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Positive emotion enhances conflict processing in preschoolers
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The rapid detection and resolution of conflict between opposing action tendencies is
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crucial for our ability to engage in goal-directed behavior. Research in adults suggests
that emotions can serve as a “relevance detector” that alarms attentional and sensory
systems, thereby leading to more efficient conflict processing. In contrast, previous
research in children has almost exclusively stressed the impeding influence of emotion
on the attentional system, as suggested by the protracted development of performance
in “hot” executive function tasks. Do preschool children show a facilitative effect of
emotion on conflict processing? We addressed this question applying a modified version of a color flanker task that either involved or did not involve positive emotional
stimuli in preschool children (N = 43, with preregistered Bayesian sequential design,
aged 2.8–7.0 years). Our results show a robust conflict effect with higher error rates
in incongruent compared to congruent trials. Crucially, conflict resolution was faster
in emotional compared to neutral conditions. Furthermore, while efficient conflict processing increases with age, we find evidence against an age-related change in the influence of positive emotion on conflict processing. Taken together, these findings provide
indication that positive emotion can trigger efficient control processes already from
early on in life. In contrast to the predominant view in developmental psychology, this
indicates that, depending on the role that emotion has in conflict processing, emotion
may show a facilitative or impeding effect already in the preschool period.
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1

INTRODUCTION

& Eriksen, 1974). These tasks measure children’s abilities to overcome
distracting visual cues in favor of task-relevant cues. Besides the purely

Executive attentional control, the capacity of an individual to rapidly

cognitive mechanisms assessed in these classical tasks, theoretical

detect and resolve conflict between opposing action tendencies

accounts in adults suggest that cognition-based conflict processing is

(Posner et al., 2009), is regarded as one of the fundamental building

influenced by the emotional significance of the task situation. In some

blocks of goal-directed and adaptive behavior (Anderson, 2002). Rapid

of these accounts, emotions have been described as “relevance detec-

improvements in this ability are observed in preschool age, when

tors” that influence stimulus processing and behavioral control to pre-

children start to master classical tasks of attentional control (Petersen

pare the system for action (Norman & Shallice, 1986; Scherer, 1994),

et al., 2016), such as the Stroop (Stroop, 1935) or flanker task (Eriksen

potentially facilitating conflict processing in salient situations (Kanske,
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2012). This has been supported by a wide range of empirical research
in adults suggesting that emotionally-valent stimuli can trigger efficient conflict processing (Kanske & Kotz, 2011a, 2011c; Zinchenko,
Obermeier, Kanske, Schröger, & Kotz et al., 2017). To date, however,
it is unclear when this mechanism emerges in human development,
and whether conflict processing is already facilitated by emotional
valence in preschool children with developing abilities of attentional
control. In fact, previous research in children has almost exclusively
stressed the impeding influence of emotion on the attentional system, as suggested by the protracted development of performance
in “hot” executive function tasks (Zelazo & Carlson, 2012), which
assess conflict processing in emotional situations. Thus, in the current
study, we use a novel color-flanker task with a fully crossed design of
conflict and emotion, investigating whether the facilitative influence
of emotion on conflict processing is in place already in preschool

RESEARCH HIGHLIGHTS
∙ Research and theory in adults suggests that emotions can
serve as a “relevance detector” that alarms attentional systems, leading to more efficient conflict processing.
∙ Do preschool children show a similar facilitative effect of
emotion on conflict processing, if we apply task designs
analogous to adult studies showing this effect?
∙ We applied a modified color flanker task with a fully
crossed design of conflict and emotion in preschoolers
(N = 43, preregistered Bayesian sequential design).
∙ Our results provide indication that positive emotion can
trigger efficient control processes already from early on in
life.

children.
As first described in traditional views on the interaction of emotion
and cognition (Norman & Shallice, 1986; Scherer, 1994), salient situations may require efficient executive attentional control to ensure

to potentially dangerous or rewarding stimuli due to conflict (Kanske,

rapid behavioral responses, even in the face of distracting stimuli. In

2012; Norman & Shallice, 1986).

humans, the saliency of a situation is often indicated by emotional

In contrast to these findings, a range of research in adults has also

valence, as for example by negative, potentially threatening stimuli

pointed in the opposite direction, revealing that under some circum-

that bear relevance for survival (Kanske, 2012; Kanske & Kotz, 2011b;

stances emotion can significantly hamper executive attentional con-

LeDoux, 2007). At the same time, positive emotional stimuli can be

trol (Eysenck et al., 2007; Fenske & Eastwood, 2003; Hart et al., 2010;

