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Distraction by vocal anger in children and adolescents with hyperactivity

Georgia Chronaki, PhD and John E. Marsh, PhD

School of Psychology and Humanities, University of Central Lancashire

Abstract

Children with inattention and hyperactivity often present difficulties in recognising
anger from other people’s voices. Research has shown enhanced brain activity (N100) to
vocal anger, possibly reflecting preattentive hyper-vigilance to vocal anger, in children with
clinical levels of inattention and hyperactivity. In this study we investigated the preattentive
processing of vocal anger, by testing whether children with inattention and hyperactivity are
distracted by task-irrelevant auditory anger stimuli. A total of 194 participants (50 adults, 51
adolescents, 93 children) took part in a cross-modal oddball paradigm wherein emotional
(angry, happy) voices were oddballs and neutral voices were standard while participants
performed a visual categorisation task. Questionnaires measures were used to screen for
inattention and hyperactivity. Reaction times measures demonstrated that overall,
hyperactivity predicted slower performance via distraction by threat-related (e.g., angry)
stimuli. The results suggest that vocal anger can capture attention in a pre-attentive
(automatic) way in children with high levels of inattention and hyperactivity. Implications for

theory and clinical practice are discussed.



Introduction

Hyperactivity and inattention are symptom dimensions of Attention-
Deficit/Hyperactivity Disorder (ADHD), the most common neurodevelopmental disorder of
childhood (APA; American Psychiatric Association, 2000). At least 5% of school-aged
children have difficulties with hyperactivity, impulsivity, and inattention at levels below the
threshold for diagnostic criteria for ADHD (Sayal et al., 2017). Children with symptoms of
ADHD often present emotional problems such as anxiety (Duchesne, et al., 2010) and
depression (Jensen et al., 2001). In addition, up to 60% of individuals with inattention and
hyperactivity often present conduct problems, a range of defiant and aggressive behaviours
including anger and irritability (e.g., temper tantrums), and oppositional behaviours (Nock, et
al., 2007; Connor & Doerfler, 2008).

Cognitive processes including executive dysfunction have been implicated in ADHD
pathophysiology. Konrad and colleagues (2016) used event-related functional magnetic
resonance imaging (fMRI) to investigate brain activations related to alerting (e.g., achieving
and maintaining an alert state), orienting and reorienting (e.g., processing stimuli outside the
current focus of attention) and executive control (e.g., resolving conflicts between responses)
in 16 boys with ADHD and 16 healthy boys aged 8-12 years. Behaviourally, they found that
children with ADHD showed impairment only in their executive control system compared to
controls. On a neural level, children with ADHD recruited deviant brain regions for all
attentional networks, including alertness, orienting and reorienting and executive control,
compared to controls (Konrad, et al., 2006).

More recently, research has focused on motivational processes (Sonuga-Barke &
Fairchild, 2012) as a causal mechanism for ADHD. Emotion dysregulation (e.g. difficulty to
recognise, attend to and regulate emotion) is increasingly considered an important clinical

feature of ADHD (Shaw, et al., 2014). However, it is not clear whether emotion



dysregulation in ADHD reflects deviant attentional mechanisms (Barkley, 2015) or atypical
perceptual emotion processing (Chronaki et al.,2015a). Research has suggested that executive
dysfunction, and emotional dysregulation may contribute independently to symptoms of
hyperactivity/impulsivity in children (Sjowall et al., 2013) and adults (Sjowall & Thorell,
2019). It is possible that individual differences in emotional self-regulation may be related to
impairments in orienting and reorienting of attention under conditions of emotional
distractors. Some children with symptoms of ADHD present difficulties with processing
positive (e.g., reward) or aversive (e.g., delay) stimuli (Chronaki, et al., 2019; Chronaki, et al.,
2017) as well as emotional stimuli (Chronaki, et al., 2015a). Therefore, there has been a
renewed interest in the way children with ADHD recognise emotions from facial and vocal
expressions (Arango-Tobdn,et al., 2023). Research has shown that preschoolers with
inattention and hyperactivity are less accurate in recognising emotions (e.g., angry, happy)
from facial expressions (Chronaki et al., 2013). Reduced sensitivity to negative emotions
(e.g., anger, sadness) from facial expressions has consistently been reported in primary
school-aged children with hyperactivity (Corbett & Glidden, 2000; Kats-Gold, et al., 2007).
This pattern of findings is consistent with research showing that measures of emotional
functioning (anger regulation, anger recognition, and regulation of happiness) contributed
significantly to discriminating between children with ADHD and controls, over and above the
influence of executive functioning (e.g., working memory, inhibition; Sjowall et al., 2013).
Previous research has focused on facial emotion processing and few studies have investigated
vocal emotion recognition in children with inattention and hyperactivity. Vocal modalities
may represent separate processes underlying recognition of emotion and these processes may
be distinct from visual modalities (Schirmer & Adolphs, 2017). Emotional prosody refers to
changes in the intonation of the voice, according to the speaker’s emotional state (Hargrove,

1997). Behavioural evidence indicates that children with symptoms of ADHD present a



specific difficulty in recognising negative vocal expressions such as anger (Chronaki et al.,
2013). Vocal anger is an expression of hostility and may act as trigger for negative emotional
outbursts in children with ADHD which contribute to coercive cycles of parent—child
interaction (Johnston & Jassy, 2007). Difficulties in recognising signals of anger in adult
voices, may result in difficulties in responding to adult instructions and commands seen in
children with inattention and hyperactivity.

