeared in a list (the Mostly-Con-
gruent list) in which they were intermixed with a separate
set of mostly-congruent stimuli, the inducer items, compared
to when the diagnostic items appeared in a list (the Mostly-
Incongruent list) in which they were intermixed with mostly-
incongruent inducer items. According to most researchers
(e.g., Blais & Bunge, 2010; Bugg et al., 2008; Hutchison,
2011), this result can only be interpreted as evidence that
selective attention to target information was regulated in a
preparatory fashion in the MI list due to the high frequency
of the conflict produced by the incongruent stimuli in the
list, a proactive control process that would allow individu-
als to successfully select target information. In contrast, the
low frequency of conflict in the MC list would induce little
preparation for conflict, which would be dealt with reactively
once it occurs. In sum, the list-wide PC effect produced by
diagnostic items would indicate that the frequency of con-
flict in a list induces item-nonspecific, proactive control to
be engaged.

According to some researchers (e.g., Algom & Chajut,
2019; Schmidt, 2013a, 2019), however, this evidence would
still be insufficient to entirely rule out non-conflict processes
as alternative explanations. The reason is that, although the
fact that diagnostic items are identical in MC and MI lists
when using inducer/diagnostic designs does prevent non-
conflict processes such as contingency learning and repeti-
tion priming from explaining differences in performance for
those stimuli in the two lists, those performance differences
can, in theory, be produced by other non-conflict processes
that may be at work in those designs.

One of those processes is a process whereby attention to
distractors is increased in situations in which the distractors
and targets used in the experiment are highly correlated,
situations that occur when distractors and targets are not
combined in a random fashion. In such situations, detecting
the distractor (e.g., the word RED in the presented stimu-
lus) makes it possible to form expectations about the target
(e.g., that the most likely colors for RED are red and blue;
Dishon-Berkovits & Algom, 2000; Sabri et al., 2001). It is
often the case that this correlation, typically operationalized
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as C, a chi-square based contingency coefficient (Melara
& Algom, 2003), is higher in MC lists than in MI lists,
including in inducer/diagnostic designs (e.g., Bugg, 2014).
This fact alone could explain why the former lists, that is,
MC lists in which higher C values may attract attention to
distractors, thus increasing the interference those distrac-
tors produce, tend to produce larger congruency effects
than MI lists, even for diagnostic items (Algom & Chajut,
2019; Schmidt, 2019). Recently, however, Spinelli and Lup-
ker (2023b) found no evidence in support of this idea in a
series of experiments (see also Hasshim & Parris, 2021). In
any case, this concern does not apply to our Experiment 1
because the design was set up so that arrows and locations
would be correlated to the same degree in the two lists, as
demonstrated by their equivalent C values, .88 (see also Spi-
nelli & Lupker, 2021, 2023a).

Another non-conflict process that could explain differ-
ences for diagnostic items appearing in MC versus MI lists
is a process whereby, in speeded tasks, participants form
temporal expectancies for the emission of a response based
on previous experience in the task and they then use those
expectancies to guide their subsequent responses (Schmidt,
2013a). Specifically, in a list of trials in which there are
many easy-to-process stimuli (e.g., congruent stimuli) such
as an MC list, participants will form a fast temporal expec-
tancy, which they can use to speed up responding to the
easy-to-process stimuli if those stimuli have been processed
enough for a likely correct response to be made at that point
in time. The result would be an increased congruency effect
in that situation. In contrast, in a list of trials in which there
are many hard-to-process stimuli (e.g., incongruent stimuli)
such as an MI list, participants will form a slow temporal
expectancy, which they will use to respond faster than nor-
mal only to the hard-to-process stimuli for which a likely
correct response can be made at around that point in time.
The result would be a reduced congruency effect in that situ-
ation. That is, overall, this temporal-learning process could
produce a list-wide PC effect by itself (for a demonstration
of this possibility, see Schmidt, 2013a).

Controlling for temporal learning in the list-wide PC
paradigm is a challenge because MC and MI lists differ
intrinsically in overall ease of correct responding, and there
is currently no agreed-upon analytical or experimental pro-
cedure to create such a control (Cohen-Shikora et al., 2019;
Schmidt, 2017, 2022; Spinelli & Lupker, 2022). In general,
however, Schmidt’s (2013a) temporal-learning account
seems to have difficulty explaining how the typical obser-
vation in the list-wide PC paradigm, that latencies for the
hard-to-process stimuli in that situation (i.e., the incongruent
stimuli) tend to be faster in the “slow” list (i.e., the MI list,
the list that creates the slower temporal expectancy) than
in the “fast” list (i.e., the MC list), can be reconciled with
the typical observation in other paradigms such as simple
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picture naming, that latencies for the hard-to-process stimuli
in those situations (e.g., pictures that are hard to name) tend
to be slower in “slow” lists (e.g., a list mostly composed of
hard-to-name pictures) than in “fast” lists (e.g., a list mostly
composed of easy-to-name pictures; see, e.g., Lupker et al.,
1997, 2003; Spinelli et al., 2019). Until this contrast in the
data patterns can be explained (for an initial discussion, see
Schmidt, 2021), it remains unclear whether temporal learn-
ing actually does play a confounding role in the list-wide PC
paradigm, at least for incongruent stimuli. (The slowdown
for congruent stimuli in MI lists, on the other hand, might
involve a temporal expectancy process slowing down laten-
cies in those lists: Spinelli & Lupker, 2023a). Overall, there-
fore, the list-wide PC effect obtained for diagnostic items in
the present Experiment 1 would seem more likely to index
the impact of proactive control being engaged in the MI list
rather than the impact of temporal expectancies.

There may, of course, be other non-conflict processes
involved in our Experiment 1 that researchers in the area
have not considered thus far and that may contribute to
explaining the crucial (and rather large) list-wide PC effect
that Experiment 1 produced. For example, there may be
higher-order contingencies that participants could extract
from the stimuli they were dealing with based on an under-
standing that the arrows and locations used were combined
in pairs, and that one logical combination of the pair (e.g.,
the congruent one) was more likely than the other logical
combination in the pair (e.g., the incongruent one) in a given
list (e.g., the MC list). Participants might have thus learned
that, in the MC list, the correct response would usually cor-
respond with the location in which that arrow appeared
(e.g., if the arrow appeared in the east location, the correct
response would likely be the east one), whereas in the MI
list, the correct response would usually correspond to the
location that, in the relevant pair, was opposite to that in
which the arrow appeared (e.g., if the arrow appeared in the
east location, the correct response would likely be the west
one, as west and east locations formed the relevant pair in
that case). The result would be a list-wide PC effect not only
for the inducer items (perhaps so strong for those items as to
lead even to the reversal of the congruency effect in the MI
list, as we have observed), but also for the diagnostic items.
However, non-conflict processes of this type have yet to be
formalized, which they would need to be before they can
be seriously thought of as providing viable accounts.’ Until
then, because our Experiment 1 abides by most of Braem
et al.’s (2019) recommendations (with one exception, which
we justify in the next section), a control explanation based
on the idea that proactive control is engaged in the MI list
appears to be the best interpretation for the crucial contrast
examined in that experiment.

Similarly, reactive control would appear the best inter-
pretation for the effect obtained in the contrast examined in

Experiment 2 between incongruent stimuli belonging to a
stimulus set associated with infrequent conflict, the MC set,
and incongruent stimuli belonging to a stimulus set associ-
ated with frequent conflict, the MI set. The reason is that the
stimuli involved in that contrast were matched on contin-
gency learning and individual stimulus frequency, the main
non-conflict factors that have been argued to play a role in
the item-specific PC paradigm (e.g., Hazeltine & Mordkoff,
2014; Schmidt & Besner, 2008; note that correlation-based
and time-based processes have not been argued to play a
role in this paradigm, unlike in the list-wide PC paradigm).
Thus, at present, the only viable explanation of the fact that
the MI incongruent stimuli elicited fewer errors than the
matched MC incongruent stimuli would be that selective
attention to target information was reactively increased upon
presentation of the former stimuli compared to the latter. The
fact, however, that this effect only emerged in the error rates
seems to suggest that the main impact of that process in our
task was to cause fewer goal-neglect episodes for MI stimuli
than for MC stimuli, as discussed above.

