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Performance of the Stroop task reflects two conflicts—informational (between the incongruent word and
ink colour) and task (between relevant colour naming and irrelevant word reading). This is supported by
findings showing that the anterior cingulate cortex is more activated by congruent and incongruent stimuli
than by nonword neutral stimuli. Previously, researchers demonstrated behavioural evidence for task con-
flict—a reverse facilitation effect under a reduced task conflict control condition. The boundary conditions
of this Stroop reverse facilitation effect are not yet clear. The current study aimed to investigate whether
task conflict arises, and task control is needed, whenever there are two possible tasks, even if the irrelevant
task cannot mislead one to give erroneous responses (i.e., stimuli do not contain an informational conflict).
To this end, in both experiments no incongruent stimuli were presented. In Experiment 1, participants
conducted a Stroop task with a high proportion of nonword neutrals and with a neutral/congruent cue
in 50% of the trials. In Experiment 2, the nonword neutral was replaced by a real non-colour-word.
We found the reverse facilitation effect in the noncued trials of Experiment 1. Moreover, as expected,
this effect was eliminated when a noncolour neutral word that induced task conflict was used
(Experiment 2). We conclude that task conflict control is reactively activated whenever there are at
least two possible tasks, even in the absence of any possibility of informational conflict.

Keywords: Task conflict; Stroop; Reverse facilitation; Executive functions; Anterior cingulate cortex.

Executive control is a key human function that
mediates the ability to guide behaviour in accord-
ance with internal goals (Banich, 2009; Miller &
Cohen, 2001; Miyake et al., 2000; Shallice &
Norman, 1986). An important part of this
process, and perhaps a hallmark of executive func-
tion, is the suppression of irrelevant information

(Verbruggen & Logan, 2008). This is needed in

daily situations that go against routine. To study
this process in the laboratory, consider the Stroop
task (Stroop, 1935), which requires participants to
identify the colour in which a colour-word is
printed, while ignoring the word meaning. Since
word-reading is automatic, this presents partici-
pants with a challenge when presented with incon-

gruent stimuli (e.g., GREEN written in red). In
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such cases, one has to ignore the irrelevant word
(GREEN) and respond instead to the colour
(red). The Stroop effect (i.e., longer reaction
time, RT, for incongruent than for congruent
stimuli; e.g., RED written in red) and interference
effects (i.e., slower RT for incongruent than for
neutral stimuli; e.g., XXXX written in red) demon-
strate that participants have difficulty in ignoring
the irrelevant word altogether. The low error rate
in normal participants and the increased error rate
in participants with executive and frontal deficits
(Cohen & Servan-Schreiber, 1992) demonstrate
the role of executive control and of the prefrontal
cortex in guiding task-relevant behaviour and sup-
pressing automatic responses (Cohen, Dunbar, &
McClelland, 1990).

A number of investigations have suggested that
executive control is allocated in an adaptive and
strategic way in response to conflict (Botvinick,
Braver, Barch, Carter, & Cohen, 2001; De
Pisapia & Braver, 2006). This means that partici-
pants do not allocate executive control equally in
all Stroop trials; rather, control relaxes after easy
(neutral) stimuli, but is engaged by difficult, con-
flict-inducing (incongruent) stimuli. This sugges-
tion is supported by data showing that the
magnitude of the Stroop effect increases in blocks
that have a majority of neutrals (e.g., 12.5% incon-
gruent, 12.5% congruent, and 75% neutrals), com-
pared to blocks that have a majority of colour-word
Stroop stimuli (e.g., 37.5% incongruent, 37.5%
congruent, and 25% neutral; Tzelgov, Henik, &
Berger, 1992). As suggested by Tzelgov et al.
(1992), and consistent with a role of conflict in
the allocation of executive control in the Stroop
task, an increase in the frequency of neutrals may
result in putting executive control 7o sleep, resulting
in enhanced Stroop interference. This interpret-
ation is supported by neuroimaging data that
provide evidence for the role of conflict in top-
down control regulation by showing that the
anterior cingulate cortex (ACC)—a brain area
thought to monitor conflict (Botvinick et al,
2001; Botvinick, Nystrom, Fissell, Carter, &
Cohen, 1999; Carter, Botvinick, & Cohen, 1999;
Carter et al., 1998)—is more active in incongruent
Stroop trials than in neutral trials (e.g., Bench et al.,

TASK CONFLICT INDEPENDENCY

1993; Carter, Mintun, & Cohen, 1995; Milham
et al., 2002, for older participants). Interestingly,
however, these studies also show that not only do
the incongruent Stroop stimuli trigger higher
ACC activations than the neutrals do, but the con-
gruent Stroop trials do so too. This may be surpris-
ing since on the face of it, responding to such
stimuli should be easy, as indicated by facilitation
effects (faster response to congruent than to
neutral Stroop stimuli; MacLeod, 1991). One
may note, though, that Stroop facilitation effects
are generally smaller and less robust than Stroop
interference effects (e.g., Dalrymple-Alford &
Budayr, 1966).