More recently, research using Event-Related Potentials has investigated the neural
processing of vocal anger in 25 6-11-year-old children with ADHD and 25 typically
developing controls, using a vocal emotion recognition task. Results showed that compared to
controls, children with ADHD displayed enhanced N100 and attenuated P300 components to
vocal anger (Chronaki, et al., 2015a). These results suggest atypical neural activity during the
early perceptual stages of vocal anger processing in ADHD. In addition, as ADHD is often
comorbid with Conduct Disorder (CD), and atypicalities in emotion recognition are also
reported in CD (Fairchild, et al., 2009), this research sought to explore whether CD
comorbidity contributed to the ERP results. The study found that while the N100 effects
were robust when excluding participants with comorbid CD, the P300 effects were partly
accounted by the presence of comorbid CD (Chronaki, et al., 2015a).

As the auditory N100 component is thought to reflect a rapid ‘early selection’
mechanism underlying auditory attention (Woldorff et al., 1993), the N100 findings are
consistent with the idea of preattentive hyper-vigilance to vocal anger in ADHD. This is
consistent with research in the facial emotion processing in ADHD. For instance, Williams
and colleagues (2018) found increased facial anger-related modulation of the N170,
suggesting atypicalities in the early perceptual processing of angry faces. The idea of rapid,
almost automatic, initial hyper-orientation to a threatening (e.g., angry) tone in others’ voices

in children with ADHD, has not been tested experimentally so far. Our recent meta-analysis



in vocal emotion recognition in ADHD has confirmed that existing studies in this area have
only measured explicit emotion recognition (e.g., tasks where the participant is instructed to
explicitly identify the emotion in the voice) and no previous studies in ADHD have examined
the vigilance to emotion in voices when emotion is ignored rather than attended to (e.g.,
preattentive processing; Sells et al., 2023).

The cognitive system is open to the processing of task-irrelevant stimuli in our
environment (Marsh, et al., 2021). In particular, the auditory modality plays an indispensable
sentinel-like role - preattentively processing the auditory scene and alerting the cognitive
system to important environmental changes (Johnston & Strayer, 2001), regardless of its
relation to ongoing thought or behaviour (Hughes, et al, 2007; Vachon, et al., 2017). The
impact of ignoring auditory distractors on ongoing task performance can be studied with the
cross-modal oddball paradigm (Parmentier et al., 2008). Here, participants are requested to
categorize visual stimuli while ignoring auditory distractors that are presented immediately
before each target. For most trials the same sound is presented (i.e., the ‘standard’). However,
on infrequent trials a new sound (i.e., the ‘deviant’) is introduced. This infrequent and
unexpected acoustical change in the otherwise repetitive or continuous auditory sequence
captures attention from the focal task, resulting in slowed, or more error-prone, responses to a
target (e.g., Escera et al., 1998; Hughes et al., 2007; Naétinen, 1990; Parmentier et al., 2008;
Schroger & Wolff, 1998). In such cases, the irrelevant stimulations may have no inherent
motivational value, and thus the physical properties of the deviant per se do not drive the
disruption. Rather attentional capture occurs because the deviant violates the prevailing
context — e.g., a predictable pattern of regularity extracted from sounds within the sequence
(Bendixen, et al., 2008). The processes that precede attentional capture are suggested to be

preattentive because they occur in the absence of attention. Thus, the notion of obligatory



processing of the physical properties of the auditory environment are founded on the
attentional response to the deviant event.

In contrast to this aspecific form of attentional capture, several studies provide
evidence for a specific form of attentional capture that is attributable to the particular
properties (e.g., semantic features) of a to-be-ignored sound (cf. Eimer, 1996). For example,
using a cross-modal oddball task within which participants were required to categorise a
visual digit as odd or even while ignoring a deviant sound with an onset that shortly precedes
the digit, slowed responses to a greater extent for hungry participants if the deviant was a
food-related compared to non-food-related word (Parmentier, Pacheco-Unguetti, & Valero,
2018). This suggests that unexpected words undergo involuntary semantic analysis and builds
on previous work wherein the congruency of deviant sounds i.e., “left” or “right”, influenced
the categorisation of left against right visual arrows (Parmentier et al., 2011; Parmentier et al.,
2018). In the case of food-related words the disruption produced by the automatic semantic
analysis, occurred independently of the demands of the focal task (see also Vachon et al.,
2020). Therefore, it follows that the emotional valence of deviants, in the absence of any
relationship to the focal task, should have a greater disruptive impact particularly for
participants with vocal-emotion processing differences.