As was also discussed above, the present design does
not allow a determination of the trigger of reactive con-
trol. Reactive control could be triggered by recognition of
either the individual target, the individual distractor, and/
or, more generally, the side of the stimulus (left vs. right).
Those distinctions were not of primary importance for the
present research in which we aimed to measure reactive con-
trol regardless of its trigger. Researchers who are interested
in those distinctions may, however, use alternative, albeit
more complex, designs such as that used by Spinelli et al.

5 Proper consideration of non-conflict processes of this type would
also likely require a different design than that used in the present
Experiment 1 in order to dissociate those processes from conflict-
induced ones. In the present design, what might offer some insight
is an examination of the errors committed on congruent stimuli,
particularly for diagnostic items in the MI list. If participants were
biased to produce opposite-side responses in that list (e.g., for an
arrow presented in the “east” location, they were biased to respond
“west”), those responses, contrasted with non-opposite-side error
responses (e.g., “north-west”, “south-west”, “north-east”, or “south-
east” responses when the correct response was “east”), should have
been disproportionately represented among the errors committed on
congruent stimuli in that list, even for diagnostic items. Note, how-
ever, that those responses only represented only 43% of the errors in
that condition in Experiment 1 (with the remaining 57% representing
non-opposite-side responses). Of course, one might argue that 43%
is still higher than the proportion that would have been expected due
to chance (i.e., with five possible incorrect responses, chance would
be 20%). However, the proportion of opposite-side responses was, at
30%, higher than chance even for the congruent diagnostic items in
the MC list, a list in which there should have been no bias for oppo-
site-side responses. In any case, these data need to be taken with cau-
tion because they were derived from only 37 and 33 data points in
the MI and MC list, respectively (as is typically the case, errors to
congruent stimuli were few in number).
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(2022b), which make examinations of some of the relevant
distinctions possible.

Finally, we noted, in passing, that while Experiment 1
produced a very large effect in its crucial contrast (the proac-
tive, item-nonspecific contrast), the same cannot be said for
Experiment 2 (the reactive, item-specific contrast). Barring
explanations based on non-conflict processes such as those
discussed thus far and those discussed in the next section,
this overall pattern of results may suggest that in the spatial
Stroop task that we used, compared to other relevant tasks
in the literature, control adjustments may be based less on
item-specific information, such as the congruency propor-
tion associated with individual targets and/or distractors,
and more on general information, such as the congruency
proportion associated with a list as a whole. The reason
might have to do with the fact that the stimuli used in this
task are perceptually similar to one another (i.e., arrows only
changing in orientation and location of presentation) and
differences among them might be difficult to encode and/
or retrieve. Future research should attempt to examine this
idea more closely, perhaps by comparing item-nonspecific
and item-specific effects across tasks involving highly simi-
lar versus dissimilar stimuli (see, e.g., Bugg & Dey, 2018;
Cochrane & Pratt, 2022b).

Direct and indirect impacts of non-conflict
processes

Although the present experiments produced evidence for
proactive and reactive control processes independently from
non-conflict processes, evidence was also produced (in dif-
ferent contrasts) suggesting that non-conflict processes do
play a role. In Experiment 1, a reversed congruency effect in
the latencies was observed in the MI list for inducer items.
As noted, the most likely explanation for that pattern is that
contingency learning and/or repetition-priming, processes
that were not controlled for in the inducer items, facilitated
responses to incongruent stimuli in the MI list to the point of
making those stimuli faster than congruent stimuli.

In Experiment 2, an impact of contingency learning
and/or repetition priming was not simply inferred but was
observed in a contrast between stimuli that were otherwise
matched. That is, the contrast was between incongruent stim-
uli which required their typical response and were highly
frequent in the experiment and other incongruent stimuli
which required what was, for them, an atypical response and
were relatively infrequent in the experiment, with the former
stimuli showing shorter latencies and higher accuracy. Over-
all, the implication of these findings is that manipulating
the proportion of congruent and incongruent stimuli in an
experiment engages not only control processes but also non-
conflict ones (Spinelli & Lupker, 2023a). Therefore, when
the research interest lies on the former processes, controlling
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the latter processes with designs such as those used in the
present experiments becomes especially important (Braem
et al., 2019).

There is also another, less direct way in which non-con-
flict processes can have an impact on experiments such as
the present ones. According to Bugg (2014) and Bugg et al.
(2011), the availability of contingency learning in MI condi-
tions in list-wide and item-specific PC paradigms will deter-
mine what type of process will be the dominant one (i.e.,
the one used most frequently in order to minimize interfer-
ence in those conditions): either contingency learning itself,
when this process is available in MI conditions (i.e., when
each distractor in those conditions can be associated with a
specific incongruent target/response), or proactive/reactive
control (in list-wide/item-specific PC paradigms, respec-
tively), when contingency learning is not available in MI
conditions (i.e., when no distractor in those conditions can
be easily associated with a single specific incongruent target/
response). Essentially, the idea is that a non-conflict process
such as contingency learning will not be merely additive
with conflict-induced ones (Schmidt & Besner, 2008) but
its availability in MI conditions may actually determine
whether conflict-induced processes are used at all in those
conditions. This type of idea has also resulted in the recom-
mendation for research on conflict-induced control to focus
on paradigms that do not make contingency learning a viable
process for minimizing interference in MI conditions (Braem
et al., 2019).° Because that recommendation is possibly the
only recommendation of Braem et al. (2019) that we have
not followed (i.e., contingencies between distractors and
incongruent targets/responses could be learned in the MI
conditions in our experiments), readers might wonder why.

In response, we would like to note that, first, Braem
et al.’s (2019) recommendation is based on a premise that
has turned out to be false, i.e., that in situations in which
contingency learning is a viable process to minimize inter-
ference in MI conditions, conflict-induced control will never
be used. There are now a few demonstrations that this prem-
ise is false in both the list-wide paradigm (Schmidt, 2017,

% To be more precise, Braem et al. (2019) explicitly made this rec-
ommendation for the list-wide PC manipulation only. In discussing
experiments which attempted to control for non-conflict processes
in the item-specific PC manipulation, Braem et al. focused only on
experiments in which the item-specific manipulation was based on
the identity of the targets as opposed to the identity of the distrac-
tors (e.g., color-word Stroop experiments in which the colors, not the
words, were manipulated in order to be either MC or MI). However,
since those experiments originated from Bugg et al. (2011), who used
that type of design precisely to prevent contingency learning from
being used to reduce interference in the MI condition and who first
recommended that that type of design should be used to examine
reactive control in the item-specific PC manipulation, it would seem
safe to assume that Braem et al.’s position is consistent with that rec-
ommendation.
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Spinelli & Lupker, 2023a) and the item-specific paradigm
(Spinelli & Lupker, 2020; Spinelli et al., 2020, 2022b), in
addition to those produced by the present experiments.

Second, applying that recommendation actually results
in failing to do a complete job of controlling for all non-
conflict processes that have been presumed to contribute to
PC effects. For example, in the list-wide PC paradigm, the
target-distractor correlation value, C, discussed above, is
inevitably higher in MC lists than in MI lists when applying
Braem et al.’s recommendation, opening up the possibil-
ity that a process of adjusting attention to that correlation,
as opposed to a conflict-induced process, would be the one
producing the list-wide PC effect in that situation (for simi-
lar arguments concerning the list-wide as well as the item-
specific PC paradigm, see Schmidt, 2019).

Third and finally, as Schmidt (2019) noted, contrary
to Braem et al.’s recommendation, most of the published
experiments in the literature did make contingency learn-
ing a viable process to minimize interference in MI condi-
tions. Therefore, to maintain contact with the bulk of the
literature, it would seem more appropriate for researchers to
continue the study of conflict-induced control in situations
in which that form of control is one of the options available
to participants for reducing interference in the MI conditions
as opposed to focusing exclusively on situations in which
conflict-induced control is the only such option, as Braem
et al.’s recommendation appears to imply. It is for these rea-
sons that, in the present experiments, we opted not to follow
that recommendation.