seen as signals of potential reward and are thus thought to be simi-

Kanske, 2012; Kramer et al., 2015; Lagattuta et al., 2011; Padmala et al.,

larly linked to the motivational approach system. Research in adults has

2011; Pessoa et al., 2012). Some studies have argued that in certain sit-

shown that both positive and negative stimuli can trigger efficient exec-

uations, emotions might hold a distracting potential, making it more dif-

utive attentional control. For example, in a series of studies, Kanske

ficult to keep up goal-directed behavior (Kanske, 2012; Pessoa et al.,

et al. (2011a, 2011b, 2011c) used a modified color flanker task in which

2012). This is underlined, for example, by studies showing that when

participants had to determine the ink color of a centrally presented

emotional stimuli are presented before or in between conflict trials,

word, with flanker words presented in either the same (congruent) or

and are thus unrelated to the actual conflict task, attentional control is

a different (incongruent) color. In a classical flanker task, participants

usually impaired, instead of facilitated (Hart et al., 2010; Padmala et al.,

are typically slower and less accurate to detect a target word, when

2011). Further evidence for impaired performance in conflict process-

the target word is surrounded by incongruent flanker words (incon-

ing caused by emotion can be found in studies in which emotion was the

gruent trials), compared to when there is no conflict between target

conflict-eliciting element in the task or, more generally, where atten-

and flanker words (congruent trials). This effect is known as the “con-

tion to emotion was critical for task performance (Frings & Wühr, 2012;

flict” effect. Besides the level of conflict, Kanske et al. also manipulated

Kramer et al., 2015; Lagattuta et al., 2011; Ochsner & Gross, 2005; Pes-

the emotional content of the words to either emotionally-valenced or

soa et al., 2002). In sum, these findings in adults provide a diverse pat-

neutral words. This allowed for the assessment of conflict processing

tern of facilitating and hindering effects of emotion on conflict process-

(incongruent-congruent) as a function of emotional content with a fully

ing that depends on the task design and the role of emotion in the task.

crossed design of conflict and emotion. The results showed that adults

In contrast to these mixed findings in adults, the prominent view

were faster in resolving conflict in emotional compared to neutral tri-

in developmental psychology is that emotions tend to impair conflict

als, indicating that emotion facilitated conflict processing. Notably, this

processing in children. This view was established in the context of the

facilitative effect of emotion was independent of the type of task used

“hot-cold” distinction of executive control (Zelazo & Carlson, 2012),

to assess conflict processing (i.e., flanker task or Simon task; Kanske &

where performance and developmental trajectories were compared

Kotz, 2011b), and whether positive or negative emotions were used

between emotional (“hot”) and neutral (“cold”) attentional control tasks

(Kanske & Kotz, 2011c). Furthermore, the effect was observed in the

(Kramer et al., 2015; Lagattuta et al., 2011; Zelazo & Carlson, 2012,

visual and auditory modality (Kanske & Kotz, 2011a, 2011b), as well

2020). For example, in a study by Lagatutta et al. (2011), performance

as in the multimodal context (Zinchenko et al., 2015). In sum, these

in the Stroop-like “Day-Night” task was compared with performance in

findings suggest that, in adults, the emotional salience of task stimuli

a parallel “hot” version of the task where emotional content was intro-

might enhance and speed-up conflict processing (Kanske, 2012). This

duced. In the classical “cold” version, children were shown a series of

behavioral pattern has been suggested to be evolutionarily adaptive,

cards depicting “day” or “night,” and were asked to respond with the

as it reduces the time during which an organism is unable to respond

respective opposite word (i.e., saying “night” to a picture showing “day”
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and vice versa). In a “hot” version of this task, the authors manipulated

crossed design of conflict and emotion. With this design, we sought to

the emotional valence of the stimuli by using pictures of faces show-

address the open question of whether young children also showed a

ing either a happy or a sad face (i.e., “Happy-Sad” task), and asked chil-

facilitative effect of emotion on behavioral conflict processing as iden-

dren to respond with the opposite emotion (i.e., saying “happy” to a sad

tified in adults (Kanske et al., 2011a, 2011b, 2011c, 2012), or whether

face and vice versa). Comparing performance in the “cold” and “hot”

emotion would impede conflict processing in children as found with dif-

task versions showed that the emotional version elicited lower accu-

ferent tasks in childhood (Kramer et al., 2015; Lagattuta et al., 2011). In

racy and longer response times (Kramer et al., 2015; Lagattuta et al.,

fact, although findings in adults were interpreted as an adaptive mech-

2011). Drawing on a range of similar findings showing the protracted

anism, it is unknown when and how this mechanism emerges through-

development of “hot” executive functions (Kramer et al., 2015; Lagat-

out human development. In line with previous studies on the devel-

tuta et al., 2011; Zelazo & Carlson, 2012), the results by Lagatutta et al.

opment of attentional control (Petersen et al., 2016), we expected to

(2011) were interpreted as evidence that emotional content hampers

observe an age-related increase in conflict processing throughout the

conflict processing in children.