While several studies reveal additional disruption from high compared to low valence
words (Buchner et al., 2004; Marsh et al., 2018), very few studies have investigated the
potentially differential impact of to-be-ignored distractors that differ in terms of spoken
emotional valence. In a study by Kattner and Ellermeier (2018) a sequence of distractors
spoken with angry and happy articulation produced greater disruption of visual-verbal serial
recall than distractors spoken with neutral or fearful intonation (see also Kattner et al., 2023).
However, rather than attributable to attentional capture, the additional disruption produced by

a distractor spoken with angry and happy prosody over neutral prosody was attributed to its



acoustic properties: the fluctuating emotional prosody of irrelevant speech conveys greater
acoustic change than neutral prosody. Since acoustic change is the principal determinant of
disruption of visual-verbal serial recall (i.e., the changing-state effect; Jones et al., 1992), it is
likely the pre-categorical, rather than post-categorical (i.e., semantic) features of the speech
that drive the additional disruption of angry over neutral prosody. Support for this suggestion
was gleaned from the failure of distractors with angry and happy intonation to disrupt a task
devoid of serial recall (the missing-item task) that is sensitive to attentional capture effects
(e.g., Hughes et al., 2007) but immune to disruption produced via the changing-state effect
(Beaman & Jones, 1998; Jones & Macken, 1993). Arguably the use of a cross-modal oddball
paradigm (e.g., Parmentier et al., 2008) has the capability to detect differences in the power
of angry against happy and neutral spoken distractors to capture attention. A useful feature of
the cross-modal oddball paradigm is that distraction by a deviant can typically be seen in a
slowing of the response to a target immediately following the deviant, but also a slowing of
the response on the next trial wherein a standard is presented (e.g., Pacheco-Unguetti &
Parmentier, 2014). It is thought that such postdeviance distraction represents the completion
of a reconfiguration of the task set after the switch of attention toward the deviant on the
preceding trial, while the earlier deviant distraction represents orientation to (and from the
deviant) and a reactivation of the relevant task set (e.g., Parmentier & Andrés, 2010).

A preattentive gating mechanism determines to what degree auditory stimuli capture
awareness (Jadskeldinen et al., 2004). There is debate in the literature as to whether emotional
expressions are processed outside conscious awareness (Pessoa & Adolphs, 2010). In the
adult literature, there is evidence for a rapid and involuntary capture of attention by facial
(Vuilleumier & Pourtois, 2007) and vocal (Lima, et al., 2019) emotional expressions. Little is
known, however, on the involuntary capture of attention by vocal anger in children and

adolescents. The processing of stimuli that require no attentional resources to be perceived



(e.g., ‘preattentive’ processing) can be measured via the cross-modal oddball task (Parmentier
et al., 2008; Squires et al., 1975) wherein the processes that lead up to attentional capture are
arguably preattentive since they occur without attention and the auditory stimuli are to-be-
ignored. On this reasoning, any differential disruption (e.g., via attentional capture) produced
by distractors differing in spoken valence must be attributable to the obligatory processing of
the auditory environment. It can be argued that stimuli with negative emotional valence are
likely to grab attention and diminish task performance more than neutral stimuli. An example
of such negative stimuli are disgusting words. A recent study found that disgusting and
neutral auditory words that were perceptually decoupled from the target stimuli produced
significant but equivalent levels of distraction (Parmentier et al., 2019). The idea that anger
from others’ voices can grab attention and produce distraction more than a neutral tone of
voice in children with symptoms of ADHD has not been investigated so far.

In this study we used a cross-modal oddball paradigm wherein emotional (angry,
happy) voices were the deviants (i.e., oddballs) and neutral voices were the standards. First,
we predicted an oddball effect wherein the deviant vocal stimuli (angry, happy) will lead to
prolonged reaction times in the task. Specifically, we expected a difference between angry
against standard and happy against standard (neutral). Similarly, we predicted prolonged
reaction times on the next trial wherein a standard is presented (e.g., postdeviance distraction).
For this reason, we measured, the accuracy and reaction time for neutral voice trials that
directly followed the happy deviants and the angry deviants. Second, we aimed to investigate
the possibility of early preattentive hyper-vigilance to vocal anger in ADHD. We predicted
that children with inattention and hyperactivity not only will be less accurate and slower to
respond to a target immediately following the angry, against happy, voices as deviant
distractors (deviance distraction), but they will also demonstrate a slowing of the response on

the next trial wherein a standard is presented (e.g., postdeviance distraction).



Methods

Participants

From 250 participants initially approached, 198 individuals (148 children and 50 adults)
participated in the study. Four child participants were removed from analyses as they were
outliers. Children were recruited from primary schools and were selected from two age
groups (see Table 1) based on previous developmental research (Chronaki et al., 2015). Child
assent and adult informed consent were obtained prior to participation. Data were also
collected from healthy adults recruited from university undergraduates. The study was
approved by the Ethics Committee, at the School of Psychology and Humanities, University

of Central Lancashire.

Table 1. Participants characteristics

Age groups Age range Mean SD N

Children 7-10 9.30 .80 93 (40 males)
Adolescents 11-15 12.00 .95 51 (34 males)
Adults 18-48 23.40 7.10 50 (42 males)
Materials

Vocal stimuli

Non-word vocal stimuli (interjection ‘ah’) were derived from a battery of vocal emotional
expressions (Maurage et al., 2007) and were normalized and standardized regarding acoustic
properties including 700-ms duration, 16000 Hz recording frequency, and 70 dB intensity.

The stimuli used for this study consisted of angry, happy, and neutral vocal expressions.



