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The neural correlates underlying the influence of emotional interference on cognitive control remain a
topic of discussion. Here, we assessed 16 neuroimaging studies that used an emotional Stroop task and
that reported a significant interaction effect between emotion (stimulus type) and cognitive conflict.
There were a total of 330 participants, equaling 132 foci for an activation likelihood estimation (ALE)
analysis. Results revealed consistent brain activation patterns related to emotionally-salient stimuli
(as compared to emotionally-neutral trials) during cognitive conflict trials [incongruent trials (with
task-irrelevant information interfering), versus congruent/baseline trials (less disturbance from task-
irrelevant information)], that span the lateral prefrontal cortex (dorsolateral prefrontal cortex and
inferior frontal gyrus), the medial prefrontal cortex, and the dorsal anterior cingulate cortex. Comparing
mild emotional interference trials (without semantic conflict) versus intense emotional interference
trials (with semantic conflict), revealed that while concurrent activation in similar brain regions as
mentioned above was found for intense emotional interference trials, activation for mild emotional
interference trials was only found in the precentral/postcentral gyrus. These data provide evidence for
the potential neural mechanisms underlying emotional interference on cognitive control, and further
elucidate an important distinction in brain activation patterns for different levels of emotional conflict
across emotional Stroop tasks.

Cognitive control is the ability to arrange mind and action in line with task-related goals, and consists of a vari-
ety of distinct executive processes that include attention shifting, error monitoring, maintenance, and updating
of working memory, and reaction conflict or inhibition" 2. Cognitive conflict, within the context of cognitive
control, occurs when processing of task-relevant information is challenged with a potent distractor?, such as
emotionally-salient stimuli that may potentially signal danger (i.e., emotional interference)* . Cognitive conflict
can arise from this ‘emotional interference, and can compromise the ability to complete tasks requiring cognitive
control®. To complete our daily work and study however, efficient emotional interference resolution is crucial.
Rather than viewing emotion and cognitive control as brain functions that operate independently, numerous
studies have recently suggested a shared neural circuitry underlying cognitive-emotional conflict resolution’=®.
For example, there is compelling evidence that brain regions commonly associated with cognitive control, such as
the dorsolateral prefrontal cortex (DLPFC), also play an important role in emotion processing'®. However, thus
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Figure 1. Brain activation underlying emotional interference of cognitive control in emotional Stroop task
fMRI studies. DLPFC: dorsolateral prefrontal cortex; IFG: inferior frontal gyrus; dACC: dorsal anterior
cingulate cortex. R: right side of the brain; L: left side of the brain. Clusters were displayed using a threshold at
P <0.05 (cluster-level, FWE-corrected).

far, no consensus has been reached as to which neural mechanisms may specifically underlie emotional interfer-
ence on cognitive control (i.e., the monitoring and resolution of this conflict).

A recent meta-analysis of 43 studies encompassing different tasks in which emotion was intermixed
with a variety of “classic” cognitive control tasks (e.g., Stroop, n-back, stop signal or the go/no-go task)"!,
explored the neural mechanisms of the interaction between cognition and emotion, and showed con-
sistent brain activation in both cognitive control [e.g., dorsolateral prefrontal cortex (DLPFC), and infe-
rior frontal gyrus (IFG)] and emotion processing [e.g., subgenual anterior cingulate cortex (ACC) and
amygdala regions]. However, the different tasks included in that meta-analysis measure different psycho-
logical processes. For example, the n-back task was included to study working memory processes?, while
the go/no-go and stop signal task investigate response inhibition'?, and both the Stroop and Flanker para-
digms study conflict resolution®. Furthermore, although the Stroop and Flanker task were the two main par-
adigms exploring cognitive conflict in that meta-analysis, there are important differences even between
these two tasks. For example, emotional Flanker tasks emphasize conflict resolution as relevant to spa-
tial location, requiring a subject to attend to a centrally-fixated stimulus while ignoring flanking stimuli'*-1°.
The emotional Stroop task, on the other hand, focuses on color-semantic or number-semantic conflict'® 7.
Therefore, here we focused specifically on the emotional Stroop task, hoping to reveal the neural mechanisms
underlying emotional interference on cognitive control.