preschool period. Based on the proposal of an evolutionary adaptive

In interpreting these findings in children, however, it is important
to take into account the task designs at use: Conflict was elicited by

mechanism, we hypothesized that the (facilitative) influence of emotion on conflict processing would already be present from early in life.

emotion and attention to emotion was critical for task performance. In
fact, applying a similar task design in adults has been shown to yield
the same pattern of impaired attentional control through emotional

2

METHODS

information observed in children (Kramer et al., 2015; Lagattuta et al.,
2011). From these studies, therefore, it is unclear whether the facili-

The current study was preregistered at: https://aspredicted.org/

tative effect of emotion, as previously revealed in crossed designs of

57ea9.pdf.

conflict and emotion used in adults (Kanske, 2012), can also be found
in children. An EEG study by Zinchenko et al. (2019) gives first indication that, using a similar task design, there may also be a facilitative

2.1

Sampling approach

effect of emotion in childhood. The authors tested 6-year-old children
on a Go-NoGo task where gender of a presented face served as the

We implemented a preregistered sequential Bayes Factor (BF) design

Go/NoGo signal and emotional expressions were manipulated to either

(Schönbrodt et al., 2017) where data is collected until the desired level

show emotional or neutral faces. While on the behavioral level, no influ-

of evidence for the main hypothesis is obtained. In the Bayesian frame-

ence of emotion on conflict processing was found, negative emotions

work, the level of evidence for a hypothesis can be determined with

were shown to modulate the magnitude of the conflict effect in event-

the BF10 , which quantifies how well the observed data is predicted

related brain potentials (ERPs) related to conflict processing, partic-

by a hypothesis (e.g., H1 ), relative to a null- or competing hypothesis

ularly the N200 that typically has a larger amplitude for incongruent

(e.g., H0 ). In general, BF10 between 1 and 3 are considered as anec-

than congruent stimuli (Van Veen & Carter, 2002). This finding resem-

dotal evidence, BF10 between 3 and 10 as moderate evidence, and

bles research in adults showing a similar emotion-related modulation

BF10 above 10 as strong evidence for H1 (M. D. Lee & Wagenmakers,

of the N200 in early processing stages of conflict processing (Brosch

2014). Furthermore, the inverse is true for H0 , with BF10 between 1/3

et al., 2008; Kanske & Kotz, 2011c) and therefore provides first indica-

and 1 considered as anecdotal evidence, 1/10 to 1/3 as moderate evi-

tion that emotion may also facilitate conflict processing under certain

dence, and BF10 under 1/10 as strong evidence for H0 . In a sequen-

circumstances already in childhood.

tial BF design, a BF is pre-specified as a stopping criterium at which

In sum, the mixed patterns of enhancing and hindering effects of

the amount of evidence for or against the hypothesis is considered suf-

emotion in adults and children raise the question whether the facil-

ficient and data collection is stopped. In addition, a minimum sample

itative effect can also be observed in behavior similar to adult find-

size is pre-specified at which the computation of the BF is initiated for

ings, and whether it is already present as early as the preschool period,

the first time to avoid false positives or negatives that might be found

which marks a critical take-off in executive attentional control. Do

in small sample sizes. This allows for efficient data collection while

preschool children show a facilitative effect of emotion on behavioral

avoiding inflated false positive rates or power loss related to sequen-

conflict processing, if we apply task designs analogous to adult studies

tial designs in the frequentist framework. Sequential BF designs thus

showing this effect?

allow to efficiently monitor the progression of evidence as data accu-

To address these open questions, we developed an online version

mulate (Schönbrodt et al., 2017; Wagenmakers et al., 2018). A further

of a modified color flanker task for preschoolers, based on the work

general advantage of Bayesian designs is that they not only allow quan-

by Kanske et al. (2011a) in adults. In this task, the goal of the children

tifying evidence for the alternative but also for the null hypothesis, thus

was to determine the color of a flower presented in the middle of the

allowing conclusions over the absence of effects beyond a null-finding.

screen, while ignoring flanker flowers next to it that either had the

In the preregistration (https://aspredicted.org/57ea9.pdf), we pre-

same (congruent condition) or a different color (incongruent condition)

set the main parameters for our sequential BF protocol: A threshold

than the central flower. The flowers were varied to either show a happy

of BF ≥ 4 for our main hypothesis (influence of emotion on conflict

face (emotional condition) or no face (neutral condition), yielding a fully

processing; see Section 2.4) was defined as a stopping criterium. This
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F I G U R E 1 Modified color flanker task for preschoolers used in the current study. The task was designed for tablet devices with a touchscreen.
The participant’s task was to touch the color of the middle flower, ignoring that of the flanker colors (congruent vs. incongruent conditions).
Flowers either showed a face (emotional condition) or no face (neutral condition), yielding a fully crossed design of conflict and emotion
means that we would stop data collection if we observe BF10 ≥ 4, (indi-

preregistered exclusion criteria (see Section 2.4). All children had

cating moderate evidence for the H1 compared to the H0 ) or BF10 ≤ 1/4

no history of developmental disorders according to parental report.