That said, Braem et al.’s (2019) recommendation may
have some merits. In particular, while the present experi-
ments make it clear that it is not necessary to follow that
recommendation in order for some evidence of conflict-
induced control to be found in this task, following it may
result in that evidence becoming stronger because, in that
situation, conflict-induced control would be the only option
for participants to use in order to reduce interference in MI
conditions. For example, as noted in the Discussion section
of Experiment 2, the impact of reactive control might have
been felt not only in the error rates but also in the latencies
in that experiment had contingency learning not produced
such a large effect for that dependent variable.

Further, the task presented here does allow modifica-
tions which would allow interested researchers to implement
Braem et al.’s (2019) recommendation, at least for the list-
wide PC manipulation (for the item-specific PC manipula-
tion, the situation appears to be somewhat more complex).’
For example, rather than using two inducer subsets with a set
size of two for a list-wide PC manipulation, researchers may
want to use a single inducer subset with a set size of four
(e.g., rather than presenting the north-east-pointing arrow
only in the north-east and south-west location as we have
done in Experiment 1, that arrow could also be presented

in north-west and south-east locations as well; note that
the diagnostic arrows would still be presented in two loca-
tions). Doing so would allow researchers to construct an
MI list in which, following Braem et al.’s recommendation,
the inducer stimuli would not make contingency learning a
viable process to reduce interference in that list because each
arrow in that subset would appear equally frequently in each
of the four locations associated with that subset (the congru-
ent location and the three incongruent ones).®

Limitations

The present experiments were not intended to address more
general concerns in the literature about conflict-induced con-
trol. One such concern is that because PC manipulations typ-
ically involve only congruent and incongruent stimuli with
no neutral baseline (e.g., a colored letter string in the color-
word Stroop task), it is impossible to determine whether it
is mainly facilitation or interference (produced by congruent
and incongruent stimuli, respectively, compared to neutral
stimuli), or both, that drives the observed PC effects, and
whether those manipulations affect facilitation and inter-
ference in a similar fashion (Algom et al., 2022). Another
concern is that by assuming a generic “conflict” that incon-
gruent but not congruent stimuli would produce, PC manipu-
lations typically neglect important differences between con-
flict components (including the fact that congruent stimuli
would not be completely conflict-free; Parris et al., 2021).
These concerns naturally apply to the present experiments
as well. Further, it is unlikely that spatial Stroop tasks could

7 The difficulty comes from the fact that Braem et al.’s (2019) rec-
ommendation involves a distinction between inducer and diagnostic
stimuli that the present Experiment 2 does not make. However, that
distinction is made in Spinelli et al.’s (2022b) Experiment 2, a spa-
tial Stroop task such as the present one. Readers who are interested
in applying Braem et al.’s recommendation to the item-specific PC
paradigm using the present task are thus referred to that article. Even
so, implementing that recommendation may not be trivial because it
would seem to involve a somewhat major modification of the design
of that experiment, a modification for which we are currently unable
to provide useful pointers.

8 However, do note that constructing such a list while maintaining
the total frequency of each arrow and location as equivalent for all
items, as we have done for the present experiments and recommend
(for a discussion, see Spinelli & Lupker, 2023a), would make the list-
wide congruency proportion of the resulting list 37.50%, which is a
bit higher than is typical for MI lists. The list-wide PC manipulation
might thus end up being weak unless that MI list is contrasted with an
MC list with a very high list-wide congruency proportion (e.g., 75%,
if all inducer stimuli are made congruent and none were incongruent).
Alternatively, or in addition, the list-wide congruency proportion of
the MI list could be reduced by decreasing the number of congruent
stimuli within the inducer set (as done by, e.g., Bugg and Gonthier,
2020) or eliminating them altogether (i.e., making all inducer stimuli
incongruent and none congruent), with the latter option bringing the
list-wide congruency proportion down to 16.67%, a more typical pro-
portion for an MI list.
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ever be used to fully address those types of concerns because
dissociating facilitation and conflict components requires
several control conditions (e.g., neutral conditions) that are
hard to implement in those tasks (e.g., there would appear
to be only one usable neutral distractor, a central location).

Research using other tasks, particularly color-word
Stroop tasks, however, does provide some support for the
idea that interference plays a strong role in conflict-induced
control (Spinelli & Lupker, 2021; Tzelgov et al., 1992),
with response conflict (i.e., conflict arising from compet-
ing responses) potentially being the key component, as the
tasks in which this type of conflict is smaller (e.g., manual,
compared to vocal, color-word Stroop tasks; Augustinova
et al., 2019) are also the tasks producing smaller PC effects,
if those effects emerge at all (Bejjani et al., 2020; Bejjani &
Egner, 2021; Blais & Bunge, 2010). Considering the simi-
larities between spatial and color-word Stroop tasks (Lu
& Proctor, 1995; Viviani et al., 2023), it is reasonable to
assume that interference, created, in particular, by response
conflict, is the driving force of the conflict-induced control
effects reported in the present experiments. However, these
ideas are still speculative and will need to be examined more
extensively in future research.

Indeed, it may be the case that, although (confound-
controlled) PC effects involve conflict-induced control,
conflict (of any kind) may not actually play the major role
in those processes. Instead, those processes may reflect an
adaptation to the response specified by the distractor (when
that response can be processed early enough) rather than
the conflict that the distractor creates, with that response
being favored in situations in which that response is often
correct (i.e., MC conditions) and disfavored in situations in
which that response is often incorrect (i.e., MI conditions;
Weissman et al., 2015, in review). Although the distinction
between conflict-based and response-based control is not a
large one, adjudicating between the two accounts is another
issue that future research will need to address.

One potential way of addressing this issue for research-
ers who require a task that is easy to implement such as the
present one, but flexible enough to include, for example,
several neutral conditions, would be to resort to color-word
or picture-word Stroop tasks involving typed responses
(Crump et al., 2017; Logan & Zbrodoff, 1998). A starting
point would be to replicate our results in a typed-response
color-word Stroop task based on the designs of the present
Experiments 1 and 2.

These considerations, along with the fact that our experi-
ments produced patterns of results that do not completely
overlap with those typically produced by other Stroop tasks
(i.e., the reversed congruency effect for inducer items in
Experiment 1, the reactive-control effect emerging in the
error rates but not the RTs in Experiment 2), should make
it clear that although our spatial Stroop task belongs to the
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family of Stroop tasks, it should not be considered a perfect
substitute for any other task in that family. Clearly, each task
has its own characteristics, strengths, and weaknesses, that
researchers must be aware of when using them.

In any case, the present research, overall, would seem
to make a strong case that a spatial Stroop task like the one
we used may be an effective tool in research on conflict-
induced control. Using this task, it is possible to: (1) have
a stimulus set large enough to examine proactive and reac-
tive control processes independently from non-conflict pro-
cesses; (2) collect data with ease even outside the labora-
tory; and (3) avoid presenting participants with a challenging
experimental setup. Additionally, the non-verbal nature of
the stimuli can allow researchers to address empirical ques-
tions for which it is preferable that the stimuli not be verbal
(e.g., research involving participants with varying linguistic
abilities).

Note, however, that we do not mean to suggest that the
present task could not be improved or that it would be useful
in all situations. For example, it may not always be comfort-
able for participants to use the six response keys that we
used in the present experiments. An alternative option might
be to require participants to respond with a single finger
which would be held in a central position at the beginning
of the trial and moved to the required key afterwards. This
type of response might also be made, especially in labora-
tory experiments, with movements made with a mouse, a
joystick, or on a touchscreen.

Further, in the present form, our task might not be appro-
priate for individual-differences research. In line with the
“reliability paradox” (Hedge et al., 2018), the effect associ-
ated with the highest reliability among the crucial contrasts
examined in the present experiments, i.e., the reactive-con-
trol effect in the latencies in Experiment 2 (rgg = .39, a value
that is still not a high one in absolute terms), was the only
null effect at the group level. As noted, part of the reason for
these poor reliabilities is that the crucial contrasts involve
difference scores. The implication is that the effects pro-
duced by those contrasts are not very stable at the individual
level, meaning that they may have limited utility for research
on individual differences. One possibility for increasing the
utility of this task for that type of research might be to mod-
ify it in order to make it produce a single score, such as the
average time taken to complete a list of trials (Draheim et al.,
2021), although it is unclear how this modification would
allow a contrast of MC and MI conditions.

