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Performance on emotional tasks
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Cognitive control is a key process in decision making and adequately adapting our behavior to the
environment. Previous studies have provided evidence of a lower capacity for cognitive control in
emotion-laden contexts in comparison with neutral contexts. The aim of the present research was

to study changes in cognitive control performance as a function of emotional intelligence (El) level

in contexts involving emotional information. The study sample was composed of 2 groups of 22
participants each: the high and low El group. Participants carried out an emotional go/no-go task
while brain activity was recorded by EEG. N2 and P3 ERPs were used as indices of cognitive control
processing. Participants with higher El showed a larger N2, reflecting a greater capacity for cognitive
control related to changes in conflict monitoring, and to a better detection and evaluation of the
emotional stimuli. Moreover, in general, response inhibition accuracy was reduced when emotional
information was involved in this process. Our findings reveal that neural mechanisms underlying tasks
that engage cognitive control depend on emotional content and El level. This study indicates the
important role played by El in the relationship between emotion and cognition. El training may be a
very useful tool for improving performance in emotion-laden contexts.

The ability to make decisions in contexts with emotional content is essential in our daily lives. Emotion has an
important influence on cognition and vice versa2 Cognitive processes such as attention, perception, memory,
or cognitive control are integrated with emotions so that they jointly contribute to behavior to achieve adequate
environmental and social adaptation®. The aim of the present research was to study the influence of emotional
intelligence (EI) on the relationship between emotional and cognitive processes at both a behavioral and brain
level.

El is a construct that links emotion and cognition, and is defined as the ability to perceive, use, understand,
and manage emotions®. According to Joseph & Newman® the construct of EI can be categorized into three per-
spectives depending on the conceptualization and measuring instrument employed: performance-based ability,
self-report ability and self-report mixed models. There is increasing evidence in the literature to suggest that the
performance-based ability model is the most adequate®. This model considers EI as a form of mental ability based
on a set of discrete emotional aptitudes which are assessed in an objective manner through performance tests’.
Gutierrez-Cobo, Cabello, & Fernandez-Berrocal’, through a systematic review of the literature studying the influ-
ence of EI on cognitive processes, showed that when EI is understood as a performance-based ability, it is posi-
tively correlated with the performance level in cognitive tasks involving emotional content (hot task). However,
this relationship did not exist with cognitive tasks without emotional content (cool task). Thus, higher emotional
abilities appear to improve cognitive processing when emotional information is involved in the context.

Among the cognitive processes related to EI, cognitive control has attracted great interest due to its involve-
ment in many aspects of decision making and behavior in general. Cognitive control is a broad construct that
refers to goal-directed and self-regulatory processes that allow flexibility in information processing and behavior
to vary adaptively as a function of our needs®®. Cognitive control processes include, among others, the ability
to selectively retrieve and maintain information related to the task goal, update relevant information during
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changing environmental conditions, and monitor performance and potential conflicts or inhibition of inappro-
priate thoughts and responses!®!!. These abilities are fundamental to our daily activities, allowing us to control
our behavior. Deficits in cognitive control lead to problems related to risk behavior, addictions, and aggressive-
ness'>1%. Interestingly, many of these contexts are often emotionally charged or at least involve processing of
emotional information'*">.

Previous studies have provided evidence of a lower capacity for cognitive control in emotional contexts than
in those without emotional information'¢-'8. For example, Tottenham, Hare, & Casey'’, using an emotional go/
no-go task (a task frequently used to measure the ability to inhibit a prepotent response, an important aspect
of cognitive control), found that emotional information interferes with cognitive control by showing a higher
false alarm rate to emotional no-go stimuli than to neutral stimuli. In a similar vein, Gutierrez-Cobo, Cabello, &
Fernandez-Berrocal'® went a step further and investigate possible differences in cognitive control as a function of
emotional abilities. Individuals with higher EI levels presented greater cognitive control (less false alarms) in an
emotional go/no-go task compared with those who have lower EI levels. Interestingly, both groups (high and low
EI) performed equally in the go/no-go task when the task did not involve emotional information. In light of these
results, and given the large number of emotion-laden contexts we face each day and the importance of cognitive
control in our behavior, there is clearly great value in having adequate emotional intelligence abilities for adapting
to the environment.

An additional and useful measure for assessing cognitive control are event-related brain potentials (ERPs)'*-!.
Previous literature using ERPs in go/no-go tasks has linked cognitive control with two main ERPs components
that are specifically related to the processing of no-go trials: N2 and frontal P3?>?3, The N2 component is a nega-
tive deflection over fronto-central electrodes peaking between 200 and 350 ms after stimulus onset, and is maxi-
mal in frontal areas. N2 is interpreted as representing early processes involved in response inhibition, particularly
conflict monitoring between competing responses®?*. The characteristic frontal P3 usually found in go/no-go task
is a positive wave peaking at fronto-central electrodes between 300 and 500 ms post-stimulus onset. It is inter-
preted as a response inhibition index associated with the cognitive and motor processes implied in the cancella-
tion of the anticipated response®>**?>. N2 and P3 both increase with higher cognitive control demand. Therefore,
in a go/no-go task, both components should show larger amplitudes for no-go stimuli relative to go stimuli®.