The nature of the contradiction between the
neuroimaging and the behavioural data on conflict
and putative facilitation in Stroop congruent trials
has been subject to a number of recent investi-
gations. One way to resolve this apparent contra-
diction is to distinguish between two types of
conflict: information (or response; i.c., a conflict
between the contradictory information that arises
from the word meaning and the information that
arises from the word colour) versus task conflict
(i.e., a conflict between the relevant identification
of the colour task and the irrelevant but automatic
reading task). While information conflict involves
the content of the stimulus and the response
needed, differing between congruent and incongru-
ent Stroop stimuli, task conflict involves the task
associated with the stimulus and differs between
congruent and neutral nonword Stroop stimuli
(Kalanthroft, Goldfarb, & Henik, in press). This
is consistent with the suggestion that a stimulus
has the ability to evoke performance of a task that
has a strong association with it (Allport & Wrylie,
2000; Rogers & Monsell, 1995; Woaszak,
Hommel, & Allport, 2003) and, specifically, that
words trigger an automatic tendency to read
written words (MacLeod & MacDonald, 2000).
Such task conflict may arise in particular in situ-
ations in which the proactive top-down control
mechanism (Braver, 2012) is diminished. In these
situations, the stimulus may trigger a reactive
response of the associated task demands.

Recent research in our lab provided further
support for the presence of task conflict in
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congruent Stroop stimuli by demonstrating a novel
reverse facilitation effect (i.e., faster response to
nonword neutrals, e.g., XXXX written in red,
than to congruent Stroop stimuli, e.g., RED
written in red). To show this, Goldfarb and
Henik (2007) used a high-neutral-nonword-fre-
quency, low-control condition, as a manipulation
aimed to pur the task conflict guard to sleep. To
further reduce proactive task control, they used a
cueing procedure in which in half of the trials a
valid cue indicated whether the upcoming trial
was going to be a neutral or a colour-word trial.
This allowed participants to relax the proactive
control progressively further as they got used to
relying on cues for activating it. The results led to
a slow-down in RTs for congruent compared to
nonword neutral trials—that is, a significant
reverse facilitation in the noncued trials. Because
the large proportion of neutral trials and cueing
were the cause for the changes in RT's in congruent
trials, these results provided behavioural evidence
for task conflict between responding to the word
reading task and responding to the colour naming
task. The reverse facilitation revealed that the task
conflict is present in congruent Stroop trials in
the absence of proactive control (noncued con-
dition), in line with the neuroimaging evidence
(e.g., Bench et al., 1993; Carter et al., 1995).

One important question arises, however, regard-
ing the boundary conditions of the Stroop reverse
facilitation, which has implications for the nature
of the task conflict slow-down. Is this slow-down
an adaptive control process, meant to protect the
participant from the risk of making a mistake in
incongruent Stroop trials (half of the colour-word
trials were incongruent in all the studies above)?
Or, is the task conflict slow-down a mandatory
and automatic process that is triggered by the pres-
ence of any word-like stimuli, even if no danger for
misleading information exists, as long as a compet-
ing task exists (e.g., a word in the Stroop task)? If
the latter is the case, we should expect that the
Stroop reverse facilitation be maintained, even if
there are no incongruent Stroop trials at all. It has
been suggested that the Stroop effect is sensitive
to context (Melara & Algom, 2003; Sabri,
Melara, & Algom, 2001). Will there be an

indication for task conflict when incongruent
trials are nonexistent? Accordingly, the aim of
this study is to test the boundary condition of the
Stroop reverse facilitation. Will participants have
slowed-down responses in congruent Stroop trials
even though the irrelevant pathway will activate
the same response, and no potential danger will
be present? Such a nonadaptive outcome is consist-
ent with studies indicating that the Stroop task
conflict is independent of informational conflict
and that the reading task is automatically activated
whenever there is a real word presented. For
example, in a neuroimaging Stroop study, Bench
et al. (1993) presented stimuli in pure blocks of
congruent or neutral (i.e., letter string) trials.
Even though they used pure blocks, they still
tound larger ACC activation for a pure congruent
block than for a pure neutral block, indicating
that task control is not adaptive and that task con-
flict arises even if there is no danger for incongruent
information. Bench et al.’s findings are restricted to
the neural level since at the behavioural level they
found a common (small) facilitation. In the
current study, we aim to test this at the behavioural
level.