(indicating moderate evidence for H0 compared to H1 ). Furthermore,

Following the sequential testing protocol, we stopped data collection

following recommendations on sequential BF designs (Schönbrodt &

after 43 complete datasets, when the desired level of evidence (BF10

Wagenmakers, 2018), we defined a minimum sample size of 30 where

≥ 4 or BF10 ≥ 1/4) for the main hypothesis was reached. Parental

the analysis was initiated to avoid incidentally high BF findings at low

informed consent was obtained for all children before testing. The

N. The minimum N and BF threshold were determined with BF Design

study was approved by the local ethics committee.

Analysis (Schönbrodt & Wagenmakers, 2018) taking into account the
probability of the proposed design generating misleading evidence.

2.3
2.2

Participants

Task procedure

Children participated in an online color flanker task, implemented in
LabVanced (Finger et al., 2017) that we designed for tablet devices with
through

touchscreen (see Figure 1). In this task, children were told a story to

children

indicate that they will see flowers that are very thirsty and need to be

(www.kinderschaffenwissen.de), addressed to the general popu-

watered. In order to water the flowers they need to indicate the color

lation, and additionally children from the institute’s participant

of the flower in the middle of the screen (blue or orange) by touching

database were recruited. This resulted in a sample of N = 74 children

one of two corresponding buttons (left or right). Two identical flow-

(Mage = 4.78 years, range = 2.68–8.35 years, 43 female) who started

ers with either the same (congruent) or a different color (incongru-

the online study, and N = 43 typically developing children between

ent) were presented as flankers both left and right from the target.

the ages of 2 and 7 years (Mage = 5.34 years, range = 2.84–7.01 years,

Depending on the experimental condition, the flowers either showed

27 female) providing complete and reliable data according to our

a happy face (emotional) or no face (neutral), yielding a fully crossed

The

cross-sectional

the

German

online

platform

study
for

was

advertised

online-studies

in
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design of conflict and emotion. The control condition showed flower

In the resulting dataset, we derived conflict scores by subtracting

seeds, which were visually matched to the emotional condition. This

performance in congruent and incongruent conditions, divided by the

was done to ensure that the control condition was considered “neutral”

mean RT or accuracy of the participant (see Figure 3). The influence

consistently across participants as neutral faces may be attributed dif-

of emotion was determined by an emotion score, in which the con-

ferent emotional valence by different participants (E. Lee et al., 2008).

flict scores in neutral and emotional conditions were subtracted (see

In an instruction phase, parents read out standardized instructions to

Figure 4). As a stopping criterium in the sequential BF protocol, we

their children which were presented on the top of the screen. The

computed the BF for a direct comparison of conflict scores in neutral

instruction phase included a detailed explanation of the goal of the task

and emotional conditions using one-tailed Bayesian paired t-tests with

and several tests of task understanding, including test trials indicat-

a default prior described by a Cauchy distribution centered around 0

ing whether children were able to (i) tell the difference between the

and with a width parameter of 0.35 (van Doorn et al., 2020), accord-

colors and (ii) understand the concept of the “middle flower.” Further-

ing to our preregistered hypotheses. This corresponds to a probabil-

more, children received four practice trials with feedback in which each

ity of 80% that the standardized effect size (d) lies between 0 and

condition was presented once. In each of the above practice trials and

1.1, based on previous literature in adults and children (Kanske &

the following test phase, parents were instructed not to influence chil-

Kotz, 2011a; McDermott et al., 2007). Once the stopping criterium

dren’s responses. In the test phase, every child was presented with a

of BF = 4 for this analysis was reached, Bayesian analyses were

total of 16 trials from each of the four conditions in pseudorandomized

computed as preregistered. In addition, for purposes of comparabil-

order, yielding a total of 64 trials (similar to previous studies with chil-

ity to previous studies, we calculated standard frequentist 2 (con-

dren, e.g., Akshoomoff et al., 2014; McDermott et al., 2007; Weintraub

flict) × 2 (emotion) repeated-measures ANOVAs to indicate the main

et al., 2013). All trials began with a 1500 ms preparation interval depict-

effect of conflict and emotion, as well as the interaction of conflict

ing a star in the middle of the screen and the response buttons in the

and emotion. Furthermore, to indicate whether age was associated

respective positions. Then, the stimulus was presented for 1000 ms,

with task performance, we computed correlations of conflict and emo-

additionally starting the response phase, which had a variable maxi-

tion scores with age with Bayesian statistics using default priors as

mum duration ranging from 2500 to 3500 ms. This was done to intro-

preregistered.

duce time pressure to speed up responses (Diederich, 2008; Diederich
& Busemeyer, 2006; Link, 1971). Each trial closed with an interstimulus interval (ISI) of 2000 ms depicting a turning star to capture atten-

3

RESULTS

tion in the middle of the screen. Overall, completion of the experiment
took about 7 min. Reaction times (RTs) and accuracy data were collected in the course of the experiment. To ensure that children, and

3.1
Bayesian sequential testing: Preregistered
stopping criterium

not adults, engaged in the task we collected audio recordings during
test trials, and recorded children saying their name in the instruction
phase.