These brain electrophysiological correlates could be an excellent instrument to investigate the influence of EI
on cognitive control processes. However, to date, and as previously described, evidence has only been shown at
the behavioral level'”'. Therefore, exploring and clarifying this issue could help to make a significant contribu-
tion to the understanding of the emotion and cognition integration mechanisms.

The aim of the present research was to study the electrophysiological basis of the changes in cognitive control
performance as a function of EI level in tasks or contexts involving emotional content. To carry out the study, we
used an emotional go/no-go task, a paradigm that has been well-established in previous literature'®**?. Following
similar methods to those shown in previous work, changes in frontal N2 and P3 ERP amplitudes were assessed as
indices of cognitive control processing?>*”*5. We hypothesized that individuals with high EI will show a greater
level of cognitive control in the emotional go/no-go task than individuals with low EI, which must be reflected
in a higher accuracy, and a larger N2 and P3 amplitude on no-go trials. In addition, and on the basis of previous
results in the literature, differences between go and no-go trials should be evidenced by lower accuracy and larger
N2 and P3 for no-go trials in both EI groups.

Results
Four participants were excluded from the study due to poor EEG recording quality or excessive movement arti-
facts. The final sample included 40 participants, 21 in the high EI group and 19 in the low EI group.

Behavioral results. The Group x Stimulus Type x Emotion ANOVA conducted on the accuracy scores
revealed a main effect of Stimulus Type, F (1, 38) =44.76, MSE=0.16, p < 0.001, nzp =0.54, Emotion, F (2, 76)
=6.84, MSE=0.03, p <0.01, n*>,=0.15, and the interaction Stimulus Type x Emotion, F (2, 76) = 19.29,
MSE =0.002, p <0.001, 1, = 0.34. Post-hoc analysis of the interaction revealed a higher accuracy on go trials
than on no-go trials for the three types of emotional faces (all p < 0.05). Moreover, on go trials, happy faces had
a higher accuracy than neutral and fear faces (M, neytrat = 0955 Mg fear = 0.95; My, =0.97; all p <0.05). And,
on no-go trials, neutral faces had a higher accuracy than fear and happy faces (M, =0.89; M, =0.84;
M og0 happy = 0-82; all p < 0.05).

The Group x Emotion ANOVA conducted on reaction times revealed a main effect of Emotion F (2,
76) =13.74, MSE = 1265.39, p < 0.001, *, = 0.27. Participants responded faster to happy faces than to neutral
and fear faces (M eyl = 486 ms; M, = 485 ms; My, =450 ms; all p < 0.05).

In addition, due to the long duration of the task, we decided to study the possible effects of fatigue on task per-
formance. We conducted two separate ANOVAs on the accuracy and reaction time data with Blocks as the inde-
pendent variable. The analyses did not reveal any main effects of Block (accuracy: F (5, 195) = 0.86, MSE =0.002,
p=0.51; reaction times: F (5, 195) = 1.65, MSE = 1437.23, p=0.15).

-happy

nogo-neutral nogo-fear

ERP results. The Group x Stimulus Type x Emotion ANOVA conducted on the average N2 amplitude
revealed main effects of Group, F (1, 38) =4.19, MSE =20.92, p=0.04, nzp =0.10, Stimulus Type, F (1, 38) =4.57,
MSE=0.75, p=10.03, >, =0.11, and Emotion, F (2, 76) = 11.92, MSE = 0.43, p < 0.001, 1, = 0.24. No interac-
tions were significant. Figure 1 depicts the grand average waveforms for Group and Stimulus Type conditions (top
panel) and for the Emotion conditions (bottom panel).

The High EI group showed a larger N2 than the low EI group (Myghgs = —4.37; Mgy = —3.16; p < 0.05).
No-Go trials showed a larger N2 than go trials (M —3.91; M,, = —3.68; p < 0.05) and neutral faces showed
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Figure 1. Top panel: Grand average waveforms for each Group and Stimulus Type condition at FCz in the —100
to 700 ms interval time-locked to the face stimulus onset. Bottom panel: Grand average waveforms for each
Emotion condition at FCz in the —100 to 700 ms interval time-locked to the face stimulus onset.

a larger N2 than fear and happy emotional faces (M, ey = —4.09; Mgy, = —3.65; My, = —3.65; all p < 0.05,
Bonferroni corrected). Figure 2 displays average N2 amplitudes for each significant main effect.

With respect to the P3 component, The Group x Stimulus Type x Emotion ANOVA revealed a main effect
of Stimulus Type, F (1, 38) =46.59, MSE=2.39, p < 0.01, nzp =0.55, and Emotion, F (2, 76) = 8.98, MSE =0.69,
p=0.03, 1*,=0.19. No-Go trials showed a larger P3 amplitude than go trials (Mg, = 1.27; My, = —0.14;
P <0.05). Neutral faces showed a reduced P3 amplitude compared with fear and happy emotional faces
(Mpeqtral = 0.275 Mgy = 0.71; My, = 0.70; p < 0.05, Bonferroni corrected). Figure 3 displays average P3 ampli-
tudes for each significant main effect.