EXPERIMENT 1

Our study is based on the experimental design used
by Goldfarb and Henik (2007). In their study, 75%
of the trials were neutral, 12.5% congruent, and
12.5% incongruent. In half of the trials, subjects
were presented a cue telling them whether the
upcoming trial was going to be neutral or not.
The automatic response to the word (reading)
could potentially cause an erroneous response;
hence, it was worthwhile inhibiting this irrelevant
task.

In this case, performing the irrelevant task can
lead to some “bad consequences”. Efforts invested
in inhibiting the automatic task (or managing the
task conflict) slowed the RT's for congruent trials
and caused a reverse facilitation effect. But, what
would happen had the participants learned that
the competing task could never mislead them? In
this experiment, we replicated the procedure from
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our previous study (Goldfarb & Henik, 2007), only
with no incongruent trials. This would allow us to
answer the question of whether task conflict is
automatically triggered whenever a written word
appears or whether control is adaptive and stops
managing that conflict if it learned that it is not
worthwhile.

Since we believe that task conflict exists when-
ever there are (at least) two possible tasks and that
this conflict will appear whenever proactive
control is low, we expect to replicate Goldfarb
and Henik’s (2007) finding. That is, in a high
neutral nonword condition, proactive task conflict
control is expected to be relaxed, and therefore in
noncued trials, task conflict should be present, as
indicated by a reverse facilitation. In the same
high neutral nonword condition, in cued trials
control can be easily and efficiently recruited, and,
thus, task conflict is less likely to appear; hence,
we do not expect a reverse facilitation.

Unlike in Goldfarb and Henik’s (2007) study,
the cue in our experiment revealed whether the
upcoming trial was going to be neutral or congru-
ent. We address the potential problems that this
could cause as well as our suggested solutions in
the Discussion section of the current experiment
and in Experiment 2.

Method

Participants

Nineteen first-year psychology students (15 females
and 4 males) of Ben-Gurion University of the
Negev (Israel) participated for partial fulfilment of
course requirements and credit. All participants
had normal or corrected-to-normal vision, were
right-handed, had no history of attention deficit
or dyslexia, and were native speakers of Hebrew,
and all were naive as to the purpose of the exper-
iment. One participant (male) was excluded from
further analysis due to extremely slow RT
(average RT's were more than 3 standard deviations
from the mean in all conditions).

Stimuli
Participants were presented with a four-colour,
manual Stroop task. Each stimulus consisted of

TASK CONFLICT INDEPENDENCY

one of four colour-words (blue, red, green, and
yellow), or a four-letter string in Hebrew—
Y (meaningless repetition of a Hebrew
letter, parallel to XXXX in the English version).
All four colour-words have four letters in
Hebrew. The ink colour was red, blue, green, or
yellow. There were four different congruent combi-
nations of words and ink colours, and four different
neutral stimuli. An “X” cue meant that a congruent
trial was going to appear, an “O” cue meant that a
neutral letter string was going to appear, and a “?”
cue meant that any stimulus could appear. Cues
were 100% valid. Seventy-five percent of the trials
were neutral (37.5% cued and 37.5% noncued),
and 25% were congruent (12.5% cued and 12.5%
noncued). The words were presented at the centre
of a screen on a black background and were 0.98
inches high and 2.36 inches wide. Cues were pre-
sented at the centre of the screen.

Procedure

For most accounts the procedure was similar to that
in Goldfarb and Henik’s (2007) study. Data collec-
tion and stimuli presentation were controlled by a
DELL OptiPlex 760 vPro computer with an
Intel core 2 duo processor E8400 3 GHz. Stimuli
were presented on a DELL E198PF 19” LCD
monitor. A keyboard was placed on a table
between the participant and the monitor.
Participants were tested individually. They sat
approximately 23.5” from the computer screen.
Coloured stickers were taped on four regular key-
board keys according to the colours they rep-

«

resented. The “v” key represented red, the “b” key
represented blue, the “n” key represented green,
and the “m” key represented yellow. Participants
were asked to use only their right hand.

The experiment started with 12 key-matching
practice trials. In these trials, a coloured asterisk
appeared at the centre of the screen, three times
in each of the four colours, in a random order.
The asterisk disappeared on a key-press or after
3,500 ms, and then the next trial began after a
1,000-ms interval. Feedback was given only for
incorrect trials.