Following the preregistered sequential BF protocol, we calculated
Bayesian paired t-tests comparing conflict effects in emotional and
neutral conditions, starting from a minimum sample size of N = 30.
After N = 43 participants (Mage = 5.34 years, range = 2.84–7.01 years,

2.4

Statistical analysis

27 female) the Bayesian paired t-test converged showing moderate
evidence for a difference between conflict scores in RT (BF10 = 4.99,

We preprocessed and analyzed the data using R Core Team (2019) and

d = 0.29, 95% HDI [0.05, 0.60]), with higher conflict scores in the neu-

JASP Team (2020). As defined in the preregistration, mean RTs and the

tral compared to the emotional condition. That is, that children showed

average percentage of correct responses (accuracy) were calculated

slower conflict processing in the neutral compared to the emotional

within each condition as an indicator of performance. Data was cleaned

condition. Robustness analyses show that the evidence is robust across

for outliers by excluding RTs that were faster than 200 ms after target

a wide range of prior specifications (see Figure S1a). In the accuracy

onset (Schmiedek et al., 2007). Trials without responses were flagged

data, there was no difference in the conflict scores between the neutral

as “false” responses and coded as the maximum RT in the respective

and emotional condition (BF10 = 0.18, d = 0.06, 95% HDI [0.00, 0.24];

trial. Participants were excluded if they had more than 50% trials with-

Figure S1b).

out responses over all conditions, or more than 75% trials without
responses within one of the conditions (N = 30, medianage = 3.95 years,
range = 2.68–8.35 years, 15 female). Due to the challenges of obtaining

3.2

Conflict and emotion effects

high-quality data from children in online task settings (Zaadnoordijk
et al., 2021), we decided to lower the preregistered threshold (50%

For purposes of comparison with frequentist statistics, we calculated

within each condition), in order to achieve an acceptable inclusion rate.

repeated-measures ANOVAs to test for main effects of conflict and

Additionally, following the preregistration, participants were excluded

emotion as well as the interaction of conflict and emotion in the RT

if their overall accuracy was not significantly above chance according

and accuracy data. In line with the results of the Bayesian t-test, the

to a binomial test (N = 1, age = 3.36 years, female).

RT data showed no main effects of conflict (F[1,42] = 0.38, p = 0.54,
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F I G U R E 2 Box plots depicting mean reaction times (RT) (a) and accuracy data (b) for emotional (red) and neutral (blue) conditions, by
incongruent and congruent conditions. Results show a modulation of the conflict effect by emotional context reflected in an interaction of
congruency and emotion in the RT data (a). In the accuracy data (b), a main effect of conflict reflected in lower accuracy in the incongruent
compared to congruent condition was found (b). The box plots indicate the median together with the first and third quartile. In addition, the mean
is shown as a dashed line

BFincl = 0.21, ηp 2 < 0.001) or emotion (F[1,42] = 0.4, p = 0.53,

3.3

Correlation with age

BFincl = 0.20, ηp 2 = 0.009), but a significant conflict × emotion interaction (F[1,42] = 5.41, p = 0.025, BFincl = 1.49, ηp 2 = 0.114; see Fig-

Concerning the relation with age, we found substantial evidence for a

ure 2a). There was a significant conflict effect in neutral (t[42] = 1.92,

negative correlation between age and conflict effects in the accuracy

p = 0.031, BF10 = 2.45, one-sided), but not in emotional trials

data (BF10 = 32.55, Spearman’s ρ = −0.42, p = 0.005; Figure 3b). That

(t[42] = −1.21, p = 0.883, BF10 = 0.16, one-sided). In the accuracy

is, younger children showed a stronger conflict effect than older chil-

data, the repeated-measures ANOVA showed a significant main effect

dren, in line with previous literature that conflict processing improves

of conflict (F[1,42] = 13.89, p < 0.001, BFincl = 280.30, ηp 2 = 0.249),

with age (Petersen et al., 2016). In the RTs, we found no evidence for a

with no main effect of emotion (F[1,42] = 0.04, p = 0.84, BFincl = 0.17,

correlation between age and conflict effects (BF10 = 0.50, Spearman’s

ηp 2 < 0.001) or conflict × emotion interaction (F[1,42] = 0.56, p = 0.46,

ρ = −0.25, p = 0.107; Figure 3a). Concerning the modulation of the con-

BFincl = 0.25, ηp 2 = 0.013; see Figure 2b), in line with the Bayesian t-

flict effect by emotion, in contrast, we found evidence against a corre-

test.