The emotional Stroop task is frequently used in fMRI studies for exploring the neural mechanisms of the
interaction between emotion and cognition® '8. A study by Mohanty and colleagues (2005) was one of the first
studies to examine the changes in brain function during an emotional Stroop task'®. They showed significantly
increased brain activation for negative words versus neutral words, in the IFG, ACC, middle frontal gyrus, supe-
rior and inferior temporal gyrus, and fusiform gyrus. Similarly, other fMRI studies have also reported increased
activation in prefrontal regions during similar conditions, in areas that play a key role in cognitive control'®2-22,
However, other brain regions have been separately reported to activate during such processes of emotional inter-
ference on cognitive control, including the precuneus'’, insula??, precentral gyrus*, and postcentral gyrus®.
Importantly, we believe that some of the inconsistent findings found across the different studies investigating
the mechanisms of the emotional Stroop task may not only be related to different subject samples, experimental
parameters, or materials used, but also to the degree of emotional interference difficulty used in the task.

Three different types of the emotional Stroop task have been used in neuroimaging studies. Type one is the
traditional emotional “color-word” Stroop task, in which participants are asked to name the ink color of words,
or count the number of words that are either emotionally-salient or neutral'”-2* 27, Longer reaction times for
identifying the color of emotional words as compared to neutral words, are regarded as a measure of emotional
interference on cognitive control. However, in this traditional variant of the task, the emotional word stimuli
are not semantically-relevant to the task instructions®® (e.g., naming the ink color of words, or counting the
number of words), which results in only mild emotional interference, as previously shown in healthy subjects® .
A second emotional Stroop task type is the emotional “word-face” task, in which negative or positive words are
overlaid on negative or positive facial expressions® *"*. The words are either incongruent or congruent with the
emotion expressed by the face stimuli, and participants are asked to identify the emotional expression of the
faces while ignoring the overlaid emotionally-charged words or vice versa. Facial expressions that differ from
the word’s emotional valence (e.g., the word “happy” with an “angry” face) are treated as incongruent conditions.
Thus, in contrast to the traditional emotional color-word Stroop task, a semantic conflict is created in this second
emotional Stroop task type, resulting in more intense emotional interference® as it requires more effort to com-
plete. A third type of the emotional Stroop task is the “priming” task, in which an emotional or neutral picture is
presented prior to “classic Stroop task” trials (e.g., counting Stroop, or color-word Stroop). This task can be used
to investigate the influence of emotional priming on cognitive conflict'® 2. Similarly to the second type, this type
also leads to emotional interference in addition to semantic conflict, thus requiring more effort than the classic
Stroop task!'® %0, In sum, while ‘type one’ emotional Stroop tasks involve mild emotional interference, ‘type two’
and ‘type three’ tasks can create more intense emotional conflict. However, it is unclear whether different brain
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#1 L 6 Medial/superior 992 -8 |12 54 19.2
frontal gyrus

# R | 326 | Medial/superior 62 |6 14 |48 |129
frontal gyrus

#3 R 13 Insula 576 34 —46 |24 14.4

#4 L 46/45 | DLPFC/inferior 480 —50 |30 18 139
frontal gyrus

#5 R 19 Fusiform gyrus 408 44 —68 |—10 |143

#6 L 24 dACC 336 —6 |14 26 13.7

Table 1. Brain activation underlying emotional interference on cognitive control in 16 fMRI studies using an
emotional Stroop task. DLPFC: dorsolateral prefrontal cortex; dACC: dorsal anterior cingulate cortex.