Following this, participants were presented with
an explanation about the task and the meaning of
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the cues. Instructions emphasized that after an “O”
cue a letter string would appear, after an “X” cue a
colour-word would appear, and after a “?” cue either
one of the two could appear. Participants were
asked to refer only to the ink colour and to press
the correct key as fast as possible without making
mistakes. Instructions did not reveal that there
would be no incongruent trials or the proportion
of the congruency conditions. Nevertheless, partici-
pants were told that the practice block would be
identical to the experimental block (only that the
experimental block would be longer and would
not include feedback); so in fact, participants
knew there would be no incongruent trials after
the practice block. Subjects underwent 32 practice
trials (which were not analysed further) and 192
experimental trials. In both the experiment block
and the practice block, 25% of the trials were con-
gruent, and 75% were neutral. Half of the trials in
each congruency condition were cued (i.e., “X” or
“O” preceded the target), and half were not (“?” pre-
ceded the target). Within each condition, the
stimuli were presented equally. The order of the
trials was random.

Each trial started with a 1,000-ms fixation (a
white + sign at the centre of a black screen), fol-
lowed by a 500-ms interval of an empty black

660
@ Congruent
650 m Neutral

640 (3.1%)

630

(3.1%)

RT(ms)
o
=

610

600

590

580 ¢
Cue Non Cued
X\0 ?

Figure 1. Mean RT (reaction time) and error rates (in parentheses)
in the congruency conditions for Stroop trials with and without
cueing in Experiment 1. Error bars represent one standard error
from the mean (u:ing Cousinear's, 2005, method to compute the
error bars in within-subjects designs).

screen. Then the cue appeared for 1,000 ms, fol-
lowed by another 500-ms interval of an empty
black screen. After this the Stroop target appeared
and stayed in view for 2,500 ms or until a key-
press. RT was calculated from the appearance of
the target Stroop stimulus to the reaction. Each
trial ended with a 1,000-ms intertrial interval.

Results and discussion

Mean RTs of correct responses were calculated for
each participant in each condition. A two-way
ANOVA (analysis of variance) with repeated
measures was applied to RT data with congruency
(congruent and neutral) and cue (cued or
noncued) as within-subject factors. A significant
interaction was found, F(1, 17) =7.616, MSE =
1,041.829, p<.01, n.=.309. In addition, we
found a main effect for cue, (1, 17) = 6.420,
MSE=876.74, p < .05, nj = .274, but no effect
for congruency, F(1, 11) < 1. We found that RT
for noncued congruent stimuli (633 ms) was 39
ms longer than that for cued congruent stimuli
(594 ms), #(17)=23.161, p<.01. On the other
hand, there was no significant difference in RT
between the cued (622 ms) and the noncued (619
ms) neutral trials 17) <1 (Figure 1).

To further investigate the interaction, a planned
post hoc analysis was carried out. We analysed the
simple effect of congruency in the two cueing con-
ditions. For the cued condition, we found a mar-
ginally significant facilitation, F(1, 17)=3.631,
MSE =1,856.185, p = .074. For the noncued con-
dition, we found a significant reverse facilitation of
15 ms, F(1, 17) =5.46, MSE =352.39, p < .05.
Note that two different patterns of Stroop effects
were found within the same experiment. A
reverse facilitation (RT's for neutral trials shorter
than RT's for congruent trials) was found in the
noncued condition, and the regular facilitation
effect (RTs for neutral trials longer than RTs for
congruent trials) was found when a cue was given
(see Figure 1). Reverse facilitation in the noncued
condition, which occurred without any incongruent
trials, indicates that task conflict arises automati-
cally whenever a word is presented, regardless of
the information it contains. Moreover, the reverse
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facilitation effect also indicates that task conflict
control is needed, and it slows down congruent
RT responses, even when there are no incongruent
trials, or when the competing task cannot mislead
you. The lack of a reverse facilitation in the cued
(higher control) condition also supports the
interpretation that the task conflict effect is contin-
gent upon low proactive control.

Using an ex-Gaussian analysis, Steinhauser and
Hubner (2009) showed that a task conflict effect is
obtained in the exponential (slow) portion of the
RT distribution, while response conflict is obtained
in the Gaussian (fast) portion of the RT distri-
bution. In light of this, one can argue that task con-
flict disappeared in cued trials only due to speeding
induced by the cue, and not due to increased proac-
tive control. Though fast RT's and high control
explanations do not necessarily contradict each
other, we conducted an additional analysis in
order to investigate this alternative explanation.
Mean RTs (of correct responses) were calculated
for congruent and neutral cued conditions only
for the slowest quarter of the trials for each partici-
pant. Similar to the general RT analysis, we found a
marginally significant common facilitation effect
(62 ms), F1, 17)=4.245, MSE=18,051.369,
p =055, indicating that the facilitation effect is
not an artefact of generally fast RTs in the cued
condition.