These vocal stimuli have already been validated in adults (Maurage et al., 2007) and children
and adolescents (Chronaki et al., 2015). We used praat software (Boersma & Weenink, 1992)
for the normalization and standardization of vocal emotional expressions. The average level
of intensity (in dB[A]) over stimulus duration was used to calibrate the vocal stimuli to a 70
dB(A) intensity, which was measured with a Casella CEL-633B1 decibel level meter.
Spectrograms for the vocal emotional stimuli are provided in Figure 1.
--Insert Figure 1 here---

Experimental task design

Participants took part in a cross-modal oddball paradigm that required them to help an animal
(dog and cat) across the river to the other side using a steppingstone. Participants were asked
to press one of three different coloured buttons (red, blue and green) on the keyboard that
matched the colour of the steppingstone in the river. Colours were indicated using small
circle stickers; red on the ‘F’ key, green on the ‘H’ and blue on the ‘K’. The dimensions of
the keyboard were 30 (lenght) x 10 (width) x 2 (depth) cm. Participants were instructed to
press the correct button and as quickly as possible. The coloured steppingstones were
preceded by emotional and neutral voices. The angry and happy voices were the oddballs,
and the neutral voices were standards. Angry and happy voices had a probability of 10% each
and the neutral voices had a probability of 80%. There was a practice block including 10
trials. The main experiment task included two blocks with 102 trials each. In block 1 there
were 81 neutral voices, 11 happy voices and 10 angry voices in total. In block 2 there were 81
neutral voices, 10 happy voices and 11 angry voices in total. Vocal expressions were
presented binaurally via Sennheiser HD 380 pro supra-aural headphones that were plugged
directly into a Lenovo computer. Reaction time and accuracy of the responses were recorded
and stored through E-prime software. The task lasted approximately 15 minutes. Due to

having two animals in the task (dog and cat), two versions of the game were presented. In
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version 1, the cat appeared first in Block 1 and was followed by the dog in Block 2. In
version 2, the dog appeared first in Blockl and was followed by the cat in Block 2. This
design was adopted to eliminate order effects..A graphical representation of the task and
equipment including the keyboard and buttons is presented in Figure 2.
--Insert Figure 2 here---

Questionnaire measures

Behavioural and emotional problems: Parents, teachers and children completed the
hyperactivity, conduct problems, and emotional problems subscales of the Strengths and
Difficulties Questionnaire (SDQ) screening questionnaire for 3-16-year-olds (Cronbach’s
alpha=.85; Goodman, 1997). The SDQ is a validated self-report measure for use in children
(Curtis, et al., 2013). Each item is scored on a scale from 0 (not true) to 2 (certainly true). The
five items for each sub-scale generate a score of 0-10. The hyperactivity sub-scale includes
inattention (3 items) and hyperactivity (2 items) symptoms. Reliability in the current study
was high with Cronbach’s alpha =.74, .67 and .70 for the parent, teacher, and self-report

version respectively.

Adult inattention and hyperactivity-impulsivity: Adults completed the Current Behaviour
Scale measuring inattention, and hyperactivity/impulsivity (i.e., ‘I am easily distracted’
Barkley & Murphy, 1998). The ADHD-CBS is a self-report scale consisting of 18 items
derived from the 18 ADHD symptom criteria for adults reported in the DSM-IV. Nine items
measure inattention, and 9 items measure Hyperactivity and Impulsivity. Each of the 18 items
is rated on a 4-point Likert scale (never, sometimes, often, very often). Scores range from 0—
27 for each scale. Items were added to create a total score of combined inattention, and
hyperactivity/impulsivity. Reliability in the current study was high with Cronbach’s alpha

=.70.
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Procedure

Children and adolescents were tested individually in a quiet room in their school and adults at
the University. The task was introduced to the participants as a game. Participants were
instructed to ‘help the animal across the river to its babies’. Following the instructions, each
participant completed 10 practice trials before continuing onto the main task. All participants
were successful in completing the trials in the practice block and proceeded into the main
experiment when ready. After the first block, the researcher offered an opportunity for a short
break. Children were prompted to remain on task and pay attention during the task. After
completing the task, participants were asked to complete the questionnaires. Teachers and
parents completed the SDQs after the child completed the task. At the end of the task children

were rewarded with a certificate of participation as a small thank you gift.

Data Processing

Raw data from the auditory oddball task were transformed into measures of accuracy and
reaction time. Accuracy was computed for each target using ‘hits’ (e.g., stone colour
identified correctly). Accuracy scores took values of 1 for correct responses and 0 for
incorrect responses. Reaction times for correct responses were calculated in milliseconds. We
also created a separate mean value for the accuracy and reaction time for neutral voice trials
that directly followed the happy deviants and the angry deviants. This is because the accuracy,
but most often the reaction time, for neutral voice trials that follows a deviant are less
accurate and slower due to postdeviant distraction (Berti, 2008; Pacheco-Unguetti &

Parmentier, 2014).
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Data analysis

Preliminary analyses: Kolmogorov-Smirnov tests indicated that values for reaction time did
not differ significantly from normality (p > .05). Values of accuracy were significantly
different from normality (p <. 001).

Main analyses: Scores of reaction time were entered into a mixed design ANOVA with
Emotion (Angry, Happy, Neutral) as the within-participant factor and Age group (Child,
Adolescent, Adult) as the between-participants factor to examine the effect of emotion, group,
and emotion x group interaction effect on reaction time. These analyses compared the angry
deviant against the neutral and the happy deviant against the neutral (standard). We used
partial eta-squared (Cohen, 1973) estimates of effect sizes for the ANOVAs. Because
accuracy values were not normally distributed due to ceiling effects, non-parametric tests
were used. Values of accuracy were entered in repeated measures non-parametric Kruskal-
Wallis H test with Emotion (Angry, Happy, Neutral) as the within-participant factor and Age
group as the between-participants factor, to examine the effect of emotion, age group, and
emotion X group interaction effect on accuracy. Pearson’s correlations examined the
relationship between reaction time, and child behaviour problems and adult
inattention/hyperactivity. Non-parametric Spearman’s correlations examined the relationship

between accuracy, and child behaviour problems and adult inattention/hyperactivity.