Tasks with intense emotional interference (9 experiments)

#1 L 6 Medial/superior frontal gyrus, 2384 | -8 |12 54 19.2
R 6 i\(/)[ed(ii\% Cf:rontal gyrus, extending 6 14 48 12.9

#2 R 19 Fusiform gyrus 576 44 —68 | —10 |14.3

#3 L 46 DLPFC/inferior frontal gyrus 464 —48 | 30 18 13.2

#4 L 7 Precuneus/SPL 280 —22 | —74 |58 11.9

Tasks with mild emotional interference (7 experiments)

#1 ‘ L ‘ 4/3 ‘ Precentral/postcentral gyrus ‘ 392 ‘ —34 ‘ —24 ‘ 54 ‘ 12.5

Table 2. Brain activation underlying emotional interference on cognitive control during intense versus mild
emotional interference. dACC: dorsal anterior cingulate cortex; DLPFC: dorsolateral prefrontal cortex; SPL:
superior parietal lobule.

networks are preferentially involved in intense versus mild emotional interference of cognitive control in emo-
tional Stroop paradigms.

In the current study, we used activation likelihood estimation (ALE) analysis®! to quantitatively inte-
grate activation of brain areas reported across different studies that use the emotional Stroop task. ALE is a
coordinate-based meta-analysis method that identifies brain areas in which reported foci of activation converge
across different experiments®'=**. This generally involves hundreds of participants and numerous implementa-
tions of a specific paradigm or protocol**-*. Here we aimed to: (1) recognize a consistent activation pattern of
brain regions underlying emotional interference on cognitive control; (2) identify differences in brain activation
underlying differing degrees of emotional conflict (mild versus intense); and (3), assess whether the findings pro-
vide empirical evidence supporting current theories of emotion-cognition integration’.

Results

Brain activation underlying emotional interference on cognitive control. The results from the
ALE analysis across all emotional Stroop tasks demonstrated concordance in six main clusters (Table 1; Fig. 1):
(1) left medial/superior frontal gyrus (BA6); (2) right medial/superior frontal gyrus (BA32/6); (3) right insula
(BA13); (4) left DLPFC/inferior frontal gyrus (BA45/46); (5) right fusiform gyrus (BA19); and (6), left dorsal
anterior cingulate cortex (dACC) (BA24).

Degree of emotional interference difficulty: Intense vs. mild interference. A sub-analysis was
conducted to assess the influence of conflict degree in the emotional Stroop task. For tasks with intense con-
flict content (N =9 studies, 60 foci), the ALE analysis demonstrated concurrence in four main clusters (Table 2;
Fig. 2A): (1) left medial/superior frontal gyrus (BA6); right medial frontal gyrus (BA6), extending to the dACGC;
(2) right fusiform gyrus (BA19); (3) left DLPFC/inferior frontal gyrus (BA46/45); and (4), left precuneus/superior
parietal lobule (BA7). For tasks with mild conflict content (N =7 studies, 71 foci), concurrent activation was only
found in left precentral gyrus (BA4), extending to the postcentral gyrus (BA3) (Table 2; Fig. 2B).

Discussion

To the best of our knowledge, this is the first ALE meta-analysis investigating the influence of emotional interfer-
ence on cognitive control, as specifically measured by the emotional Stroop task. In the current study, we found
a consistent pattern of brain activation related to the interaction between the emotional context and cognitive
control conditions of the emotional Stroop task, consisting of the medial/superior frontal gyrus, the insula, the
DLPFC/IFG, the fusiform gyrus, and the dACC. Furthermore, our sub-analysis showed that tasks with more
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Figure 2. (A) Brain activation in emotional Stroop tasks with intense emotional interference. (B) Brain
activation in emotional Stroop tasks with mild emotional interference. DLPFC: dorsolateral prefrontal cortex;
IFG: inferior frontal gyrus; dACC: dorsal anterior cingulate cortex; SPL: superior parietal lobule. R: right side
of the brain; L: left side of the brain. Clusters were displayed using a threshold at p < 0.05 (cluster-level, FWE-
corrected).