Additionally, given that potential amplitude differences between EI groups were visible on the grand average
ERP waveforms prior to N2 (see Fig. 1), we decided to analyze the positive potential deflection occurring around
150 ms after face stimulus onset, in order to discard any influence of other ERPs on N2 and P3 differences. The
P150 component was computed as the mean amplitude of the +—12 ms period around the most positive peak
in the 100-250 ms interval after face stimulus onset. A t-test with Group as the independent variable revealed no
significant differences between high and low EI groups (p > 0.05).

Discussion

The main objective of the present research was to further advance existing knowledge of the relationship between
emotion and cognitive control processes. In particular, we were interested in exploring how cognitive control
ability and its underlying electrophysiological mechanisms depend on individual EI levels when performing tasks
that include emotional content. We explored this issue through a well-established emotional go/no-go task which
has been widely used in previous research to assess cognitive control and its interaction with emotional informa-
tion®!7?%, The behavioral task was accompanied by an EEG recording in order to determine brain activity changes
related to cognitive control.

Firstly, we verified that the go/no-go task worked properly in accordance with previous research!”>. As
expected, no-go trials showed a lower accuracy than go trials. The higher frequency of go stimuli increased the
difficulty of response inhibition on no-go trials and, thus, the likelihood of making errors. These behavioral
differences should be reflected in the EEG recording by changes in N2 and P3, two indices of cognitive control
performance?®. In our study, larger N2 and P3 were evident on no-go trials compared with go trials, which indi-
cates increased cognitive control. Thus, the behavioral and electrophysiological results were in accord with those
of previous studies using the go/no-go paradigm.

Secondly, having verified the correct functioning of the go/no-go task, and to achieve the main objective of
the present study, we focused on differences in cognitive control as a function of EI level. Participants with high
EI showed a larger N2 than those with low EI This finding is in line with previous behavioral research showing
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Figure 2. Average N2 amplitude at FCz for each level of Group, Stimulus Type and Emotion independent
variables. The Y-axis was inverted in order to facilitate the understanding of the N2 differences. Vertical bars
represent the standard error of the mean.
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Figure 3. Average P3 amplitude at FCz for each level of the Stimulus Type and Emotion independent variables.
The vertical bars represent the standard error of the mean.

that individuals with higher EI possess a greater capacity for cognitive control during the performance of tasks
involving emotional content”. Importantly, in our study, the main effect of the EI group was observed on both go
and no-go trials. Following our initial hypothesis, we expected to find differences between groups in the N2 com-
ponent only on no-go trials, or at least larger differences compared with go trials, given their greater involvement
in cognitive control processes. The differences on no-go trials may be explained by a greater cognitive control
capacity of the high EI group during the execution of an emotional go/no-go task, however, although go trials
also require cognitive control®, comparable differences between go and no-go trials do not seem to fit well with
this explanation.

N2 results similar to those found in our study have also been observed in previous studies in the literature
comparing cognitive control abilities between different sample populations®-*%. For instance, recent studies, such
as those of Cid-Ferndndez et al.>! or Miki-Marttunen® have shown a lower N2 amplitude responding to both go
and no-go trials in patients with mild brain damage affecting cognitive control. These differences at brain level are
also supported by behavioural studies showing that poorer performance on no-go trials is often accompanied by
poor performance on go trials (for example in gamblers®, smokers®**?’, adults with attention deficit hyperactivity
disorder?®, or adolescents facing alcohol cues®). The N2 component on go trials has usually been associated with
allocation of resources to the detection and categorization of the target stimulus, and its evaluation and compari-
son in working memory***"**, Therefore, the N2 differences between groups may reflect deficits in the mobiliza-
tion of these resources. In our study, the stimuli that the participants had to detect and evaluate were faces with
emotional expressions. People with high emotional intelligence show better recognition of emotional faces*.
Thus, it seems logical to think that N2 differences between EI groups on go trials may be explained by differences
in the processing of the presented stimuli. This idea could also be applied to N2 differences on the no-go stimuli
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since, although the literature has shown that this component is strongly associated with cognitive control per se,
better stimulus processing may also lead to superior cognitive control performance.

In summary, previous research has shown a deficit in cognitive control performance in emotion-laden con-
texts compared with neutral contexts!”!3. Our results suggest that people with higher EI abilities may reduce
this deficit due to a greater cognitive control capacity as well as better target stimulus detection and evaluation.
Further studies are needed in order to adequately dissociate both effects.

On the other hand, no differences were observed between EI groups in terms of P3 amplitude. According
to our hypothesis, we expected to find significantly larger P3 amplitude for the high EI group on no-go trials
(compared with the low EI group). Although both N2 and P3 ERP components are considered to be indices of
cognitive control in the processing of no-go trials, there is evidence that the N2 and P3 ERPs represent different
phases over the time course of cognitive control mechanisms?**!. P3 reflects inhibitory processing associated
with the cancellation of an anticipated response?, while N2 appears to be more associated with a previous step,
the conflict detection between two or more representations of incompatible responses, in our case, between the
planned response and the demanded response?*?!. It is not possible for response inhibition to occur without a
prior response conflict*". Thus, based on our N2 results, the differences found between the EI groups on no-go
trials could be explained by changes in conflict monitoring processes rather than response inhibition.