Results

Accuracy

Tables 2-3 display means and standard deviations for accuracy by emotion and age. Non-
parametric Kruskal-Wallis H tests showed a statistically significant difference in accuracy

between the age groups for targets preceded by happy (¥2(2) = 13.28, p = 0.001), and neutral
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(x2(2) = 18.00, p < 0.001) but not angry (ps >.05) voices. For neutral voices, there was a
mean rank accuracy of 83.80 for Children, 125 for Adolescents, and 94.80 for Adults. For
happy voices, there was a mean rank accuracy of 92.05 for Children, 120.18 for Adolescents,
and 84.50 for Adults. These results indicate that accuracy for targets preceded by happy and
neutral voices significantly increased from childhood to adolescence, suggesting a steep
developmental trajectory for accuracy following happy and neutral voices (see Figure 3).
Although, accuracy following happy and neutral voices declined from adolescence to
adulthood this difference was not statistically significant (ps > .05). For happy voices, there
was a mean rank accuracy of 116.10 for Adolescents, and 95.60 for Adults. For neutral
voices, there was a mean rank accuracy of 125.10 for Adolescents, and 94.80 for Adults. The
results did not change when analyses were repeated with the postdeviance distraction
accuracy scores.
--Insert Tables 2-3 and Figure 3 here--

Reaction time

Tables 4-5 display means and standard deviations for reaction time by emotion and age.
There was a significant main effect of age on reaction time, F' (2, 191) = 37.44, p < .001, #2
= .28. Post-hoc pairwise comparisons showed that overall, children and adolescents were
slower than adults, and children were slower than adolescents (all ps’ < .001). No other
effects were significant (all ps > .05). A deviance distraction effect was not evident. When
analyses were repeated for the postdeviance distraction scores, in addition to the significant
main effect of age on reaction time (p <. 001), there was a main effect of emotion on reaction
time, F (2, 191) = 12.60, p <.001, 2 = .06. Participants were slower to respond to targets on
neutral trials that had been preceded by angry (M = 717 ms, SD = 137) compared to neutral
(M =697 ms, SD = 130) voices (p < .001). There was a significant emotion X age interaction

effect on reaction time F (4, 191) = 2.90, p < .05, 52 = .03. To explore this, we ran
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additional analyses in which reaction time scores per emotion were entered in one-way
ANOVA examining the effect of emotion on reaction time for the age groups separately.
There were significant differences in reaction times between the age groups for targets on
neutral trials preceded by angry, happy, and neutral voices, F (2, 92) > 4.90, ps <.02.
Children were slower to respond to targets after neutral trials preceded by emotional (angry
and happy) compared to neutral voices (ps < .001), while adults were slower to respond to
targets on neutral trials preceded by angry compared to neutral (p =.010) and happy (p = .025)
voices (see Figure 4). These results suggest that adults’ performance is slowed by threat-
related (e.g., anger) voices. There was no statistically significant difference in reaction times

for the different emotion conditions in adolescents (p >.11).

--Insert Tables 4-5 and Figure 4 here—

Distraction by vocal anger and behaviour problems

Pearson’s correlations were employed to explore the relationships between behavioural and
emotional problems and reaction time. Because age was negatively correlated with reaction
time (ps <.001), it was controlled for in this analysis. Results showed that higher parent-rated
hyperactivity scores were positively associated with reaction times to targets preceded by
angry (r = .26, p = .007), happy (r = .24, p = .014), and neutral (» =.26, p = .006) voices. No
significant associations emerged between conduct problems, emotional problems, and
reaction time scores after correcting for multiple testing (ps >.04). Pearson’s correlations
explored the relationship between adult inattention and hyperactivity and reaction time scores.
Results showed no significant associations (ps > .05). Non-parametric Spearman’s

correlations showed no significant associations between child behaviour problems or adult
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inattention/hyperactivity and accuracy scores (all ps > .05). Results did not change when
analyses were repeated for the post-deviant distraction reaction time and accuracy scores.

Multiple regression analyses examined the independent contribution of child
behavioural and emotional problems to reaction time scores. In this analysis, reaction time
was the dependent variable and age, and child behaviour problems (hyperactivity, conduct
problems and emotional problems) were the independent variables. Parent-rated hyperactivity
was significantly positively associated with reaction time to targets preceded by angry voices
(p < .05; see Table 6) but not happy or neutral voices (ps > .05). Neither conduct problems
nor emotional symptoms were significantly associated with reaction times. These results
indicate that the positive association between behaviour problems and reaction time scores
reflected individual differences in hyperactivity specifically. Results suggest that
hyperactivity predicts slower performance via distraction by threat-related (e.g., angry)
stimuli.

When analyses were repeated for reaction time and accuracy scores for postdeviant
distraction, parent-rated hyperactivity was significantly positively associated with reaction
time to targets after neutral trials preceded by angry and happy (p < .05) but not neutral
voices. Neither conduct problems nor emotional symptoms were significantly associated with
reaction times. These results indicate that hyperactivity predicted longer reaction times to
targets after neutral trials preceded by emotional (angry and happy) compared to neutral
voices. This suggests that hyperactivity predicted slower performance via postdeviant

distraction attributable to emotion. No other effects were significant (ps >.05).