intense emotional interference consistently elicited increased brain activity in the medial/superior frontal gyrus,
the dACC, the fusiform gyrus, the DLPFC/IFG, and the precuneus. In contrast, in tasks with mild emotional con-
flict, coherent increased brain activation was only found in the precentral/postcentral gyrus. Overall, the coherent
activation patterns found in our study are consistent with the theory that cognitive and emotional systems may
functionally integrate, sharing underlying neurophysiological mechanisms’. Thus, successful engagement of brain
areas recruited for executive control may depend on the efficiency of parallel processing for emotional stimuli.
Nevertheless, the orchestration between cognitive and emotional systems also likely depends on the nature of the
executive task being completed, as well as on the difficulty and complexity of the task, such as the varying degrees
of difficulty found across emotional Stroop tasks.

These findings suggest that the resolution of cognitive conflict due to emotional interference on cognitive
control is facilitated through a brain network comprising various prefrontal regions. In classic cognitive Stroop
experiments without an emotional component, lateral prefrontal activation has been attributed to execution of
cognitive control**=*, and the dmPFC to activation during conflict detection and monitoring®”3* . Similarly
however, adjusting one’s response to emotional stimuli requires cognitive control mechanisms that also recruit
lateral prefrontal (areas 6/8, 9, 46) and medial frontal regions*~**. For example, studies investigating emotional
cognitive reappraisal suggest that the dmPFC can be attributed to self-reflective and semantic processes relevant
for identifying the emotional value of stimuli*-*S.

Here we identified lateral PFC activation during emotional interference on cognitive control, particularly
within the left DLPFC and left IFG. Previous studies show that the DLPFC is a region that may potentially inte-
grate cognition and emotion, a process needed for the maintenance and updating of emotional information in
working memory tasks*”* and during response inhibition following negative words*. A meta-analysis based
on the classic Stroop task suggests that the left DLPFC mediates resolution of stimulus conflict, via selective
attentional mechanisms®. In addition, increased activation of the left IFG in the presence of emotionally-salient
stimuli in the present study could argue for a mechanism that is related with top-down suppression of emotional
information, a process that may help prioritize the executive task at hand®.

Significant activation underlying the influence of emotional interference on cognitive control was also
found in the dACC. As a cognitive subdivision of the ACC, the increased dACC activity seen here may repre-
sent an essential mechanism for conflict detection®”*!, and for adjusting the ongoing need of cognitive control
resources?. For example, a functional connectivity study has found that connectivity of the dACC predicted
DLPEC activation during cognitive conflict trials®*. Furthermore, studies suggest that the anterior mid-cingulate
cortex, anatomically a part of the dACC, may be a potential brain region for the integration of cognitive control
and negative emotion’.

The insula is involved in a variety of cognitive, emotional, and regulatory functions, and it plays an essential
role in facilitating access to attention and working memory>*. The insula and ACC share an important role in
recognizing critical stimuli from sensory input®, and activation of this region has been found across different
emotion-regulation paradigms (for example in anger, fear and happiness)>. The insula is also connected with
regions involved in autonomic regulation®. Hence, the consistent insular activation in the current study may
be a neural correlate of the autonomic changes associated with the subjective experience of emotionally-salient
stimuli. Overall, after a stimulus is detected, the insula may support task-related information processing in the
fronto-parietal attentional network for task completion purposes. Several studies suggest that recurrent activ-
ity in the insula and mid-cingulate cortex may be related to attention-refocusing processes in attention-related
tasks®’~%. Lastly, fusiform gyrus activation in the present analysis falls in line with previous studies showing an
activation of this region during shifting of attention towards task-related information/stimuli®> ¢!,

Here we also carried out a sub-analysis comparing intense versus mild, levels of emotional interference dif-
ficulty within the emotional Stroop task. In addition to activation of the areas mentioned above, we also found
precuneus/superior parietal lobule activation in emotional Stroop tasks with intense emotional conflict. The
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Figure 3. Flowchart of the study selection process.