Finally, we also found significant differences related to the emotional face conditions. The results revealed
higher accuracy and lower reaction times on happy faces than on fear and neutral faces for go trials, and a higher
accuracy on neutral faces than on fear and happy faces for no-go trials. Similar results were found in the study
by Tottenham et al.'’, showing that participants are more accurate when making positive discrimination (go
stimulus) of happy faces. However, they showed a poorer accuracy rate for emotional no-go stimuli than neutral
no-go stimuli suggesting that the presence of emotional information may interrupt regulatory control of impulse
behavior. With respect to the ERP results, neutral faces showed a more negative N2 and P3 amplitude than Fear
and Happy emotional faces. This finding is consistent with the study by Zhang & Lu?. These authors explain dif-
ferences in N2 in terms of top-down attention toward emotions. In particular, attention is automatically focused
on emotional faces*, resulting in a lower need to allocate top-down attentional resources to the goal-directed
behavior, which is reflected in a smaller N2. Subsequently, these resources may be available to improve emotional
regulation processes and carry out a better automatic response inhibition of emotion, which gives rise to a larger
P3 in the emotional face stimuli®. In any case, further research is needed in order to clarify the specific effect of
emotional face valence on go and no-go stimuli, given that although there is support for our results in the litera-
ture, there are some studies showing controversial behavioral results*+4.

As limitations of the study, it is important note that, although our experimental manipulation showed brain
electrophysiological differences between high and low EI groups, the task was not sensitive to behavioral changes.
Based on prior research'®, we expected that higher EI participants would show a higher number of false alarms
(i.e. worse response inhibition performance on no-go trials) than lower EI participants. Nevertheless, although
it is true that the averaging processes in ERP analyses remove much information?®, these are usually more sensi-
tive to differences in cognitive processes than behavioral analyses*’. Thus, behavioral changes in our task could
require greater differentiation between EI levels. Future studies should work with more extreme populations
in EI to address this question. In any case, this issue, far from being an impediment, revealed that ERPs may
be used as an excellent and sensitive assessment tool for the study of changes in cognitive control demand and
the influence of EI on cognitive processes. It would be of interest to investigate the effect of EI abilities on other
cognitive processes such as memory, attention or learning by ERP techniques. Additionally, further research
with gender-matched samples would allow for exploring possible gender differences. In our study, although the
distribution of gender was similar in high and low groups, there were an unequal number of men and women
in the total sample, which prevented us from conducting this type of analysis. Finally, the use of neuroimaging
techniques such as fMRI or PET could provide new and interesting information about the brain areas implicated
in the integration of emotion and cognitive control as a function of EI.

Our results also have clinical implications. Future research should focus on how EI training may benefit indi-
viduals’ cognitive control ability. Given that deficits in this cognitive ability are related, for instance, to impulsive-
ness, risk behavior, drug abuse or over-consumption of caffeine'**¥-!, finding new procedures for reducing these
deficits could have remarkable consequences. EI training has already shown to be an effective tool for improving
other relevant variables such as aggression, empathy or mental health in adolescents®*~>*. Therefore, our findings
open up a promising new line of intervention in order to discover if EI training could enhance the capacity for
cognitive control in emotional contexts, given the relations found in the present study.

To summarize, cognitive control is a key process in decision-making and adapting our behavior to the envi-
ronment. The present study supports the notion that the capacity for cognitive control is impaired when emo-
tional information is involved in cognitive tasks, reducing the ability to regulate behavior. In addition, and as a
main objective, it was found that electrophysiological mechanisms underlying the execution of tasks that involve
cognitive control depended on emotional abilities. Individuals with higher EI presented a greater capacity for
cognitive control, reflected in a larger N2 ERP component on no-go trials. Moreover, between group differences
on N2 on go trials were associated with performance changes in the detection and evaluation of the target stimuli.
These findings constitute further evidence of the strong integration of emotion and cognition, and the potentially
important role for EI in linking both constructs. From an applied point of view, our results suggest that training
in EI abilities may be very beneficial for adequate performance in emotional contexts.

Methods

Participants. Participants in this study were selected from a pool of 209 students at the University of Mélaga
who had been previously assessed for EI by the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT)>>°.
Individual scores from this scale were used to divide the study sample into two groups: High EI and Low EL
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Figure 4. Example of a sequence of trials.

Participants belonging to the high and low EI group were chosen from the 25% highest and lowest EI scores,
respectively.

The sample of participants included in the experiment was composed of 44 volunteer participants (22 in the
high EI group and 22 in the low EI group). There were 40 women and 4 men. The average age was 22.16 years
(SD =4.95). The distribution of gender and age was similar in both groups (Low EI: 20 women and 2 men,
average age = 22.85; High EI: 20 women and 2 men, average age =21.5). An independent samples t-test on age
between EI groups showed no significant differences (p =0.59). All participants took part in the experiment in
exchange for course credits, gave signed, informed consent and were treated in accordance with the Declaration
of Helsinki*’. The Research Ethics Committee of the University of Mélaga approved the study protocol as part of
the projects SEJ-07325 and PSI2012-37490.

Instruments and Procedure. The Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) is
a performance-based ability measure of EI. The MSCEIT is composed of 141 items divided in four branches
according to Mayer and Salovey’s theory®: perceiving, facilitating, understanding, and managing emotions. The
instrument provides separate scores for each branch and an overall EI score. In our study, EI abilities were meas-
ured using a Spanish version of MSCEIT, which shows adequate psychometric properties similar to the English
original version (reliability index for expert criterion is r=0.93 and for general criterion r=0.94).