lation with age in the RT (BF10 = 0.21, Spearman’s ρ = 0.04, p = 0.798;

BERGER AND GROSSE WIESMANN
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F I G U R E 3 Scatter plots depicting correlations of children’s age with conflict effects (CE) in reaction time (RT) (a) and accuracy data (b). Results
show substantial evidence for a correlation between age and CEs in accuracy, and a similar tendency in the RT data. CEs were calculated by
subtracting performance in congruent and incongruent conditions, and dividing by the mean RT or accuracy of the participant

F I G U R E 4 Scatter plots depicting correlations of children’s age with emotion effects in reaction time (RT) (a) and accuracy data (b). Emotion
effects were calculated by subtracting conflict effects (CEs) in neutral and emotional conditions. Results show evidence against a correlation of
emotion effects in RT with children’s age

Figure 4a) and no evidence for a correlation with age in the accuracy

tion develops in preschool age, a period with extensive improvements

data (BF10 = 0.70, Spearman’s ρ = 0.15, p = 0.33; Figure 4b).

in conflict processing. Using a modified color flanker task with a fully
crossed design of conflict and emotion, our results provide evidence
that positive emotional content can lead to more effective conflict pro-

4

DISCUSSION

cessing in preschoolers. These results resemble research findings in
adults (Kanske, 2012), which have been interpreted as an evolution-

This preregistered study aimed to clarify whether emotion can facili-

ary adaptive mechanism in humans (Scherer, 1994). The observed facil-

tate attentional control in young children, and how this effect of emo-

itative effect of emotion, however, is in contrast with current views in
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developmental psychology that have emphasized an impeding effect of

tuta et al., 2011) elicit conflict between emotional responses, which has

emotion on conflict processing.

been referred to as “emotional conflict” (Egner et al., 2008; Etkin et al.,

The present data allow addressing a long-standing open question

2006). In these tasks, children have to attend to and overcome the emo-

on the influence of emotion on cognitive processing in young children

tion in order to respond correctly. Thereby, the emotion contributes to

(Zelazo & Carlson, 2012). Particularly, while research in adults has

and increases the saliency of the conflict, potentially making it more

shown that under various task conditions, emotion can have a facil-

difficult for children to process and overcome this conflict. Studies in

itative effect on conflict processing (Kanske & Kotz, 2011a, 2011b,

children and adults that found a facilitative influence of emotion on

2011c), findings in children mostly indicate that emotional content

conflict processing, in contrast, have used task designs in which emo-

impairs conflict processing (Kramer et al., 2015; Lagattuta et al., 2011;

tion was a feature of the stimuli and in which emotion did not consti-

Zelazo & Carlson, 2012). In this study, we replicate previous find-

tute the conflict to be resolved (Kanske, 2012; Zinchenko et al., 2019).

ings showing a linear increase of conflict processing in the preschool

More specifically, in order to respond correctly in the modified color

period (Petersen et al., 2016). Importantly, however, our data show that

flanker task used in adults (Kanske, 2012) and in our study, participants

preschool children demonstrate faster conflict processing for emo-

did not have to focus on the emotional information, but the conflict

tional compared to neutral stimuli, indicating a facilitative effect of

was created by other features of the stimuli (i.e., their color). In this

emotion on conflict processing in preschool children, similar to the

case, increasing the saliency of the stimuli through their emotional con-

effect found in adults. These results line up with recent evidence from

tent would facilitate focusing on the central stimulus and ignoring the

an EEG study conducted in 6-year-old children showing that emotions

flanker stimuli, making it easier to overcome the color conflict between

modulate the magnitude of the conflict effect observed in ERPs related

them. In contrast to the tasks frequently used in children, where emo-

to conflict processing, particularly the N200 (Zinchenko et al., 2019),

tion increased the saliency of the conflict impeding conflict processing

although this study did not find a modulation of behavioral conflict pro-

(Kramer et al., 2015; Lagattuta et al., 2011; Zelazo & Carlson, 2012),

cessing. Our study thus provides the first evidence for a facilitation of

these tasks therefore show a facilitative effect of emotion on conflict

conflict processing on the behavioral level in children, as early as from

processing. The other dimension to be considered is whether emotions

preschool-age.