precuneus (BA7) has been previously shown to be involved in self-referential processing and episodic mem-
ory®, and the posterior parietal cortex has been previously linked to selective attention, a process where input
is filtered to a subset of information and is selected for preferential processing®. Additional recruitment of this
region may thus occur when emotional interference is more intense, reflecting higher task demands during
semantic cognitive conflict trials that require greater attention in order to counteract the distracting effect of the
emotionally-salient stimuli®’. Contrary to paradigms provoking intense conflict however, emotional Stroop tasks
provoking only mild emotional conflict showed consistent activation only in the precentral and postcentral gyrus,
areas primarily involved in motor behavior®® and primary somatosensory sensory input, respectively. When
adopting an analysis without multiple comparisons correction p < 0.001, the IFG was also part of this activation
pattern, a region that as mentioned above may be required for top-down suppression of distracting information.

The above results suggest that the division of the emotional Stroop tasks into subgroups was appropriate, as the
emotional Stroop tasks can provoke varying intensities of emotional interference. Thus, future studies exploring
similar questions in healthy adults should also consider the differences between these emotional Stroop subtypes.

Contrary to a previous meta-analysis of 43 studies by Cromheeke'!, we found that the interaction between
emotional interference and cognitive control in the current set of studies did not consistently recruit the amygdala
or subgenual ACC, the latter of which is considered to be the emotional subdivision of the ACC. There are sev-
eral explanations for these differences. First, the current study focused only on the emotional Stroop paradigm,
while the study of Cromheeke and colleagues, included a broader array of tasks, and thus may have been more
prone to finding more brain regions than the present meta-analysis did. Another possibility is that amygdala
and subgenual ACC recruitment is observed only in a subset of studies, and that such studies were more heavily
sampled in the Cromheeke meta-analysis than in the present one. In fact, in the present meta-analysis, no study
reported activation of the amygdala, and only two reported rostral ACC activation. Although the amygdala and
subgenual ACC play an important role in processing affect, they may not be entirely critical for the resolution
of emotional interference on cognitive control. In fact, these regions may be more likely recruited in paradigms
that rely more heavily on holding emotional information in mind (e.g., working memory tasks)®-%, resulting in
a higher emotional-arousal response. Another possible explanation is that in comparison with the other tasks
included in the Cromheeke study, the emotional Stroop task requires more cognitive control for ameliorating the
impact of emotion, a process that may preferentially activate the dACC over the subgenual ACC.

Despite the novel results of the current study, there are several limitations to be acknowledged. First, only 16
neuroimaging studies were included in this meta-analysis, limiting the power to detect a common neural mech-
anism for the emotional interference on cognitive control within emotional Stroop tasks. This was particularly
limiting for the subgroup analysis (intense emotional interference subgroup: 9 papers; mild emotional interfer-
ence subgroup: 7 papers). Therefore, the results of the current study need further discussion and investigation.
Second, other cognitive conflict (e.g., emotional Flanker task) or response inhibition tasks (e.g. emotional go/
no-go tasks) could not be included in the current study as they lacked enough fMRI papers. Thus, a comparison
of the emotional Stroop with other tasks involving cognitive conflict, along with a discussion of any common
activation between each of those tasks, was not possible here. Furthermore, it remains unclear whether emotional
Stroop tasks cause greater emotional interference in patient populations'® 22, as compared to healthy indi-
viduals. Lastly, future work is needed to clarify theoretical views on integrative processing. For example, future
studies should explore the role of brain areas traditionally thought to be involved in the processing of cognitive
conflict, which we are now beginning to see differently because of their additional role in emotional interference
resolution.
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Task with intense
Study N | Emotional stimuli Experimental contrast Task type | or mild conflict
. negative, positive, neutral Emotional Stroop .
Malhi et al., 2005 121 words (negative + positive) > neutral Stroop Type one mild
Mohanty et al., 2005 17 5} (())srlélsve, negative, neutral Negative Stroop > neutral Stroop Type one mild
Negative (incongruent vs.
TAPS (negative, positive baseline) > neutral (incongruent vs.
Blair et al., 2007 22 & P > baseline); positive (incongruent vs. Type three | intense
neutral) p 8 YP
baseline) > neutral (incongruent vs.
baseline)
g/ég;erschlffthaler etal, 17 | sad, neutral words Negative Stroop > neutral Stroop Type one mild
Park et al., 2008 14 | positive, negative Emotional incongruence > emational Type two intense
congruence
Wingenfeld et al., 2009 20 ?:(;Sf (i’u%\ﬁ;g:éfeg;tg:i:nd Negative Stroop > neutral Stroop Type one mild
Chechko et al., 2009 18 | happy, fearful faces Emotional mfzongruence.> emotional Type two intense
congruence (in controls);
Hart et al., 2010 14 | IAPS (aversive, neutral) Aversive incongruent > neutral Type three | intense