Having selected the participants belonging to the High and Low EI by MSCEIT scores, the go/no-go task was
conducted, along with EEG recording. Participants performed the experimental task in a quiet room on a 21-inch
monitor at a resolution of 1200 x 800 pixels placed approximately 60 cm away from them. The task was developed
and run in E-Prime software (Psychology Software Tools Inc., Pittsburgh, USA). Two computers running under
Windows 7 with Intel Core 2 Duo processors at 2.8 GHz and 4 Gb RAM were used for controlling the task and
recording EEG activity.

Following a standard go/no-go task paradigm, participants had to respond by pressing the space bar on
go trials, and to withhold their response on no-go trials. Go trials were more frequently presented (70%) than
no-go trials (30%) to promote the tendency to respond and commit more false alarms. The go and no-go stimuli
employed in our task were 13 faces of adult females and males, each of them showing three emotional expressions:
happy, fear and neutral (some examples can be seen in Fig. 4). Thus, a total of 39 different faces were used. All of
these were extracted from the NimStim set®, available at http://www.macbrain.org. The task was composed of
6 blocks of 267 trials (whole task: 1602 trials). Prior to each block, participants were informed that a particular
facial expression would be the go stimulus. Each block presented a different combination of go/no-go stimuli and
facial expression (go/no-go: fear/happy, fear/neutral, happy/fear, happy/neutral, neutral/fear, neutral/happy). The
trial sequence consisted of a fixation point displayed for 1100 ms, after which the face stimulus was presented
for 500 ms (see Fig. 4). The order of the blocks and trials within blocks were randomized across participants.
Participants were instructed to respond as fast and as accurately as possible. Before starting the task, a short prac-
tice session was completed in order to familiarize participants with the task. The whole task lasted approximately
45 minutes (plus the time required for preparation of EEG recording: approximately 35-45 min).

EEG recording, pre-processing and ERP measures. The EEG signal was recorded using a 32-channel
BrainCap system (Brain Products Inc., Germany), in which electrodes are positioned on a nylon cap according to
the international 10-20 system®. Vertical and horizontal electro-oculograms (VEOG and HEOG) were recorded
from two electrodes located on the outer canthus and below the right eye. We always kept electrode impedances
below 5 kQ. The amplified EEG and OEG were sampled at a frequency of 1000 Hz and 0.016-100 Hz band-pass
filter. The online reference electrode was the outer canthus of the right eye.

Continuous EEG signals were preprocessed offline using EEGLAB®!. The raw data were downsampled to
250 Hz, band-pass filtered using a 0.2-40 Hz (12 db/octave), and re-referenced to the average of all electrodes.
All channels having longer flatline than 50's or a correlation index lower than 0.6 with respect to a channel recon-
struction based on their neighboring channels were rejected by clean rawdata EEGLAB plug-in®>-%. The average
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number of rejected channels per participant was 0.21 (SD =0.51). Rejected channels were interpolated by spher-
ical spline method®.

EEG data were segmented into epochs of 1600ms, from —100 to 1500 ms time-locked to the face stimu-
lus onset. Baseline correction was performed using the average EEG activity in the first 100ms of each epoch.
Artifacts were corrected by the Second Order Blind Identification algorithm (SOBI)®*%”. Epochs with amplitudes
exceeding +/—75 mV were excluded from analysis. The mean number of accepted epochs per block for go and
no-go conditions was 178.8 (SD =18.1) and 77.3 (SD =7.3) respectively. Finally, epochs were averaged separately
per participant for each condition of the experimental design (2 [EI: High and Low) x 2 [Type of trial: Go and
No-go] x 3 [Emotion: Happy, Fear, and Neutral]].

In accord with previous literature regarding the emotional go/no-go task?® and on the basis of the inspection
of grand average ERP waveforms, we decided to compute the N2 and P3 components as follows. The N2 com-
ponent was defined for each participant and condition as the mean amplitude of the +—12 ms period around
the most negative peak in the 150-350 ms time after face stimulus onset at the FCz site. The P3 component was
defined for each participant and condition as the mean amplitude of the +—12 ms period around the most pos-
itive peak in the 300-500 ms time after face stimulus onset at the FCz site. FCz electrode was chosen for both
components since the literature has demonstrated that the largest response is at fronto-central sites?.

Statistical analysis. For behavioral analysis, accuracy (probability of a correct response) was submitted to a
2 x 2 x 3 mixed ANOVA with Group (high EI, low EI) as the between-subject variable, and Stimulus Type (go and
no-go) and Emotion (happy, fear, and neutral) as within-subject variables. Mean reaction times for correct trials
were submitted to a 2 x 3 mixed ANOVA with Group and Emotion as independent variables.

With respect to the ERP analysis, the average amplitudes of the N2 and P3 components were submitted sep-
arately to a 2 x 2 x 3 mixed ANOVA with Group (high EI, low EI) as the between-subject variable, and Stimulus
Type (go and no-go) and Emotion (happy, fear, and neutral) as within-subject variables.

Data Availability. The datasets generated during and/or analyzed during the current study are available from
the corresponding author on reasonable request.