The most important finding of this experiment
is that our results in the noncued condition
replicate those of Goldfarb and Henik (2007)
in a Stroop task without incongruent trials.
In the cued condition, however, we found a mar-
ginally significant facilitation, whereas they
found a marginally significant reverse facilitation.
Furthermore, the magnitude of the reverse-facili-
tation effect in the noncued condition (about 15
ms) was smaller than the one found in Goldfarb
and Henik’s study (more than 100 ms). Although
it is difficult to draw firm conclusions from the
magnitude of the facilitation in different studies,
one possibility is that the effect of the task con-
flict—the amount of inhibition it triggers on the
response—depends to some degree on the corre-
lation between task conflict and errors. While in
Goldfarb and Henik’s study task-conflict trials

TASK CONFLICT INDEPENDENCY

were those in which there was a danger to make
an erroneous response (half were incongruent), in
the present experiment, this was not the case (all
task-conflict trials were congruent). Thus, it is
possible that while task conflict is automatic, the
amount of response inhibition it triggers depends
on task contingencies (Melara & Algom, 2003;
Sabri et al., 2001). We defer this question to
future studies that vary the frequency of the incon-
gruent stimuli in a within-subject design. The
important result of our present study is that
Stroop reverse facilitation emerges even under a
stringent condition in which the congruent words
do not pose any danger towards naming errors.

A possible alternative explanation for the result
in the cued condition is that in the present study,
participants switched to an explicit reading strategy
in congruent trials. This could explain the faster
RTs in the cued congruent trials. In order to
reject this alternative explanation, we conducted
an additional analysis. Allport, Styles, and Hsich
(1994) showed that there is a large switching cost
(ie., longer RTs to switch trials than to repeat
trials) when, in the Stroop task, participants
switched from a colour naming task to a word
reading task. Because we wanted to rule out the
possibility that participants responded to the word
in the cued congruent trials, we looked for a switch-
ing (to word response) cost. If participants
responded to the word, it is most likely that they
did it in cued congruent trials, whereas in the
neutral trials they surely responded to colours;
thus, responding to a word on trial # would be
longer if the preceding trial » — 1 was a neutral
than when it was a word. Mean RT's (of correct
responses) in the cued congruent condition were
calculated separately for trials that were preceded
by a cued congruent condition (repeat) and for
trials that were preceded by neutrals (supposedly
switch trials). No significant difference was found
between “repeat” trials (589 ms) and “switch”
trials (595 ms), £ <1 (the observed statistical
power for this null effect was .06), indicating no
switching cost (hence, no switching). Note that
previous studies argued that when switching from
reading to colour naming, there is no (or much
less) switching cost (Allport et al., 1994); thus,
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we calculated “switching cost” caused by (possibly)
switching to a word response.

We further discuss the possibility that partici-
pants responded to the word on cued congruent
trials in the Discussion of Experiment 2.

EXPERIMENT 2

Experiment 2 was conducted in order to verify
further that nothing but the level of task conflict
control produced the effects observed in
Experiment 1. In order to do this, we used a
manipulation used in our previous studies
(Goldfarb & Henik, 2007, Experiment 2;
Kalanthroff et al., in press, Experiments 2 and 3).
We replaced the neutral homogenous letter
string stimulus in Experiment 1 with a non-
colour-word. This would still allow for no informa-
tional conflict in the neutral condition. Using the
Stroop task, Bugg, McDaniel, Scullin, and Braver
(2011) found a decreased interference effect
(increased proactive control) in a high-neutral-
word-proportion block. This suggests that neutral
words cause a conflict and require executive
control. According to MacLeod and MacDonald
(2000), words raise an automatic tendency to
read; thus a non-colour-word should activate an
automatic word reading response (the irrelevant
task), whereas a string of letters should not.
Goldfarb and Henik (2007), and Kalanthroff
et al. (in press) found that the reverse facilitation
effect indeed disappeared when a non-colour-
word was used as a neutral. Accordingly, under
this condition, task conflict should occur in all
trials, and its effect should not be seen in any trial
—task conflict control will be high in both cued
and noncued conditions, and as in Goldfarb and
Henik’s (Experiment 2) and Kalanthroff et al’s
studies (Experiments 2 and 3), no task conflict
effects will be revealed.