are included within the task itself, thus increasing the stimulus saliency,

Our findings are in line with the interpretation of a facilitative effect

or whether emotions are induced independently of the task (Kanske,

of emotion as an evolutionary adaptive mechanism, previously sug-

2012). That is, in studies showing a facilitative effect of emotion on

gested in the adult literature (Kanske, 2012). That is, emotional stim-

conflict processing, the emotional stimuli are typically embedded in

uli might signal saliency and reduce the time that an organism is inca-

the task as stimuli, such that participants need to process these stim-

pable of responding to a potentially dangerous or reward-signaling

uli in order to solve the task (Kanske, 2012; Kanske & Kotz, 2011a,

stimulus (Kanske, 2012; Kanske & Kotz, 2011c). Positive emotions have

2011c; Zinchenko et al., 2019). This contrasts with studies that mod-

been shown to particularly modulate the early stages of spatial ori-

ulate or induce emotion through the presentation of additional proce-

entation (Brosch et al., 2008) and attentional control (Kanske & Kotz,

dures unrelated to the conflict task itself, such as through presenting

2011c), suggesting a rapid recruitment of the attentional system. This

emotional stimuli before (e.g., Hart et al., 2010) or in between conflict

idea is further underlined by research showing that an attentional bias

trials (e.g., Padmala et al., 2011), or by inducing emotions in the partici-

towards emotional stimuli is manifested already during early infancy

pants (Eysenck et al., 2007). In these cases, the induced emotional state

(Peltola et al., 2009; Vaish et al., 2008). While we found that attentional

has been found to hamper conflict processing, in line with a distracting

control increased in the preschool period, the facilitating influence of

effect of task-irrelevant emotions (Kanske, 2012).

emotion on conflict processing in the RT data remained stable across

In the current study, we used a task in which emotion does not cre-

age. These findings suggest that emotions modulate cognitive process-

ate the conflict itself but is embedded in the task, and correspondingly

ing already from early childhood in line with an adaptive mechanism

found a facilitating effect of emotions. These findings go beyond pre-

present early in life.

vious studies by showing that this facilitative effect is already in place

Notably, however, our results also stand in contrast to previous

in the early preschool period, and is also displayed in behavior. Fol-

findings and views in developmental psychology highlighting the rela-

lowing previous research and theory in adults (Frings & Wühr, 2012;

tively protracted development of emotional (“hot”) executive function-

Kanske, 2012; Ochsner & Gross, 2005; Pessoa et al., 2002; Zinchenko,

ing (Kramer et al., 2015; Lagattuta et al., 2011; Zelazo & Carlson, 2012).

Obermeier, Kanske, Schröger & Kotz, 2017), we therefore suggest that

This discrepancy might be explained by the role that emotion has in

depending on the function emotion has in the actual conflict, it has an

the different task designs. In particular, we suggest that there may be

impeding or a facilitative effect on conflict processing, and that these

two dimensions that determine the effect that emotion has on con-

different mechanisms may already be in place, similar to the ones in

flict processing. One dimension is whether the conflict itself requires

adults, at the emergence of conflict processing in the early preschool

overcoming emotions or not (Frings & Wühr, 2012; Kramer et al., 2015;

years.

Ochsner & Gross, 2005; Pessoa et al., 2002). So far, studies in children

This view is also in line with evidence from a study that compared

have predominantly used tasks in which emotion is critical for the con-

a classical “cold” attentional control task, that is, the “Day-Night” task,

flict task: Parallel “hot” versions of classical “cold” executive function-

with variations in which emotion did not create the conflict, but was

ing tasks, such as the “Happy-Sad task” (Kramer et al., 2015; Lagat-

embedded in the task as stimuli. One such variation is the “Boy-Girl”
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task in which children are shown photographs of emotion faces and

would need to be developed to test younger children. Further, in adults,

are asked to respond with the opposite gender. In line with our sug-

there is indirect evidence that emotion might modulate early process-

gestion, children made more errors and took longer to respond in the

ing stages of conflict processing, indicating that already the detection

“Happy-Sad” task where the emotion was the conflict-eliciting element

of conflict may be affected by emotional stimuli (Brosch et al., 2008;

compared to the “Boy-Girl” task where the emotional faces were solely

Kanske & Kotz, 2011c). In preschool children, it remains an open ques-

an attribute of the stimuli. Moreover, the “Boy-Girl” variation was eas-

tion whether emotions target the process of conflict detection or reso-

ier for the children than the classical “Day-Night” task (Kramer et al.,

lution. In fact, a further possibility to interpret the results of the current

2015). These results in children support the view that the particular

study is that children might have been more engaged in performing the

influence of emotion depends on whether the emotional content of the

conflict task in the case of positive emotional compared to neutral stim-

stimuli creates the conflict or whether it is an additional feature of the

uli, rather than the emotion facilitating the conflict processing itself.