Despite these (very common) limitations, the spatial
Stroop task that we presented has considerable potential,
especially in experimental research, for examining proactive
and reactive control as recommended by Braem et al. (2019)
and it is hoped that future research will consider it seriously
for that purpose.



Attention, Perception, & Psychophysics (2024) 86:1259-1286

1283

Funding Open access funding provided by Universita degli Studi di
Milano - Bicocca within the CRUI-CARE Agreement. This research
was partially supported by Natural Sciences and Engineering Research
Council of Canada Grant A6333 to Stephen J. Lupker.

Declarations

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Research
Ethics Board of the University of Western Ontario (protocol # 108956).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Open practices statement The raw data, the aggregated data in SPSS
format, the JASP and R files, and study materials are available at
https://osf.io/6v2p9/. The study was not preregistered.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abrahamse, E. L., Duthoo, W., Notebaert, W., & Risko, E. F. (2013).
Attention modulation by proportion congruency: The asymmet-
rical list shifting effect. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 39, 1552—1562. https://doi.
org/10.1037/a0032426

Algom, D., & Chajut, E. (2019). Reclaiming the Stroop Effect Back
From Control to Input-Driven Attention and Perception. Fron-
tiers in Psychology, 10. https://doi.org/10.3389/fpsyg.2019.
01683

Algom, D., Fitousi, D., & Chajut, E. (2022). Can the Stroop effect
serve as the gold standard of conflict monitoring and control? A
conceptual critique. Memory & Cognition, 50, 883—897. https://
doi.org/10.3758/s13421-021-01251-5

Arechar, A. A., & Rand, D. G. (2021). Turking in the time of COVID.
Behavior Research Methods, 53, 2591-2595. https://doi.org/10.
3758/s13428-021-01588-4

Augustinova, M., Parris, B. A., & Ferrand, L. (2019). The loci of
Stroop interference and facilitation effects with manual and vocal
responses. Frontiers in Psychology, 10, 1786. https://doi.org/10.
3389/fpsyg.2019.01786

Bejjani, C., & Egner, T. (2021). Evaluating the learning of stimulus-
control associations through incidental memory of reinforcement
events. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 47, 1599-1621. https://doi.org/10.1037/x1m00
01058

Bejjani, C., Tan, S., & Egner, T. (2020). Performance feedback pro-
motes proactive but not reactive adaptation of conflict-control.
Journal of Experimental Psychology: Human Perception and
Performance, 46, 369-387. https://doi.org/10.1037/xhp0000720

Blais, C., & Bunge, S. (2010). Behavioral and neural evidence for item-
specific performance monitoring. Journal of Cognitive Neurosci-
ence, 22, 2758-2767. https://doi.org/10.1162/jocn.2009.21365

Blais, C., Robidoux, S., Risko, E. F., & Besner, D. (2007). Item-specific
adaptation and the conflict-monitoring hypothesis: A computa-
tional model. Psychological Review, 114, 1076-1086. https://doi.
org/10.1037/0033-295x.114.4.1076

Borgmann, K. W., Risko, E. F., Stolz, J. A., & Besner, D. (2007).
Simon says: Reliability and the role of working memory and
attentional control in the Simon task. Psychonomic Bulletin &
Review, 14, 313-319. https://doi.org/10.3758/BF03194070

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen,
J. D. (2001). Conflict monitoring and cognitive control. Psy-
chological Review, 108, 624—652. https://doi.org/10.1037/0033-
295X.108.3.624

Braem, S., Bugg, J. M., Schmidt, J. R., Crump, M. J., Weissman, D. H.,
Notebaert, W., & Egner, T. (2019). Measuring adaptive control in
conflict tasks. Trends in Cognitive Sciences, 23, 769-783. https://
doi.org/10.1016/j.tics.2019.07.002

Braver, T. S. (2012). The variable nature of cognitive control: a dual
mechanisms framework. Trends in Cognitive Sciences, 16, 106—
113. https://doi.org/10.1016/j.tics.2011.12.010

Braver, T. S., Kizhner, A., Tang, R., Freund, M. C., & Etzel, J. A.
(2021). The dual mechanisms of cognitive control project. Jour-
nal of Cognitive Neuroscience, 33, 1990-2015. https://doi.org/
10.1162/jocn_a_01768

Bugg, J. (2014). Conflict-triggered top-down control: Default mode,
last resort, or no such thing? Journal of Experimental Psychol-
ogy: Learning Memory and Cognition, 40, 567-587. https://doi.
org/10.1037/a0035032

Bugg, J. M., & Crump, M. J. (2012). In support of a distinction between
voluntary and stimulus-driven control: A review of the literature
on proportion congruent effects. Frontiers in Psychology, 3, 367.
https://doi.org/10.3389/fpsyg.2012.00367

Bugg, J. M., & Dey, A. (2018). When stimulus-driven control settings
compete: On the dominance of categories as cues for control.
Journal of Experimental Psychology: Human Perception and
Performance, 44, 1905-1932. https://doi.org/10.1037/xhp00
00580

Bugg, J. M., & Gonthier, C. (2020). List-level control in the flanker
task. Quarterly Journal of Experimental Psychology, 73, 1444—
1459. https://doi.org/10.1177/1747021820912477

Bugg, J. M., & Hutchison, K. A. (2013). Converging evidence for con-
trol of color—word Stroop interference at the item level. Journal
of Experimental Psychology: Human Perception and Perfor-
mance, 39, 433-449. https://doi.org/10.1037/a0029145

Bugg, J. M., Jacoby, L. L., & Chanani, S. (2011). Why it is too early to
lose control in accounts of item-specific proportion congruency
effects. Journal of Experimental Psychology: Human Perception
and Performance, 37, 844—859. https://doi.org/10.1037/a0019
957

Bugg, J. M., Jacoby, L. L., & Toth, J. P. (2008). Multiple levels of
control in the Stroop task. Memory & Cognition, 36, 1484—1494.
https://doi.org/10.3758/MC.36.8.1484

Bugg, J. M., Suh, J., Colvett, J. S., & Lehmann, S. G. (2020). What
can be learned in a context-specific proportion congruence
paradigm? Implications for reproducibility. Journal of Experi-
mental Psychology: Human Perception and Performance, 46,
1029-1050. https://doi.org/10.1037/xhp0000801

Carter, C. S., Macdonald, A. M., Botvinick, M., Ross, L. L., Stenger,
V. A., Noll, D., & Cohen, J. D. (2000). Parsing executive pro-
cesses: strategic vs. evaluative functions of the anterior cingulate

@ Springer


https://osf.io/6v2p9/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/a0032426
https://doi.org/10.1037/a0032426
https://doi.org/10.3389/fpsyg.2019.01683
https://doi.org/10.3389/fpsyg.2019.01683
https://doi.org/10.3758/s13421-021-01251-5
https://doi.org/10.3758/s13421-021-01251-5
https://doi.org/10.3758/s13428-021-01588-4
https://doi.org/10.3758/s13428-021-01588-4
https://doi.org/10.3389/fpsyg.2019.01786
https://doi.org/10.3389/fpsyg.2019.01786
https://doi.org/10.1037/xlm0001058
https://doi.org/10.1037/xlm0001058
https://doi.org/10.1037/xhp0000720
https://doi.org/10.1162/jocn.2009.21365
https://doi.org/10.1037/0033-295x.114.4.1076
https://doi.org/10.1037/0033-295x.114.4.1076
https://doi.org/10.3758/BF03194070
https://doi.org/10.1037/0033-295X.108.3.624
https://doi.org/10.1037/0033-295X.108.3.624
https://doi.org/10.1016/j.tics.2019.07.002
https://doi.org/10.1016/j.tics.2019.07.002
https://doi.org/10.1016/j.tics.2011.12.010
https://doi.org/10.1162/jocn_a_01768
https://doi.org/10.1162/jocn_a_01768
https://doi.org/10.1037/a0035032
https://doi.org/10.1037/a0035032
https://doi.org/10.3389/fpsyg.2012.00367
https://doi.org/10.1037/xhp0000580
https://doi.org/10.1037/xhp0000580
https://doi.org/10.1177/1747021820912477
https://doi.org/10.1037/a0029145
https://doi.org/10.1037/a0019957
https://doi.org/10.1037/a0019957
https://doi.org/10.3758/MC.36.8.1484
https://doi.org/10.1037/xhp0000801