References

1. LeDoux, J. E. The Emotional Brain (Simon and Schuster, 1996).

2. Phelps, E. A. Emotion and cognition: Insights from Studies of the Human Amygdala. Annu. Rev. Psychol. 57, 27-53 (2006).

3. Pessoa, L. On the relationship between emotion and cognition. Nat. Rev. Neurosci. 9, 148-158 (2008).

4. Mayer, J. D., Caruso, D. R. & Salovey, P. The ability model of emotional intelligence: Principles and updates. Emotion Review. 8(4),
290-300 (2016).

5. Joseph, D. L. & Newman, D. A. Emotional intelligence: An integrative meta-analysis and cascading model. J. Appl. Psychol. 95, 54-78
(2010).

6. Gutiérrez-Cobo, M. J., Cabello, R. & Fernandez-Berrocal, P. The Relationship between Emotional Intelligence and Cool and Hot
Cognitive Processes: A Systematic Review. Front. Behav. Neurosci. 10 (2016).

7. Mayer, J. D., Salovey, P. & Caruso, D. In Handbook of Intelligence (2nd ed) (ed. In Sternberg, R. J.) 396-420 (2000).

8. Hillman, C. H. et al. The effect of acute treadmill walking on cognitive control and academic achievement in preadolescent children.
Neuroscience 159, 1044-1054 (2009).

9. Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S. & Cohen, J. D. Conflict monitoring and cognitive control. Psychol Rev. 108,
624-652 (2001).

10. Cocchi, L., Zalesky, A., Fornito, A. & Mattingley, J. B. Dynamic cooperation and competition between brain systems during cognitive
control. Trends Cogn. Sci. 17,493-501 (2013).

11. Reimer, J. E, Radvansky, G. A., Lorsbach, T. C. & Armendarez, J. J. Event Structure and Cognitive Control. J. Exp. Psychol. Learn.
Mem. Cogn. 41, 1374-1387 (2015).

12. Gutiérrez-cobo, M. J., Cabello, R. & Fernandez-berrocal, P. Inteligencia emocional, control cognitivo y estatus socioeconémico de
los padres como factores protectores de la conducta agresiva en la nifiez y la adolescencia. Rev. Interuniv. Form. Profr. 88, 39-51
(2017).

13. Torres, A. et al. Emotional and non-emotional pathways to impulsive behavior and addiction. Front. Hum. Neurosci. 7, 43 (2013).

14. Ochsner, K. N. & Gross, J. J. The cognitive control of emotion. Trends Cogn. Sci. 9(5), 242-249 (2005).

15. Song, S. et al. The influence of emotional interference on cognitive control: A meta-analysis of neuroimaging studies using the
emotional Stroop task. Sci. Rep. 7 (2017).

16. Contreras, D., Megias, A., Maldonado, A., Candido, A. & Catena, A. Facilitation and interference of behavioral responses by task-
irrelevant affect-laden stimuli. Motiv. Emot. 37, 496-507 (2013).

17. Tottenham, N., Hare, T. A. & Casey, B. ]. Behavioral assessment of emotion discrimination, emotion regulation, and cognitive
control in childhood, adolescence, and adulthood. Front. Psychol. 2 (2011).

18. Gutiérrez-Cobo, M. J., Cabello, R. & Fernandez-Berrocal, P. The Three Models of Emotional Intelligence and Performance in a Hot
and Cool go/no-go Task in Undergraduate Students. Front. Behav. Neurosci. 11 (2017).

19. Krompinger, J. W. & Simons, R. E Electrophysiological indicators of emotion processing biases in depressed undergraduates. Biol.
Psychol. 81, 153-163 (2009).

20. Nieuwenhuis, S. V. D., Wildenberg, W. & Ridderinkhof, K. R. Electrophysiological correlates of anterior cingulate function in a go/
no-go task: Effects of response conflict and trial type frequency. Cogn. Affect. Behav. Neurosci. 3(1), 17-26 (2003).

21. Donkers, E. C. & Boxtel, G. J. Van. The N2 in go/no-go tasks reflects conflict monitoring not response inhibition. Brain Cogn. 56(2),
165-176 (2004).

22. Dong, G., Lu, Q,, Zhou, H. & Zhao, X. Impulse inhibition in people with Internet addiction disorder: Electrophysiological evidence
from a Go/NoGo study. Neurosci. Lett. 485, 138-142 (2010).

23. Zhang, W. & Lu, J. Time course of automatic emotion regulation during a facial Go/Nogo task. Biol. Psychol. 89, 444-446 (2012).

24. Lewis, M. D., Lamm, C., Segalowitz, S. J. & Stieben, J. Neurophysiological correlates of emotion regulation in children and
adolescents. J. Cogn. Neurosci. 18, 430-443 (2006).

25. Harper, J., Malone, S. M. & Bernat, E. M. Theta and delta band activity explain N2 and P3 ERP component activity in a go/no-go
task. Clin. Neurophysiol. 125, 124-132 (2014).

26. Hare, T. A, Tottenham, N., Davidson, M. C., Glover, G. H. & Casey, B. ]. Contributions of amygdala and striatal activity in emotion
regulation. Biol. Psychiatry 57, 624-632 (2005).

SCIENTIFICREPORTS | 7: 16446 | DOI:10.1038/s41598-017-16657-y 7



www.nature.com/scientificreports/

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
. Aron, A. R. The neural basis of inhibition in cognitive control. Neuroscientist 13, 214-228 (2007).
u
45,

46.