incongruent

IAPS (negative, neutral)

Melcher et al., 2011 14 f
aces

Negative incongruent versus baseline | Type three | intense

Emotional (incongruent > congruent)
Chechko et al., 2012 24 | happy, sad, fearful -non-emotional Type two intense
(incongruent > congruent)

Emotional (incongruent > congruent)
Chechko et al., 2013 18 | happy, sad, fearful -non-emotional Type two intense
(incongruent > congruent)

Emotional negative

Rahm et al., 2013 11 | sad, Fearful, Neutral words Stroop > Emotional neutral Stroop Type one mild
Veroude et al., 2013 74 sv(;ilélsve, negative, neutral Negative Stroop > Neutral Stroop Type one mild

positive, negative, neutral Negative (incongruent > congruent);

Han et al.,, 2014 14 | enes Neutral (incongruent > congruent); Type three | intense
Positive (incongruent > congruent)

Reyetal.,, 2014 12 | fearful, joyful Emotional (incongruent > congruent) | Type two intense

Brennan et al., 2015 29 | negative, neutral Negative Stroop > Neutral Stroop Type one mild

Table 3. Characteristics of studies included in meta-analysis. N: number of participants. Type one: “color-word”
emotional Stroop task; type two: “word-face” emotional Stroop task; type three: “priming” emotional Stroop task.

To conclude, the current study identified a consistent brain activation pattern across an increasing number
of studies investigating the influence of emotional interference on cognitive control via the emotional Stroop
paradigm. Specifically, regions commonly thought to be involved in cognitive control (e.g., DLPFC, IFG, dACC),
along with the insula, showed increased activation during the performance of a cognitive control task with emo-
tional interference. Importantly however, these activations were heavily influenced by emotional conflict level.

Methods

Literature search. To identify pertinent articles, a systematic database search of the Web of Science and
PubMed databases was performed for peer-reviewed articles published between January 1990 and January 2016.
Search terms for the emotional Stroop task were combined with different fMRI-related terms. The search key-
words related to emotional Stroop that were used were “Stroop”, coupled with one or two of the search terms
below: “cognitive control”, “cognitive interference’, “affective”, “emotion”, “emotional interference’, “cognition—
emotion’, “emotion-cognition”. The search keywords related to fMRI used were “MRI, functional magnetic reso-
nance imaging, functional imaging, neuroimaging, functional MRI, functional magnetic imaging”