--Insert Table 6 here—
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Discussion

The present study adopted a novel cross-modal oddball task requiring attention-
independent processing of vocal emotion in children, adolescents, and adults. First, the task
produced the expected developmental effects on accuracy and reaction time. Our study did
not show a cross-modal deviance distraction effect but did show a postdeviance distraction
effect. Second, childhood hyperactivity predicted slower performance via distraction by
threat-related stimuli.

First, our study showed age-related effects on accuracy. Accuracy for targets preceded by
happy and neutral voices improved from childhood to adolescence. These results suggest a
steep developmental trajectory for accuracy following happy and neutral but not angry voices.
These findings extend previous research showing that 10-year-old children are equally as
accurate as adults in recognising angry voices in vocal emotion recognition tasks (Chronaki,
et al., 2015). A developmental pattern in reaction time was also evident. As expected, speed
improved from childhood to adolescence and adulthood. The findings converge with
developmental research showing an improvement in processing speed with age (Hale, 1990;
Kail, 1991; Smigasiewicz, et al., 2021).

Contrary to our prediction, we did not find a deviance distraction effect wherein the
deviant stimuli (angry, happy) caused prolonged reaction times in the task compared to the
standard (neutral) stimuli (Escera, et al., 2002; Parmentier et al., 2008). The lack of a
deviance distraction effect in our study contradicts the results of previous investigations
(Parmentier et al. 2008; Schroger & Wolff, 1998; Parmentier et al., 2008; Schroger & Wolff,
1998; Weise, et al., 2023). Here we discuss possible explanations for this. First, some
investigations have shown reduced distraction effects or even improved performance with
task-irrelevant emotional information (Lorenzino & Caudek, 2015; Max, et al., 2015),

suggested to reflect an increased level of arousal caused by the emotional nature of distractors
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(Max et al., 2015). For example, a recent study in adults found that emotional novel sounds
decreased attention distraction effects compared to neutral novel sounds. It also found a
larger pupil dilation (reflecting increased arousal) to novel compared to standard sounds, and
a direct relation between reduced distraction effects and increased arousal (Bonmassar, et al.,
2023). The emotional content of novel sounds has been shown to increase arousal also in 7-
10-year-old children (Bonmassar et al., 2020). These findings demonstrate that task-irrelevant
emotional stimuli may facilitate processing and improve performance. Second, sensory
stimuli presented in different modalities may interfere less with each other than stimuli in the
same modality (Schupp et al., 2008). Research has shown that presenting task-irrelevant
emotional stimuli in a different modality compared to the target reduced distraction effects
(De Houwer et al., 2002). Third, our task required participants to make one of three responses
as compared to a binary response in previous studies. This may have led to slower reaction
times in our task and possibly explain the lack of distraction effects, although problematic for
that account is that we did find postdeviance distraction effects. Fourth, individual differences
in hyperactivity may play a role in deviance distraction effects related to threat-related stimuli
in children. We discuss this possible explanation in more detail below.

As predicted, when examining the accuracy and reaction time for neutral trials that
directly followed the happy deviants and the angry deviants, we found prolonged reaction
times on the next trial wherein a standard is presented (e.g., postdeviance distraction effect).
Parmentier and Andres (2010) argue that postdeviance distraction represents the completion
of a reconfiguration of the task set after the switch of attention toward the deviant on the
preceding trial. While the completion of task-set reconfiguration explanation would seem on
the face of it unsatisfactory, due to the lack of evidence of attentional capture on the previous
trial, it is possible that the lack of evidence of an attentional switch is produced by two

countervailing forces — on the one hand a speed-up effect produced by the emotionality of the

18



to-be-ignored stimulus and on the other hand distraction produced by the deviant nature of
that stimulus. Thus, task-set reconfiguration could still occur and explain the postdeviance
distraction effect.

Age-related effects on reaction time varied by emotion when examining postdeviance
distraction. We found that children’s performance was slowed by the presence of a deviant in
general, while adults’ performance was slowed by threat-related stimuli specifically (e.g., the
difference between angry and happy deviants). The fact that adults’ but not children’s
performance was impacted under conditions of distraction by vocal anger may suggest that
attentional control abilities in an emotional (e.g., threatening) context mature later in
development. Although we cannot assess the effect of emotionality on reaction time in the
absence of a neutral deviant, we can speculate that adults’ attentional control abilities may
counteract the post deviance distraction caused by the happy deviants. Previous studies have
not examined the effect of age on post-deviant distraction using vocal emotional stimuli.
Research using related paradigms (e.g. visual or auditory selective attention tasks) has shown
that distractability is higher in children compared to adults (Robinson, et al., 2018). This
pattern of results is compatible with research using auditory distraction paradigms. For
example, children aged 7-9 years were more susceptible to disruption by a deviant sound
compared to adults in an auditory distraction task (Joseph, et al., 2018). Some studies have
found a reduction in auditory (Wetzel & Schroger, 2007) and audiovisual (Gumenyuk et al.,
2001) distraction as children grow older. For instance, research using a duration
categorization task has found greater distraction by deviant sounds in children aged 6-8
compared to young adults, but no difference between children aged 10-12 and young adults
(Wetzel et al., 2016). EEG and MEG data indicate that mismatch responses, thought to reflect
deviance detection, are delayed in 9-10-year-old children compared to adults, suggesting that