1284

Attention, Perception, & Psychophysics (2024) 86:1259-1286

cortex. Proceedings of the National Academy of Sciences, 97,
1944-1948. https://doi.org/10.1073/pnas.97.4.1944

Carter, C. S., Mintun, M., & Cohen, J. D. (1995). Interference and facil-
itation effects during selective attention: an H2150 PET study of
Stroop task performance. Neuroimage, 2, 264-272. https://doi.
org/10.1006/nimg.1995.1034

Chiu, Y. C., & Egner, T. (2019). Cortical and subcortical contribu-
tions to context-control learning. Neuroscience & Biobehavioral
Reviews, 99, 33—41. https://doi.org/10.1016/j.neubiorev.2019.01.
019

Chiu, Y. C., Jiang, J., & Egner, T. (2017). The caudate nucleus medi-
ates learning of stimulus—control state associations. Journal of
Neuroscience, 37, 1028—1038. https://doi.org/10.1523/JNEUR
OSCI.0778-16.2016

Cochrane, B. A., & Pratt, J. (2022). The item-specific proportion
congruency effect can be contaminated by short-term repeti-
tion priming. Attention, Perception, & Psychophysics, 84, 1-9.
https://doi.org/10.3758/s13414-021-02403-0

Cochrane, B. A., & Pratt, J. (2022). The item-specific proportion
congruency effect transfers to non-category members based on
broad visual similarity. Psychonomic Bulletin & Review, 29,
1821-1830. https://doi.org/10.3758/s13423-022-02104-1

Cohen-Shikora, E. R., Suh, J., & Bugg, J. M. (2019). Assessing the
temporal learning account of the list-wide proportion congruence
effect. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 45, 1703-1723. https://doi.org/10.1037/xIm00
00670

Crump, M. J., Brosowsky, N. P., & Milliken, B. (2017). Reproduc-
ing the location-based context-specific proportion congruent
effect for frequency unbiased items: A reply to Hutcheon and
Spieler (2016). Quarterly Journal of Experimental Psychology,
70, 1792-1807. https://doi.org/10.1080/17470218.2016.1206130

Crump, M. J., Gong, Z., & Milliken, B. (2006). The context-specific
proportion congruent Stroop effect: Location as a contextual cue.
Psychonomic Bulletin & Review, 13,316-321. https://doi.org/10.
3758/BF03193850

Crump, M. J., & Milliken, B. (2009). Short article: The flexibility
of context-specific control: Evidence for context-driven gen-
eralization of item-specific control settings. Quarterly Journal
of Experimental Psychology, 62, 1523-1532. https://doi.org/10.
1080/17470210902752096

de Leeuw, J. R. (2015). jsPsych: A JavaScript library for creating
behavioral experiments in a Web browser. Behavior Research
Methods, 47, 1-12. https://doi.org/10.3758/s13428-014-0458-y

De Pisapia, N., & Braver, T. S. (2006). A model of dual control mecha-
nisms through anterior cingulate and prefrontal cortex interac-
tions. Neurocomputing, 69, 1322—1326. https://doi.org/10.1016/].
neucom.2005.12.100

Dishon-Berkovits, M., & Algom, D. (2000). The Stroop effect: It is not
the robust phenomenon that you have thought it to be. Memory &
Cognition, 28, 1437-1449. https://doi.org/10.3758/BF03211844

Draheim, C., Mashburn, C. A., Martin, J. D., & Engle, R. W. (2019).
Reaction time in differential and developmental research: A
review and commentary on the problems and alternatives. Psy-
chological Bulletin, 145, 508-535. https://doi.org/10.1037/bul00
00192

Draheim, C., Tsukahara, J. S., Martin, J. D., Mashburn, C. A., & Engle,
R. W. (2021). A toolbox approach to improving the measurement
of attention control. Journal of Experimental Psychology: Gen-
eral, 150, 242-275. https://doi.org/10.1037/xge0000783

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. G. (2009). Statistical
power analyses using G* Power 3.1: Tests for correlation and
regression analyses. Behavior Research Methods, 41, 1149-1160.
https://doi.org/10.3758/BRM.41.4.1149

@ Springer

Forrin, N. D., & MacLeod, C. M. (2017). Relative speed of processing
determines color—word contingency learning. Memory & Cogni-
tion, 45, 1206-1222. https://doi.org/10.3758/s13421-017-0721-4

Funes, M. J., Lupiaiez, J., & Humphreys, G. (2010). Sustained vs.
transient cognitive control: Evidence of a behavioral dissocia-
tion. Cognition, 114, 338-347. https://doi.org/10.1016/j.cogni
tion.2009.10.007

George, M. S., Ketter, T. A., Parekh, P. 1., Rosinsky, N., Ring, H.,
Casey, B. J., Trimble, M. R., Horwitz, B., Herscovitch, P., &
Post, R. M. (1994). Regional brain activity when selecting a
response despite interference: An H2 150 PET study of the
Stroop and an emotional Stroop. Human Brain Mapping, 1,
194-209. https://doi.org/10.1002/hbm.460010305

George, M. S., Ketter, T. A., Parekh, P. I., Rosinsky, N., Ring, H. A.,
Pazzaglia, P. J., Marangell, L. B., Callahan, A. M., & Post, R. M.
(1997). Blunted left cingulate activation in mood disorder sub-
jects during a response interference task (the Stroop). The Jour-
nal of Neuropsychiatry and Clinical Neurosciences, 9, 55—63.
https://doi.org/10.1176/jnp.9.1.55

Gonthier, C., Braver, T. S., & Bugg, J. M. (2016). Dissociating proac-
tive and reactive control in the Stroop task. Memory & Cognition,
44, 778-788. https://doi.org/10.3758/s13421-016-0591-1

Gonthier, C., Ambrosi, S., & Blaye, A. (2021). Learning-based before
intentional cognitive control: Developmental evidence for a
dissociation between implicit and explicit control. Journal of
Experimental Psychology: Learning, Memory, and Cognition,
47, 1660-1685. https://doi.org/10.1037/xIm0001005

Gullifer, J. W., & Titone, D. (2021). Engaging proactive control:
Influences of diverse language experiences using insights from
machine learning. Journal of Experimental Psychology: General,
150, 414-430. https://doi.org/10.1037/xge0000933

Hasshim, N., & Parris, B. A. (2021). The role of contingency and cor-
relation in the Stroop task. Quarterly Journal of Experimental
Psychology, 74, 1657-1668. https://doi.org/10.1177/1747021821
1032548

Hazeltine, E., & Mordkoff, J. T. (2014). Resolved but not forgotten:
Stroop conflict dredges up the past. Frontiers in Psychology, 5,
1327. https://doi.org/10.3389/fpsyg.2014.01327

Hedge, C., Powell, G., & Sumner, P. (2018). The reliability paradox:
Why robust cognitive tasks do not produce reliable individual
differences. Behavior Research Methods, 50, 1166—1186. https://
doi.org/10.3758/s13428-017-0935-1

Hommel, B., Proctor, R. W., & Vu, K. P. L. (2004). A feature-
integration account of sequential effects in the Simon task.
Psychological Research, 68, 1-17. https://doi.org/10.1007/
s00426-003-0132-y

Huang, Y., Su, L., & Ma, Q. (2020). The Stroop effect: An activation
likelihood estimation meta-analysis in healthy young adults. Neu-
roscience Letters, 716, 134683. https://doi.org/10.1016/j.neulet.
2019.134683

Hutcheon, T. G. (2022). What is cued by faces in the face-based
context-specific proportion congruent manipulation? Attention,
Perception, & Psychophysics, 84, 1248—1263. https://doi.org/10.
3758/s13414-022-02447-w