As we noted in Experiment 1, the cue effect
could alternatively be attributed to the participants’
strategy in which they switch to a reading task in
the congruent cued trials. Experiment 2’s design
still allows participants to carry out this strategy.
Theoretically, they can switch to a reading task in

the congruent cued trials regardless of the kind of
neutral trials used in the design. If participants
used such a strategy, and the effect found in the
cued condition of Experiment 1 had nothing to
do with the task conflict, then the same pattern
of results as those found in Experimentl would
be found in Experiment 2.

Because we believe that task conflict will now
appear in both congruent and neutral trials, we
predict that a common facilitation will appear in
the noncued condition. Moreover, because we
believe that participants follow the instructions
and do not read (as also evidenced from the lack
of switching cost in Experiment 1), we predict
that in the cued condition the facilitation effect
will not be larger than that in the noncued
condition.

Method

Participants

Sixteen first-year Psychology students (12 females
and 4 males) of Ben-Gurion University of the
Negev  (Isracl), who did not take part in
Experiment 1, participated for partial fulfilment
of course requirements and credit. All participants
had normal or corrected-to-normal vision, were
right-handed, had no history of attention deficit
or dyslexia, and were native speakers of Hebrew,
and all were naive as to the purpose of the
experiment.

Stimuli

In this experiment, the meaningless homogenous
letter string WY’ was replaced by the Hebrew
non-colour-word %22 (building), which matched
the colour-words by length and word frequency
and did not begin with the same letter as any of
the colour-words (see also Goldfarb & Henik,
2007). Except for this, all the stimuli and the pro-
cedure in Experiment 2 were identical to those in
Experiment 1.

Results and discussion

Mean RTs of correct responses were calculated for
each participant in each condition. A two-way
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ANOVA with repeated measures was applied to
RT data with congruency (congruent and neutral)
and cue (cued or noncued) as within-subject
factors. As expected, a main effect for congruency
was found, F(1, 15)=6.948, MSE =1,580.698,
p <.05, n?, =.317, and no main effect for cueing,
F<1, or interaction, F<1, was found. The
observed statistical powers for those null effects
were .053 and .063 for the main effect for cueing
and for the interaction, respectively. As can be
seen in Figure 2, when using a neutral word,
response to the cued and noncued conditions did
not differ. It seems that under a high-control con-
dition, caused by the continuous encounters with
the need to manage the task conflict, task control
was very efficient in quickly solving the task
conflict.

Planned comparisons showed that in both the
cued and the noncued conditions, RT for congru-
ent words was significantly shorter (611 ms and
615 ms for the cued and noncued condition,
respectively) than RT for neutral non-colour-
words (640 ms and 639 ms for the cued and
noncued conditions, respectively)—the facilitation
effect, F(1, 15)=4.933, MSE=1,334.38, p <
.05, and A1, 15)=4.537, MSE=991.377, p <
.05, respectively (Figure 2). Unlike in Experiment

660

B Congruent
650 | = Neutral
(3.7%) (3.8%)
640 |
630 1
=
5 620 (3.7%)
2.5%)
IE ( )
610 -
600
590
580 4
Cue Non Cued
X\O ?

Figure 2. Mean RT (reaction time) and error rates (in parentheses)
in the congruency conditions for Stroop trials with and without
cueing in Experiment 2. Error bars represent one standard error
from the mean (u.ving Cousinear's, 2005, method to compute the
error bars in within-subjects designs).

TASK CONFLICT INDEPENDENCY

1, task conflict control was high, and thus a
common facilitation was demonstrated. It seems
that word neutrals increase task conflict control
because task control is needed in order to prevent
responding to words.

Importantly, Experiment 2 strengthens the
assumption that results obtained in Experiment 1
were not caused by reading, or switching to
reading, in the congruent trials. There are two indi-
cations that participants did not respond to the
word in the congruent cued condition: (a) If
reading had taken place in the congruent cued con-
dition, participants would have used the same strat-
egy in the parallel condition in Experiment
2. Hence, the facilitation effect should have been
higher (or the RTs in congruent trials would have
been shorter) in the cued condition than in the
noncued condition in this experiment. Moreover,
if switching from identifying the colour to
reading was the cause for the reverse facilitation
effect obtained in Experiment 1, we would have
expected the same pattern of results in
Experiment 2. The fact that the facilitation effect
was positive and similar in both conditions (30
ms and 24 ms for cued and noncued condition,
respectively) and that the interaction between con-
gruency and cueing was not significant, does not
support this option. (b) If participants switched to
reading in the congruent cued condition, we
would have expected a switching cost (Allport
et al., 1994) in Experiment 1; no such switching
cost was found.