47.
. Megias, A. et al. Neural mechanisms underlying urgent and evaluative behaviors: An fMRI study on the interaction of automatic and

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.
63.

64.
65.
66.

67.

Kaiser, S. et al. Executive control deficit in depression: Event-related potentials in a Go/Nogo task. Psychiatry Res. - Neuroimaging
122, 169-184 (2003).

Benvenuti, S. M., Sarlo, M., Buodo, G., Mento, G. & Palomba, D. Influence of impulsiveness on emotional modulation of response
inhibition: An ERP study. Clin. Neurophysiol. 126, 1915-1925 (2015).

Gutiérrez-Cobo, M. J., Cabello, R. & Fernandez-Berrocal, P. The Three Models of Emotional Intelligence and Performance in a Hot
and Cool go/no-go Task in Undergraduate Students. Front. Behav. Neurosci. 11, 33 (2017).

Cid-Fernandez, S., Lindin, M. & Diaz, F. Effects of amnestic mild cognitive impairment Effects of Amnestic Mild Cognitive
Impairment on N2 and P3 Go / NoGo ERP Components. J. Alzheimer’s Dis. 38(2), 295-306 (2014).

Cid-Fernindez, S., Lindin, M. & Diaz, F. Neurocognitive and Behavioral Indexes for Identifying the Amnestic Subtypes of Mild
Cognitive Impairment. J. Alzheimer’s Dis. 60(2), 633-649 (2017).

Jonkman, L. M., Lansbergen, M. & Stauder, J. E. A. Developmental differences in behavioral and event-related brain responses
associated with response preparation and inhibition in a go/nogo task. Psychophysiology 40(5), 752-761 (2003).

Miki-Marttunen, V. et al. Enhanced Attention Capture by Emotional Stimuli in Mild Traumatic Brain Injury. J. Neurotrauma 32(4),
272-279 (2015).

Mudar, R. A. et al. The effects of amnestic mild cognitive impairment on Go/NoGo semantic categorization task performance and
event-related potentials. J. Alzheimer’s Dis. 50(2), 577-590 (2016).

Perales, J. C. et al. The role of motor impulsivity in socioemotional adjustment in high-risk seven year old children and healthy
controls: A follow-up study High-risk children are customarily defined as those who, due. An. Psicol. 30(1), 221-231 (2013).
Luijten, M., Littel, M. & Franken, I. H. Deficits in Inhibitory Control in Smokers During a Go/NoGo Task: An Investigation Using
Event-Related Brain Potentials. PLoS One 6(4), e18898 (2011).

Zhao, X., Liu, X., Zan, X,, Jin, G. & Maes, J. H. Male Smokers and Non-Smokers. Response Inhibition in Go/No-Go Tasks: Effect of
Three Task. Parameters. 11(8), €0160595 (2016).

Fisher, T., Aharon-Peretz, J. & Pratt, H. Dis-regulation of response inhibition in adult Attention Deficit Hyperactivity Disorder
(ADHD): an ERP study. Clin. Neurophysiol. 122(12), 2390-2399 (2011).

Korucuoglu, O., Gladwin, T. E. & Wiers, R. W. Alcohol-Induced Changes in Conflict Monitoring and Error Detection as Predictors
of Alcohol Use in Late Adolescence. Neuropsychopharmacology 40, 614-621 (2014).

Elfenbein, H. A., Marsh, A. A., & Ambady, N. in The wisdom in feeling: Psychological processes in emotional intelligence (Eds. Feldman
Barrett, L. & Salovey, P.) Emotional intelligence and the recognition of emotion from facial expressions (Guilford Press, 2002).
Randall, W. M. & Smith, J. L. Conflict and inhibition in the cued-Go/NoGo task. Clin. Neurophysiol. 122, 2400-2407 (2011).

Bayle, D. J. & Taylor, M. J. Attention inhibition of early cortical activation to fearful faces. Brain Res. 1313, 113-123 (2010).

Wessa, M. et al. Fronto-striatal overactivation in euthymic bipolar patients during an emotional go/nogo task. Am. J. Psychiatry 164,
638-646 (2007).

Ladouceur, C. D. et al. Processing emotional facial expressions influences performance on a Go/NoGo task in pediatric anxiety and
depression. J. Child Psychol. Psychiatry Allied Discip. 47, 1107-1115 (2006).

Ouyang, G., Herzmann, G., Zhou, C. & Sommer, W. Residue iteration decomposition (ride): a new method to separate erp
components on the basis of latency variability in single trials. Psychophysiology 48(12), 1631-1647 (2011).

Taylor, M. J. In Handbook of Neuropsychology. (eds Boller, E & Grafman, J.) 187-209 (1995).

controlled processes. Hum. Brain Mapp. 36, 2853-2864 (2015).

Aichert, D. S. et al. Associations between trait impulsivity and prepotent response inhibition. J. Clin. Exp. Neuropsychol 34,
1016-1032 (2012).

Holmes, A. J., Hollinshead, M. O., Roffman, J. L., Smoller, J. W, & Buckner, R. L. Individual differences in cognitive control circuit
anatomy link sensation seeking, impulsivity, and substance use. Journal of Neuroscience, 36(14), 4038-4049 (2016).