Hutcheon, T. G., & Spieler, D. H. (2017). Limits on the generalizabil-
ity of context-driven control. Quarterly Journal of Experimental
Psychology, 70, 1292—-1304. https://doi.org/10.1080/17470218.
2016.1182193

Hutchison, K. A. (2011). The interactive effects of listwide control, item-
based control, and working memory capacity on Stroop perfor-
mance. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 37, 851-860. https://doi.org/10.1037/a0023437

Jacoby, L. L., Lindsay, D. S., & Hessels, S. (2003). Item-specific con-
trol of automatic processes: Stroop process dissociations. Psy-
chonomic Bulletin & Review, 10, 638—644. https://doi.org/10.
3758/BF03196526


https://doi.org/10.1073/pnas.97.4.1944
https://doi.org/10.1006/nimg.1995.1034
https://doi.org/10.1006/nimg.1995.1034
https://doi.org/10.1016/j.neubiorev.2019.01.019
https://doi.org/10.1016/j.neubiorev.2019.01.019
https://doi.org/10.1523/JNEUROSCI.0778-16.2016
https://doi.org/10.1523/JNEUROSCI.0778-16.2016
https://doi.org/10.3758/s13414-021-02403-0
https://doi.org/10.3758/s13423-022-02104-1
https://doi.org/10.1037/xlm0000670
https://doi.org/10.1037/xlm0000670
https://doi.org/10.1080/17470218.2016.1206130
https://doi.org/10.3758/BF03193850
https://doi.org/10.3758/BF03193850
https://doi.org/10.1080/17470210902752096
https://doi.org/10.1080/17470210902752096
https://doi.org/10.3758/s13428-014-0458-y
https://doi.org/10.1016/j.neucom.2005.12.100
https://doi.org/10.1016/j.neucom.2005.12.100
https://doi.org/10.3758/BF03211844
https://doi.org/10.1037/bul0000192
https://doi.org/10.1037/bul0000192
https://doi.org/10.1037/xge0000783
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/s13421-017-0721-4
https://doi.org/10.1016/j.cognition.2009.10.007
https://doi.org/10.1016/j.cognition.2009.10.007
https://doi.org/10.1002/hbm.460010305
https://doi.org/10.1176/jnp.9.1.55
https://doi.org/10.3758/s13421-016-0591-1
https://doi.org/10.1037/xlm0001005
https://doi.org/10.1037/xge0000933
https://doi.org/10.1177/17470218211032548
https://doi.org/10.1177/17470218211032548
https://doi.org/10.3389/fpsyg.2014.01327
https://doi.org/10.3758/s13428-017-0935-1
https://doi.org/10.3758/s13428-017-0935-1
https://doi.org/10.1007/s00426-003-0132-y
https://doi.org/10.1007/s00426-003-0132-y
https://doi.org/10.1016/j.neulet.2019.134683
https://doi.org/10.1016/j.neulet.2019.134683
https://doi.org/10.3758/s13414-022-02447-w
https://doi.org/10.3758/s13414-022-02447-w
https://doi.org/10.1080/17470218.2016.1182193
https://doi.org/10.1080/17470218.2016.1182193
https://doi.org/10.1037/a0023437
https://doi.org/10.3758/BF03196526
https://doi.org/10.3758/BF03196526

Attention, Perception, & Psychophysics (2024) 86:1259-1286

1285

JASP Team (2022). JASP (Version 0.16.4) [Computer software].

Jiménez, L., Méndez, C., Abrahamse, E., & Braem, S. (2021). It is
harder than you think: On the boundary conditions of exploiting
congruency cues. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 47, 1686—1704. https://doi.org/10.
1037/xIm0000844

Kane, M. J., & Engle, R. W. (2003). Working-memory capacity and the
control of attention: the contributions of goal neglect, response
competition, and task set to Stroop interference. Journal of
Experimental Psychology: General, 132, 47-70. https://doi.org/
10.1037/0096-3445.132.1.47

Kim, S., & Cho, Y. S. (2014). Congruency sequence effect without
feature integration and contingency learning. Acta Psychologica,
149, 60-68. https://doi.org/10.1016/j.actpsy.2014.03.004

Komsta, L., & Novomestky, F. (2022). moments: Moments, Cumulants,
Skewness, Kurtosis and Related Tests. R package version 0.14.1.
https://CRAN.R-project.org/package=moments

Kornblum, S. (1992). Dimensional overlap and dimensional relevance
in stimulus-response and stimulus-stimulus compatibility. In G. E.
Stelmach & J. Requin (Eds.), Tutorials in motor behavior (Vol. 2,
pp. 743-777). Kluwer Academic Publishers.

Kronhaus, D. M., Lawrence, N. S., Williams, A. M., Frangou, S.,
Brammer, M. J., Williams, S. C., ... & Phillips, M. L. (2006).
Stroop performance in bipolar disorder: further evidence for
abnormalities in the ventral prefrontal cortex. Bipolar Disorders,
8, 28-39. https://doi.org/10.1111/j.1399-5618.2006.00282.x

Laird, A. R., McMillan, K. M., Lancaster, J. L., Kochunov, P., Turkel-
taub, P. E., Pardo, J. V., & Fox, P. T. (2005). A comparison of
label-based review and ALE meta-analysis in the Stroop task.
Human Brain Mapping, 25, 6-21. https://doi.org/10.1002/hbm.
20129

Lim, C. E., & Cho, Y. S. (2018). Determining the scope of control
underlying the congruency sequence effect: roles of stimulus-
response mapping and response mode. Acta Psychologica, 190,
267-276. https://doi.org/10.1016/j.actpsy.2018.08.012

Logan, G. D. (1988). Toward an instance theory of automatization.
Psychological Review, 95, 492-527. https://doi.org/10.1037/
0033-295X.95.4.492

Logan, G. D., & Zbrodoff, N. J. (1979). When it helps to be misled:
Facilitative effects of increasing the frequency of conflicting
stimuli in a Stroop-like task. Memory & Cognition, 7, 166—174.
https://doi.org/10.3758/BF03197535

Logan, G. D., & Zbrodoff, N. J. (1998). Stroop-type interference: Con-
gruity effects in color naming with typewritten responses. Jour-
nal of Experimental Psychology: Human Perception and Perfor-
mance, 24, 978-992. https://doi.org/10.1037/0096-1523.24.3.978

Lu, C. H., & Proctor, R. W. (1995). The influence of irrelevant location
information on performance: A review of the Simon and spatial
Stroop effects. Psychonomic Bulletin & Review, 2, 174-207.
https://doi.org/10.3758/BF03210959

Lu, C. H., & Proctor, R. W. (2001). Influence of irrelevant information
on human performance: Effects of SR association strength and
relative timing. The Quarterly Journal of Experimental Psychol-
ogy Section A, 54, 95-136. https://doi.org/10.1080/0272498004
2000048

Lupker, S. J. (1979). The semantic nature of response competition
in the picture-word interference task. Memory & Cognition, 7,
485-495. https://doi.org/10.3758/BF03198265

Lupker, S. J., Brown, P., & Colombo, L. (1997). Strategic control in
a naming task: Changing routes or changing deadlines? Journal
of Experimental Psychology: Learning, Memory, and Cognition,
23, 570-590. https://doi.org/10.1037/0278-7393.23.3.570

Lupker, S. J., Kinoshita, S., Coltheart, M., & Taylor, T. E. (2003).
Mixing costs and mixing benefits in naming words, pictures, and
sums. Journal of Memory and Language, 49, 556-575. https://
doi.org/10.1016/S0749-596X(03)00094-9

MacDonald, A. W., Cohen, J. D., Stenger, V. A., & Carter, C. S. (2000).
Dissociating the role of the dorsolateral prefrontal and anterior
cingulate cortex in cognitive control. Science, 288, 1835-1838.
https://doi.org/10.1126/science.288.5472.1835

MacLeod, C. M. (1991). Half a century of research on the Stroop effect:
an integrative review. Psychological Bulletin, 109, 163-203.
https://doi.org/10.1037/0033-2909.109.2.163

Melara, R. D., & Algom, D. (2003). Driven by information: a tectonic
theory of Stroop effects. Psychological Review, 110, 422—471.
https://doi.org/10.1037/0033-295X.110.3.422