Another important finding of Experiment 2 was
that there was no main effect for cueing, meaning
that the cue did not help to speed up responding.
We suggested earlier that conflict arose whenever
a word was presented. Accordingly, participants
knew that a conflict was expected in each and
every trial. Thus, the cue was not informative
regarding the upcoming conflict. Additionally,
since a conflict was presented in all trials (unlike
Experiment 1 in which conflicts were rare), our
results indicate that proactive control was high
throughout the block. In Experiment 1, proactive
control was relaxed, and the existence of cues wea-
kened it even more. In Experiment 2, control was

already high, and a cue did not make a difference.
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Moreover, the idea that a high proportion of word
neutrals increases proactive control is strengthened
by Bugg et al’s (2011) study that was mentioned

earlier.

GENERAL DISCUSSION

The main result of this investigation is the replica-
tion of the Stroop reverse facilitation (faster RT to
neutral stimuli than to congruent Stroop colour-
words; Goldfarb & Henik, 2007), in a study that
does not include any incongruent Stroop stimuli.
This supports the idea that congruent Stroop
stimuli trigger task conflict—between the relevant
task and the irrelevant task that is triggered by a
strong association with a stimulus—automatically.

These results are consistent with the idea that at
least part of the interference that is commonly
observed in Stroop tasks is due to competition
between the relevant task and the irrelevant auto-
matic task (Monsell, Taylor, & Murphy, 2001);
they are also consistent with the results of more
recent studies on task conflict in the Stroop task.
For example, David et al. (2011) found evidence
from an event-related potential (ERP) study for
the existence of task conflict in the Stroop match-
ing task; Steinhauser and Hubner (2009) showed
an empirical dissociation between task conflict
and response conflict in the Stroop task by
showing that the task conflict effect is obtained in
the exponential portion of the RT distribution,
while response conflict is obtained in the
Gaussian portion of the RT distribution; and
finally, Bugg et al. (2011) showed decreased
Stroop interference (evidence for increased proac-
tive control) in a high-neutral-word-proportion
condition, similar to that found in a high-incongru-
ent-word-proportion  condition—another indi-
cation that a written word causes control
recruitment. This is consistent with the results of
Experiment 2 of the current study in which the
cue did not help participants to improve perform-
ance. In line with Bugg and colleagues, we
suggest that a high proportion of word-neutral
trials increases proactive control throughout the
block. Evidence for task conflict was found in a

few studies on task switching, a paradigm that
increases load on proactive task maintenance
control (e.g., Aarts, Roelofs, & van Turennouta,
2009; Braverman & Meiran, 2010). Thus, the
existence of task conflict is supported by evidence
from a number of converging paradigms.

In the Stroop task, the task conflict, unlike the
informational conflict, exists in both congruent
and incongruent trials. Goldfarb and Henik
(2007) argued that a very efficient task control
mechanism prevents the behavioural expression of
the task conflict, which becomes visible under
low-control conditions. In a recent study,
Kalanthroff et al. (in press) combined the Stroop
task with the stop-signal method (Logan, 1994;
Logan & Cowan, 1984). Participants were pre-
sented with Stroop stimuli, but in some of the
trials they were presented with a stop signal, requir-
ing the inhibition of a response. If inhibition of the
stop signal and inhibition of irrelevant (but auto-
matic) pathways in the Stroop task involve a
common process (Miyake et al., 2000), we should
expect the two types of inhibitory control to be cor-
related. That is, when participants respond in spite
of the stop signal (low inhibitory control), stopping
fails, and the proactive Stroop control is diminished
also. Indeed, we found that erroneous responses to
stop-signal trials showed slower RT's to congruent
than to neutral nonword Stroop trials—a reverse
facilitation. Consistent with this, in an additional
individual differences study (Kalanthroff &
Henik, 2012), we found significant correlations
between the Stroop facilitation effect and stop-
signal reaction time (SSRT). These results
(Stroop reverse facilitation in the absence of proac-
tive task control) are further supported by develop-
mental studies with Stroop-like tasks, which
reported behavioural evidence for task conflict in
children (La Heij & Boelens, 2011; La Heij,
Boelens, & Kuipers, 2010; see Discussion section).

Crucially, all of these studies used incompatible
trials so that acting on the competing task could
potentially lead one to an incorrect response.
Hence, it was impossible to determine whether
task control depended on the existence of incon-
gruent trials in the design—namely, whether it
emerged automatically, even in the case where no
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danger for incongruent information existed. In
contrast, the current work shows that task conflict
appears automatically, even when the competing
task (i.e., reading) could not lead to errors.