stimuli that is independent of the actual conflict. Such indirect com-

The findings that an ERP component associated with early stages of

parisons of performance in different tasks, as between the variations

conflict processing, such as the N200 (Van Veen & Carter, 2002) is mod-

of the “Day-Night” task by Kramer et al. (2015), however, also offer a

ulated by emotion in similar task contexts in older children and adults

number of alternative explanations. Particularly, Kramer et al. (2015)

(Kanske & Kotz, 2011c; Zinchenko et al., 2019), however, suggests that

discuss that the “Boy-Girl” variation might have been easier for chil-

a facilitative effect of emotion on early processing components is the

dren due to ample experience categorizing people by gender, or simpler

more parsimonious interpretation of our findings. This could be fol-

discrimination due to visual features of photographs compared to pic-

lowed up with a similar EEG experiment in young preschoolers in the

tograms in the “Day-Night” and “Happy-Sad” task. In our study, in con-

age range of the current study. Relatedly, it remains an open ques-

trast, we manipulated emotion directly within the same task in a fully-

tion which brain structures might underlie the modulatory influence of

crossed design of conflict and emotion. Our task therefore allows us to

emotion on conflict processing in children. Despite a large body of lit-

exclude such alternative explanations related to task or stimulus differ-

erature showing the influence of a cognitive control network, including

ences.

prefrontal and parietal cortices, for conflict (see Niendam et al., 2012

With this new task, our study opens up new avenues for future

for a meta-analysis), the ventral anterior cingulate cortex has been

developmental research on the role of emotion in conflict process-

identified as a key structure underlying the facilitative effect of emo-

ing. An open question is whether similar effects are found using dif-

tion on conflict processing in adults (Kanske & Kotz, 2011b). In children,

ferent task conditions (Kanske & Kotz, 2011a, 2011b, 2011c) and

first evidence suggests that the maturation of distinct components of

stimulus modalities, as found in the literature on adults (Kanske,

the adult cognitive control network plays an important role in the early

2012; Kanske & Kotz, 2011c) and older adults (Zinchenko, Obermeier,

development of conflict processing that involves overcoming emotions

Kanske, Schröger, Villringer, et al., 2017; Zinchenko et al., 2018). Future

(usually referred to as “hot”) compared to tasks that do not involve

studies should investigate in more detail how types of emotion and

emotion (“cold”; Berger et al., 2021). However, it remains unclear to

the way emotion are conveyed by the stimuli influence the facilita-

what extent the maturation of those brain structures, and particularly

tive effect on conflict processing in preschoolers. In particular, since

the ventral anterior cingulate cortex might be related to the modula-

the current study is focused on positive emotions, an open question

tory effect of emotion on conflict processing in early childhood. This

is whether the facilitative effect is independent of emotional valence

question might be addressed by relating behavioral changes in the way

and is present also for negative emotions, as has been shown in adults

emotion influences conflict processing in young children, as captured

(Kanske & Kotz, 2011a, 2011c, 2011d). Furthermore, the current study

in our task, to brain maturation using structural Magnetic Resonance

uses simple smiley faces to convey emotional content in the task.

Imaging techniques. Finally, an important endeavor of future research

Although previous studies suggest similar effects for more naturalis-

will be to investigate whether children with developmental disorders

tic stimuli (i.e., photographs; Kramer et al., 2015) and across a number

closely related to impairments in executive functioning, such as atten-

of different task types (Kanske & Kotz, 2011c), it remains to be investi-

tion deficit/hyperactivity or conduct disorder, show differences in the

gated whether the facilitative effect of emotion in preschoolers gener-

way emotion influences conflict processing.

alizes across design features. Together, this would strengthen the interpretation of a supra-modal facilitative effect on attentional control as
an adaptive mechanism that is already present in preschool children

5

CONCLUSIONS

and might give an indication how this effect varies as a function of emotion. Moreover, future research may follow up on whether social con-

The present preregistered study provides evidence that, from early

tents that are not specifically emotional can also facilitate conflict pro-

on in childhood, as abilities of attentional control emerge, emotional

cessing. In this context, it would further be interesting to know whether

stimuli can facilitate conflict processing. While attentional control

the effect is observable already in children younger than 3 years of age,

improved with age, the influence of emotion remained constant from

as precursory skills of attentional control have been shown to develop

at least 3 years of age. In contrast to previous findings and theories

already in infancy (Fiske et al., 2021; Fiske & Holmboe, 2019). Notably,

in developmental psychology, these results indicate that emotion can

however, in view of the relatively high exclusion rate in young preschool

trigger efficient control processes already from early on in life. We con-

children with the current task (see Section 2.4 and Table S1), a new task

clude that the influence of emotion on conflict processing in children,
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similar to adults, is not determined by the presence or absence of emotions, but rather that emotion may increase stimulus saliency and its
effect on conflict processing may thus depend on the role emotion plays
in the conflict.
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