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal
cortex function. Annual Review of Neuroscience, 24, 167-202.
https://doi.org/10.1146/annurev.neuro.24.1.167

Parris, B. A., Hasshim, N., Wadsley, M., Augustinova, M., & Ferrand,
L. (2021). The loci of Stroop effects: a critical review of methods
and evidence for levels of processing contributing to color-word
Stroop effects and the implications for the loci of attentional
selection. Psychological Research, 86, 1029—1053. https://doi.
org/10.1007/s00426-021-01554-x

Parsons, S. (2021). splithalf: robust estimates of split half reliability.
Journal of Open Source Software, 6, 3041. https://doi.org/10.
21105/joss.03041

Parsons, S. (2022). Exploring reliability heterogeneity with multiverse
analyses: Data processing decisions unpredictably influence
measurement reliability. Meta-Psychology, 6. https://doi.org/
10.15626/MP.2020.2577

Puccioni, O., & Vallesi, A. (2012). High cognitive reserve is associated
with a reduced age-related deficit in spatial conflict resolution.
Frontiers in Human Neuroscience, 6, 327. https://doi.org/10.
3389/fnhum.2012.00327R

R Core Team. (2022). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
Vienna. https://www.R-project.org/

Ravnkilde, B., Videbech, P., Rosenberg, R., Gjedde, A., & Gade, A.
(2002). Putative tests of frontal lobe function: a PET-study of
brain activation during Stroop’s Test and verbal fluency. Journal
of Clinical and Experimental Neuropsychology, 24, 534-547.
https://doi.org/10.1076/jcen.24.4.534.1033

Redding, G. M., & Gerjets, D. A. (1977). Stroop effect: Interference
and facilitation with verbal and manual responses. Perceptual
and Motor Skills, 45, 11-17. https://doi.org/10.2466/pms.1977.
45.1.11

Rodebaugh, T. L., Scullin, R. B., Langer, J. K., Dixon, D. J., Huppert,
J. D., Bernstein, A., ... & Lenze, E. J. (2016). Unreliability as a
threat to understanding psychopathology: The cautionary tale of
attentional bias. Journal of abnormal psychology, 125, 840-851.
https://doi.org/10.1037/abn0000184

Sabri, M., Melara, R. D., & Algom, D. (2001). A confluence of con-
texts: Asymmetric versus global failures of selective attention to
Stroop dimensions. Journal of Experimental Psychology: Human
Perception and Performance, 27, 515-537. https://doi.org/10.
1037/0096-1523.27.3.515

Schmidt, J. R. (2013). Questioning conflict adaptation: proportion
congruent and Gratton effects reconsidered. Psychonomic
Bulletin & Review, 20, 615—630. https://doi.org/10.3758/
s13423-012-0373-0

Schmidt, J. R. (2013). Temporal learning and list-level proportion con-
gruency: conflict adaptation or learning when to respond? PLoS
One, 8, €82320. https://doi.org/10.1371/journal.pone.0082320

Schmidt, J. R. (2013). The Parallel Episodic Processing (PEP) model:
Dissociating contingency and conflict adaptation in the item-
specific proportion congruent paradigm. Acta Psychologica, 142,
119-126. https://doi.org/10.1016/j.actpsy.2012.11.004

Schmidt, J. R. (2017). Time-out for conflict monitoring theory: Pre-
venting rhythmic biases eliminates the list-level proportion

@ Springer


https://doi.org/10.1037/xlm0000844
https://doi.org/10.1037/xlm0000844
https://doi.org/10.1037/0096-3445.132.1.47
https://doi.org/10.1037/0096-3445.132.1.47
https://doi.org/10.1016/j.actpsy.2014.03.004
https://CRAN.R-project.org/package=moments
https://doi.org/10.1111/j.1399-5618.2006.00282.x
https://doi.org/10.1002/hbm.20129
https://doi.org/10.1002/hbm.20129
https://doi.org/10.1016/j.actpsy.2018.08.012
https://doi.org/10.1037/0033-295X.95.4.492
https://doi.org/10.1037/0033-295X.95.4.492
https://doi.org/10.3758/BF03197535
https://doi.org/10.1037/0096-1523.24.3.978
https://doi.org/10.3758/BF03210959
https://doi.org/10.1080/02724980042000048
https://doi.org/10.1080/02724980042000048
https://doi.org/10.3758/BF03198265
https://doi.org/10.1037/0278-7393.23.3.570
https://doi.org/10.1016/S0749-596X(03)00094-9
https://doi.org/10.1016/S0749-596X(03)00094-9
https://doi.org/10.1126/science.288.5472.1835
https://doi.org/10.1037/0033-2909.109.2.163
https://doi.org/10.1037/0033-295X.110.3.422
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1007/s00426-021-01554-x
https://doi.org/10.1007/s00426-021-01554-x
https://doi.org/10.21105/joss.03041
https://doi.org/10.21105/joss.03041
https://doi.org/10.15626/MP.2020.2577
https://doi.org/10.15626/MP.2020.2577
https://doi.org/10.3389/fnhum.2012.00327R
https://doi.org/10.3389/fnhum.2012.00327R
https://www.R-project.org/
https://doi.org/10.1076/jcen.24.4.534.1033
https://doi.org/10.2466/pms.1977.45.1.11
https://doi.org/10.2466/pms.1977.45.1.11
https://doi.org/10.1037/abn0000184
https://doi.org/10.1037/0096-1523.27.3.515
https://doi.org/10.1037/0096-1523.27.3.515
https://doi.org/10.3758/s13423-012-0373-0
https://doi.org/10.3758/s13423-012-0373-0
https://doi.org/10.1371/journal.pone.0082320
https://doi.org/10.1016/j.actpsy.2012.11.004

1286

Attention, Perception, & Psychophysics (2024) 86:1259-1286

congruent effect. Canadian Journal of Experimental Psychology/
Revue Canadienne de Psychologie Expérimentale, 71, 52—62.
https://doi.org/10.1037/cep0000106

Schmidt, J. R. (2019). Evidence against conflict monitoring and adap-
tation: An updated review. Psychonomic Bulletin & Review, 26,
753-771. https://doi.org/10.3758/s13423-018-1520-z

Schmidt, J. R. (2021). When data transformations are appropriate or
even necessary: A response to Cohen-Shikora, Suh and Bugg
(2019). Timing & Time Perception, 9, 161-197. https://doi.org/
10.1163/22134468-bjal0019

Schmidt, J. R., & Besner, D. (2008). The Stroop effect: why proportion
congruent has nothing to do with congruency and everything
to do with contingency. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 34, 514-523. https://doi.org/
10.1037/0278-7393.34.3.514

Schmidt, J. R., & Lemercier, C. (2019). Context-specific proportion
congruent effects: Compound-cue contingency learning in dis-
guise. Quarterly Journal of Experimental Psychology, 72, 1119—
1130. https://doi.org/10.1177/1747021818787155

Schmidt, J. R., Crump, M. J., Cheesman, J., & Besner, D. (2007).
Contingency learning without awareness: Evidence for implicit
control. Consciousness and Cognition, 16, 421-435. https://doi.
org/10.1016/j.concog.2006.06.010

Schmidt, J. R., De Houwer, J., & Besner, D. (2010). Contingency learn-
ing and unlearning in the blink of an eye: A resource dependent
process. Consciousness and Cognition, 19, 235-250. https://doi.
org/10.1016/j.concog.2009.12.016

Schmidt, J. R., Giesen, C. G., & Rothermund, K. (2020). Contingency
learning as binding? Testing an exemplar view of the colour-
word contingency learning effect. Quarterly Journal of Experi-
mental Psychology, 73, 739-761. https://doi.org/10.1177/17470
21820906397

Sharma, D., & McKenna, F. P. (1998). Differential components of
the manual and vocal Stroop tasks. Memory & Cognition, 26,
1033-1040. https://doi.org/10.3758/BF03201181

Simon, J. R. (1969). Reactions toward the source of stimulation. Jour-
nal of Experimental Psychology, 81, 174—176. https://doi.org/
10.1037/n0027448