Inclusion and exclusion criteria. For inclusion, the research studies were required to include an emotional
Stroop task in healthy adults. Furthermore, as we intended to explore the neural correlates of the interaction between
emotional interference and cognitive processing, all the fMRI studies included report three-dimensional Talairach or
Montreal Neurologic Institute (MNTI) coordinates for interaction effects between the emotional manipulation and cog-
nitive control. Studies were excluded (Fig. 3) if: (1) the Stroop task lacked an emotional context (i.e., Stroop task studies
were excluded if they did not contain emotion-related materials or stimuli); (2) the study that did not report an interac-
tion between the emotional manipulation and cognitive control (i.e., there was no appropriate statistical contrast), (for
more details, please see “contrast selection” section); (3) the study included patients and had no separate within-group
analysis for healthy controls; or (4) the study conducted a region of interest analysis based on previous research, but
not a whole-brain analysis. The final meta-analysis included a total of 16 eligible fMRI studies using an emotional
Stroop task, and a total of 330 participants, equaling 132 foci (Table 3). 10 studies of them were cross-sampled from
Crombheeke’s meta-analysis paper'’, and in addition, 6 new papers were also included in the current study. Foci that
were located outside the Ginger ALE 2.3.5 gray matter mask were excluded from all analyses.
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Contrast selection. The terms “incongruent” and “congruent” for the emotional Stroop task were defined
as follows: (1) for ‘type one’ Stroop tasks (traditional emotional “color-word” Stroop tasks)!”>2%?7, emotional
word stimuli were considered to be the “incongruent” condition, as emotional stimuli potentially distract from
the main task goal (e.g., to count the number of words, or identify the color of the word). Correspondingly, the
emotionally neutral words were considered as the “congruent” condition. (2) For ‘type two’ Stroop tasks (emo-
tional “word-face” Stroop tasks)®2%3, the condition in which the emotional facial expression differed from the
overlaid word’s emotional valence (e.g., the word “happy” with an “angry” face) was treated as the “incongruent”
condition, while trials in which the facial expression was similar to the word’s emotional valence (e.g., the word
“happy” with a “happy” face) were treated as the “congruent” condition. (3) For ‘type three’ Stroop tasks (“prim-
ing” emotional Stroop tasks)'® 2, the condition in which the color of the word differed from its lexical meaning
(e.g., the word “blue” in red color) was treated as the “incongruent” condition, while trials with the color fitting its
lexical meaning (e.g., the word “blue” in blue color) were treated as the “congruent” condition.

Because this study sought to examine the influence of emotional interference on cognitive control as measured
by the emotional Stroop task, we only selected studies that reported an interaction between emotional context and
cognitive control conditions. In such paradigms, “emotional conflict’, or “emotional interference’, were measured
by using emotional stimuli in one of these contrasts: “incongruent vs. congruent”, “incongruent vs. baseline”, or
just “incongruent” (e.g., “emotional incongruent vs. neutral incongruent”). Thus, the selected statistical contrasts
for inclusion in the current study were (for information on specific studies, please see Table 3): (1) Emotional
(incongruent > congruent) - non-emotional (incongruent > congruent); (2) Emotional incongruent > neutral
incongruent; (3) Emotionally incongruent > emotionally congruent; or (4) Emotional Stroop > neutral Stroop.

As few studies (only three) reported deactivations that met our criteria, these results could not be used to
calculate effective ALE metrics. Thus, only studies reporting increased activation were included in the current
study'’. In summary, we first conducted a meta-analysis to explore consistent brain activation across all emotional
Stroop tasks, and then performed a sub-analysis to explore the influence of emotional conflict level (intense ver-
sus mild interference) on cognitive control.

Activation likelihood estimation. For each meta-analysis, we adopted the standard ALE meta-analytic
approach?® -3 (http://brainmap.org/ale). As ALE was performed in MNI stereotactic space, all coordinates
reported in Talairach coordinates were transformed into MNTI locations before ALE analysis®. In an ALE anal-
ysis, the first step is modeling single study activation foci as peaks of three-dimensional Gaussian probability
densities with full-width at half-maximum (FWHM) values based on the number of participants®; then, in order
to produce a statistical map estimating the likelihood of activation at each voxel and calculate the summation of
probability densities, the ALE map is tested based on an ALE null distribution map resulting from a permutation
procedure to determine statistical significance®"%; lastly, correction for multiple comparisons based on a permu-
tation test is performed to acquire a thresholding of the maximum cluster size needed for statistical significance.
For each meta-analysis, we used a family-wise error-correction (FWE) at the cluster level threshold of p < 0.05
(cluster-forming threshold at voxel-level p < 0.001, 5000 permutations). The resulting thresholded ALE images
were overlaid onto an anatomical T1-weighted image in MNI space.
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