not all neurophysiological aspects of deviance processing are mature by 10 years (Ruhnau, et
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al., 2017). Other studies using auditory and audio-visual tasks, however, have found no effect
of age on deviance distraction in childhood (Horvath, et al., 2009; Roer, et al., 2018). At the
other end of the age spectrum, older adults (55-72 years) have been shown to be more
distracted by a deviant than younger adults (19-32 years) and take longer to overcome a
distracting event on a subsequent standard trial (Getzmann & Wascher, 2016; see also
Getzmann et al., 2014). Through analyses of EEG components, research has shown that older
compared to younger participants demonstrate a reduction and delay in attentional control
following a deviant (i.e., postdeviance distraction) and a decrement in processing of stimuli
following an attentional switch (Getzmann & Wascher, 2016). Getzmann et al. (2014) argue
that the increased postdeviance distraction observed in elderly participants may reflect a
delay in orienting-reorienting mechanisms.

Parent-rated hyperactivity significantly predicted reaction time to targets preceded by
angry voices, but not happy and neutral voices. It is possible that individual differences in
hyperactivity can shed light on the specific disruption produced by threat-related stimuli. In
other words, although, vocal anger may not preattentively capture attention in children, it
may be preattentively processed in children with high levels of hyperactivity. Our findings
suggest that the involuntary processing of threat-related (e.g., angry) stimuli can slow down
performance in children with hyperactivity. Our study extends previous research in this area
which has relied on explicit emotion recognition (Chronaki et al., 2013), by investigating the
pre-attentive processing of vocal emotion using a cross-modal oddball paradigm. Our study
shows that when vocal emotional cues are processed pre-attentively, performance is slowed
in children with hyperactivity. It is possible that when attention is directed to vocal emotions,
children with hyperactivity demonstrate less sensitive emotion recognition (Chronaki et al.,
2013), however, at a pre-attentive level children with hyperactivity are sensitive to emotion,

especially anger. There is some evidence in the ADHD literature which suggests that
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processing biases in emotion perception may be a marker of “cognitive distortion”, reflecting
misinterpretation at a perceptual level of emotion recognition, whereas processing deficits,
may be a marker of attention deviancies (Cadesky, et al., 2000). If children with hyperactivity
are slower to respond to a target following a deviant distractor, as in our study, one could
argue that this may indicate attention deviance.

Our findings suggest sensitivity to signals of social punishment (i.e., anger) in some
children with hyperactivity, when these signals are processed outside conscious awareness.
This is consistent with research showing that target processing was disrupted in the context of
angry, but not happy, faces in a Go/No-Go task in children with ADHD symptoms (Manoli et
al., 2021). Our findings extend existing literature showing impairments in auditory processing
of non-emotional stimuli at the early sensory stages in ADHD (Loiselle et al., 1980; Zambelli
et al., 1977) and add to the growing literature implicating early sensory (e.g., preattentive)
emotion processes in ADHD (Chronaki et al., 2015a). However, the finding of a slower
performance under conditions of distraction by vocal anger is not entirely consistent with our
previous finding of an enhanced N100 component to vocal anger, possibly suggesting hyper-
vigilance towards vocal anger in ADHD (Chronaki et al., 2015a), and findings from the face
processing literature showing exaggerated early perceptual face-specific components (i.e.,
N170) to anger (Williams et al., 2008). Future research should explore the hypothesis of a
rapid initial hyper-orientation to threatening (angry) stimuli followed by deficits in later,
cognitive evaluation of the emotional significance of these stimuli.

In addition, hyperactivity predicted slower performance via postdeviance distraction
following an emotive stimulus, as children with hyperactivity were slower to respond to
targets after neutral trials preceded by emotional (happy, angry) vocal expressions. Our
findings suggest that distraction by vocal emotion can be robust enough to interfere with task

performance perhaps through delaying task-set reconfiguration. The residual distraction on
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the subsequent trial (postdeviance distraction) is hypothesized to reflect bottom-up, stimulus-
driven rather than top-down processes (Parmentier & Andrés, 2010). It is possible that
emotion in general may be encoded automatically and slows down performance in children
with hyperactivity via postdeviance distraction. Previous research has shown increased early,
‘bottom-up’ attention capture, as reflected by increased P1 to emotional (fear and happy)
faces, in adolescents with ADHD (Karalunas, et al., 2020). Collectively, existing literature
supports the idea of limbic dysfunction which may impact cognitive control in emotional
contexts and contribute to the social and emotional problems typically associated with ADHD
(Schulz et al., 2014). Postdeviance distraction effects found in this study may be driven by
individual differences in emotional self-regulation skills. Previous research has shown that
emotion dysregulation can be a core feature of childhood ADHD (Sjowall et al.,2013).
Research in adults has found independent effects of executive deficits and emotion
dysregulation (Sjowall & Thorell, 2019) in relation to symptoms of hyperactivity/impulsivity,
in line with the dual pathway model (Sonuga-Barke, 2003). There is debate in the literature as
to whether emotion dysregulation in ADHD reflects deviant attentional mechanisms (Barkley,
2015) or atypical perceptual emotion processing (Chronaki et al., 2015a). Future research
should aim to systematically investigate the determinants of the postdeviance distraction
effect reported.