Spinelli, G., & Lupker, S. J. (2020). Item-specific control of attention
in the Stroop task: Contingency learning is not the whole story in
the item-specific proportion-congruent effect. Memory & Cogni-
tion, 48, 426-435. https://doi.org/10.3758/s13421-019-00980-y

Spinelli, G., & Lupker, S. J. (2021). Proactive control in the Stroop
task: A conflict-frequency manipulation free of item-specific,
contingency-learning, and color-word correlation confounds.
Journal of Experimental Psychology: Learning, Memory, and
Cognition, 47, 1550-1562. https://doi.org/10.1037/xIm0000820

Spinelli, G., & Lupker, S. J. (2022). Conflict-monitoring theory in
overtime: Is temporal learning a viable explanation for the con-
gruency sequence effect? Journal of Experimental Psychology:
Human Perception and Performance, 48, 497-530. https://doi.
org/10.1037/xhp0000996

Spinelli, G., & Lupker, S. J. (2023a). Robust evidence for proactive
conflict adaptation in the proportion-congruent paradigm. Jour-
nal of Experimental Psychology: Learning, Memory, and Cogni-
tion, 49, 675-700. https://doi.org/10.1037/xIm0001144

Spinelli, G., & Lupker, S. J. (2023b). Target-distractor correlation does
not imply causation of the Stroop effect. Quarterly Journal of
Experimental Psychology. Advance online publication. https://
doi.org/10.1177/17470218231182854

Spinelli, G., Goldsmith, S. F., Lupker, S. J., & Morton, J. B. (2022a).
Bilingualism and executive attention: Evidence from studies of
proactive and reactive control. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 48, 906-927. https://doi.
org/10.1037/xIm0001095

@ Springer

Spinelli, G., Krishna, K., Perry, J. R., & Lupker, S. J. (2020). Working
memory load dissociates contingency learning and item-specific
proportion-congruent effects. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 46, 2007-2033. https://
doi.org/10.1037/xIm0000934

Spinelli, G., Morton, J. B., & Lupker, S. J. (2022b). Both task-irrelevant
and task-relevant information trigger reactive conflict adapta-
tion in the item-specific proportion-congruent paradigm. Psy-
chonomic Bulletin & Review, 29, 2133-2145. https://doi.org/10.
3758/s13423-022-02138-5

Spinelli, G., Perry, J. R., & Lupker, S.J. (2019). Adaptation to conflict
frequency without contingency and temporal learning: Evidence
from the picture-word interference task. Journal of Experimental
Psychology: Human Perception and Performance, 45,995-1014.
https://doi.org/10.1037/xhp0000656

Stroop, J. (1935). Studies of interference in serial verbal reactions.
Journal of Experimental Psychology, 18, 643—-662. https://doi.
0rg/10.1037/h0054651

Tafuro, A., Vallesi, A., & Ambrosini, E. (2020). Cognitive brakes in
interference resolution: A mouse-tracking and EEG co-regis-
tration study. Cortex, 133, 188-200. https://doi.org/10.1016/j.
cortex.2020.09.024

Tang, R., Bugg, J. M., Snijder, J. P., Conway, A. R., & Braver, T. S.
(2023). The Dual Mechanisms of Cognitive Control (DMCC)
project: Validation of an online behavioural task battery. Quar-
terly Journal of Experimental Psychology, 76, 1457-1480.
https://doi.org/10.1177/17470218221114769

Taylor, S. F., Kornblum, S., Lauber, E. J., Minoshima, S., & Koeppe,
R. A. (1997). Isolation of specific interference processing in
the Stroop task: PET activation studies. Neuroimage, 6, 81-92.
https://doi.org/10.1006/nimg.1997.0285

Tzelgov, J., Henik, A., & Berger, J. (1992). Controlling Stroop effects
by manipulating expectations for color words. Memory & Cogni-
tion, 20, 727-735. https://doi.org/10.3758/BF03202722

Visalli, A., Ambrosini, E., Viviani, G., Sambataro, F., Tenconi, E., &
Vallesi, A. (2023). On the relationship between emotions and
cognitive control: Evidence from an observational study on emo-
tional priming Stroop task. Plos one, 18, €0294957. https://doi.
org/10.1371/journal.pone.0294957

Viviani, G., Visalli, A., Montefinese, M., Vallesi, A., & Ambrosini, E.
(2023). The Stroop legacy: A cautionary tale on methodological
issues and a proposed spatial solution. Advance online publica-
tion. https://doi.org/10.3758/s13428-023-02215-0

Weidler, B. J., Pratt, J., & Bugg, J. M. (2022). How is location defined?
Implications for learning and transfer of location-specific control.
Journal of Experimental Psychology: Human Perception and
Performance, 48, 312-330. https://doi.org/10.1037/xhp0000989

Weissman, D. H., Egner, T., Hawks, Z., & Link, J. (2015). The congru-
ency sequence effect emerges when the distracter precedes the
target. Acta Psychologica, 156, 8-21. https://doi.org/10.1016/j.
actpsy.2015.01.003

Weissman, D. H., Schmidt, J. R., & Spinelli, G. (in review). Strategic
modulations of response activation contribute to list-wide con-
trol: Evidence from proportion congruency effects in the prime-
probe task.

Welford, A. T. (Ed.). (1980). Reaction Times. Academic Press.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1037/cep0000106
https://doi.org/10.3758/s13423-018-1520-z
https://doi.org/10.1163/22134468-bja10019
https://doi.org/10.1163/22134468-bja10019
https://doi.org/10.1037/0278-7393.34.3.514
https://doi.org/10.1037/0278-7393.34.3.514
https://doi.org/10.1177/1747021818787155
https://doi.org/10.1016/j.concog.2006.06.010
https://doi.org/10.1016/j.concog.2006.06.010
https://doi.org/10.1016/j.concog.2009.12.016
https://doi.org/10.1016/j.concog.2009.12.016
https://doi.org/10.1177/1747021820906397
https://doi.org/10.1177/1747021820906397
https://doi.org/10.3758/BF03201181
https://doi.org/10.1037/h0027448
https://doi.org/10.1037/h0027448
https://doi.org/10.3758/s13421-019-00980-y
https://doi.org/10.1037/xlm0000820
https://doi.org/10.1037/xhp0000996
https://doi.org/10.1037/xhp0000996
https://doi.org/10.1037/xlm0001144
https://doi.org/10.1177/17470218231182854
https://doi.org/10.1177/17470218231182854
https://doi.org/10.1037/xlm0001095
https://doi.org/10.1037/xlm0001095
https://doi.org/10.1037/xlm0000934
https://doi.org/10.1037/xlm0000934
https://doi.org/10.3758/s13423-022-02138-5
https://doi.org/10.3758/s13423-022-02138-5
https://doi.org/10.1037/xhp0000656
https://doi.org/10.1037/h0054651
https://doi.org/10.1037/h0054651
https://doi.org/10.1016/j.cortex.2020.09.024
https://doi.org/10.1016/j.cortex.2020.09.024
https://doi.org/10.1177/17470218221114769
https://doi.org/10.1006/nimg.1997.0285
https://doi.org/10.3758/BF03202722
https://doi.org/10.1371/journal.pone.0294957
https://doi.org/10.1371/journal.pone.0294957
https://doi.org/10.3758/s13428-023-02215-0
https://doi.org/10.1037/xhp0000989
https://doi.org/10.1016/j.actpsy.2015.01.003
https://doi.org/10.1016/j.actpsy.2015.01.003

	A spatial version of the Stroop task for examining proactive and reactive control independently from non-conflict processes
	Abstract
	Introduction
	Non-conflict processes can produce Proportion-Congruent (PC) effects
	Controlling for non-conflict processes in PC paradigms
	The present research

	Experiment 1
	Method
	Participants
	Materials
	Procedure

	Results
	Inducer items
	Diagnostic items
	Reliability analysis

	Discussion

	Experiment 2
	Method
	Participants
	Materials
	Procedure

	Results
	Classic item-specific Proportion-Congruent (PC) analysis
	Contingency-learning analysis
	Reactive-control analysis
	Reliability analysis

	Discussion

	General discussion
	Summary and response to potential challenges
	Direct and indirect impacts of non-conflict processes
	Limitations

	References