The current findings strengthen the claim that
stimuli have the ability to evoke the performance
of a task that has a strong association with them
(Allport & Wylie, 2000; Rogers & Monsell,
1995; Waszak et al., 2003). In our previous work
(Kalanthroff et al., in press), which was mentioned
earlier, we found a reverse facilitation effect in erro-
neous response to stop-signal trials. Interestingly,
RTs for incongruent trials were not longer than
RTs for congruent trials in these erroneous
responses. We concluded that at least some dis-
sociation between two separate control mechanisms
exists; the first control mechanism is responsible for
managing the task conflict and is recruited when a
task conflict appears; the second is responsible for
solving the informational conflict and is recruited
when facing stimuli that produce incongruent
information. Our previous findings showed that
failure in the task control mechanism is not necess-
arily followed by a failure in the informational
control mechanism. Results in the current study
strengthen this by showing that task conflict
occurs even if there is no potential for informational
conflict.

Even though we basically replicated the main
findings of Goldfarb and Henik (2007) in which
a significant reverse facilitation was observed in
the noncued condition, there were still some differ-
ences between the current study results (in which
incongruent trials were omitted) and the previous
ones (in which incongruent trials were present)
regarding the cued condition. In the current
study, in both experiments a common facilitation
effect was obtained under the cued condition
(though it was only marginally significant in
Experiment 1), whereas in Goldfarb and Henik’s
study, under the cued condition there was no facili-
tation effect but rather a nonsignificant reverse
facilitation. As the magnitude of the reverse facili-
tation effect was smaller than that obtained in
studies that mixed incongruent stimuli, there is a
possibility that the magnitude of the response inhi-
bition triggered by the task conflict depends on the

TASK CONFLICT INDEPENDENCY

relation between task conflict and error-prone
(incongruent) responses. This might imply that
task control is adaptive to some extent; when
there are no incongruent trials, there is less task
conflict, slowing down the RTs for congruent
trials less than when incongruent trials exist. An
adaptation might occur after subjects learn that
no incongruent trials exist, and, thus, the reading
task interferes less. In the cued condition, task
control is not relaxed enough, and thus, its (low)
levels are sufficient to prevent the reverse
facilitation.

Though the current study implies that task con-
flict emerges in congruent trials, it seems that the
system can detect that the competing task is less
dangerous, and, hence, less control is needed. It
takes a more “relaxing effort” of proactive control
in order to reveal the task conflict (or reverse facili-
tation). Importantly, our design does not allow us
to draw unequivocal conclusions about the exist-
ence and characteristics of a subtle adaptation
mechanism (Melara & Algom, 2003). Future
research that varies the proportion of incongruent
trials in a within-subject design is needed to
further examine this issue. Over all, we believe
that the facilitation effect in the cued condition
supports our suggestion that task control is contin-
gent upon low (noncued condition) proactive
control.

Braver and colleagues (Braver, 2012; De Pisapia
& Braver, 2006) suggested two modes of cognitive
control: proactive control, which “reflects the sus-
tained and anticipatory maintenance of goal-
relevant information”, and reactive control, which
“reflects transient stimulus-driven goal reactivation
.. . based on interference demands or episodic
associations” (Braver, 2012, p. 106). When the pro-
portion of nonword neutrals is high, proactive
control is likely to be less active due to long-term
adaptation. It is reasonable to assume that low acti-
vation of proactive control is the cause for the
appearance of behavioural evidence for the task
conflict. Our finding seems to imply that task
control is reactive (when the frequency of
nonword neutrals is high, and cues are used to
warn of upcoming Stroop stimuli) and is recruited
whenever task conflict surprises subjects in a
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specific trial. However, when proactive control is
high, the task conflict is managed very fast;
hence, there is almost no behavioural evidence for
it. Nevertheless, we also found indications for
long-term adaptations; hence, we suspect that
proactive control influences the activation of reac-
tive control. The model proposed by De Pisapia
and Braver (2006) accounts for this specific notion.

To conclude, we found that task conflict occurs,
and that task control is needed, whenever there are
at least two possible tasks. This is the case even if
there is no possible informational conflict and
even if the competing tasks cannot mislead one to
an erroneous response. lhough task conflict
occurs even if there are no incongruent trials, we
believe there is lower task conflict under this con-
dition than where there are incongruent trials.
This could possibly be explained by the common
activation of the ACC by the task conflict and
informational conflict; activation of this conflict
detector mechanism is lower when there is no
informational conflict. These results indicate that
task conflict, together with the informational con-
flict, mediates Stroop performance.
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