While we provide the first evidence of the involuntary capture of attention by vocal anger
in children with hyperactivity, further study is required in several areas. First, future research
should aim to replicate our findings in clinical samples of children with ADHD. Second, the
ecological validity of the stimuli could be improved by using cross-modal presentation of
emotion (faces and voices), as in real life situations. Third, in the present study we did not
include a neutral deviant to keep the experiment duration in reasonable bounds for the

children. To further examine the effects of emotionality on reaction time, future studies
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should include a neutral deviant distracter. Fourth, future studies should also employ Event-
Related Potential methods to examine the neural correlates of the pre-attentive processing of
vocal anger in children with hyperactivity. These methods offer higher resolution to measure
‘how early’ distraction occurs. In addition, these methods can disentangle early, sensory
components (e.g., N1) from later cognitive components (e.g., P3) implicated in emotion
processing. Finally, future research should aim to include separate measures of cognitive
abilities (e.g., processing speed, working memory) as well as arousal in children. For example,
previous research has shown that relative to controls, young adults with ADHD had difficulty
attenuating auditory cortical responses to task-irrelevant sounds when working memory task
demands were high, suggesting that ability to cope with auditory distraction may be related to
working memory and cognitive control (Blomberg et al., 2021).

The finding of implicit processing of negative vocal emotional stimuli in children with
hyperactivity has important implications for clinical practice. Distraction and the drawing of
attention away from threat can serve as an important target of cognitive therapy treatments of
ADHD where patients have difficulties in blocking rumination and diverting their attention to
other (e.g., positive, neutral) stimuli or situations (McRae et al., 2010). Treatments for ADHD
may need to consider an individual’s tendency to distract oneself from a potentially
threatening situation as a coping mechanism to establish a sense of control over the situation
(Bodenhausen, et al., 2000).

In summary, we have validated a novel experimental task that can reliably measure
distraction by emotional vocal stimuli in children and adolescents. In addition, we have
shown preattentive processing of vocal anger using this oddball task in children with
hyperactivity. Our findings have important implications for programs which aim to help

children with hyperactivity develop better attention control skills under emotional contexts.
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Appendix

Figure 1. Spectrograms for angry (panel a), happy (panel b) and neutral (panel ¢) vocal stimuli.
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Figure 2. Task design. Participants received the following instructions: A mummy or daddy animal

(cat and dog) have been separated from their baby animals. In this game you need to help the cat and

dog to get back to their baby animals on the other side of the river. Stones will appear in the middle
the stream. The cat and dog will need to step on the stones to cross the river. The stones have three
different colours: red, green, and blue. You need to press the key on the keyboard that matches the
colour of the stones. You need to press the key as quickly as you can because the stones appear
quickly! You will hear some sounds while you do the task. Try to ignore the sounds as they are not

related to your task to press the right key. Instructions were presented in a child-friendly way to the

of
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child group. This consisted of slower pace, more explanation when needed, more time for questions

and frequently checking the children had understood the instructions.

Table 2.

Mean (SD) of accuracy scores (deviance distraction) to visual targets per age group and emotion.

Vocal Emotional Expression

Age group Angry Happy Neutral
Children .94(.07) .93(.08) .93(.07)
Adolescents .96 (.05) .97(.06) .96(.04)
Adults 94 (.12) 94(.12) .93(.13)
Table 3.

Mean (SD) of accuracy scores (post deviance distraction) to visual targets per age group and emotion.

Vocal Emotional Expression

Age group Angry Happy Neutral

Children .92 (.09) .93(.08) .92 (.07)
Adolescents 94(.07) .97(.04) 97(.04)
Adults .92(.14) 92(.12) 93(.12)
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Table 4.

Mean (SD) of reaction time scores (deviance distraction) to visual targets per age group and emotion.

Vocal Emotional Expression

Age group Angry Happy Neutral
Children 759.50(124) 761.90(117) 760.08(105)
Adolescents 704.77(132) 706.90(123) 692.23(104)
Adults 581.89 (128) 584.70(130) 584.90(120)
Table 5.

Mean (SD) of reaction time scores (postdeviance distraction) to visual targets per age group and

emotion.

Vocal Emotional Expression
Age group Angry Happy Neutral
Children 787.98(118) 778.30(118) 760.00(105)
Adolescents 700.50(107) 703.70(120.80) 692.20(104)
Adults 602.14(112) 582.90(122) 584.90(120)
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Table 6. Hierarchical multiple regression examining the independent contribution of

behaviour problems on the reaction time scores to targets following angry voices.

Reaction time following angry voices

b SEB B p
Model 1
Age -22.04 9.43 -22 020
Model 2
Hyperactivity 11.34 5.60 24 046
Conduct problems 48 9.40 .00 .960

Emotional problems 4.44 5.78 07 444
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Figure 3. Line graph with error bars showing the accuracy scores for angry, happy and neutral voices

for each age group separately.
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Figure 4. Line graph with error bars showing the emotion x age interaction effect on post deviance

distraction reaction time scores. Children were slower to respond to targets after neutral trials

28



preceded by emotional (angry and happy) compared to neutral voices, while adults were slower to

respond to targets on neutral trials preceded by angry compared to neutral and happy voices.

Data Availability Statement

The data that support the findings of this study are openly available from the first author.
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