Wang, G. J., Volkow, N. D., Wang, G., Tomasi, D. & Baler, R. D. Unbalanced Neuronal Circuits in Addiction Unbalanced neuronal
circuits in addiction. Curr. Opin. Neurobiol. 23(4), 639-648 (2013).

Castillo, R,, Salguero, J. M. & Fernandez-Berrocal, P. Effects of an emotional intelligence intervention on aggression and empathy
among adolescents. J. Adolesc. 36, 883-892 (2013).

Ruiz-Aranda, D. et al. Short- and Midterm Effects of Emotional Intelligence Training on Adolescent Mental Health. JAH 51,
462-467 (2017).

Cabello, R., Gutiérrez-Cobo, M. ]. & Fernandez-Berrocal, P. Parental Education and Aggressive Behavior in Children: A Moderated-
Mediation Model for Inhibitory Control and Gender. Front. Psychol. 8, 1-8 (2017).

Extremera, N., Fernandez-Berrocal, P. & Salovey, P. Spanish version of the Mayer-Salovey-Caruso Emotional Intelligence Test
(MSCEIT). Version 2. 0: Reliabilities, age and gender differences. Psicothema 18, 42-48 (2006).

Mayer, J. D., Salovey, P. & Caruso, D. Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) User’s Manual, MHS:Toronto
(2002).

World Medical Association. Declaration of Helsinki: Ethical principles for medical research involving human subjects. 2013-2016
(2008).

Mayer, J. D. & Salovey, P. In Emotional development and emotional intelligence: Educational implications (eds Sluyter, S. & D. ].) 3-34
(Basic Book, 1997).

Tottenham, N. et al. The NimStim set of Facial Expressions: Judgments from Untrained Research Participants. Psychiatry Res.
168(3), 242-249 (2009).

Klem, G. H., Liiders, H. O,, Jasper, H. H. & Elger, C. The ten-twenty electrode system of the International Federation. The
International Federation of Clinical Neurophysiology. Electroencephalogr. Clin. Neurophysiol. Suppl. 52, 3-6 (1999).

Delorme, A. & Makeig, S. EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including independent
component analysis. J. Neurosc. Meth., 134, 9-21 (2004).

Kothe, C. A. The Artifact Subspace Reconstruction method (2013).

Megias, A. et al. Electroencephalographic Evidence of Abnormal Anticipatory Uncertainty Processing in Gambling Disorder
Patients. J. Gambl. Stud. 1-18 (2017).

Piazza, C. et al. ICA-derived cortical responses indexing rapid multi-feature auditory processing in six-month-old infants.
Neuroimage 133, 75-87 (2016).

Perrin, F, Pernier, J., Bertrand, O. & Echallier, J. F. Spherical splines for scalp potential and current density mapping.
Electroencephalogr. Clin. Neurophysiol. 72, 184-187 (1989).

Sutherland, M. T., Mckinney, C. J., Tang, A. C., Sutherland, M. T. & Mckinney, C. J. Validation of SOBI components from high-
density EEG Validation of SOBI components from high-density EEG. https://doi.org/10.1016/j.neuroimage.2004.11.027 (2005).
Joyce, C. A., Gorodnitsky, I. F. & Kutas, M. Automatic removal of eye movement and blink artifacts from EEG data using blind
component separation. Psychophysiology 41, 313-325 (2004).

SCIENTIFICREPORTS | 7: 16446 | DOI:10.1038/s41598-017-16657-y 8


http://dx.doi.org/10.1016/j.neuroimage.2004.11.027

www.nature.com/scientificreports/

Acknowledgements

This work was partially supported by the project Innovation and Development Agency of Andalusia, Spain (SE]J-
07325) to Pablo Fernandez-Berrocal. Alberto Megias is supported by a Juan de la Cierva postdoctoral fellowship
from the Spanish MINECO (FJCI-2015-25600).

Author Contributions

E-B.P. contributed to the conception, design, data analysis and manuscript preparation. M.A. contributed to data
collection, data analysis and writing of the manuscript. G.-C.M.]. contributed to the design, data collection and
manuscript preparation. G.-L.R. contributed to data collection and manuscript preparation. C.R. contributed to
conception, design and manuscript preparation. All authors read and approved the final manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

SE ] icense, which permits use, sharing, adaptation, 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 Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted 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 license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS | 7: 16446 | DOI:10.1038/s41598-017-16657-y 9


http://creativecommons.org/licenses/by/4.0/

	Performance on emotional tasks engaging cognitive control depends on emotional intelligence abilities: an ERP study

	Results

	Behavioral results. 
	ERP results. 

	Discussion

	Methods

	Participants. 
	Instruments and Procedure. 
	EEG recording, pre-processing and ERP measures. 
	Statistical analysis. 
	Data Availability. 

	Acknowledgements

	Figure 1 Top panel: Grand average waveforms for each Group and Stimulus Type condition at FCz in the −100 to 700 ms interval time-locked to the face stimulus onset.
	Figure 2 Average N2 amplitude at FCz for each level of Group, Stimulus Type and Emotion independent variables.
	Figure 3 Average P3 amplitude at FCz for each level of the Stimulus Type and Emotion independent variables.
	Figure 4 Example of a sequence of trials.




